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Introduction

1 Introduction

1.1 General Overview

The regioselective and chemoselective functioatibn of arenes and heterocyciea
organometallic intermediates has been proven tarb@nportant synthetic tool since such
resulting molecules have found numerous applicatidor their biological properties
(pharmaceuticals, agrochemicals) for their physical properties (new materidl®ased on
the pioneering work ofrankland® (preparation of EZn) and Grignard® (preparation of
organomagnesium reagents), various methods fopteparation of organometallics have
been reported (a short overview is discussed instiesequent paragraph)hus, these
reaction pathways can be considered as a toollbathéoefficient transformation for all kind
of substrates with unique chemo-, regio- and ensekectivity. Almost every metal of the
periodic system has found useful applications gaoometallic chemistry, either as catalyst
or as reagemn.

Certainly, the choice of the metallic reagent idumdamental importance since the
chemo-, regio- and enantioselectivity of the reaxdiinvolving organometallic intermediates
depends on the nature of the metal. In generakethetivity of a carbon-metal bond increases
with the ionic character of this bond due to th&fedence of the electronegativity. For
instance, extensively investigated organolithiummpounds react with most functional
groups and electrophiles at temperatures aboveG3These in general clustered reagents
(depending on the solvent and additives such asDM)Eare compatible with a cyano- or a
nitro-group only at very low temperatures (-80 i®6- °C) and are able to react with esters
even at —100 °C For comparison, organomagnesium reagents whigiagis more covalent
carbon-magnesium bond are much more tolerant t@maadous organic functionalities and

very low temperatures are usually not required foeparing polyfunctional aryl- or

! For examples, see: a) K. C. Nicolaou, J. S. CBerd. Edmonds, A. A. EstradAngew. Chem. Int. E2009

48, 660; b) R. Chinchilla, C. Najera, M. YuBgtrahedror2005 61, 3139; c)Classics in Total SynthegiEds.: K.
C. Nicolaou, E. J. Sorensen), Wiley-VCH: Weinhe®&rmany, 1996 d) Classics in Total Synthesis(Eds.:K.
C. Nicolaou, S. A. Snyder), Wiley-VCH: Weinheim, i@&any,2003

2a) J. Y. Kim, K. Lee, N. E. Coates, D. Moses, TNguyen, M. Dante, A. J. Heeg&gcience2007, 317, 222;

b) T. Clarke, A. Ballantyne, F. Jamieson, C. BraldedNelson, J. Durranfhem. Commur2009 89.

%a) E. Frankland,iebigs Ann. Cheni848-9 71, 171; b) E. Frankland, Chem. Sod.848-9 2, 263.

“a) V. GrignardCompt. Rend. Acad. Sci. Pafi90q 130, 1322; b) V. GrignardAnn. Chim1901, 24, 433.

® For an overview, sed4andbook of Functionalized Organometalligsl 1 and 2(Ed.: P. Knochel), Wiley-
VCH, Weinheim, Germany005

®P. Stanetty, M. D. Mihovilovic). Org. Chem1997 62, 1514.

"a) P. Buck, G. KébrichChem Ber197Q 103 1420; b) H. A. Brune, B. Stapp, G. SchmidtbeZhem. Ber.
1986 119 1845; c) W. E. Parham, R. M. Piccirilli, Org. Chem1976 41, 1976.
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Introduction

heteroaryl-magnesium reagefSurthermore, organomagnesium reagents of theRyg-X
are in equilibrium with theibis-organometallic species (Scheme 1) depending osdhent
and the dilutior.

2R-Mg-X =——— R);Mg + MgX;

1 2

R: organic rest
X: Cl, Br, |

Scheme 1The Schlenk-equilibrium of organomagnesium halide

Moreover, organometallics possessing an even nualent carbon-metal bond like
organozinc- or organoboron reagents may toleratet rhoctional groups even at higher
temperature and react with electrophiles in thesgmee of an appropriate catalyst (Cu, Ni or
Pd) in the desired way.In general, three major pathways exist allowing gineparation of
numerous organometallics: oxidative insertion afnatntary metal into a halogen-carbon-
bond, halogen-metal exchange and directed metalailoe to the uncountable numbers of
reported results for preparing organometallicst gufew milestones in chemical history will

be pointed out and summarized.

1.2 Preparation of Organometallic Reagents

1.2.1 Oxidative Insertion

As mentioned aboveFrankland and Grignard pioneered the preparation of
organometallic substratega direct insertion of a metal (Zn or Mg) into a aambhalogen
bond. Furthermore, outstanding results on the féltithium organometallics were obtained
by Gilman, Wittigand Ziegler, for instance. They established the reaction ofuith metal
with numerous organic halides and showed the stinthese of those reagentSAs a

drawback of lithium reagents remains the insuffitimleranceversusfunctional groups and

8a) P. Knochel, W. Dohle, N. Gommermann, F. F. KekiF. Kopp, T. Korn, |. Sapountzis, V. A. VAngew.
Chem. Int. Ed2003 42, 4302; b)Handbook of Grignard Reagentgds.: G. S. Silverman, P. E. Rakita) CRC
Press, New York1996 c) Grignard Reagents, New Developme(l.: H. G. Richey, Jr.), Wiley-VCH,
Weinheim,200Q p. 185.

°T. Holm, I. Crossland iGrignard Reagents-New Developmer{ids.: H. G. Richey, Jr.), Wiley, New York,
2000

10 3) Metal-Catalyzed Cross-Coupling Reactio¥ ed. (Eds.: A. de Meijere, F. Diederich) Wiley-VCH,
Weinheim,2004 b) J. Tsuiji,Transition Metal Reagents and Catalysts: InnovaionOrganic SynthesisViley,
Chichester,1995 c) Modern Organocopper Chemistfed.: N. Krause), Wiley-VCH: Weinheim, Germany,
2002

M For an early review about the preparation of oogaetallics, see: R. G. Jones, H. Gilm&hem. Revi1954
54, 835 and references therein.
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Introduction

their low stability in ethereal solvents. Additidiya Riekeand co-workers performed those
insertion reaction using highly active, so-call®iekemetals which have to be freshly
prepared by the reduction of metal halides withiditn-naphthalenide or elemental sodium or
potassium’? These in general pyrophoric metals perform theertizn even at low
temperatures (=78 °C). In general, the mechanisthasfe insertions is considered to proceed
over a radical pathway’ Recently,Knochel and co-workers demonstrated the convenient
insertion of elemental MY’ In*®> or Zn*® into carbon-halogen bonds in the presence of iGCl
THF. The cheap, commercially available metals as¢ gctivated with a few drops DIBAL-H,
TMSCI and/or 1,2-dibromoethane. Remarkably, thaesertions proceed highly regioselective
tolerating a number of functional groups like esteryano-groups, ketones and aldehydes
(Schemes 2 and 3).

CO,Et CO
2 . 2Et /\/Br COzEt
Br Mg, LiCl, ZnCl, ZnCl =
25 C, 3h CuCN-2LiCl
3 4 5: 88%
OBoc

CO,Et o
OBoc OBoc /©/
Br |

Br Mg, LiCl, ZnCl,
0 C, 30 min Pd°
Br ZnCl

6 7 8: 95%

Scheme 2Preparation and reactions of organomagnesiunersgsag

123) R. D. RiekeSciencel989 246, 1260; b) R. D. RiekeAldrichim. Acta200Q 33, 52; c) T. P. Burns, R. D.
Rieke,J. Org. Chem1987 52, 3674; d) R. D. Rieke, P. T.-J. Li, T. P. Burns;TSUhm,J. Org. Chem1981, 46,
4323; e) J. Lee, R. Velarde-Ortiz, A. GuijarroRJ.Wurst, R. D. Rieke]. Org. Chem200Q 65, 5428; f) S.-H.
Kim, M. V. Hanson, R. D. Riekeéletrahedron Lett1996 37, 2197; g) S.-H. Kim, R. D. Riekd, Org. Chem
200Q 65, 2322; h) R. D. Rieke, L. D. Rhyné, Org. Chem1979 44, 3445; i) G. Ebert, R. D. Riekd, Org.
Chem.1984 49, 5280; j) T. C. Wu, R. M. Wehmeyer, R. D. RieBeOrg. Chem1987, 52, 5057.

13 M. S. Kharasch, O. ReinmutBrignard Reactions of Nonmetallic Substandantice Hall, New York1954
143) F. M. Piller, P. Appukkuttan, A. Gavryushin, Melm, P. KnochelAngew. Chem. Int. EQ008 47, 6802;
b) F. M. Piller, A. Metzger, M. A. Schade, B. A. &t A. Gavryushin, P. Knoche&lhem. Eur. J2009 15, 7192;
c) A. Metzger, F. M. Piller, P. Knochebhem. Commur2008 5824.

153) Y.-H. Chen, P. Knochehngew. Chem. Int. E@008 47, 7648; b) Y.-H. Chen, M. Sun, P. Knochahgew.
Chem. Int. Ed2009 48, 2236.

153) A. Krasovskiy, V. Malakhov, A. Gavryushin, Pnéchel, Angew. Chem. Int. EQ00§ 45, 6040; b) N.
Boudet, S. Sase, P. Sinha, C.-Y. Liu, A. KrasovsKy KnochelJ. Am. Chem. So2007, 129, 12358; c) A.
Metzger, M. A. Schade, P. Knochélrg. Lett.2008 10, 1107.
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| ZnX o)
7n tBuCOCI
THF _
CuCN-2LiCl
9 10 11: 91%
Zn (3 equiv), 50 C, 24 h: 5%
Zn-LiCl (1.4 equiv), 50 C, 24 h: 95%
CO,Et CO,Et CO,Et
| zn, LiCl ZnCl-LiCl PhCOCI COPh
| | 0T, 05h | | CuCN-2LiCl | |
12 13 14: 79%
Pd(OAc), (4 mol-%) OHC OMe
OMe OMe S-Phos (8 mol-%) O
OAc |In, LiCl OAC  THFE:NMP 2:1 OAc
Me |
OHC I 3BT 4h opc InX, \©/ O
Me
15 16 17: 84%

Scheme 3Preparation and reactions of organozinc and aigdium reagents.

Just recentlya new LiCl-mediated and Tiglor PbC} catalyzed direct insertion of
commercial available Al-powder to aryl iodides orommides allows a direct access to
polyfunctional aryl or heteroaryl aluminum reagemsisch as19 which display a good
reactivity toward aryl bromides after a transmetatato the corresponding Zn-compound
with Zn(OAc) and Pd-catalyzed cross-coupling using PEPPSI tadytta system (Scheme
4)r

CO,Me
1) Zn(OAc), (1.5 equiv)

Al, LiCl

TiCl, (3 mol-%)
THF, 30 C,3.5h

L,
F

18 19

2) PEPPSI (1.4 mol-%)

©1A|2/3X
F

\

/@/C%Me F
Br ‘

20: 93%

/

Scheme 4Preparation and reaction of an arylaluminum raage

T, Blimke, Y.-H. Chen, Z. Peng, P. KnocH¢jture Chen201Q in press



Introduction

1.2.2 Halogen-Metal Exchange

Beside this well-known insertion of metals intormn-halogen bonds, the halogen-
metal exchange triggered by an appropriate exchesmgent was developed in the first half
of the 28" century'® The driving force of this reaction is the formatiof the most stable
organometallic compound. In general®>sprbon atoms offer the possibility for a much more
stabilized carbon-metal bond due to electronicatéféhan spcarbon atoms. A first example
is the reaction reported bfPrévost of cinnamyl bromide Z1) with EtMgBr to give
cinnamylmagnesium bromid@32) in 14% yield™ This concept has been studied extensively
and remarkable achievements have been made. Henaes possible to generate the lithium
specie23-25 at very low temperatures bearing a cyano functéonjtro-group and even a
ketone (Figure 13° These generated organometallics have to be reamteediately with
electrophiles since rapid polymerization reacti@tsur due to the high reactivity of the

carbon-lithium bond.

CN NO, Li
Li Me o)
o,
Li

23 24 25
Figure 1: Functionalized organolithium reagents.

So far, the mechanism of the halogene-metal exghaeactions still remains not
completely elucidated although it is assumed tHalagen ate complex can be considered as
an intermediaté' However,Knocheland Cahiezreported in 1998 the first general approach
to polyfunctional organomagnesium reagents prepar@dan iodine/magnesium exchange
usingiPrMgBr2? The exchange usually is carried at moderate temyrer (—20 to —50 °C)
and a number of functionalities can be presentesibns of this concept led to various
applications in organic synthesis as shown for réegents26-29 in Figure 2. Sensitive

18 “Halogen Metal Interconversion Reactions with Qrgiéthium Compounds”™: R. G. Jones, H. Gilman, in
Organic Reactiog, (Ed.: R. Adams) Vol. 6, John Wiley and Sons,Nieav York,1951

19C. PrévostBull. Soc. Chem. F11931, 49, 1372.

23) C. E. Tucker, T. N. Majid, P. Knochel, Am. Chem. Sod992 114, 3983; b) P. A. Wender, L. A.
Wessjohann, B. Peschke, D. B. Rawlifistrahedron Lett1995 36, 7181.

Z13) R. W. Hoffmann, M. Bénstrup, M. Miille©rg. Lett.2003 5, 313; b) V. P. W. Béhm, V. Schulze, M.
Bonstrup, M. Miller, R. W. HoffmannQrganometallics2003 22, 2925; ¢) W. F. Bailey, J. J. Patricia,
Organomet. Chen1.988 352, 1; d) H. J. Reich, N. H. Phillips, I. L. Reich,Am. Chem. So&985 107, 4101; e)
W. B. Farnham, J. C. Calabrese Am. Chem. Sot986 108, 2449.

22 3) L. Boymond, M. Rottlander, G. Cahiez, P. Kndchagew. Chem. Int. EA998 37, 1701.
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functional groups like esters and nitro-groups bantolerated as well as cyano-groups or

vinylic esters?®

NLMez
CO,Me NO NN
2 2 CO,Et
MgCl NC MgBr /[
EtO,C Br Ph MgBr
MgBr
26 27 28 29

Figure 2. Functionalized organomagnesium reagents.

More recently Knocheland co-workers extended this concept to a Li(acatglyzed
I/Zn-exchangé® using freshly prepare@PrZn and a copper-iodine exchange reacfon.
Remarkably, molecules bearing very sensitive famati groups like aldehydes, ketones or
isothiocyanates as well as sensitive heterocyctss e converted into the corresponding
organometallics (Figure 3). These reagents careaeted with various electrophiles leading

to the desired products in good to excellent yields

NCS OAC Oy -Me UL
Zn | Zn EtO,C Cu(R)Li \\N
) ) Et N
EtO,C ') \Boc
|

CHO
30 31 32 33

Figure 3. Functionalized organozinc and organocopper rdagereparedvia exchange

reactions.

Z3) A. E. Jensen, W. Dohle, |. Sapountzis, D. Mdsay, V. A. Vu, P. KnocheBynthesi002 565; b) I.
Sapountzis, P. KnocheAngew. Chem. Int. E@002 41, 1610; c) G. Varchi, A. E. Jensen, W. Dohle, Acdri
G. Cahiez, P. Knoche§ynlett2001, 477; d) I. Sapountzis, W. Dohle, P. Knoct@hem. Commur2001, 2068;
for heterocyclic reagents, see: e) L. Bérrillon,L&prétre, A. Turck, N. PIé, G. Quéguiner, P. KrelgBynlett
1998 1359; f) M. Abarbri, J. Thibonnet, L. BérrilloR, Dehmel, M. Rottlander, P. Knochél,Org. Chem200Q
65, 4618; g) M. Abarbri, F. Dehmel, P. Knoch&ktrahedron Lett1999 40, 7449; h) M. Abarbri, P. Knochel,
Synlett1999 1577; i) F. Dehmel, M. Abarbri, P. Knoch8lynlett200Q 345.

24 a) F. F. Kneisel, M. Dochnahl, P. Knoch&hgew. Chem. Int. EQ004 43, 1017; b) L.-Z. Gong, P. Knochel,
Synlett2005 267.

% 3a) X. Yang, P. Knocherg. Lett.2006 8, 1941; b) X. Yang, T. Rotter, C. Piazza, P. Kndcheg. Lett.
2003 5, 1229; c) X. Yang, P. Knochebynlett2004 2303; d) N. Harrington-Frost, H. Leuser, M. |I&a, F. F.
Kneisel, P. KnochelDrg. Lett.2003 5, 2111; e) C. Piazza, P. Knoch&hgew. Chem. Int. EQ002 41, 3263.
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A breakthrough in the halogen/magnesium exchangs achieved in 200% By
complexing the exchange reagaPrMgCl with one equivalent of LICl, a dramatically
enhanced rate of these reactions is observed. Tieiseaction of 4-bromoanisold4j with
iPrMgCl gives the desired organometallic spe8&m only 18% vyield after 5 days, whereas
the highly reactive reagem®rMgCI-LiCl leads to the magnesiated anisgfein 84% yield
within 3 d (Scheme 5). From the mechanistic pofntiew, LiCl coordinates to the exchange
reaction reagentiPrMgCI-LiCl giving an intermediate ate-specié§. Therefore, the

aggregation of the exchange reagent is decreasg¢drmarthe other hand the reactivity is

increased.
Br MgCI-xLiCl
iPrMgClI-xLiCl
THF, 25 C
OMe OMe
34 35
X=0,120 h: 18%
X=1, 68h: 84%
Cl
C . Cl O
/ 2 LiCl /N .
iPr— Mg Mg—iPr ——— 2 iPr— Mg Li == iPr—Mg Li
Ner” Nod e

Scheme 5Bromine/magnesium exchange using the reaiglgMgCl-LiCl.

1.2.3 Directed Metalation

The third major way to generate organometallidghésdirected metalation using amide
bases or alkyl organometallics. In contrast togreviously presented methods (insertion and
exchange reaction), there is no need for a halegemen bond, whereas a more or less
activated hydrogen-carbon bond is directly transfet into the corresponding metal species.
The research for metalation strategies and the@peties started with the reaction of EtLi
with fluorene 86) giving fluorenyllithium @7) and ethane reported Bchlenk(Scheme 65

From that point on, this method was extensivelegtigated’

% A, Krasovskiy, P. KnocheAngew. Chem. Int. EQ004 43, 3333.

27 A, Krasovskiy, B. F. Straub, P. Knoch@hgew. Chem. Int. EQ005 44, 159.

2. Schlenk, E. BergmanAnn.1928 463 98.

2 For an early overview about metalation using oajiium compounds, see: J. M. Mallan, R. L. BeBhem.
Rev.1969 69, 693 and references therein.
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EtLi

-CoHs

36 37
Scheme 6 First performed deprotonation (lithiation) of ditene 86) using EtLI.

Moreover, numerous results have been publishedngmahkis methodology more and
more attractive. For example, noteworthy are theestigations of the lithiation of
halogenated substrates carried out Sshlosserand co-workers® Especially Beak and
Snieckusexplored intensively the directeortho-metalation using lithium bases and the
complex-induced proximity effect® The concept “directedortho-metalation” (DoM)
describes the regioselective functionalizationrohaatics if a directing group is present in the
molecule. For example, amides, carbamides, sulfafesnesters, cyanides or phosphorous-
containing substituents are considered to be efftatlirecting groups in contrast to ethers or
amines. In the presence of such a group, the nietalagent is complexed and therefore the
corresponding base is conducted to the next aetivatoton, in general iartho-position to
the directing group (Scheme 7). In some casegjitbeting effect of one group can overrule
the effect of the other one or the presence of gwaups with equal properties lead to a

decreased regioselectivity of the metalation preces

OCONEt, OCONEt,
H sBuLi, Et,0, TMEDA Li
NMe, “CaHao NMe,
N \ / :
@ NEtz
Li--_ o/)\o
©

NM62

Scheme 7Regioselective lithiation of the carbamag*?

30°a) M. SchlosserAngew. Chem. Int. E@005 44, 376; b) M. SchlosseAngew. Chem. Int. EQ006 45, 5432;
c) F. Leroux, P. Jeschke, M. Schlosgaiem. Rev2005 105, 827.

3L For an overview, see: a) V. Snieck@hem. Rev199Q 90, 879; b) R. Chinchilla, C. Najera, M. YuShem.
Rev.2004 104, 2667; c) M. C. Whisler, S. MacNeil, P. Beak, \hi&kus,Angew. Chem. Int. EQ004 43
2206; d) P. Beak, A. I. MeyerAcc. Chem. Re4986 19, 356.

32 M. Skowronska-Ptasinska, W. Verboom, D. N. Reirtipdi Org. Chem1985 50, 2690.
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The drawbacks of these metalations are the logrante towards functional groups and
the low temperatures required for the deprotonatiomostly —78 °C or even below). Beside
these lithiations, magnesium bases have also bmesstigated pioneered bilauser*
Moreover, Eaton reported the use of théisamide TMBMg (TMP = 2,2,6,6-
tetramethylpiperidyl) and related reagents for filnectionalization of aromatic substratés.
Due to the higher aggregation and lower ionic ottareof the amide-metal bond, a big excess
of the metalation reagent is necessary to obtaod gnagnesiation rates. Similarlyiulzer
investigated the use of TMPMgCI (up to 12 equivagrallowing the functionalization of
activated heterocyclés.

A remarkable improvement of the reagent TMPMgC$ watained by complexing this
amide with LiCI*® Thus, the reaction aPrMgCl-LiCl with TMPH at 25 °C leads to the new
complex TMPMgCI-LIiCl 40; Scheme 8) possessing an excellent solubility HF Tup to
1.3m). The presence of LiCl is certainly responsible fiisaggregating this reagent by
generating an intermediate ate compieXherefore, the solubility is improved and similar
the exchange reagerRrMgCI-LiCl, the reactivity is outstandingly inceesl. Remarkably in

contrast to lithium amides, this reagent can beestat 25 °C for at least 6 months.

iPrMgClI-LiCl Cl

0.98 equiv ©
NH % N—MgCI-LICI == < N fMg/ Li®
25T, 48h /@ AN
Cl
40: >95 %

¢ =1.30 M in THF
Scheme 8Preparation of the reagent TMPMgCI-Li@Dj.

Moreover, this reagent accomplishes the smootlttimmalization of aromatics as
shown exemplarily in Scheme 9. Thus, the benzéhis deprotonated with TMPMQgCI-LiCl
(40) to give the desired metal species in good yi&lthe resulting organometallic reagent is
reacted with TsCN providing the desired product7®f6 yield. Furthermore, a smooth

$a) C. R. Hauser, H. G. Walkek, Am. Chem. Sot947, 69, 295; b) C. R. Hauser, F. C. FrostidkAm. Chem.
Soc.1949 71, 1350.

3 a) P. E. Eaton, C.-H. Lee, Y. Xiongj, Am. Chem. So&989 111, 8016; b) M.-X. Zhang, P. E. Eatolngew.
Chem. Int. EdJ2002 41, 2169; c) P. E. Eaton, K. A. Lukid, Am. Chem. So&993 115 11375; d) Y. Kondo, A.
Yoshida, T. Sakamotd, Chem. Soc., Perkin Trans1996 2331.

%a) W. Schlecker, A. Huth, E. Ottow, J. Mulzér,Org. Chem1995 60, 8414; b) W. Schlecker, A. Huth, E.
Ottow, J. MulzerLiebigs Ann1995 1441; c) W. Schlecker, A. Huth, E. Ottow, J. MalSynthesid 995 1225.
3% A. Krasovskiy, V. Krasovskaya, P. Knochahgew. Chem. Int. E@006 45, 2958.

3 p. Garcia-Alvarez, D. V. Graham, E. Hevia, A. Renikedy, J. Klett, R. E. Mulvey, C. T. O'Hara, S.
Weatherstone, SAngew. Chem. Int. EQ008 47, 8079.

%a) W. Lin, O. Baron, P. KnochdDrg. Lett.2006 8, 5673; b) A. H. Stoll, P. Knocherg. Lett.2008 10, 113.
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magnesiation of various heterocycles can also bewed by using this metalation protocdl.
Hence, the treatment of the quinolid@ and the subsequent reaction of the metalated
heterocycle with ethyl pinacol borate gives thectionalized boronic ested in 71% vyield.

1) TMPMgCI-LiCl
C‘:OZEt (40; 1.1 equiv) C‘:OZEt

Ncw/ﬁ THF, 0%, 1h NC ‘ ﬁ

AN 2) TsCN =
BocO CO,Et 401025, 1h BocO CO,Et
CN
41 42: 76%
1) TMPMgCI-LiCl >/
gCl-Li
COE (40; 1.1 equiv) BOC O ><
B THF, -10 C, 3 h B0

N/ Br 2) Ethyl pinacol borate N/ Br

-10t0 25 C, 12 h

43 44: 71%
Scheme 9Functionalization of the benzoaté and the heterocycks.

Recently, an extension of the directed magnesiatancept led to the more kinetically
active base TMfMg-2LICl (45) allowing the efficient functionalization of mediiactivated
arenes and heteroareriésience, ethyl benzoatd&a) which could not be magnesiated with
TMPMgCI-LIClI (40; 1.2 equiv), gives the fully magnesiated speci&b by using
TMP,Mg-2LiCl (45; 1.1 equiv) within 1 h at 25 °C (Scheme 10). Mo the combination
of magnesiation with TMfMg-2LICl (45) and the use of the directing group -OP(O)(N)Me
provides unusual regioselectivities since this phosous group can overrule the effects of
many other directing groups. Thus, the metalatioth® benzoatd7 bearing a Boc-protected
hydroxy group leads regioselectively to the metmlatpecied8. Alternatively, the benzoate
49 is regioselectively metalated in position 4 givihg intermediat&0 (Scheme 10).

39a) N. Boudet, J. R. Lachs, P. Knoch@tg. Lett.2007, 9, 5525; b) N. Boudet, S. R. Dubbaka, P. KnocBey.
Lett.2008 10, 1715; ¢) M. Mosrin, P. KnocheDrg. Lett.2008 10, 2497.

%0a) G. C. Clososki, C. J. Rohbogner, P. Knochafjew. Chem. Int. E@007, 46, 7681; b) C. J. Rohbogner, G.
C. Clososki, P. KnochelAngew. Chem. Int. EQRR008 47, 1503; c) C. J. Rohbogner, A. J. Wagner, G. C.
Clososki, P. KnochebDrg. Synth2009 86, 374.
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CO,tBu CO,tBu
H THF, 25C, 1h MgX
Mg-base (1.1 equiv)
46a 46b
with TMPMgCI-LiCl (40): 5%
with TMP,Mg-2LiCl (45): 95%
CO,Et CO,Et
45 (1.1 equiv) MgX
OBoc 0%C,2h OBoc
47 48
CO,Et CO,Et
45 (1.1 equiv)
I I
O/P(NMez)z 0C,1h O/P(NMez)z
MgX
49 50

Scheme 10Magnesiation of the benzoa#8a, 47 and49 using Mg-amides.

Beside this great progress in generating orgarahtetreagents under convenient
conditions, there is still a need for more chemedeale metalation reagents. For example,
molecules bearing aldehydes or nitro groups did moetlergo directed magnesiations.
Similarly, sensitive heterocycles which are subjedragmentation could also not efficiently
be converted into the corresponding magnesium nésge
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2  Objectives

As previously described, the directed metalatismg lithium or magnesium bases has
been studied in detail. In contrast, Zn-amidesspegely described due to their low reactivity.
Therefore, the development of a selective Zn arbae for the directed zincation would be
desirable since the use of zinc organometallicsnallthe presence of most organic functional
groups and should provide stable metalated hetelexy(Scheme 11). The smooth
preparation (e.g. the most convenient amine) ohtktalating reagent, the properties and the
kinetic basicity should be studied and, if needdéw use of additives and/or elevated

temperatures should be investigated.

FG TMP,Zn (x equiv) FG FG

= Y. Y. =~ LY
e o e
" }JIX\FH THF X ﬁX\FZnR — ﬁX\>E

FG: functional group; X: heteroatom
Y: CH or heteroatom

F. T° TMP2Zn (x equiv) Fe. T° Fe. [°
s H THE “_ZnR g =
P L o
X X X

DG: directing group; FG: functional group; X: CH or heteroatom
Scheme 11 General pathway leading to functionalized orgamozpecies and subsequent

reaction with electrophile.

Accordingly, this metalation concept should beeexiied to different metals, since this
may lead to unique reactivity and selectivity. Ti®r, the attention should be turned to cheap
and non-toxic metals. Due to the strong Lewis-agidf the aluminum ion and the resulting
potential suitable attachment to directing group® alumination seems to be promising.
Similarly, the use of lanthanum as metal centerukhallow performing reactions (e.g.

additions to carbonyl groups) with high chemoseébegt

12
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Furthermore, a continuative project should gramiceas to so far unknown
functionalized organometallics of transition metaince manganese and iron can be
considered as non-toxic and cheap metals, the @atspa should be accomplished similar to
the zinc base. The reaction with functionalizedhvatics and heteroaromatics should provide

organometallics with unique reactivity not accelesfbr main group metals.

13



Directed Zincation of Aromatics and Heteroaromaticssng TMP:Zn-2MgC)-2LiCl

3 Directed Zincation of Functionalized Aromatics ad
Heteroaromatics Using TMP:Zn-2MgCl,-2LiCl

3.1 Introduction

The research for new chemoselective amide basdkdcefficient preparation of new
organometallicsvia directed metalation started with the developmdmh mew zinc base.
Due to the high covalent character of the carbart-biond, organozinc compounds can be
considered as one of the most stable group of omatallicd* and are able to react in the
desired way even in the presence of acidic protdAdthough zinc reagents are known for
more than 160 years and some reactions soon hawad foseful applications (e. g.
Reformatsky reactiofdor Simmons-Smith reactioff$, their synthetic benefit has been
extensively explored with the availability of newd-Batalyst$® or copper-mediated
reactions'® Beside the already mentioned direct insertion ofdfist into carbon-halogen-
bonds and iodine-zinc exchange reacti&gndo reported the use of Bu,ZnTMP
allowing the efficient preparation of arylzinc spet due to the ate-character of this
reagent (the structures of the metalated interntesliavere extensively studied by
Mulvey).*” A major drawback of this method is the high exces®lectrophile necessary
for the complete consumption of the metalated sgs=@ow atom-economy) and the non-
compatibility with sensitive functional groups lilkkddehydes or nitro groups. Recently, the
neutral reagent TMEZn without any additive was reported to allow thregaration of Zn-

enolates and the zincation of extremely electroarmubstrates like pyridind-oxides or

1 a) Organozinc Reagen{&ds.: P. Knochel, P. Jones), Oxford UniversitysBré&lew York1999 b) P. Knochel,
R. D. SingerChem. Rev1993 93, 2117.

“23) G. Manolikakes, M. Schade, C. Mufioz Hernan#iezMayr, P. KnochelOrg. Lett 2008 10, 2765; b) G.
Manolikakes, Z. Dong, H. Mayr, P. Knoch&hem. Eur. J2009 15, 1324.

43 A) S. ReformatskyChem. Ber1887 20, 1210; b) S. Reformatsk@hem. Ber1895 28, 2842.

“H. E. Simmons, R. D. Smitld, Am. Chem. So&959 81, 4256.

> For examples, see: a) E. Negishic. Chem. Red4982 15, 340; b) E. Negishi, H. Matsushita, M. Kobayashi,
C. L. Raud,Tetrahedron Lett1983 24, 3823; c) E. Negishi, T. Takahashi, S. Baba, D/& Horn, N. Okukado,
J. Am. Chem. So#&987 109 2393; d) E. Negishi, Z. OuczarczyKatrahedron Lett1991, 32, 6683.

6 For examples, see: P. Knochel, M. C. P. Yeh, SB&k, J. Talbert). Org. Chem1988 53, 2390; b) P.
Knochel, S. A. Raa). Am. Chem. So&99Q 112, 6146.

“"a) Y. Kondo, H. Shilai, M. Uchiyama, T. Sakamofo,Am. Chem. S0d.999 121, 3539; b) T. Imahori, M.
Uchiyama, Y. KondoChem. Comn001, 2450; c) P. F. H. Schwab, F. Fleischer, J. MighDrg. Chem2002
67, 443; d) M. Uchiyama, T. Miyoshi, Y. Kajihana, $akamoto, Y. Otami, T. Ohwada, Y. Kondo Am. Chem.
So0c.2002 124, 8514; e) D. R. Armstrong, W. Clegg, S. H. DaleHgevia, L. M. Hogg, G. W. Honeyman, R. E.
Mulvey, Angew. Chem. Int. EQ00§ 45, 3775; f) M. Uchiyama, Y. Kobayashi, T. Furuyar®a,Nakamura, Z.
Kajihara, T. Miyoshi, T. Sakamoto, Y. Kondo, K. Md&wuma,J. Am. Chem. So2008 130 472; g) R. E. Mulvey,
Acc. Chem. Re2009 42, 743; h) W. Clegg, S. H. Dale, E. Hevia, L. M. Ko@. W. Honeyman, R. E. Mulvey,
C. T. O'Hara, L. Russ#&ngew. Chem. Int. EQ008 47, 731; i) W. Clegg, B. Conway, E. Hevia, M. D. MdCa
L. Russo, R. E. Mulvey]. Am. Chem. So2009 131, 2375.
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DMSO.”® Based on our experience on LiCl-accelerated reasti(see chapter 1) we

envisioned the development of a new neutral, higltyve zinc amide base.

3.2 Preparation of the Zn-Reagent 60

For the first attempts, freshly prepared TMPEL(* was transmetalated to the
corresponding zinc amides TMPZnCI-LiCb2%) and TMRZn-2LiCl (63) using ZnC}
(1.0 equiv or 0.50 equiv, respectively). After stig these mixtures for 1 h at 0 °C, the
solvents were removeth vacuo and the resulting residues were redissolved in THF
(Scheme 12). Both bases could be obtained as orangdions in THF in nearly
quantitative yield. Interestingly, thenono amide base TMPZnCI-LiCI5@) displays a
higher concentration than thHas-amide 53 (1.0 M compared to 0.3%1). Additionally,
TMP,Zn (54) was prepared by reacting freshly prepared TMPithwnCl, (0.5 equiv) in
Et,O for 1 h at 0 °C. The generated precipitate wheréd off, the solvents removend
vacuo and the resulting residue was redissolved in THike amide base TMEn was
obtained as a yellowish solution in 90% vyield andpthys a decreased concentration
(0.26Mm) compared to TMEZn-2LiCI (63) due to the absence of LiCl.

THF

N—Li + ZnCl, N—ZnCl-LiCl
0C, 1h
51 52: TMPZnClI-LiCl: >95%
¢ =1.0 mol/L
_ THF .
2 N—Li + ZnCl, N}zn-2LiCl
L 0C, 1h )
51 53: TMP,Zn-2LiCl: >95%
¢ =0.35 mol/L
2 N—Li + zncl, 220 then THE NYzn + 2Licl
0C, 1h A
51 54: TMP,Zn: 90%
¢ =0.26 mol/L

Scheme 12Preparation of the zinc amide ba&@s54.

“83) M. L. Hlavinka and J. R. Hagado@rganometallics2007, 26, 4105; b) M. L. Hlavinka, J. F. Greco J. R.
HagadornChem .Comn2005 5304; c) M. L. Hlavinka and J. R. Hagadofetrahedron Lett2006 47, 5049; d)
W. Rees, O. Just. H. Schumann, R. Weim#&utyhedron1998 17, 1001.

9. E. Kopka, Z. A. Fataftah, M. W. Rathk&,Org. Chem1987, 52, 448.
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Then, the reactivity of these bases was investtjat hus, the reaction of coumarin
(55) with TMPZnCI-LIiCl (2; 1.1 equiv) provides the fully metalated speciésafter a
reaction time of 7 d, whereas ethyl 3-fluorobeneo@¥) can not be metalated at all under
these conditions (25 °C; 1.1 equiv; Scheme 13)tHeumore, the metalation of coumarin
is accomplished within 96 h at 25 °C using TMR-2LiClI (53; 0.55 equiv), but the
reaction of ethyl 3-fluorobenzoat&?) with TMP,Zn-2LIiCl (63; 0.55 equiv) furnishes the
desired metalated specig8in less than 5% after 96 h at 25 °C (Scheme I@¢réstingly,
the attempts to zincate coumarbb) with TMP,Zn (54) does not lead to the corresponding
zinc specie$6. Moreover, the use of an excess of the amikand53 does not improve

the metalation rates leading to zincated ethylugifbbenzoate5[).

Zn-base
@fi (x equiv) @fIZnR
o o THF, 25 C, x h o o
55 56
with TMPZnCI-LiCl: 168 h
(52; 1.1 equiv)
with TMP,Zn-2LiCl: 96 h
(53; 0.55 equiv)
with TMP,Zn:  no reaction
(54; 0.55 equiv)
CO,Et Zn-base CO,Et
(x equiv) ZnR
= THF, 25 C, 96 h =
57 58

with tmpZnCI-LiCl: 0%
(52; 1.1 equiv)

with tmp,Zn-2LiCl: <5%
(53; 0.55 equiv)

Scheme 13 Metalation of coumarin5b) and ethyl 3-fluorobenzoat®&?) using the amide
bases2-54. The conversion to the corresponding metal spestesnd 58 was monitored
by GC-analysis of aliquots of the reaction mixtapueenched with a solution of In THF

using tetradecane as internal standard.

Alternatively, two more reagents for achievingations have been preparea the
transmetalation of TMPMgCI-LICI 40). Thus, the reaction of freshly titrated
TMPMgCI-LIiCl (40) with ZnCkL (1.0 equiv or 0.50 equiv, respectively) in THF @h at
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0°C affords the MgGlcontaining amides TMPZnCl-MggLIClI (590 and
TMP,Zn-2MgCb-2LICl (60) as green-brown solutions in THF in nearly quative yield
(Scheme 14). Whereas TMPZnCl-MgCiCl (59) displayed a comparable concentration
like the related base TMPZnCI-LiCl (18 each), thebissamide base0 possesses an
increased concentration (max. 08P compared to TMEZn-2LiCl (53; just 0.35Mm).
Certainly, the formed MgGlleads to a better solubility in THF. Remarkably,fave zinc
bases %2-54, 59 and60) are stable at 25 °C for at least 3 months withmiiceable loss of

reactivity. (Note: The preparation of zinc amidesng other (cheaper) amines is discussed

in chapt. 6.)
% cl_ THF % .
N-Mg _Li + ZnCl, N—znCl-MgCl,-LiCl
“cl 0to 25 T,
2h
40: TMPMgCI-LiCl 59: TMPZnCl-MgCl,-LiCl: >95%
¢ =1.0 mol/L
JCl THF _
2 N'‘MJ Li + 2znCl, NZn-2MgCly-2LiCl
“Ci 0to 25 T, )
2h
40: TMPMgCI-LiCl 60: TMP,Zn-2MgCl,-2LiCl: >95%

¢ = 0.50 mol/L
Scheme 14 Preparation of the amide bases TMPZnCI-MgGCl (59) and

TMP,Zn-2MgCb-2LiCl (60).

Subsequently, the zincation of coumarb®)(and ethyl 3-fluorobenzoat&?) is now
carried out using the new zinc amided and 60 (Scheme 15). It clearly turns out, that
these MgCJ-containing amides TMPZnCl-MggLIiCl (59) and TMRZn-2MgCb-2LiCl
(60) display a much higher kinetic basicity. Thus, ttiecation of coumarin5b) using
TMPZnCI-MgCb-LiCl (59; 1.1 equiv) gives the zincated intermedi&@ within 72 h
instead of 168 h using TMPZnCI-LiCbZ%). Moreover, coumarin55) is completely
converted to56 within only 4 h at 25 °C using TMEn-2MgCb-2LiCl (60; 0.55 equiv).
Additionally, this powerful base achieves the zimwa of ethyl 3-fluorobenzoate57)
within 12 h at 25 °C whereas thmeoncamide basé9 (1.1 equiv) affords the zincated
speciess8in only 11% after 12 h at 25 °C. These preliminarperimental results lead to

two conclusions:
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1. Bis-amide bases display an enhanced kinetic basidtgpared to the corresponding
moncamide bases.

2. The combination of TMiZn with the Lewis-acid® LiCl and MgCh leads to an
enormously accelerated metalation progress of atiosmaand heteroaromatics.
Furthermore, MgGl as well as LiCl (for remarkable enhanced solupitiie to LiCl see
chap. 1) are responsible for an increased solymitTMP,Zn-2MgCb-2LiCI (60) in THF
compared to TMEZn (54) and TMRZn-2LiCl (63).

Zn-base
o o THF, 25 C, x h o Yo
55 56
with TMPZnCI-MgCl,-LiCl: 72 h
(59; 1.1 equiv)
with TMP,Zn-2MgCl,-2LIiCl: 4 h
(60; 0.55 equiv)
CO,Et Zn-base CO,Et
(X equiv) ZnR
= THF, 25 C, 12 h =
57 58

with TMPZnCI-MgCl,-LiCl:  11%
(59; 1.1 equiv)

with TMP,Zn-2MgCl,-2LiCl: >95%
(60; 0.55 equiv)

Scheme 15 Metalation of coumarin5b) and ethyl 3-fluorobenzoat®&?) using the amide
bases TMPZnCl-MgGILiCl (59) and TMRZn-2MgCb-2LiCl (60). The conversion to the
corresponding metal speci®&§ and 58 was monitoredzia GC-analysis of aliquots of the
reaction mixture quenched wtih a solution efih THF using tetradecane as internal

standard.

0 a) E. NegishiChem. Eur. J1999 411; b)Lewis Acids in Organic Synthes{&d.: H. Yamamoto), Wiley-VCH:
Weinheim,200Q Vols. 1 and 2; cl.ewis Acid Reagents: A Practical Approackd.: H. Yamamoto), Oxford
University Press: Oxford1999 d) S. Saito, H. Yamamot@#cc. Chem. Ref004 37, 570; e)Y. Zhang, K.
Shibatomi, H. Yamamotd, Am. Chem. So2004 126, 15038; f) G. Xia, H. Yamamotd, Am. Chem. So2006
128, 2554.
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3.3 Metalation of Heteroaromatics

The mixed-metal complex base Th&R-2MgCh-2LICl (60) has a high activity for the
zincation of sensitive heterocycles such as 2-ph&f3y4-oxadiazoleqla). The lithiated or
magnesiated species as well as related metalatetbbgcles are subject to fragmentation.
However, its reaction with TMEZn-2MgCh-2LICl (60; 0.55 equiv) provides the zincated
heterocycle62a after 20 min at 25 °C without any formation of benitrile (product of ring
fragmentation). After quenching the diheteroarydzwith iodine or PhSS§Ph, the expected
substituted oxadiazol€&3a-bare isolated in 75-85% yield (Scheme 16).

TMPMgCI-LiCl (40) TMP,Zn? (60)
i N-N i N-N
PhCN (1.1 equiv) /( »\ (0.55 equiv) /4 »}
THF,25C,1min  Ph™ >g” "H  THF, 25T, 03h Ph™ ~g7,2n
(-NCOMgCH) 61a 62a
. PhSSO,Ph
N—N I, (1.5 equiv) N—N (1.2 equiv) N—N
Ph/<o>\l 0t0o25C,0.5h Ph/<o>%2n 25C,9h Ph/<o»\S/Ph
63a: 80% 62a 63b: 75%

Scheme 16 Reactivity of TMRBZn (60)* compared to TMPMgCI-LiCl40). [a] LiCl and

MgCl, have been omitted for the sake of clarity.

As already noted above, the metalation of couméh) is finished within 4 h at
25 °C using TMBZn-2MgCb-2LICI (60; 0.55 equiv). After the reaction with br a Pd-
catalyzed cross-coupling reactf8rwith ethyl 4-iodobenzoate, the desired functioredi
coumarins63c-d are provided in 85-87% vyield (Table 1, entries)1-Rloreover, this
metalation concept can easily be extended to varimsubstituted heterocycles. Thus, the
zincation of N-tosyl-1,2,4-triazole §1b) proceeds within 40 min at25 °C and the
subsequent reaction with allyl bromide in the preseof CuCN-2LiC¥ (5 mol-%) leads
to the heterocyclé3ein 85% yield (entry 3). Additionally, the iodinatemidazole63f is

*1a) R. G. MicetichCan. J. Chem197Q 48, 2006; b) A. I. Meyers, G. N. Knaud, Am. Chem. So¢974 95,
3408; ¢) G. N. Knaus, A. |. Meyer3, Org. Chem1974 39, 1189; d) R. A. Miller, M. R. Smith, B. Marcung,
Org. Chem2005 70, 9074; eHeterocyclic Compound&d. 1. J. Turchi) J. Wiley and Sons: New Y 01986 f)
Heterocyclic Compoundg$Ed. D. Palmer), J. Wiley and Sons: New Y@R0Q3 2004 Vol. 60, Parts A and B; g)
C. Hilf, F. Bosold, K. Harms, M. Marsch, G. Bocl@&hem. Ber. Red.997, 130, 1213.
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obtained in 81% yield after the smooth metalatiénldenzyl-H-imidazole 61¢ with
TMP,Zn-2MgCb-2LIiCI (60; 0.55 equiv, 25 °C, 30 min) followed by the reaatiwith L
(1.5 equiv; entry 4). Continuously, 2,4-dibromottoée 61d) undergoes a fast zincation
within 15 min at 25 °C. Subsequent reactions withex D,O, iodine or benzoyl chloride
mediated by CuCN-2LIiCl furnish the thiazol€é8g-i in 84-91% vyield (entries 5-7).
Accordingly, the zincation of 2-bromothiazolé1@) is accomplished within 20 min and
the reaction with J (1.5 equiv) gives the heterocycke3j in 84% vyield (entry 8).
Interestingly, the treatment of the metalated 2nithiazole 626 with chloranil®?
(0.6 equiv) affords the dimeric thiazole 63k in 91% yield (entry 9). Moreover,
unsusbtituted benzothiazoles1f) is fully zincated within 30 min at 25 °C using
TMP2Zn-2MgCb-2LICI (60; 0.55 equiv). After the reaction with allyl broneidin the
presence of catalytic amounts of CuCN-2LiCl (5 ®@l-or the quenching with BRCI>*
the desired product63l-m are obtained in 77-79% vyield (entries 10-11). $anly, the
allylated benzoxazol&3n is provided in 57% yield after the metalation afnzoxazole
(619 with TMP,Zn-2MgCb-2LiCl (60; 0.55 equiv, 0°C, 1 h) and a Cu(l)-catalyzed
reaction with methallyl bromide (entry 12). Intetiagly, quinoxaline 61h) is readily
converted into the metalated species within 5 B5afC without the formation of dimeric
quinoxaline (see chapt. 7.2). Adjacent cross-cogsif with ethyl 4-iodobenzoate or 1-
iodo-3-trifluoromethylbenzene using Pd(dpd» mol-%) and Ri-furyl)s (10 mol-%) as
catalytic system afford the expected substitutedhapalines 63o-p in 82-88% yield
(entries 13-14). Accordingly, 5-bromopyrimidin€1f) and 3-bromoquinoline6(j) are
readily zincated at 25 °C within 5 h and 2 h, respely. The desired heterocyclé8q-r
are isolated in 75-93% yield after Negishi crossqdongs with 4-iodobenzonitrile or ethyl
4-iodobenzoate (entries 15-16). Finally, the lestvated heterocycles benzothiophene
(61k) and benzofuran6(l) undergo also zincation reactions. After 144 h d&8 h,
respectively, the metalations using TpMR-2MgCh-2LiCI (60; 0.55 equiv) are complete
and subsequent Pd-catalyzed cross-couplings witardnt aryl iodides give the products
63s-tin 65-82% vyield (entries 17-18).

2 A, Krasovskiy, A. Tishkov, V. del Amo, H. Mayr, Rnochel,Angew. Chem. Int. E@00§ 45, 5010.

>3 H. lwanaga, U.S. Pat. Appl. US 2004006295004 Chem. Abstr140: 312117.

* a) A. Longeau, F. Langer, P. Knochdletrahedron Lett1996 37, 2209; b) A. Longeau, P. Knochel,
Tetrahedron Lett1996 37, 6099; c) F. Langer, K. Plntener, R. Stirmer, Rodfel, Tetrahedron: Assymetry
1997, 8, 715.
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Table 1 Products of typ&3 obtained by zincation of coumarin and heteroaracsaitsing
TMP,Zn-2MgCb-2LiCI (60; 0.55 equiv) and subsequent reactions with eletites.

Entry Substrate T[°C], t[h] Electrophile Product/Yield [%8]
X ~ |
CCL : CC(
o o o” o
1 55 25,4 63c 87
CO,Et COLE
S g
X
o o
| o~ o
2 55 25, 4 63d: 85°
Ts Ts
N Br N N
N — e
N—/ N—7
3 61b -25,0.6 63e 85°
Ph> Ph>
N P N
| ) )
[N [N
4 61c 25, 0.5 63f 81
S D__s
L )—Br D0 I >—Br
Br~ N g~ N
5 61d 25, 0.25 63g 91
s s
/[ )—Br I :[ >—Br
BI’ N Br N
6 61d 25, 0.25 63h; 88
COCl O
S S
/[ )—Br Ph Br
Br N \ @
Br N
7 61d 25,0.25 63i; 84°
S s
B |
[N/>7 ' 2 LN/>*BI’
8 6le 25, 0.3 63j: 84
0
S Cl Cl B g g_ Br
e hE T
0
9 6le 25, 0.3 63k: 91
S S
D BT C[ /
10 o61f 25, 0.5 63l 77
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Entry Substrate T[°C], {h] Electrophile Product/Yield [%4]
S S
C[ > PhPCI C[ »—PPh,
N N
11 61f 25,05 63m: 79
o)
; . OO
C[I\l/> %Br N e
12 619 0,1 63n: 57
CO,Et CO,Et
CC) fg
N/ ©:N/
|
13 61h 25,5 63a 82
0 oo
N/
|
14 61h 25,5
CN
Br X
)
N/
|
15 61i 25,5

K

16 61] 25,2
NO,
g, > -0
S I S
17 61k 25, 144 63s 82
CO,Et
g8
| O
18 61l 25, 168 63t 65°

[a] Isolated yield of analytically pure product.] [ transmetalation with CuCN-2LiCl
(5 mol-%) was performed. [€)btained by palladium-catalyzed cross-coupling gistd(dbay
(5 mol-%) and Rg-furyl); (10 mol-%). [d] A transmetalation with CuCN-2LICL.1 equiv)
was performed.
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3.4 Metalation of Heterocycles Bearing Sensitiveuactionalities

Interestingly, heterocycles bearing nitro groups @so readily zincated using the new
base TMBZn-2MgCb-2LiCl (60; 0.55 equiv). Thus, the metalation of 6-nitrobehmxole
(649 proceeds smoothly within 30 min at —50 °C givthg zinc specie€5a Subsequent Cu-
mediated reactiofi® with ethyl 2-(bromomethyl)acrylaté or pivaloyl chloride afford the
allylated thiazol&6ain 75% and the ketoréb in 56% yield (Scheme 17).

o TMP,Zn? (60) o
2N S (0.55 equiv) 2N S
/> />}Zn
N THF, -50 C, 0.5 h N 2
64a 65a
| 0
CO,Et
/L\/Br c
(1.2 equiv) (1.2 equiv)
CuCN-2LiCl CuCN-2LiCl
(5 mol-%) (1.1 equiv)
-50 €, 30 min -50t0 0 C, 3h
\ \
O2N S O2N s 0
L L
N CO,Et N
66a: 75% 66b: 56%

Scheme 17Functionalization of 6-nitrobenzothiazo4g). [a] LiCl and MgC} have been

omitted for the sake of clarity.

Moreover, 2-nitrobenzofura®4b) undergoes a smooth zincation within 1.5 h at %25
The adjacent reactions 6bb with either DO or 3-cyclohexenyl bromide in the presence of
CUuCN-2LIiCl (5 mol-%) lead to the substituted benzahs66c-d in 80-82% vyield (Table 2,
entries 1-2). Furthermore, the protected 4-nitrdemble 64c is converted into the
corresponding zinc specied5c within 45 min at —40 °C and the subsequent allyhat
catalyzed by CuCN-2LiCl (5 mol-%) provides the ftioicalized imidazoleé6ein 59% yield
(entry 3). Accordingly, 2-chloro-3-nitropyridines4d) is regioselectively metalated within
1.5 h at —40 °C in position 4 and the highly fuantlized pyridines6f is isolated in 80% yield

after a Cu(l)-catalyzed reaction with 3-cycloheXdmpmide (entry 4). Remarkably, substrates

%5 . Villieras, M. Rambaud)rg. Synth1988 66, 220.
23



Directed Zincation of Aromatics and Heteroaromaticssng TMP:Zn-2MgC)-2LiCl

bearing aldehyde groups can also be readily zidcatbus, benzothiophene-3-carbaldehyde
(646 undergoes a fast zincation using TMR-2MgCh-2LiCl (60; 0.55 equiv, 25 °C, 15 min).
lodolysis or a Pd-catalyzed cross-coupfthgvith ethyl 4-iodobenzoate of the metalated
benzothiophene furnish the substituted aldehgégshin 67-82% yield (Scheme 18).

CHO  TMP,Zn? (60) CHO
@j\g (0.55 equiv) @E\S}Zn
S THF, 25 €, 15 min s 2
64e 65e
‘ CO,Et
I (1.1 equiv)
(1.5 equiv)
0to 25 T,
30 min '
Pd(dba), (5 mol-%)
P(o-furyl); (10 mol-%)
25TC,6h
\
CHO CHO
- (Lp)eom
S S
669: 82% 66h: 67%

Scheme 18Functionalization of benzothiophene-3-carbaldeh@de. [a] LiCl and MgC}

have been omitted for the sake of clarity.

Similarly, the related aldehyd84f is zincated within 45 min and the subsequent
allylation catalyzed by CuCN-2LIiCl (5 mol-%) leamsthe substituted indoke6i in 71% yield
(Table 2, entry 5). Finally, ester-bearing pyridirere further functionalized using this new
metalation method. Thus, the nicotinéiy is regioselectively metalated in position 4 within
5.5 h at 25 °C. A CuCN-2LiCl-mediated acylationhwi,3-dimethylbutyryl chloride affords
the ketone66j in 75% vyield (entry 6). The metalation of the tkes64h proceeds
regioselectively in position 3 and the fully zinedtspecies is obtained after 24 h at 25 °C. The
biaryl 66k is then isolated in 65% yield after a Pd-catalyeeass-coupling with 4-iodoanisole
(entry 7). These results clearly show that the base TMRZn-2MgCh-2LICl (60) combines
excellent selectivity and tolerance of functionabgps with high kinetic basicity. Since both
TMP-moieties are used for the directed metalatitims, procedure can also be considered as

atom-economical, too.
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Table 2 Products of typ®6 obtained by zincation of functionalized heteroaabits using
TMP,Zn-2MgCb-2LiCI (60; 0.55 equiv) and subsequent reactions with elgtites.

Entry Substrate T[°C], {h] Electrophile Product/Yield [%5]
D
N\
(@)
1 64b 25,15 66¢C 82
(jj\yrxlo2 Q
(@)
Br O N—no,
(@)
2 64b 25,15 66d: 8¢°
Is Is
N Br N —
JI /> N JI />_/7
o,N~ N o,N~ N
3 64c -40, 0.75 66e 59
Qe Q
N 2 N02
N Cl Br ‘
\
N Cl
4 64d -40, 1.5 66f: 8¢°
CHO CHO
® /\/BI’ A\
N N —
Me Me
5 64f 25, 0.75 66i: 71°
O
CO,Et 0
=
| ><Y _\_COEt
SN el cl |
N Cl
6 649 25,5.5 66j: 75

OMe

7\
i/ \g
O
5

EtO,C~ "N~ “CO,Et
| EtO,C~ "N~ “CO,Et
7 64h 25, 20 66k: 63
[a] Isolated vyield of analytically pure product.] [ transmetalation with CuCN-2LiCl
(5 mol-%) was performed. [c] A transmetalation wW@hCN-2LiCl (1.1 equiv) was performed.
[d] Obtained by palladium-catalyzed cross-coupling gigtd(dba) (5 mol-%) and Rt-furyl)s
(10 mol-%).
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3.5 Metalation of Functionalized Aromatics

This metalation concept can be extended to nursefunctionalized aromatics bearing
various functionalities. As already noted above, itietalation of ethyl 3-fluorobenzoater)
is completed within 12 h at 25°C using ThR-2MgC}-2LIiCl (60; 0.55 equiv). A
subsequent acylation with 3,3-dimethylbutyryl cidermediated by CuCN-2Li¢1(1.1 equiv)
or a Pd-catalyzed cross-couplfigvith 4-iodobenzonitrile afford the desired prodi®a-bin
69-76% yield (Table 3, entries 1-2). Surprisindlye related ethyl 4-fluorobenzoaté76)
needs 336 h for a full metalation using TMR-2MgCb-2LiCl (60; 0.55 equiv) giving the zinc
species8a The biphenyk9cis isolated in 72% after the reaction with 4-iamoene in the
presence of Pd(dbalb mol-%) and Ri-furyl); (10 mol-%; entry 3). Moreover, the zincation
of ethyl 3-chlorobenzoaté{b) to the corresponding diaryl zinc spectsb is accomplished
within 25 h at 25 °C and deuterolysis gives thezibate69d in 84% vyield (entry 4). Whereas
ethyl 4-chlorobenzoates7¢) is converted to its zincated species within 11@eh-butyl 4-
chlorobenzoate6(7d) is completely metalated within 134 h at 25 °Cjasent benzoylations
of the three zincated benzoa&&b-d in the presence of CUCN-2LICl (1.1 equiv eachy®
the benzophenoneOe-gin 69-83% vyield (entries 5-7). Additionally, theetalation of the
more sensitive methyl 4-chlorobenzoatrd proceeds smoothly within 110 h at 25 °C
without noteworthy side reactions and after a Nagisross-coupling with 1-iodo-3-
trifluoromethylbenzene the biphen§®h is obtained in 75% yield (entry 8). Similarly, thél
metalation of ethyl 4-bromobenzoat¥{) is achieved within 110 h at 25 °C and subsequent
Pd-catalyzed cross-couplings with different arglides give the desired biphen8i-j in 78-
83% yield (entries 9-10). Interestingly, dimethgbphthalate§7g) is regioselectively zincated
in position 4 within 48 h at 25 °C using TiEh-2MgCh-2LICl (60; 0.55 equiv). The
guenching reactions of the metalated speéi@g like an acylation with benzoyl chloride
mediated by CuCN-2LiCl (1.1 equiv) or a Pd-catallyzeoss-coupling with 1-chloro-4-iodo-
benzene give the expected prod@9k-1 in 75-81% yield (Table 2, entry 11 and Scheme 19).
Surprisingly, the presence of a bromo atom likeha phthalate&67h leads to an enhanced
metalation rate compared to dimethyl isophthal@#g)( Thus, the metalation of the phthalate
67h proceeds readily within 10 h at 25 °C exclusivialyosition 6 and the benzophendtam
is provided in 83% vyield after the reaction withnbeyl chloride mediated by CuCN-2LiCl
(1.1 equiv; Scheme 19).
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\ CO,Me .. 1) TMP,Zn-2MgCl,-2LiCl (60) O CO,Me
H H“ (0.55 equiv)
25T, 48h Ph
COzMe 2) COzMe
{ H—coa
679 69l: 81%
(1.2 equiv)

CuCN-2LiCI (1.1 equiv)
-20Cto25<C,5h

" COEt .. 1) TMP,Zn-2MgCl,-2LiCl (60) O CO,Et
| “ (0.55 equiv) |

H H
| N 25C, 10 h PR ﬁ
= =
CO,Et 2) CO,Et
Br @COCI Br

67h (1.2 equiv) 69m: 81%
CuCN-2LiCl (1.1 equiv)
-20Cto25C,1h

Scheme 19Regioselective functionalization of the phthat&ég-h

Molecules bearing cyano-groups undergo smooth asimes as well. Hence, the
metalation of ethyl 3-cyanobenzoa&¥i) bearing three different activated protons issfirad
after 30 h at 25 °C. In contrast to the phthal&t&sh the zincation occurs regioselectively in
position 2. A subsequent benzoylation in the preseri CuCN-2LiCl (1.1 equiv) furnishes the
ketone69nin 73% yield (Scheme 20).

e CO,Et / 1) TMP,Zn-2MgCl,-2LiCl (60) O CO,Et
H H (0.55 equiv)
25C,30h Ph

CN 2) NC
H @com
A

(1.2 equiv)
CuCN-2LIiCI (1.1 equiv)
67i 20 Ct025%C,7h 69n: 73%

Scheme 20Regioselective functionalization of ethyl 3-cyaeozoateq71).

Similarly, ethyl 4-cyanobenzoate67) is regioselectively converted into the
corresponding diarylzinc specié8j within 24 h at 25 °C using TMEn-2MgCb-2LiCl (60)
and an adjacent cross-coupling with iodobenzenthenpresence of Pd(dbdp mol-%) and
P(o-furyl)s (10 mol-%) gives the biphengBoin 85% yield (Table 3, entry 12). Moreover, the
fluorinated benzonitriles67k-I are smoothly zincated at 25 °C within 48 h and 20
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respectively. The Negishi cross-couplings with @ith-iodotoluene or ethyl 3-iodobenzoate
afford the functionalized biaryl§9p-q in 72-88% vyield (entries 13-14). In contrast, the
zincation of the related 2-fluorobenzonitrile67m) takes 144 h at 25°C using
TMP,Zn-2MgCb-2LICl (60; 0.55 equiv). The subsequent acylation with 4-gtdenzoyl
chloride mediated by CuCN-2LiCl (1.1 equiv) gives ketones9r in 63% yield (entry 15).
The metalation of the halogenated benzonitfilen is complete within 5.5 h at 25 °C.
Surprisingly, a Cu(l)-catalyzed reaction with 14m®@ 3-methyl-but-2-ene furnish the formal
Sn2-product69sin 85% yield and does not lead to th€2Sproduct as it would be expected
for copper-catalyzed reaction of organozinc reagenith allylic bromides (entry 16).
Remarkably, the fluorinated nitrobenzeBiéo is converted into théis-aryl zinc specie$80
within 3.5 h at 0 °C. After a copper-catalyzed laltyon with 3-bromocyclohexene, the highly
substituted aren@9t is obtained in 69% vyield (Scheme 21).

TMP,Zn? (60)
(0.55 equiv) F QBr F
NO, 0C,35h NO, O NO,
5Zn (1.2 equiv)
F E CUuCN-2LiCl E

(5 mol-%)
0<C,05h

670 680 69t: 69%
Scheme 21Functionalization of the benzeB&o. [a] LiCl and MgC} have been omitted for

the sake of clarity.

In conclusion, the use of TMPn-2MgCb-2LIiCl (60) allows the smooth zincation at
very convenient temperature (0 to 25°C) of numeraaromatics bearing sensitive

functionalities like methyl or ethyl esters, cyagroups as well as nitro groups.

Table 3. Products of type69 obtained by zincation of functionalized aromaticsing
TMP,Zn-2MgCb-2LIiCI (60; 0.55 equiv) and subsequent reactions with elptites.

Entry Substrate T[°C], {h] Electrophile Product/Yield [%8]
(‘ZOZEt o) (‘ZOZEt
o)
X =
9 < %
F F
1 57 25,12 69a 76’
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Entry Substrate T[°C], {h] Electrophile Product/Yield [%8]
CO,Et ™ NCzEt
Q, . be
2 57 25,12 69h; 69
CO,Et Me Me ~ CO,Et
i - |
F | ,‘:
3 67a 25, 336 69c 7%
CO,Et CO,Et
o0
~cl cl
4 67b 25,25 69d: 84
C‘:OzEt COCl (@] C‘:OzEt
CL ® "
Zal cl
5 67b 25, 25 69e 79
CO,Et O CO,Et
| cocl |
@ Ph
\ \
Cl cl
6 67c 25, 110 69f: 83
COZtBU (@) COZtBU

COocClI

@)

7 67d 25,134
COzMe

=
CF, m CO,Me

O
O
2

C
8 67e 25,110 69h: 75°

EtO,C
COZEt COZEt 2 C COZEt

9 67f 25,110 69i: 78

O
O
e
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Entry Substrate T[°C], {h] Electrophile Product/Yield [%8]
C‘:OzEt CF, O CO,Et
@ (0 A
| |
Br Br
10 67f 25,110 69j: 83
COzMe cl
COzMe |
11 679 25,48 69k: 75°
C‘?OzEt | = | CO,Et
- |
¢ C
| = |
CN CN
12 67 25, 24 690 85
CN Me CN Me
|
‘ N
_
F l IL
13 67k 25,48 69p: 88°
CN CO,Et CN |
|
@ ©/ S N0,k
F | S
14 67l 25, 20 69q. 7%
N cocl o (‘:N
o © Y
— 1§ Cl/ = %
15 67m 25, 144 69r: 63
CN CN
. B N L Br
‘ \r\/
N F
16 67n 25,5.5 69s 85

[a] Isolated vyield of analytically pure product.] [ transmetalation with CuCN-2LiCl
(1.1 equiv) was performeft] Obtained by palladium-catalyzed cross-coupling gi$td(dba)
(5 mol-%) and Rg-furyl)s (10 mol-%). [d] A transmetalation with CuCN-2Li(5 mol-%) was
performed.
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3.6 Larger Scale Experiments

Finally, larger scale zincations are carried @&theme 22). Thus, a 250 mL Schlenk-
flask is charged with a solution of TNEn-2MgCb-2LiCI (60; 50 mmol) and coumarin
(55; 100 mmol) is added to the zinc ba&®in one portion at 25 °C. After 2 h (compared
to 4 h for the 2 mmol scale reaction), the metatatof coumarin is complete and the
resulting mixture is cooled to —20 °C. Then, CuQN& (10 mL, 10 mmol, 10 mol-%) is
added, followed by benzoyl chloride (100 mmol, 2Quiv). The acylation reaction
proceeds while the reaction mixture is slowly wadne reach 25 °C over 5 h. The desired
benzoylated coumariiOa is obtained in 69% yield (compared to 75% in 2 rhsaale).
Accordingly, the metalation of quinoxalin&lh; 100 mmol) is achieved within 3 h
(compared to 5 h for the 2 mmol scale reactionhgisTMP,Zn-2MgCb-2LiCl (60;

50 mmol). Subsequently, a Pd-catalyzed cross-cogplieaction with 4-iodoanisole
(1.0 equiv) using Pd(dba)(0.5 mol-%) and RY{-furyl)s (1 mol-%) as catalytic system
furnishes the arylated quinoxalif®b in 82% vyield (compared to 85% for 2 mmol scale
reaction). Interestingly, the metalation of coumafs5) and quinoxaline §1h) proceeds
twice faster when carried out in 100 mmol scalecdémtrast, the metalation of ethyl 4-
cyanobenzoatesj; 100 mmol) using TMEZn-2MgCb-2LiCl (60; 50 mmol) takes 48 h at
25 °C (compared to 24 h for the 2 mmol scale reag¢tiA subsequent Pd-catalyzed cross-
coupling with iodobenzene (1.0 equiv) using Pd(db@).5 mol-%) and Rf{-furyl)s

(1 mol-%) as catalytic system leads to the bi&$b in 84% yield (compared to 85% for

the 2 mmol scale reaction).

To regenerate 2,2,6,6-tetramethylpiperidine (TMPtH& aqueous layers of the above
described reaction mixtures are collected and eceatith NaOH (pH = 12-13) until TMP-
H separates from the aqueous phase. Then, TMP-Heeaily be separated and is
recovered after distillation from Cakh up to 75% yield. Remarkably, acylation reaction
can be carried out with only 10 mol-% CuCN-2LiG1 general 20-100% CuCN-2LiCl for
small scales) and the catalyst loading of crosgkog reactions can be decreased to 0.5%
of Pd.
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1) TMP,Zn-2MgCl,-2LiCl (60) o)

(0.50 equiv)
(;(1 25C, 2 h Sy~ Ph
O 0 2) O 0
@COCI
55: 100 mmol

(1.0 equiv)
CuCN-2LiCI (10 mol-%)
-20Cto25<C,5h

70a: 71%

. OMe
1) TMP,Zn-2MgCl,-2LiCl (60)

N (0.50 equiv) N
@ j 25T, 2 h ©i A
I@OMe

61h: 100 mmol (1.0 equiv) 70b: 82%
Pd(dba), (0.5 mol-%)
P(o-furyl)z (1.0 mol-%)
25C,2h

COLE 1) TMP,Zn-2MgCl-2LiCl (60) CO,Et
| (0.50 equiv) |

25 C, 48 h ‘ X Ph
2 = g

CN CN

(1.0 equiv)

67j: 100 mmol Pd(dba), (0.5 mol-%) 690: 84%
P(o-furyl)z (1.0 mol-%)

25T, 6N

Scheme 22 Metalation of coumarinsb), quinoxaline §1h) and ethyl 4-cyanobenzoat&7()

using TMRZn-2MgCb-2LiCI (60) and subsequent reactions with electrophiles.
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4 Functionalization of 3,6-Dichloropyridazine (71)

4.1 Introduction

As already mentioned, the directed metalation rimatics and heteroaromatics is
known to be an important tool to functionalize tasaffolds *! Especially, the metalation
of nitrogen-containing heterocycles like pyridazner pyrazines is of great interest and
challenging’® Using TMPLi or related methods, the metalation andcessive reactions with
electrophiles often lead to low yields due to thstability of lithiated heterocycléd.Thus,
the reaction of 3,6-dichloropyridazing1j with TMPLi (51, 1.5 equiv, —70 °C, 1.5 h)
followed by the addition oflgives the iodinated pyridazif@ain only 32% yield® (Scheme
23). In contrast, by using the zinc amide TM®2MgC}-2LIiCl (60), the zincated
intermediate72 is obtained in over 90% vyield within 2 h at —78 {Scheme 23). The
subsequent reaction with affords the 4-iodo-3,6-dichloropyridazing3@ in 82% vyield. An

alternative to these metal amides is the use dfd#s reported H§onda>°

Cl cl Cl
TMPLi (51 Li =
N« (1.5 equiv), N < N
-70C,2h Cl
Cl Cl
71 73a: 32%
Cl cl Cl
TMP,Zn? (60 | 2
N/ ‘ 2 . ( ) N/ ‘ ZZn |2 N ‘
N (0.60 equiv), N Ny
-78 T, 2h Cl
Cl Cl
71 72: >90% 73a: 82%

Scheme 23 Comparison of the isolated yields of 4-iodo-3iéhtbropyridazine 733
prepared by using either TMPL5Y) or TMP,Zn-2MgCb-2LICl (60). [a] LICl and MgC}

have been omitted for the sake of clarity.

*a) A. Turck, N. PIé, F. Mongin, G. Quéguindietrahedron2001, 57, 4489; b) F. Mongin, G. Quéguiner,
Tetrahedron2001, 57, 4059¢) F. Buron, N. PIé, A. Turck, G. Quéguindr,Org. Chem2005 70, 2616; d) C.
Fruit, A. Turck, N. Plé, L. Mojovic, G. Quéguin€Fetrahedron200], 57, 9429; e) M. R. Grimmett, B. Iddon,
Heterocyclesl995 41, 1525; f) D. K. Anderson, J. A. Sikorski, D. B.iRe L. T. Pilla,J. Heterocycl. Chem.
1986 23, 1257.

> A. Turck, N. PIé, L. Mojovic, G. Quéguinel, Heterocycl. Chenl99Q 27, 1377.

%8 L. Mojovic, A. Turck, N. PI&, M. Dorsy, B. Ndzl,etrahedronl 996 52, 10417.

*¥T. Imahori, Y. Kondo,). Am. Chem. So2003 125, 8082.

33



Functionalization of 3,6-Dichloropyridazine

4.2 Mono- and Bis-Functionalization of 3,6-Dichloropyridazine (71)

Moreover, this new zinc reagei® can be reacted with various electrophiles (see
Table 4). Thus, the reaction with ethyl 2-(bromomy8acrylaté® in the presence of
CUuCN-2LiCf® (25 mol-%) furnishes the allylated produ€8b in 85% yield (entry 1).
Furthermore, the zincated pyridazine derivat8 can also be transmetalated with
CuCN-2LiCf* to promote the reaction @2 with acid chlorides. The subsequent addition of
various acid chlorides such as benzoyl chloridéyr@yl chloride or 2-thiophene carbonyl
chloride provides the ketoné&c-ein 66-73% yield within 16 h at -20 °C (entries R-4
Additionally, after the addition of chloranil (0.&@juivy? to 72, the dimeric pyridazin&3f is
obtained in 88% vyield (entry 5).

Remarkably, low-temperature Pd-catalyzed crospliog reaction® can also be
performed using Pd(dbaf5 mol-%) and Ri-furyl)s (10 mol-%) as a catalyst system with
simultaneous warming of the reaction mixture frod8 °C to —20 °C within 4 h. The
cross-couplings of72 with electron-rich electrophiles like 4-iodoanisobhs well as
electron-poor ones such as ethyl 4-iodobenzoaiodo-nitrobenzene are leading to the

functionalized biaryl§¥3g-iin 76-81% yield (entries 6-8).

Various substituted 3,6-dichloropyridazines can foether functionalized using
TMP,Zn-2MgCb-2LiCI (60) leading to the new zincated pyridazine of tyffewithin 3 h
at —78 °C (Scheme 24).

cl cl cl

1
NZ E! TMP,Zn? (60) N &El E2 N&E
N | (0.60 equiv), N o | Nﬁ)\EZ
-78 C,3h »Zn i
Cl Cl
73 74: >90% 75a-Cc: 56-77%

Scheme 24Preparation obis-functionalized 3,6-dichloropyridazines of typb. [a] LiCl and

MgCl, have been omitted for the sake of clarity.

Therefore, the iodolysis of the metalated 3,6-ich+4-iodopyridazine {3a) gives
the diiodide75ain 56% yield (entry 9). The zincation @8c and subsequent reaction with

benzoyl chloride in the presence of CuCN-2EfCprovides the symmetricabis-
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ketosubstituted pyridaziné5b in 77% yield (entry 10). The keton&3d is also further
functionalized by the reaction with ethyl 2-(brometmyl)acrylate in the presence of
CuCN-2LiCl (25 mol-%}® furnishing the substituted pyridazine derivativgc in 75%
yield (entry 11).

Table 4 Products of typ&3 and 75 obtained bymono or bis-zincation of the
dichloropyridazine 71 using TMRZn-2MgC}-2LICI (60) and subsequent

reactions with electrophiles.

Entry Substrate Electrophile Product/Yield [%]
cl Cl
N CO,Et N
N? P Nﬂza
cl cl
1 71 73b: 85°
cl Cl O
cocl
N™™ N™™ Ph
N__~ N~
cl Cl
2 71 73¢ 7%
Cl Cl O
N 0] N™ 0
N W R
Cl Cl
3 71 73d: 68
cl Cl O
N S N S
N UCOCI N |/
cl Cl
4 71 73e 66°
Cl 0 Cl Cl
NN cl Cl - —
| NN N
N# cl cl N N
Cl o ciCl
5 71 73f: 88
Cl OMe Cl OMe
[‘\‘] X ‘ X N
N __~ = ,‘\j _
Cl | Cl
6 71 73g 76"
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Entry Substrate Electrophile Product/Yield [%]
Cl CO,Et cl COzEt
Né () NS
Cl | Cl
7 71 73h: 81°
of NO, cl |
NI NS,
N N~
Cl ! cl
8 71 73i 77
Cl o
| |
N X |2 N X
N~ N~ |
Cl of
9 73a 75a 56
o/ e) coc cl O
NS Ph NS Ph
N__~ N~ Ph
Cl Cl O
10 73c 75b: 77
o)
N 0 CO,Et N" S )
N~ L/ %Br N\‘/
Cl cl CO,Et
11 73d 75¢c 75°

[a] Isolated yield of analytically pure product.] [BuCN-2LIiCl (25 mol-%) was
used. [c] CUCN-2LIiCl (1.1 equiv) was used. [d] Oiea by palladium-catalyzed
cross-coupling using Pd(dbgp mol-%) and R¢-furyl)s (10 mol-%).

4.3 Synthesis of Annelated Heterocycles

The ketone§3cand73d can also be converted into the annelated heteriocgydtem of
type 76 using hydrazine-hydrate as ring-closing ad®nwithin 15 min giving the
corresponding pyrazolo[3dpyridazines 76a and 76b in 66-75% vyield (Scheme 25).
Additionally, the related thiopheno[2¢}pyridazines 7a and 77b are prepared by the
reaction of73cand73d with HSCH.CO,Me in the presence of NEY After 6 h reaction time

80T, A. Eichhorn, S. Piesch, W. Rigdelv. Chim. Acta 988 71, 988.
611, K. A. Rahman, R. M. Scrowstod, Chem. Soc., Perk. Trand384 385.
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in refluxing MeOH, the annelated compoundsa and 77b are isolated in 79-85% yield

(Scheme 25). Those ring systems are of high irtdestheir potential pharmaceutical

properties?
Cl O NoH4-HoO (3.0 equiv) R
EtOH, reflux, 15 min Cl
N™ | R - | N
N N\\N N/
H
Cl
73c: R=Ph 76a: R = Ph: 66%
73d: R = o-Fu 76b: R = o-Fur: 75%
HSCH,CO,Me (1.5 equiv) cl R
NEtz, MeOH, reflux, 6 h = N\
| Y—co,Me
N\\ S
N

77a: R = Ph: 79%
77b: R = o-Fur: 85%

Scheme 25Preparation of the annelated heterocycks-band77a-b.

23) J. Witherington, R. W. Ward, PCT Int. AppD03 WO 2003080616; b) J. Witherington, V. Bordas|.S.
Garland, M. B. Deirdre, D. Smith, Bioorg. Med. Chem. Le®003 1577; c) D. S. Patel, P. V. Bharatdsuyr. J.
Med. Chem2008 43, 949; d) M. O. Taha, Y. Bustanji, M. A. S. Al-Glegsn, M. Mohammad, H. Zalloum, I. M.
Al-Masri, N. Atallah,J. Med. Chen008 51, 2062.
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5 Directed Zincation of Functionalized Aromatics ad
Heteroaromatics Using TMPZn-2MgCl,-2LIClI (60) and
Microwave Irradiation

5.1 Introduction

A significant drawback of the ba$® is the relatively long reaction times required
for the zincation reactions of unactivated subssgfor examples, see: Table 3, entries 3-
10). Over the last decades, microwave irradiatias heen used to accelerate numerous
organic reaction®® including organometallic reactiofi$Since organozinc reagents of the
type RZnX are thermally quite stable and toleratectional groups even at elevated
temperature®®> we have envisioned accelerating TMR-performed zincations using
microwave irradiation. This mode of heating prowedbe essential since it delivers the
thermal energy very efficiently to the reaction tpars. Thus, ethyl benzoat&8g and
N,N-diethylbenzamide78b), which both can not be metalated to an appreeiaktent at
25 °C, react with TMEZn-2MgCh-2LiCl (60; 0.6 equiv) under microwave irradiation
(120 °C, 5 h) leading to the corresponding zingesa79a-bin > 90% vyield (Scheme 26).
When these metalations are carried at 120 °C umingil-bath, the metalated arer&a-b
are provided in only 18-20% yield after 5 h usingH,Zn-2MgCb-2LiCl (60; 0.60 equiv).
Additionally, the direct zincation of ethyl 4-chlvenzoate &7¢ or ethyl 4-
bromobenzoate6(f) with TMP,Zn-2MgCb-2LiCl (60; 0.60 equiv) at 25 °C requires 110 h
for a complete reaction. By applying microwave diedion, a complete zincation was

achieved within 2 h (80 °C) leading to the expedbeslarylzinc specie$7c and 67f in

%3 a) R. Gedye, F. Smith, K. Westaway, H. Ali, L. @akra, L. Laberge, R. Rousélletrahedron Lett1986 27,
279; b) R. J. Giguere, T. L. Bray, S. M. Duncan,Majetich, Tetrahedron Lett1986 27, 4945; c)Microwave-
Enhanced Chemistry. Fundamentals, Sample Preparatial ApplicationgEds.: H. Kingston, S. J. Haswell),
American Chemical Society, Washington, DI®97 d) B. L. HayesMicrowave Synthesis: Chemistry at the
Speed of LightCEM Publishing: Matthews, NC2002 e) Microwave-Assisted Organic Synthesi&ds.: P.
Lidstrom, J. P. Tierney), Blackwell Publishing: ©xd, 2005 f) C. O. Kappe, A. StadleMicrowaves in Organic
and Medicinal ChemistryViley-VCH: Weinheim,2005 g) Microwaves in Organic Synthesi&nd ed.; (Ed.: A.
Loupy), Wiley-VCH, Weinheim,2006 h) Microwave Methods in Organic Synthesi€Eds: M. Larhed, K.
Olofsson), Springer: Berlirg006

%4 3) D. Dallinger, C. O. Kapp&hem. Rev2007, 107, 2563; b) C. O. Kappéingew. Chem. Int. E@004 43,
6250; c¢) H. Tsukamoto, T. Matsumoto, Y. KondoAm. Chem. So2008,130, 388; d) G. Shore, S. Morin, M.
G. OrganAngew. Chem. Int. EQ00§ 45, 2761; e) J. C. Lewis, J. Y. Wu, R. G. BergmarA.JEllman,Angew.
Chem. Int. EDJ2006 45, 1589; f) S. Fustero, D. Jimenez, M. Sanchez-Rms€l del PozoJ. Am. Chem. Soc.
2007, 129,6700; g) S. Constant, S. Tortoioli, J. Muller, [Dnder, F. Buron, J. LacouAngew. Chem. Int. Ed.
2007, 46, 8979.

% 3a) P. Walla, C. O. Kapp&hem. Commur2004 564; b) L. Zhu, R. M. Wehmeyer, R. D. RiedeOrg. Chem.
1991, 56, 1445.
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>90% vyield (Scheme 26). In contrast, using an atkbat the same elevated temperature,
the desired diarylzinc compoun@8c and68f are obtained after 13 h reaction time using
TMP2Zn-2MgCb-2LiCI (60; 0.60 equiv). The remarkable acceleration of thes¢alations
can be explained by the efficient absorption of thierowave irradiation. Since THF is
one of the worst solvents for microwave chemistng ¢o the low polarity, the presence of
LiCl and MgCL certainly causes this effect. Carefully spokeresth salts may lead to
“microwave effects” like so called hot-spots (localea with higher temperature than
indicated) or a superheated solvent, which can Hee dctual reason for the observed

dramatically enhanced metalation rates.

CO,Et CO,Et
60 (0.60 equiv), THF Zn
2
MW, 120 C, 5 h
78a 79a: > 90%

(oil-bath, 120 T, 5 h: 18%)

CONEt, CONEt,
60 (0.60 equiv), THF Zn
2
MW, 120 C,5h
78b 79b: > 90%
(oil-bath, 120 C, 5 h: 21%)
CO,Et CO,Et
60 (0.60 equiv), THF Zn
2
25C, 110 h
or
X MW, 80 C, 2 h X
or
67c: X =ClI oil-bath, 80 T, 13 h 68c: X =Cl| >90%
67f. X=Br 68f: X =Br >90%

Scheme 26 Metalation of ethyl benzoate7§a), N,N-diethylbenzamide 78b), ethyl 4-
chlorobenzoate6/c) and ethyl 4-bromobenzoaté7f), using TMBZn-2MgCb-2LiCl (60)
under various conditions. The conversion to theresponding metal species was
monitoredvia GC-analysis of aliquots of the reaction mixtureeqohed with a solution of

I, in THF using tetradecane as internal standard.

5.2 Preparation of Functionalized Aromatics

Subsequently, the reactions of the metalated arer@a-b with either 4-

iodobenzonitrile or 1-iodo-3-trifluoromethylbenzeimethe presence of Pd(dbdp mol-%)
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and PO-furyl)s (10 mol-%) afford the functionalized bipheny@®a-b in 82-85% yield
(Table 5, entries 1-2). Similarly, the zincated @pe 68c and 68f can either undergo a
copper-mediated acylatith or a Pd-catalyzed cross-coupling reactidriThe desired
products69f and 69i are isolated in 83-86% yield (entries 3-4). Ingtiegly, the related
methyl 4-chlorobenzoate57e is also converted into the corresponding zinccese68e
showing the tolerance of the more sensitive meg#isyér even at higher temperature. After
a Negishi cross-coupling with ethyl 4-iodobenzoatee diester80c is obtained in 73%
yield (entry 5). Furthermore, the zincation of dtAyfluorobenzoate§7a) takes 336 h at
25 °C, whereas the microwave-accelerated metalggroneeds smoothly within 1.25 h at
80 °C. An adjacent cross-coupling with 3-iodo-nitemzene gives the biphen8Dd in
87% vyield (entry 6). Moreover, ethyl 4-iodobenzod?8c) and diethyl therephthalate
(78d) which can not be metalated at 25 °C using BPEAP2MgCh-2LiCI (60; 0.60 equiv)
are now readily zincated within 3-4 h at 80-90 ®libsequent reactions with either 4-
chlorobenzoyl chloride in the presence of CUCN-2W({IC1 equiv) or a Pd-catalyzed cross-
coupling reaction with 4-iodoanisole furnish thepegted product80e-fin 72-74% yield
(entries 7-8). Surprisingly, ethyl 4-cyanobenzoé&j) is regioselectively zincated in
position 2 within 1 h at 80 °C and a Cu(l)-catalyzallylatior’® with ethyl 2-
(bromomethyl)acrylat® gives the functionalized are@®gin 76% (entry 9). In contrast,
the metalation of ethyl 3-cyanobenzoat®7if at 80 °C (1 h) leads to a decreased
regioselectivity (3:1 ration between position 2 apdsition 6; see Scheme 20) and
therefore the bipheny80h is isolated in only 62% after a Negishi cross-dogpwith 3-
iodo-nitrobenzene (entry 10). Furthermore, ethyfludrobenzoate §7) and ethyl 3-
chlorobenzoate&7b) are readily zincated within 1-2 h at 80 °C usithgs microwave-
zincation. After Pd-catalyzed cross-coupling widwveral aryl iodides, the functionalized
benzoates30i-j are obtained in 77-92% yield (entries 11-12). AtBmethyl isophthalate
(679 undergoes a smooth zincation in position 4 withié h and a Pd-catalyzed cross-
coupling reaction affords the diesté®e in 79% vyield (entry 13). Remarkably, ethyl 2-
fluorobenzoate8€ and diethyl phthalate/gf) require a larger metalation time (3-4 h at
90-95 °C) but both subtrates show no conversiothéocorresponidng zinc reagem3e-f
at 25 °C using TMEZn-2MgCb-2LiCl (60; 0.60 equiv). After Pd-catalyzed cross-coupling
reactions the functionalized arer®3k-| are isolated in 71-74% yield (entries 14-15).
Accordingly, benzonitriles are also converted ittheir zinc reagents by using this
metalation procedure. Thus, 1,4-dicyanobenzef@y)(is zincated within 3 h at 80 °C
using TMRZn-2MgCb-2LiCl (60; 0.60 equiv). A subsequent Cu-mediated reactiotin wi
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ethyl 2-(bromomethyl)acrylaie affords the substituted benzonitri80m in 67% yield
(entry 16). Additionally, 4-fluorobenzonitrile6{k) and 2-fluorobenzonitrile 67m) are
treated with the basg0 using microwave irradiation (entries 17-18) leagdio the zincated
species within 3 h (80-85 °C). The adjacent Pdigatal cross-coupling reactions with
elctron-rich aryl iodides lead to the biary890-nin 88-89% vyields. Remarkably, beside
the enormously enhanced metalation rate, this m@tdal concept still offers a great

tolerance towards functional groups like methyl atlyl ester as well as cyano-groups.

Table 5 Products obtained by zincation of functionalizedromatics using
TMP2Zn-2MgCb-2LiCI (60; 0.60 equiv), microwave irradiation and subsequeaictions
with electrophiles.

Entry Substrate T[°C], {[h] E’ Product/Yield [%]

CN
COoEt i Ne O CO,Et
|
1 78a 120, 5 80a 82
CONEt CF3 = CONEt
’ O L
F3C N
| =
2 78b 120, 5 80b; 85°
CO,Et O CO,Et
| cocl \
| X Ph
=
Cl Cl
3 67c 80, 2 69f: 86°

CF, O CO,Et
FsC

@
O

Br Br
4 67f 80, 2 69i: 83
CO,Me CO,Et EOC_~ CO,Me

@
—~ )~
/4
)

5 67e 80, 2 80c 73
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Entry Substrate T[°C], {h] E’ Product/Yield [%]
(‘:OzEt _NO, O CO,Et
> P
‘/ |
F ! =
6 67a 80, 1.25 80d: 87°
CO,Et cocl O CO,Et
© CI
| Cl |
7 78c 80, 3 80e 7%

CO,Et | CO,Et
8 78d 90, 4 80f: 74
(‘ZOZEt C‘ZOZEt
N CO,Et EtO,C
| |
CN CN
9 67 80, 1 80g 76"
CO,Et NO, m CO,Et
| U
$ N
ZSCN | N
10 67i 80, 1 80h: 62°
CO,Et NO, = | CO,Et
@ @ 0NN
F | S
11 57 80, 1 80i: 92°
CO,Et CF3 m CO,Et
‘ X FsC \/t@
“ >l | Cl
12 67b 80, 2 80j: 77°
Cl
CO,Me ¢l 7)) CoaMe
i NS
COzMe | CO,Me
13 679 90, 2 69e 79
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Entry Substrate T[°C], {h] E’ Product/Yield [%]
OMe
OMe
C[coza
CO,Et _~_CO,Et
| |
NNCco,Et
14 78e 90, 4 80k: 71°
CO,Et
COzE! 2 EtOC ~ | CouE
X F X | F
‘ =
|
15 78f 95,3 80l: 74
CN CN
%Br
CN CN
16 789 80, 3 80m: 67
N OTIPS CN O OTIPS
‘ AN
) ®
|
F l F
17 67k 85, 3 80n: 89
OMe
‘ AN F S ‘\ F
|
18 67m 80, 3 800 88

[a] Isolated yield of analytically pure product.] [@btained by palladium-catalyzed cross-
coupling using Pd(dba)(5 mol-%) and Rffuryl)s (10 mol-%). [c] A transmetalation with

CuCN-2LIiCl (1.1 equiv) was performdd] A transmetalation with CuCN-2LIiCI (5 mol-%)

was performed.

Finally 4-fluorobenzophenoner§)) provides a zinc reagent bearing a keto group
(78j) within 5 h (80 °C). After a Pd-catalyzed crossipbing reaction, the functionalized
benzophenon&0p is isolated in 70% yield showing the compatibiliy a ketone for at
least 5 h at 80 °C using microwave irradiation (&uk 27).
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CO,Et
O<_Ph I@COZEt

TMP,Zn-2MgCl,-2LiCl (60) R _
(0.60 equiv), THF (1.1 equiv)
Zn O

MW, THF, 80 C, 5 h 2 Pd(dba), (5 mol-%)
0 P(o-furyl)z (10 mol-%) Ph
F PH THF, 25<C, 60 h .
78h 79h: >90% 80p: 70%

Scheme 27 Functionalization of 4-fluorobenzophenori&l) using TMBZn-2MgCb-2LiCl

(60) and microwave irradiation.

5.3 Preparation of Functionalized Heteroaromatics

Moreover, this zincation procedure is applied &ehocyclic systems. Thus, ethyl 2-
chloro nicotinate §4g) is smoothly zincated within 1 h and a copper-raedi acylatioff
furnishes the keton80q in 80% yield (Table 6, entry 1). Furthermore, 4xegpyridine 78i)
undergoes a regioselective zincation in positiorfe@try 2). The reaction with ethyl 2-
(bromomethyl)acrylaf® in the presence of CuCN-2LiCl (25 mof$)eads to the acrylate
derivate80r in 68% yield. Substrates such as benzothiophéile @nd benzofurané(l) can
only slowly be zincated with the baé@ at 25 °C (144-168 h, see Table 1, entries 17-18).
However, microwave irradiation allows a smooth atimn at 120 °C. Trapping of the
resulting zincated heterocycles with various aodides in the presence of a Pd-catalyst,
afford the heterocycleB0s-t95% yield (entries 3-4). Finally, isoquinolinggf) is also reacted
with TMP,Zn-2MgC)-2LiCl (60) (entry 5). After 1 h at 120 °C, a full zincati@s achieved
and the zincated isoquinoline undergoes a Pd-@adlgross-coupling reaction providing the
isoquinoline derivat&0u in 82% yield.
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Table 6 Products obtained by zincation of functionalizéeteroaromatics using
TMP,Zn-2MgCb-2LiCI (60; 0.60 equiv), microwave irradiation and subsequeaictions

with electrophiles.

Entry Substrate T[°C], t[h] E’ Product/Yield [12}
CO,Et </\\\ O
A 2 S S
| Ucoo _COEt
N Cl ‘
N el
1 649 80, 1 80q; 8C°
CN CN
« CO,Et <
| %Br .
N N CO,Et
2 78i 60, 1 80r: 68
CO,Et
oD C > oo
|
3 61k 120, 1 80s 95
OTIPS
N @—QOTIPS
D © ha W
|
4 61l 120, 1 8ot 95"
N
CO,Et N
X
: 0
|
CO,Et
5 78; 120, 1 80u: 82

[a] Isolated vyield of analytically pure product.] [ transmetalation with CuCN-2LiCl
(1.1 equiv) was performeft] A transmetalation with CuCN-2LiCl (5 mol-%) wasrformed.
[d] Obtained by palladium-catalyzed cross-couplusgng Pd(dba)5 mol-%) and R{-furyl)s
(10 mol-%).
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6 Directed Zincation of Functionalized Aromatics ad
Heteroaromatics Using [(Bu)N(iPr)],Zn-2MgCl,-2LiCl

6.1 Preparation of Alternative Bases

Despite the constantly decreasing price for X2@ramethylpiperidine, a more
economical (cheaper) amine would be desirable fetalation reactions, especially for large-
scale applications. Unfortunately, the reactionRMMgCI-LiCl with iPNH resulted in the
only 0.60M amide bas@&1 (approx. half the concentration of TMPMgCI-LiCAdditionally,
the use of HMDS affords the even less concentratesk82 (0.55 m). Accordingly, the
resulting zinc amide83 and84 display a lower concentration than Th&a-2MgCh-2LiCl (60;
Scheme 28). Furthermore, the reactivity of theses amides is also not comparable to the
one of TMRZn-2MgCb-2LiCl (60) since ethyl 3-fluorobenzoat®q) can not be metalated
using eitheriPr.N).Zn-2MgCb-2LiCl (83) or HMDSZn-2MgCb-2LiCl (84).

iPr ZnCl, (0.50 equiv.), THF  iPr
'N-MgCl-LiCl /N}Zn-ZMgCIz-ZLiCI
iPr 0Ct025%C,3h iPr 2
81 83: 0.35 mol/L in THF
T™S ZnCl, (0.50 equiv.), THF ~ TMS
N-MgCI-LiCl N»Zn-2MgCl,-2LiCl
T™MS 0Tto25<C,3h T™MS 2
82 84: 0.30 mol/L in THF
1) base 83 or 84
25 C, 24 h ZnR
F 2) 12 F
57 58
for 83: 0%
for 84: 0%

Scheme 28Preparation ofiPrN),Zn-2MgCb-2LiCl (83) and hmdgsZn-2MgC}-2LiCl (84).
The conversion to the corresponding metal speb&svas monitoredvia GC-analysis of
aliquots of the reaction mixture quenched with lutsan of |, in THF using tetradecane as

internal standard.
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6.2 Preparation of [(Bu)N(iPr)].Zn-2MgCl,-2LICl

Sterically hindered non-cyclic amides can be usegrinciple for directed metalations.
Since neitheiPrLNH nor HMDS gave satisfactory zinc amide basesaddiitional sterically
hindered amine has been prepared. Thersputyl(iso-propyl)amine 85) is readily obtained
by the reaction of cheap bulk chemicals suchisagpropyl bromide,tert-butylamine and
adiponitrile®® After treatment of the amin85 with iPrMgCI-LiCl, the resulting bas®é6 is
provided as a 1.4& solution in THF. This concentration is comparatdeT MPMgCI-LiCl
and the subsequent transmetalation with Z(GI50 equiv) affords the corresponding zinc
amide base {Bu)N(iPr)].Zn-2MgC}-2LiCl (87) as a max. 0.5 solution in THF and can be

stored under argon at 25 °C for at least two mofflseeme 29).

adiponitrile iPr, iPrMgClI-LiCl iPr,
tBUNH, + iPrBr NH (095equv) - N-mgCl-Licl
Bu,NI, 90 C, 3 d
‘ BU 5 oagn B
85: 75% 86: >90%

c=145Min THF

iPr ZnCl, (0.50 equiv), THF iPr
N-MgClI-LiCl /N}Zn-ZMgCIz-ZLiCI
tBu 0Cto25%,12h tBu 2

86 87: >90%
0.5 mol/L in THF

Scheme 29Preparation of [Bu)N(iPr)]Zn-2MgCb-2LiCl (87).

6.3 Metalation of Aromatics and Heteroaromatics

The metalation ability of this base proves to benparable to TMEZn-2MgCb-2LiCl
(60). Hence, 2-phenyl-1,3,4-oxadiazollf) is metalated within 45 min at 25 °C using the
zinc base87 (0.60 equiv) giving exclusively the desired zimzhtspecies. The resulting
diorganozinc reagent undergoes a copper-catalyéatian*® reaction leading to the allylated
product 89a in 88% vyield (Table 7, entry 1). Furthermore, gualine ©61h) is readily
zincated within 9 h at 25 °C. After a Pd-catalyzedss-coupling reactiof?, the quinoxaline
derivative 89b is isolated in 81% vyield (entry 2). During thisacdion, no dimerization of

quinoxaline 56) is observed. Accordingly, 3-bromoquinolin2lf is smoothly zincated at

% H. C. Brown, J. V. B. Kanth, P. V. Dalvi, M. Za@licz,J. Org. Chem1999 64, 6263.
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25 °C within 4 h. After a Pd-catalyzed cross-cooglreaction with 3-iodo-nitrobenzene, the
guinoline89cis provided in 86% vyield (entry 3). Nitro-groupe also tolerated as shown for
the zincation of 6-nitrobenzothiazole4@. Thus, this metalation occurs at —50 °C withih 1
selectively at position 2. After a copper(l)-meddt allylation reaction with 3-
bromocyclohexene, the 2-allylated benzothia889d is obtained in 79% vyield (entry 4). The
presence of an aldehyde does not affect this mietalprocedure and the 3-formylated indole
64f is smoothly converted to the corresponding dioogarc species. A subsequent copper-
catalyzed allylation affords the expected allylat@dehyde89e in 50% yield (entry 5).
Aromatic esters bearing halogen or cyano substisuame also smoothly zincated. Thus, ethyl
3-fluorobenzoateq7) is converted at 25 °C within 20 h to the correspng zinc reagent. No
side reactions (e.g. dimerization, transformatiérth@ ester into an amide) were observed
during the metalation. After a copper-mediated atiyti*® with thiophene-2-carbonyl chloride,
the polyfunctional keton89f is obtained in 75% yield (entry 6). Ethyl 3-cyanobeate §7i)

Is regioselectively zincated between both substitiand the adjacent allylation reaction with
ethyl (2-bromomethyl)acrylat? affords the 1,2,3-trisubstituted benzed@g in 72% vyield
(entry 7). Finally, ethyl 3-bromo-5-chlorobenzo#88) is metalated within 60 h between the
bromo substituent and the ester group usitBulN(iPr)].Zn-2MgCb-2LiCl (87; 0.60 equiv).
The resulting bipheny89h is isolated in 67% yield after a Pd-catalyzed srosupling with 3-

iodotoluene (entry 8).

Table 7. Products of typ®&9 obtained by zincation using the zibis-amide87 and quenching

with electrophiles.

Entry Substrate T[°C], t[h] Electrophile Product/Yield [%8]
Me
Ph
N N-p
1 61a 25, 0.75 89a 8¢
OTIPS

L oo™

|
2 61h 25,9 89h: 81°
| Br
N N02 =
3 61] 25, 4 89c 86°
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Entry Substrate T[°C], {h] Electrophile Product/Yield [%5]
OzN S OzN S
1% -0
N N
Br
4 64a -50, 1 89d: 79
CHO CHO
O (J
N N
Me Br Me
5 64f 25, 1.25 89e 50
CO,Et EtO,C O
S § S
Ucou i b P
F F
6 57 25, 20 89f: 75"
CO,Et CO,Et
CO,Et
N CNCOZEt
7 67i 25, 36 89g 72
Me
COZEt Me
Cl EtO,C
Cl
Br | O
Br
8 88 25, 60 89h: 67°

[a] Isolated yield of analytically pure product.][®btained after transmetalation with
CUCN-2LIiCl (5 mol-%). [c] Obtained via Pd-catalyzatss-coupling with Pd(dbal5 mol-%)
and P¢-furyl)s (10 mol-%). [d] Obtained after transmetalationhh@uCN-2LiCl (5 mol-%).
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7 Directed Metalation of Aromatics and Heteroaromaics Using
in situ Protocols

7.1 Introduction

Eatonand coworkers have already performed direct libwes with TMPLi 61) in the
presence of mercury salts in 1987 hein situ generated organo mercurials can be further
converted to corresponding halides or transmethlatth organomagnesium or organolithium
reagents in a process calledverse transmetalatiof® Two decades lateriMongin and
coworkers adapted this concept and investigate@latetn procedures using situ formed
zincates or cadmat&3ln 2008, it was shown that the direct insertiommagnesium turnings
into C-Br bonds in the presence of LiCl using siibstd methyl or ethyl benzoates as
substrates is best carried out in the presencen61,2** The primary formed unstable Mg-
intermediate is immediately transmetalated to theesponding Zn-compound. Recently, we
reported the deprotonation and functionalization sdéme sensitive aromatic and
heteroaromatic substrates by using BMB-2LiCl (45) in the presence of zZngl® The
methodology allows sensitive aromatics and hetexlesyto be metalated at 25 °C, giving after
reaction with electrophiles the expected functiaeal products in good yields. We have found
that the addition of ZnGlo the substratgyrior to the addition of the badead to excellent
results. However, this last method had several daaks: (i) the stability of TMMg-2LiCl
(45) was limited due to its high kinetic basicf? (i) the tolerance of functional groups and
sensitive heterocycles was also moderate. Therefibre metalation of aromatics and
heteroaromatics using TMPMgCI-LiCL@) in the presence of Znflvas investigated.

7.2  Optimization Process and Mechanistic Aspects

First, the metalation of quinoxalin@lh) was investigated since this heterocycle is prone
to undergo dimerization during metalation processekence, its metalation using
TMPMgCI-LICl (40) or TMP,Mg-2LIiCl (45) just affords the dimeric quinoxalin@2. In
contrast, the metalation of this diazine using BLEHR2MgChb-2LICl (60; 0.55 equiv) is
accomplished within 5 h at 25 °C. Alternatively, #gsolving quinoxalineg1h) in a ZnC}

" p. E. Eaton, G. T. Cunkle, G. Marchioro, R. M. kifarJ. Am. Chem. So&987, 109, 948; for an early example
of a lithiation-zincation procedure see: P. GrosFu#rt, Synthesid 999 754.

% a) P. E. Eaton, R. M. Martid, Org. Chem1988 53, 2728; b) P. E. Eaton, R. G. Daniels, D. Ceisu®. T.
Cunkle,J. Org. Chem1987, 52, 2100.

%9 a) F. Chevallier, F. MonginChem. Soc. Rew®008 37, 595; b) A. Seggio, F. Chevallier, M. Vaultier, F.
Mongin, J. Org. Chem2007, 72, 6602; c) J-M. L'Helgoual’ch, A. Seggio, F. &allier, M. Yonehara, E.
Jeanneau, M. Uchiyama, F. Mongin,Org. Chem2008 73, 177.

07. Dong, G. C. Clososki, S. H. Wunderlich, A. Umrsi P. KnochelChem. Eur. J2009 15, 457.
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solution (1.0m in THF; 0.50 equiv) and further treatment of thadution with TMPMgCI-LiCl

(40), the fully metalated quinoxalir@2h is obtained after 2.5 h. Interestingly, using ithsitu
protocol, no formation of the dimé&2 is observed (Scheme 30). A subsequent Pd-catalyzed
cross-coupling® with ethyl 4-iodobenzoate furnishes the substitujeinoxaline3oin 79%
yield (82% vyield if metalation performed witB0). By using the monomeric complexes
ZnCl-LiCl or ZnCh-2LIiCl, a further acceleration of the metalatiotesacan be achieved

(Figure 4). The use of ZnBleads to a dramatically decreased metalation rate.
_N
1) TMPMgCI-LiCl (40) L O
C[ ] (1.1 equiv), 25 T, 2.5 h C[j/ N SN
+
2) |2 0Tto 25T, N~ @iN/

61h 91: traces 92: 45%

TMP,Zn-2MgCly-2LiCl (60)
] (0.55 equiv) Pd(dba),
C[ 25‘C 5 h (PS(?]?J;‘;)?’ CO,Et
61h L @i TZn (10 mol-%) X Nj/©/
1) ZnCl p-ICsH4CO,EL, @N/

(0.50 equiv)

_ 25<C,3h
j 25 T, 10 min 62h: >90% 630: 79% using in situ
2 2) TMPMgCI-LiClI (40) protocol
N (1.1 equiv)

61h 25T, 25h

Scheme 30Metalation of quinoxalineg(Lh) using different metalation methods.

Several reaction pathways leading to this reselicanceivable (Scheme 31).dathway
a, the base TMPMgCI-LiCHQ) reacts first with quinoxaline(h) affording the magnesiated
heterocycle93. After a fast transmetalation with ZnGD.50 equiv) the quinoxalylzinc reagent
62h is formed (Scheme 3Jpathway a. Alternatively in pathway b TMPMgCI-LICI (40)
reacts rapidly with ZnGlto provide TMBZn-MgCh-2LiCl (60, Scheme 31pathway b which
subsequently reacts with quinoxalin@lk) leading to the zinc reage®2h. This second
pathway can be excluded since the reaction timehein situ procedure are considerably
shorter (25 °C, 2.5h) than the metalation using PI&h-2MgCb-2LiCl (60) generated
separately (25 °C, 5 h, Scheme 30). Moreover, rd frathway has to be considered (Scheme
31, pathway §: the heterocyclé1h coordinates ZnGlaffording the tentative Zn-compl&x94
which reacts with TMPMgCI-LICl 40) leading to the zinc specie62h after fast

transmetalation.

L B. M. E. Markowitz, M. M. Turnbull, F. F. AwwadActa Cryst2006 E62, 1278.
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i N
3 1/
s

7

50

conv. [%]

/ —— 0.55 equiv. TMP2Zn-2MgClI2-2LiCl

situ
30

40 // E—
// / —&—1.1 equiv. TMPMgCI-LIiCl + 0.5 equiv. ZnCI2 in

—&—1.1 equiv. TMPMgCI-LiCI + 0.5 equiv. ZnCI2-LiCl
in situ
20 —8—1.1 equiv. TMPMgCI-LIiCl + 0.5 equiv.
/ / ZnCI2-2LiCl in situ

10

t[h]

Figure 4: Metalation progress of quinoxaline.

N ZnCl, (0.50 equiv) o N |
@iNJ TMPMgCI-LiCl (40) | N /]/
61h

(1.1 equiv)
25%C,25h 91

TMPMgCI-LiCl (40) I

(1.1 equiv)
C[N\j;';"g ZnCl, (0.50 equiv) @N\jﬁn
SN fast N~
93 62h

TMPMgCI-LICl (40)
(1.1 equiv)

pathway b 61h
N\
@[ ] TMP,Zn-2MgCl,-2LiCl (60)
e
N

N : :
@: \] ZnCl, (0.50 equiv) Zncl, ZnCl,

N
@i \] TMPMgCI-LICI (40)
~
N

61h 94

Scheme 31Possible pathways leading to the zincated quimox&2h.
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Since preliminary experiments have shown that am#&b ate-species like
TMP3ZnMgClI-0.5MgC}-3LICI (94) or TMP,Zn(MgCl),-4LiCl (95) can be considered to be
active intermediates during the situ zincation using TMEMg-2LiCl (45),"° a different
pathway leading to the metalated species is thiekahhe reaction of Zn@l with
TMPMgCI-LICl (40) affords the highly reactive zincate baSé)(which deprotonates rapidly
guinoxaline 61h) providing the magnesium arylzinca®/. An exchange reaction with
TMPZnX (98) regenerates the magnesium zin@8eand releases the diheteroarylz6fh as
final product (Scheme 32). However, a zincate g®esuch as TMEZnLi (99) has been
calculated to be thermodynamically unstable, amdeflore a similar energetic situation may
well be applicable to TMEZnMgCI-LiCl (96). Unfortunately, the attempts to prepare this
highly reactive bas@6 in the absence of a substrate failed and led pgal rdecomposition.
Since kinetic measurements of numerous metalatimgresses have shown that neither
TMPMgCI-LICI (40) nor TMRZn-MgCh-2LICl (60) are exclusively responsible for the
observed conversions, this last tentative mechaaigntains best the achieved metalation rates.

ZnX, + TMPMgCI

(I J TMPZnXZMgCI
61h
ZnX,MgCl
Ly

TMPZnX
98

Scheme 32Proposed metalation cycle involving catalytic amis of a highly active ate-base.

7.3 Zincation of Aromatics and Heteroaromatics

Nevertheless, this situ zincation protocol using TMPMgCI-LICHKQ) at 25 °C proves
to be quite general. Thus, the 4-halogenated dtbgroate$7c,f are readily converted into
the corresponding diaryl reagents within 20 h. AfRICN-2LiCl-mediated benzoylaticfis
with PhCOCI (1.1 equiv), the expected benzophené®¢snd10laare isolated in 79-83%
yield (Table 8, entries 1-2). Interestingly, théated methyl benzoat&¥e and100acan also
be converted to the desired organometallics. Thenks101b-care obtained in 85-86% vyield
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after the reaction with PhCOCI (1.1 equiv) in thegence of CuCN-2LIiCl (1.1 equiv; entries
3-4). Additionally, ethyl 4-fluorobenzoate is smiolgt zincated within 11 h and a subsequent
copper(l)-mediated acylation furnishes the sulisiittbenzoatd01d in 85% yield (entry 5).
Furthermore, ethyl 4-cyanobenzoad&|j is readily metalated within 3 h at 25 °C, whertrees
zincation of 4-fluorobenzonitrile6{k) is accomplished within 8 h using TMPMgCI-LiGIC
1.1 equiv). The subsequent Pd-catalyzed cross-cguptactions with different iodoanisoles
using Pd(dba)(5 mol-%) and Rt-furyl); (10 mol-%) as catalytic system provide the biaryls
101le-fin 80-87% vyield (entries 6-7). Additionally, etl3dbromobenzoatel 00b) and ethyl 3-
chlorobenzoate6(’b) are smoothly zincated within 4 h and 3 h, redpelst The desired
benzophenone%01g and 69¢ are isolated in 84-91% vyield after the reactiong ieenzoyl
chloride mediated by CuCN-2LIiCl (entries 8-9). Sary, the metalation of methyl 3-
chlorobenzoatelQ0q is finished within 5 h and the subsequent reactigth thiophene-2-
carbonyl chloride in the presence of CuCN-2LiCIL(&quiv) gives the expected ketoh@lh

in 82% vyield (entry 10). Moreover, ethyl 3-fluoratz®ate %7) is readily converted into the
corresponding diary zinc species within 2 h andatimcent acylation with 2-chlorobenzoyl
chloride affords the benzophenob@liin 94% yield (entry 11). Interestingly, the zinoat of
1,3-difluorobenzene 100d) proceeds well in position 2 within 6 h. The ketoh01k is
obtained in 80% after the CuCN-2LiCl-mediated reactvith 4-chlorobenzoyl chloride (entry
12). Finally, 3,6-dimethoxy-pyridazinel@0g is smoothly metalated within 5 h and the
subsequent Pd-catalyzed cross-coupling redCtimith ethyl 4-iodobenzoate using Pd(dba)
(5 mol-%) and Rg-furyl); (10 mol-%) as catalytic system leads to the bid81k in 65%
yield (entry 13).

Table 8 Products obtained by the zincation of aromatiod laeteroaromatics @5 °C using

thein situprotocol and subsequent reactions with electrephil

Entry Substrate Timf] Electrophile Product/Yield [95]
CO,Et O CO,Et
cocl
Ph
Cl Cl
1 67¢ 20 69f: 83
CO,Et O CO,Et
cocl
Ph
Br Br
2 67f 20 101a 79
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Entry Substrate Timf] Electrophile Product/YieId [%6]
COzMe zMe
cocl
cl
3 67e 20 101h 86b
COzMe zMe
cocl
Br Br
4 100a 20 101c 85b
CO,Et cocl O CO,Et
i ~Cl
F F
5 67a 11 101d¢ 8%
CO,Et OMe O CO,Et
Q o
|
CN
6 67 3 101e 87C
CN
; OMe
|
F
7 67k 8 101f 80c
i Br @ Br: i
8 100b 4 101g 91b
COEt COCI O,Et
@ 55
“ ¢l Cl
9 67b 3 69e 84b
COzMe 2Me
“ S
| D \ )—Ccocl \ s
Cl
10 100c 5 101h 82b
CO,Et COCI CO,Et
@ ) O 0
F
11 57 2 101|. o4
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Entry Substrate Timf] Electrophile Product/Yield [95]
cocl
F F O
QL
=
F i F Cl
12 100d 6 101j: 8¢°
OMe CO,Et OMe (7 CO.Et
|
N
N NS
N~ N~
OMe | OMe
13 100e 5 101k 65°

[a] Isolated yield of analytically pure product.][®btained after transmetalation with
CuCN-2LICI (1.1 equiv); [c] Obtained via Pd-catadgz cross-coupling with Pd(dba)
(5 mol-%) and Rg-furyl)s (10 mol-%).

7.4 Metalation of Aromatics Usingin situ Aluminations

Furthermore, thisn situ metalation concept was extended to directed alatioin
reactions since aluminum possesses a high Lewistagiving the opportunity to complex
appropriately directing groups like esters, amidesl even ethers. First, an applicable
aluminum source had to be found. 4-Chloroanis@@§ was chosen as a model substrate
and reacted with various aluminum reagents follovagdTMPMQgCI-LiCl @0) giving the
tentative aluminated anisole of the ty1@8 (Scheme 33).

OMe 1) R3Al, THF, (1.1 equiv) OMe
2) TMPMQCI-LICl (40; 1.2 equiv) AlX3 MgX
D P
‘/ THF, 25 T ‘/
Cl Cl
102a 103

Scheme 33Optimization of then situ alumination using TMPMgCI-LiCHQ) and different

Al-sources.

Interestingly, the use of AlglMeAICIl, and MeAICI (1.1 equiv in each case) did not
lead to improved metalation rates of 4-chloroamigp028 compared to the metalation using
just TMPMgCI-LICl @0; 1.2 equiv; Table 9, entry 1-4). The trialkyl alunum reagents M,
Etz:Al and iBusAl displayed a comparable effect on the formatibthe aluminated anisole of
type 103 (entries 5-19), whereas &t proved to be the most effective aluminum readgent

thisin situ protocol.

56



Directed Metalation of Aromatics and Heteroarongtisingin situ Protocols

Table 9 Metalation progress of 4-chloroanisol2g using

different aluminum sources.

entry RAI Time [h] Conversion td03[%)]?
1 22 30
2 AICl3 7 <5
3 MeAICl, 7 <5
4 MeAICI 7 <5
5 MesAl 2 44
6 MesAl 4 58
7 MesAl 7 69
8 MesAl 10 74
9 MesAl 22 76
10 EtAl 2 48
11 EtAl 4 66
12 EBAI 7 78
13 EBAI 10 82
14 EtAI 22 90
15 iBusAl 2 35
16 iBusAl 4 53
17 iBusAl 7 69
18 iBusAl 10 76
19 iBusAl 22 81

[a] The conversion to the corresponding metal g3f3 was
monitoredvia GC-analysis of aliquots of the reaction mixture
guenched with allyl bromide in the presence of CuZLNCI
using tetradecane as internal standard.

Continuously, the necessary amount gAEtvas determined. Therefore, 4-chloroanisole
(1029 is first treated with BAI (0.33-2.00 equiv) and subsequently reacted with
TMPMgCI-LICl (40) at 25 °C for 22 h (Scheme 34). In contrast toghevious describeth
situ zincation, the aluminum additive had to be usestaichiometric amounts. Thus, the use
of less than 1 equiv of EAl leads to decreased metalation rates (51-65%ansbf 90%),
whereas more than 1 equiv of the Lewis acid readees not deeply influence the metalation

rate.
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OMe 1) EtzAl, THF, (x equiv) | " OMe i
§ 2) TMPMgCI-LICI (40; 1.2 equiv) AIEt; MgCl
‘/ THF, 25 C, 22 h
cl cl

102a 103a

for x =0.33: 51%
for x =0.67: 65%
for x = 1.00: 90%
for x =2.00: 95%

Scheme 34Metalation of 4-chloroanisold Q28 using different amounts of §l.

To obtain more mechanistic insights of thissitu alumination, TMPMQgCI-LiCl 40) is
treated with EAl (1.0 equiv) to give the concievable ate-spe&enITMPMQCI-LICI (104
Scheme 35). Then, this freshly prepared reagem¢dsted with 4-chloroanisolel@2g at
25 °C. In contrast to the above descrilbeditu zincation with ZnCJ (0.50 equiv), it turned
out that the formation of the ate-speciesAERMPMgCI-LiCl (104) is thoroughly responsible
for the observed metalation rates since the alutioima using either BAITMPMgCI-LICl

(104) or thein situ protocol proceeds with comparable rates.

OMe
OMe
EtsAl + _THF O ©® Cl 102a AlEts MgCl
TMPMgCI-LICl (10 25 ¢ EtzAITMP MgCI-LiCl
(40) 20 min THF, 25 C
-TMPH Cl
104 103a
2h: 39%
5h:  62%
7h:  69%
10 h: 75%
24 h: 88%

Scheme 35Formation of the tentative ate-speciesAEEMPMgCI-LiCl (104) and its reaction
with 4-chloroanisole {02g. The conversion to the corresponding metal sgeti8a was
monitoredvia GC-analysis of aliquots of the reaction mixturegched with allyl bromide in

the presence of CuUCN-2LICl using tetradecane asnak standard.

This in situ alumination procedure seems to work best with gelated anisoles. Thus,

the reaction of the fully metalated 4-chloroanisdl@3a with 4-methoxy benzaldehyde
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provides the alcohdlO5ain 75% yield (Table 10, entry 1). Moreover, tharaination of 4-
fluoroanisole {02b) is accomplished within 15 h at 25 °C. After tnanegalation to zinc and a
subsequent Pd-catalyzed cross-coupling redCtimith ethyl 4-iodobenzoate using Pd(dba)
(5 mol-%) and Ri-furyl)s (10 mol-%) as catalytic system, the biat@5b is obtained in 77%
yield (entry 2). Additionally, 4-bromoanisold29 is converted into the corresponding Al-
species within 28 h. After transmetalation to zemad the reaction with 4-chlorobenzoyl
chloride mediated by CuCN-2LiCl (1.1 equf$)the expected benzophenoh@5cis isolated
in 79% vyield (entry 3). Furthermore, 3-fluoroansdl02d) is smoothly aluminated within
20 min at -5 °C, whereas the metalation of 3-cldnigole 10269 proceeds within 1 h at
25 °C. Adjacent copper-catalyzed allylation reaw!d afford the substituted anisolé§5d-e
in 85-87% vyield (entries 4-5). 4-ChlotN-diethylbenzamidel(02f) is smoothly aluminated
within 3 h at 0 °C and the biphen}05f is obtained in 73% vyield after transmetalatiornzitec
and a subsequent Pd-catalyzed cross-coupling oeautith 3-iodotoluene using Pd(dba)
(5 mol-%) and Rffuryl); (10 mol-%) as catalytic system (entry 6). Finallpethyl 4-
bromobenzoatelQ0g) is fully metalated within 2 h at 0 °C, whereas #lumination of ethyl
3-fluorobenzoate 57) readily proceeds within 1 h at 0 °C. Subsequenper-catalyzed
allylation reactions lead the 1,2,3-trisubstituéednesL05g-hin 51-81% vyield (entries 7-8).

Table 10 Products obtained using situ alumination and subsequent reactions with

electrophiles.

Entry Substrate T[°C], {[h] Electrophile Product/Yield [%4]
OMe CHO OMe OH
T T
‘/ Z OMe
Cl OMe Cl
1 102a 25,24 105a 75
OMe COzEt OMe = COzEt
X ‘
‘ =
F | ‘C|
2 102b 25, 15 105k 77> °¢
OMe (‘JOCI OMe O
AN AN AN
® fm
Br Cl Br
3 102¢ 25, 28 105¢ 79 ¢
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Entry Substrate T[°C], {[h] Electrophile Product/Yield [%4]
OMe Q OMe ‘
@F r L
4 102d -5,0.3 105d 87°
OMe OMe
QL -
Cl “ >l
5 102e 25,1 105e 85°
CONEt, = CONEt
Me 2
i @ g
Me
|
Cl cl
6 102f 0,3 105f 739
COZMe COZMe
)\/Br
Br Br
7 100a 0,2 105¢g 51°
CO,Et CO,Et
@ e @V/
F F
8 57 0,1 105h 81°

[a] Isolated yield of analytically pure product] [A transmetalation with ZnGI(2.0 equiv)
was performed. [c] Obtained via Pd-catalyzed cramgsling with Pd(dba) (5 mol-%) and
P(o-furyl)s (10 mol-%). [d] Obtained after transmetalationhM@uCN-2LiCl (1.1 equiv). [e]
Obtained after transmetalation with CuCN-2LiCl (8l+%0).
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8 Directed Metalation of Aromatics and Heteroaromaics Using
Aluminum-Bases

8.1 Introduction

Remarkably, organoaluminum reagents have foundenams applications in synthetic
organic chemistry, such as carbo- and hydroalunsinateactions’> The Lewis-acidic
character of the aluminum metal center allows perfiog reactions with unique chemo-,
regio- and enantio-selectivify.Moreover, aluminum amides are not an inventionamfadays.
In 1974, Yamamotaeported the use of &ITMP for the selective deprotonative opening of
epoxides* Later, this reagent was used for the opening etanes and the formation of Al-
enolates”® Furthermore, BAITMP promotes a regioselective Fischer indole bgats’® In
general, arylaluminum species are generated bgrtratalation of aryllithium reagents using
various aluminum(lll) sourcéSor in some cases through aluminum-tin or -borocharge
reactions’> More recently,Uchiyamaand co-workers reported the directed deprotonation
using the ate-baséBu);AITMPLI."® Due to the ate-character of this base, severahaios
and heteroaromatics were readily metalated. A mdjawback of this method is the atom-
economy since 2 equivalents of the base and up amuvalents of the corresponding
electrophile are needed for the complete functiaatbn of the used aromatic and

"2 «Aluminum in Organic Synthesis”: S. Saitdjain Group Metals in Organic Synthesi¥ol. 1 (Eds.: H.
Yamamoto, K. Oshima), Wiley-VCH, Weinhei®004 chap. 6.

3a) S. Baba, E. Negishl, Am. Chem. S0d976 98, 6729; b) B. Liang, T. Novak, Z. Tan, E. Negishi,Am.
Chem. Soc2006 128 2770; ¢) J. P. Abell, H. Yamamot®, Am. Chem. So2008 130, 10521; d) N. Takenaka,
J. P. Abell, H. Yamamotal. Am. Chem. So2007, 129, 742; e) T. Ooi, K. Ohmatsu, K. Maruokh,Am. Chem.
S0c.2007, 129 2410; f) K. Ohmatsu, T. Tanaka, T. Ooi, K. Marapkngew. Chem. Int. E@008 47, 5203; g) E.
Negishi,Chem. Eur. J1999 411; h) M. S. Taylor, D. N. Zalatan, A. M. Ler&mE. N. Jacobsed, Am. Chem.
So0c.2005 127, 1313; i) L. C. Wieland, H. Deng, M. L. Snapper,tA Hoveyda,J. Am. Chem. Soc2005 127,
15453; j) S. Saito, T. Sone, M. Murase, H. Yamamét@dm. Chem. So2000Q 122, 10216; k); X. Zhou, X. Liu,
X. Yang, D. Shang, J. Xin, X. Fengngew. Chem. Int. EQ008 47, 392; I) T. Ooi, M. Takahashi, M. Yamada,
E. Tayama, K. Omoto, K. Maruokd, Am. Chem. So2004 126, 1150; m) M. d"Augustin, L. Palais, A.
Alexakis,Angew. Chem. Int. EQ005 44, 1376.

™ A) A. Yasuda, S. Tanaka, K. Oshima, H. YamamotoNdzaki,J. Am. Chem. S0d.974 96, 6513; b) H.
Yamamoto, H. Nozakidngew. Chem, Int. Ed. Endl978 3, 169.

K. Maruoka, M. Oishi, H. Yamamotd, Org. Chem1993 58, 7638.

®K. Maruoka, S. Hashimoto, Y. Kitagawa, H. YamamdioNozaki,J. Am. Chem. Sot977, 99, 7705.

"a) J. J. EischComprehensive Organometallic Chemistfizds.: G. Wilkinson, F. G. A. Stone, E. W. Abel),
Pergamon Press: Oxforti982 Vol 6; b) T. Ishikawa, A. Ogawa, T. Hirad, Am. Chem. So&998 120, 5124; c)
C. Hawner, K. Li, V. Cirriez, A. AlexakisAngew. Chem. Int. E@008 47, 8211.

a) J. J. Eisch, K. Mackenzie, H. Windisch, C. Katjdeur. J.Inorg. Chem.1999 153; b) M. Tschinkl, R. E.
Bachmann, F. P. Gabb&hem. Comml999 1367; ¢) M. Bochmann, M. J. SarfieldrganometallicsL998 17,
4684.

a) M. Uchiyama, H. Naka, Y. Matsumoto, T. OhwadaAm. Chem. So2004 126, 10526; b) H. Naka, M.
Uchiyama, Y. Matsumoto, A. E. H. Wheatley, M. Mc#iar J. V. Morey, Y. Kondo,J. Am. Chem. SoQ007,
129, 1921; c) H. Naka, J. V. Morey, J. Haywood, DEikler, M. McPartlin, F. Garcia, H. Kudo, Y. Kondd,
Uchiyama, A. E. H. Wheatley, Am. Chem. So2008 130, 16193.
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heteroaromatics. Therefore, the development of neutral aluminumtris-amide bases for
highly regioselective metalations was carried o@upported by pioneering structural
investigations®® the reaction of TMPLi 1) or related Li-amides with AlGlhas been

considered to be promising.

8.2 Preparation of the Al-Bases

Starting from {Bu)(iPr)NH @5), the formation of the corresponding Li-amid€6
proceeds smoothly within 1 h and the subsequertdtiorawith a THF solution of AIGI
(0.33 equiv§* at —78 °C affords the aluminum amid®7 as a 0.23v solution in THF.
Similarly, the treatment of freshly prepared TMP(E1) with a THF solution of AIG
(0.33 equiv) at =78 °C (15 h) leads to a solutidnTMP3AI-3LICI (108 (Scheme 36).
Furthermore, an additional hindered aluminum basehbeen prepared. Thus, the imigsf?
readily addstBuLi (1.0 equiv) in THF at —78 °C leading to théhium amidell0Q. After
transmetalation with a THF solution of AKJ0.33 equiv.) the corresponding alumintnis-
amide basd11is obtained in quantitative yield (Scheme 36).Sghbase$08andl111display
both an enhanced solubility (0.80n THF) compared to {Bu)N(iPr)]sAl-3LiCl (107).

iPry nBuLi, THF iPry AICl; (0.33 equiv) _ _
/NH 50T 0T 1h /N*Li [(tBU)N(iPr)]3Al-3LiCl
tBu ) - ! tBu -78 Ct0-60 C, 15 h
85 106 107: >95 %; 0.23 M

solution in THF

ﬂ nBuLi, THE ﬂ ACLOBeqw)
N 50C - 0C,1h N -78 Tt0o-60 T, 15h

H L
Li 108: >95 %; 0.30 M
51 solution in THF

N B
H\ tBuLi, THF ﬁ/L AIC, (0.33 equiv) \)\

l N
A/ -78 T, 4 h /%/N\Li -78 T10-60 T, 15h /\/ 3 “Al-3LICI

>95 %; 0.30 M solution in
THF

Scheme 36Preparation of the aluminum amide®7, 108and111

83) B. Conway, E. Hevia, J. Garcia-Alvarez, D. Vaflam, A. R. Kennedy, R. E. Mulveg@hem. ComnR007,
5241; b) J. Garcia-Alvarez, D. V. Graham, A. R. Kedy, R. E. Mulvey, S. Weatherstoi@hem. Comn2006
3208; c) W. Clegg, S. T. Liddle, K. W., HendersBnE. Keenan, A. R. Kennedy, A. E. Mckeown, R. BilN@y,
J. Organomet. Chenl999 283; d) D. Rutherford, D. A. Atwood,. Am. Chem. S0d.996 118 11535; €) I.
Krossing, H. Noth, H. Schwenk-Kirchneur. J.Inorg. Chem.1998 927; f) C. Klein, H. Néth, M. Tacke, M.
ThomannAngew. Chem. Int. Ed. Endl993 32, 886.

8 H. Noth, R. Rurlander, P. Wolfgardt, Naturforschung, Part B982 37, 29.

8 N. de Kimpe, D. Smaele, A. Hofkens, Y DejaegherkBsteleynTetrahedronl 997, 53, 10803.
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Thereatfter, these bases were reacted teithbutyl benzoate 46a unfortunately, the
alumanition of ethyl benzoat@g&a and isopropyl benzoatéX2) could not be achieved). The
reactions are carried out using 1.0 equiv of theesponding base at -5 °C (Scheme 37) and
after 3 h, each of the alumination reactions isoamgished®® Subsequently, the aluminated
benzoates are transmetalated to the more stab$peties which then are treated with iodine
giving the iodinated benzoatEl4 It turned out, that by using the most stericdligdered
amide 111, the highest isolated yield could be obtained (7d8mpared to 65% and 61%,
respectively). The use of less than 1.0 equiv oimahum amides led to decreased metalation
rates and significantly lower yields of thert-butyl 2-iodobenzoatel@4). Additionally, the
alumination of anisolel(15 using the less soluble amide bag®yijN(iPr)]s;Al-3LiCl (107)
proceeds within 15 h at 25 °C, whereas the metalaising TMPA}-3LIiCl (108 is already
finished within 11 h. Moreover, the most stericaliindered Al-amidelll performs this
metalation within 9 h. After transmetalation to tw@responding Zn-compounds, an acylation
with 4-chlorobenzoyl chloride in the presence of QBU2LIC| is carried out. The
benzophenond 17 is isolated in 64% yield using the baséB{(N(iPr)]sAl-3LiCl (107),
whereas the reaction sequences carried out bylthas®sl08andllllead to this keton&l7

in significantly higher yields (74-79%; Scheme 37).

COABU  Alpase CO,tBu 1) ZnCl, (1.1 equiv) COtBu
(1.0 equiv) AR, -15 T, 15 min '
THF, -5, 3h 2) 1, (1.25 equiv)
-15 €, 30 min
46a 113 114
with base 107: 61%
with base 108: 65%
with base 111: 71%
OMe Al-base OMe 1) ZnCl, (1.1 equiv) OMe O
@ (1.0 equiv) @/NRZ -30 C, 15 min
THF, 25 C, x h 2) CUCN-2LiCl cl
(1.1 equiv)
-30 C, 15 min
115 116 3) cocl 117
with base 107: 15 h /©/ with base 107: 64%
with base 108: 11 h cl with base 108: 74%
with base 111: 9 h (1.25 equiv) with base 111: 79%
-30t025C, 2 h

Scheme 37Comparison of the metalation ability of the Alslea107, 108 and111

8 If the aluminum base$07, 108 and111 are prepared in KD to precipitate LiCl, the kinetic basicity droped
dramatically leading to no desired metalated specimilar to the previousely discussed Zn-b&6g LiCl
increases the solubility in THF of such bases.
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Additionally, several other aluminum amides bakage been prepared to study their
metalation properties. Similar to TMW-3LiCl (108), the reaction of freshly prepared TMPLI
(51) with a THF solution of AIG (0.50 or 1.0 equiv) at —78 °C (15 h) furnishesaftides
TMPLAICI-2LiCl (118 and TMPAIC}-LICI (119). Both amide bases display a lower solubility
in THF than theris-amide TMRAI-3LiCl (108). Accordingly, the transmetalation of freshly
prepared LDA 120) with a THF solution of AlX (0.33 equiv) at —78 °C (15 h) affords the
tris-amidel2las a 0.2 solution in THF. Subsequently, the metalation pesg oftert-butyl
benzoate 468 is investigated using these Al-bases (Scheme B&¢r 3 h at -5 °C, the
desired Al-species is obtained in 39-62% yield gsither TMBAICI-2LiCI (118 1.0 equiv)
or TMPAICI-LIiCl (119 1.0 equiv). Interestingly, the use of B¥-3LiCl (121; 1.0 equiv) as
metalation agent leads mainly to the benzanii@2 (Scheme 38). Running this reaction at
lower temperatures (e.g. —30 °C) avoids the foromatif the benzamid#22, but also leads to

no alumination reaction giving the desired alumimaagent 13

COztBU Al-base COztBU
(1.0 equiv) AR,
THF,-5<C,3h

46a 113

with TMP,AICI-2LiCI (118): 62%
with TMPAICI,-LiCl (119): 39%

(1.0 equiv) AR, H
+
THF, -5 C, 3 h
46a 113: 10% 122: 55%

Scheme 38Reactivity of the Al-base$18 119and121 The conversion to the corresponding
metal specie§13was monitoredria GC-analysis of aliquots of the reaction mixturewgched
with allyl bromide in the presence of CuCN-2LiCingstetradecane as internal standard.

Moreover, an aluminum amide starting from TMPMg@I (40) has been prepared.
Thus, the reaction of TMPMQgCI-LiC#Q) with a THF solution of AIG (0.33 equiv) at —78 °C
(15 h) resulted in a base with the stoichiometryPgM-3LIiCI-3MgCl, (123 Scheme 39).

This reagent is quantitatively obtained as a M2&olution in THF. Unfortunately, neither of
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tert-butyl benzoate46a) nor anisole 115 are metalated with comparable rates under similar
conditions using TMEAI-3LiCl (108 1.0 equiv).

Cl AICl; (0.33 equiv)
N-Mg_ Li TMP3AI-3LiCI-3MgCh
Cl -78 T 10 -60 T, 15 h
40: TMPMgCI-LiCl 123: >95 %:; 0.25 M
solution in THF

COABU  1yp,al3LiCI-3Mgel,  $O2tBU ?'V'e TMP3AI-3LICI-3MgCh, ?'V'e

(123; 1.0 equiv) AR, (123; 1.0 equiv) ARy

THF, -5<C, 3 h THF,25C, 11 h
46a 113: 15% 115 116: 19%

Scheme 39Preparation and reactivity of TM®-3LICI-3MgCl, (123). The conversion to the
corresponding metal speci@43 and 116 was monitoredvia GC-analysis of aliquots of the
reaction mixture quenched with allyl bromide in tipeesence of CuCN-2LiCl using

tetradecane as internal standard.

Furthermore, the oxadiazolé24 was aluminated using the Al-amidéll This
metalation is accomplished within 30 min at —45wWithout ring fragmentation of the fragile
metalated oxadiazole system. This indicates cledmty formation of an aluminum species
since the magnesiated and especially the lithiakedliazoles are prone to easily undergo ring
opening. Interestingly, only 0.7 equiv of the bddd is needed for the complete metalation.
After transmetalation to Zn and a copper(l)-catatyallylation?® the expected oxadiazal®5

is isolated in 74% (Scheme 40).

1) (C15H56N)3AI-3LICI (111)
(0.7 equiv)

C'\@\(O y -45 T, 30 min, THF u@\{o
N \ W

N—I/\l 2) ZnCl, (1.1 equiv) N-N e
-45 C, 15 min
3) CuCN-2LiCI
(5 mol-%)
Me
Br (1.25 equiv)

124 125: 74%

-45C,1h

Scheme 40Alumination and functionalization of the oxadidzh24
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8.3 Alumination of Aromatics Bearing Efficient Directing Groups

In general, esters and nitriles are considerdxktefficient substituents for directedho
metalation®™® Thus, the alumination of various functionalizecoraatics like tert-butyl
benzoate46a), benzonitrile {269 andtert-butyl 1-naphthoatel@6b) was investigated. These
substrates all underwent complete formation of dheminum reagent with TMJAI-3LIiCl
(107, 1.0 equiv) within 3-6 h at -5 to —10 °C. The f&ag arylaluminum compounds were
transmetalated with Znglto the corresponding zinc reagents and after Cdiated
acylationé® or a Pd-catalyzed cross-coupling reactiamsing Pd(dba)(5 mol-%) and Ri-
furyl)s (10 mol-%), the product$27a-cand127ewere obtained in 70-79% yield (Table 11,
entries 1-3, 5). Similarly, by using the alumintnis-amidel111 (1.0 equiv) a full alumination
was observed within 3-5 h at -5 to —10 °C and tloelycts127a-f were isolated in 71-77%
yield (entries 1-6). These results again indicht both basesl(Q7 and111) show similar
metalation rates. However, the practical and ecacansynthesis of the aluminutris-amide
111 led us to use this base for further experimentais] the alumination dfert-butyl 2-
chlorobenzoatel@69 is accomplished within 7 h at —40 °C. After tnanegalation to Zn and a
Cu-mediated acylation with benzoyl chloride, théoke 127gis isolated in 75% yield (entry
7). Interestingly, the benzoait26d is fully metalated within 10 h at -5 °C, but thetadation
occurs just with a 3:1 regioselectivity inrtho-position to the ester. Therefore, the
benzophenonel27h is obtained only in 55% vyield after a transmetafatto Zn and a
subsequent Cu-mediated acylation with 4-chlorobginzhloride (entry 8). Whereas the
metalation of difluorobenzene&a6e 100d 126f) is especially challenging and requires low
reaction temperatuf®,a smooth regioselective alumination proceeds &t>G4within 1.5-3 h
using the aluminum baskll (1.0 equiv). After transmetalation to the corresjing zinc
derivatives and Negishi cross-couplings, the palgtional biphenylsl27i-k are provided in
79-89% vyield (entries 9-11). Moreover, the metalatof the correspondinggis-chlorinated
benzenesl26g-i proceed within 3-4.5 h under similar conditions-&0 °C leading after
transmetalation and cross-couplings to the funatined aromaticd27I-n in 78-85% vyield
(entries 12-14). Additionally, the benzophendri® ois isolated in 67% yield after a smooth
alumination of fluorobenzenel?26j, 2 h, —10 °C) followed by a transmetalation to the
corresponding Zn compound and a Cu-mediated acoglawith 4-chlorobenzoyl chloride
(entry 15).

8 E. Masson, M. SchlosseEpr. J. Org. Chem2005 4401.
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Table 11 Products of typé obtained by the alumination of aromatics with #ieminum
basesl08andl111and reactions with electrophiles.

Substrate T[°C], t[h] Electrophile Product/Yield [%6]
CcocCl (0] CO,tBu
CO,tBu
Cl l l
Cl
46a -5,3 127a 81 (75% ¢ ¢
Me
CO,tBu Me
CO,tBu
‘ X
N B
=
46a -5,3 127k 77 (79% ¢
CN CN O
S s
COCI
126a ~10, 4 (4 127¢ 71 (70§ &1
CN CN
CO,Et
Br
CO,Et
126a -10, 4 127d¢ 6996
CO,tBu CcocCl tBuO,C (@]
90 P“
126b -5,5 (6) 127e 76 (78§ ¢ ¢
CO,tBu | tBUO,C O
0 o™
. SR
126b -5,5 127f 79 ©
CO,tBu COcCl (@] CO,tBu
126¢ —40, 7 127g 757 ¢
CO,tBu CcocCl (0] CO,tBu
0 JOC
OMe Cl OMe
126d -5, 10 127h 55 ¢
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Entry Substrate T[°C], {h] Electrophile Product/Yield [%4]
F CO,Et = O COzEt
F I F
9 126e =30, 2 127i 79°
= | E =
gt
NO,
F NO; F
10 100d -40, 1.5 127j. 88 °
F
F l F
of
F ~ cl O
- ®
11 126f —45, 3 127k 8%
Cl | o o Me
i i S
Cl Me Cl
12 1269 -60, 3 127t 85" °
: . C
OMe MeO
cl cl
: e
13 126h —60, 4.5 127m 78 ¢
cl
cl ' cl
Cl
Me
. OC
14 126i -60, 4.5 127n 81%°
cocl
F F O
Cl F
15 126j -10, 3 127a 67 ¢

[a] Isolated yield of analytically pure product.][lm parentheses the metalation times and
isolated yields using TMJAI-3LICl (108 are given. [c] A transmetalation with ZnCl
(1.1 equiv) was performed. [d] A transmetalatiotWCuCN-2LiCl (1.1 equiv) was performed.
[e] Obtained by Pd-catalyzed cross-coupling usird(dPa} (5 mol-%) and Ri-furyl)s
(10 mol-%). [f] A transmetalation with CuCN-2LiG3 ol-%) was performed.
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8.4 Metalation of Aromatic and Heterocyclic Ethers

Electron-rich aromatics are generally reluctanutmlergo metalation reactions. Thus,
aromatic ethers are poartho-directing groups for lithiation¥2 Monometal Mg- and Zn-
amides are unable to metalate such substratels Hbalever, aluminum amides display a high
metalation power, probably triggered by the stroagplexiation of the aluminum to the ether
oxygen. As noted above, the metalation of anisbl&)(using111is completed within 9 h at
25 °C® The reaction of the aluminated anistl6 with PhSSGPh affords the thioethdr29a
in 65% yield (Table 12, entry 1). Interestinglygthalogenated anisolé®2a,cand 128aare
also regioselectively metalated at thvého position next to the methoxy group within 4-8 h at
25 °C. An adjacent transmetalation to Zn followgddu-mediated trapping reactifisr Pd-
catalyzed cross-coupling reactihsurnish the expected product®9b-ein 73-85% yield
(entries 2-5). Furthermore, the substituted anssbR8b-d are smoothly metalated within 2-
15 h at 25 °C using11 (1.0 equiv) without significant decomposition dfetformed aryl-
aluminum compound. The keton&29f-h are isolated in 77-83% vyield after Cu-mediated
acylations with different acid chlorides (entries86 Additionally, phenetole @8¢ is
aluminated within 10 h at 25 °C, whereas the matalaof tri-fluoro-methoxybenzenel 8f)
proceeds within 3 h at 0 °C. The subsequent reactiath various chlorobenzoyl chlorides in
the presence of CuCN-2LIiCI (1.1 equiv) lead to lle@zophenone$29i-j in 81-85% vyield
(entries 9-10). Alternatively, the naphthalene drves128g-hare readily converted into the
corresponding aluminum reagents within 8-9 h af@5Subsequent acylations with benzoyl
chloride in the presence of CUCN-2LiCl afford tletdnesl29k-I in 77-78% yield (entries 11-
12). Moreover, 2-methoxypyridine128i) and 6-chloro-2-methoxypyridine 128)) are
aluminated within 3 h at 25 °C and 0 °C, respedttivafter CUCN-2LiCl mediated acylations
or Pd-catalyzed cross-coupling reaction using Padf® mol-%) and Ri-furyl)s (10 mol),
the desired pyridine$29m-o are obtained in 82-90% yield (entries 13-15). reséngly, the
use of aromatic or heteroaromatic ethers as metglaubstrates allows performing the
alumination reactions atery convenient temperatur@® °C or 25 °C). This may be a
consequence of the complexiation of the aluminumezewith the ether oxygen.

8 TMP,Mg-2LiCl did not allow an efficient metalation ohiaole and its derivatives. Unfortunateliy,N-
dimethylaniline did not undergo an alumination gslilat 25 °C.
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Table 12 Products of typd29 obtained by the alumination of aromatics and loetiemmatics

with 111 and subsequent reactions with electrophiles.

Entry Substrate T[°C], t[h] Electrophile Product/Yield [%8]
OMe OMe
PhSSGPh S<ph
1 115 25,9 129a 65
?Me CocCl OMe O
‘ ‘ cl
cl Cl cl
2 102a 25, 4 129k 85" ¢
OMe | OMe O CN
cl CN i
3 102a 25,4 129c 78 ¢
OMe | OMe =~ CN
@ ~
[
Br CN Br
4 102c 25,5 129a 77 ¢
OMe OMe
CO,Et
Br CO,Et
\
| |
5 128a 25, 8 129e 73"
OMe cocl OMe O
FsC” i “CF, L FsC ‘ CF3 ‘ cl
6 128b 25, 2 129f 83 €
OMe O OMe
cocl
[ ; Ph” 7: ;
OMe OMe
7 128c 25, 15 129g 77 ¢
OMe O OMe
(@) >
Ucou \_6
Me Me
8 128d 25, 6 129h 7 ¢
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Entry Substrate T[°C], {h] Electrophile Product/Yield [%4]
cocl
OEt OEt O
@ C.
Cl
9 128e 25, 10 129; 85~ ¢
OCF, cocl O OCF;
CI
Cl
10 128f 0,3 129j: 81% ¢
cocl OMe
OMe
e
(e}
11 128g 25,9 129k 78
OMe cocl OMe
o
Br Br
(e}
12 128h 25, 8 1295 77+ ¢
O
X S
| Mcou s \S
N~ “OMe _ %
N OMe
13 128i 25, 3 (3.5Y 129m 85 (81§ ¢ ¢
CN CN
N
| N
N” “OMe |
| N OMe
14 128i 25, 3 129n 8% ¢
cocl 0] Cl
‘ A Cl X
cl” >N~ “OMe |
Cl N OMe
15 128; 3,0 129a 9¢F ¢

[a] Isolated yield of analytically pure product.][lm parentheses the metalation times and
isolated yields using TMJAI-3LICl (108 are given. [c] A transmetalation with ZnCl
(1.1 equiv) was performed. [d] A transmetalatiotw@uCN-2LiCI (1.1 equiv) was performed.
[e] Obtained by Pd-catalyzed cross-coupling usirgfdPa) (5 mol-%) and Ri-furyl)s
(10 mol-%). [f] A transmetalation with CuCN-2LiG3 Mol-%) was performed.
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8.5 Unusual Substitution Patterns

The highly regioselective alumination can be agplio create unusual substitution
patterns on heteroaromatics. Thus, 2-TIPS-benzail@al309 and 2-TES-benzothiazole
(130b) may be either metalated antho position to nitrogen (positioa) or in ortho position to
sulphur (positiorb) (Scheme 41). Interestingly, both substrates actusively metalated in
ortho position to nitrogen (positioa) after 12 h at 25 °C using the bdsel (1.0 equiv) giving
the corresponding aluminum reaget¥la-h After transmetalation to the zinc compounds
and a Cu-mediated acylatfnor Pd-catalyzed cross-coupling reactfothe functionalized
benzothiazolesl32a and 132b are isolated in 81-83% vyield. A related regiosiNgy is
observed when there is a competition between alatieta alpha to oxygen or sulphur. Thus,
phenoxathiine X33 undergoes a smooth regioselective metalationinvitR h at 25 °C at the
ortho position to oxygen leading after transmetalationl @ Cu-mediated acylation to the
ketone 134 in 77% vyield (Scheme 42). Additionally, 2-TMS-befiman (35 is also
efficiently converted to the aluminated specieshimit8 h at 25 °C using the highly
regioselective basell After transmetalation to zinc and a Pd-catalyeexss-coupling with
ethyl 4-iodobenzoate, the desired benzofuran derevd36 is isolated in 79% yield (Scheme
43).

b
j (C12H26N)zAI-3LICI (111)

S (1.0 equiv), 25 C, 12 h, S
@i )—SiRg  THF )—SiR3
N N

T Ale

a
130a: R =TIPS 131a: R =TIPS
130b: R = SiEts 131b: R = SiEt,

2) ZnCl, (1.1 equiv)
-10 C, 15 min

S
)—SiRy
N

3) CuCN-2LiCl
(1.1 equiv)
-10 <€, 15 min
p-Cl-CgH,4-COCI
(1.2 equiv)
-10t0 25 C, 7 h

132a: R = TIPS: 83%

Cl

2) ZnCl, (1.1 equiv)
-10 C, 15 min

S
O )—SiRy
N

S
)—SiR3
N

3) Pd(dba), (cat.)

AIR
2 P(o-furyl); (cat.)
m-l-C6H4-CH3
131a: R=TIPS . Me
_ (1.1 equiv)
131b: R = SiEty

-10t0 25 C, 12 h

132b: R = SiEt3: 81%

Scheme 41 Regioselective alumination of the benzothiazol@®a and 130b using the

aluminum baséd 11
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1) (C15H56N)3AI-3LICH (111)
(1.0 equiv), 25 C, 12 h, s

b
CL = LI
o T 2) ZnCl, (1.1 equiv) 0
a

-10 C, 15 min
3) CuCN-2LiCl ¢}
(1.1 equiv)
-10 C, 15 min cl
133 p-Cl-CgH,-COCI 134: 77%

(1.2 equiv)
-10t025<C,7h

Scheme 42Regioselective alumination of phenoxathiid83) using the aluminum badd 1

b
j 1) (C1oH56N)3AI-3LICI (111)
(1.0 equiv), 25 C, 8 h,

A THF A
[ SiM
o SiMes 2) ZnCl, (1.1 equiv) o Mes

-10 C, 15 min

T 3) Pd(dba), (cat.)

a (o-fur)zP (cat.) O
p-l-CGH4-COZEt
(1.1 equiv) CO,Et
-10t025<C, 6 h

135 136: 81%

Scheme 43Regioselective alumination of 2-TMS-benzofuraB5) using the aluminum base
111

The metalation of substrates bearing partly sedraings is sparely describ&8.
However, the metalation of 2,3-dihydrobenzofurdB87 proceeds smoothly within 12 h at
25 °C and a Pd-catalyzed cross-coupling reactionighes the compounti38in 85% yield
(Scheme 44). Furthermore, the treatment of benZjlibxole (L399 or benzo[1,4]dioxane
(139b with 4 (1.0 equiv) leads to an aluminated intermediatéhiwil2 h at 25 °C. A
subsequent transmetalation using Zéid successive Cu-mediated acylation or Pd-cadlyz

cross-coupling reaction provides the produet®aand140bin 75-78% yield (Scheme 44).

8 No directed metalation of substrates |27 and139a-bwere reported. Using Mg- or Zn-bases, no metalatio
was observed, neither for the substrdt@$a-band133 For an alternative Br/Mg exchange, see: S. RaitK,
G. Venkat Reddy, T. Yakaiah, B. Narsaiah, P. StemtRao Synth. Commur2006 36, 3079.
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1) (C1oH26N)3AI-3LICI (111) |

(1.0 equiv), 25 C, 12 h, e
o THF

2) ZnCl, (1.1 equiv)
-10 C, 15 min
3) Pd(dba), (cat.) OMe
P(o-furyl)z (cat.)
137 p-1-CgHs-OMe 138: 85%
(1.1 equiv)
-10t025<C, 2h

O

1) (C1oH26N)3AI-3LICI (111)
(1.0 equiv), 25 C, 12 h,
| N j THF
= (0] 2) ZnCl, (1.1 equiv)
-10 C, 15 min
3) CuCN-2LiCI
(1.1 equiv)
-10 €, 15 min .
139a p-Cl-CgH,-COCI 140a: 78%
(1.2 equiv)
-10to 25<C, 10 h

1) (C1oH26N)3AI-3LICI (111)
(1.0 equiv), 25 C, 12 h,

0 SN}
\ THF (V \
©i0 2) ZnCl, (1.1 equiv) )\O

-10 C, 15 min
3) Pd(dba), (cat.) - |
P(o-furyl)s(cat.) X
p-I-CgH,-Me Ve
(1.1 equiv)
139b -10to25<C,2h 140b: 75%

Scheme 44Alumination on substrates bearing annelated oxyagmntaining rings.

Finally, the metalation of thioanisol&4l) is accomplished within 15 h at 25 °C using
the aluminum amidelll (Scheme 45). Unfortunately, the metalation proseeubt
regioselectively and lead to a 9:1 ratio of alurteda thioanisoles. Interestingly, the
alumination mainly occurs at the methyl group alégsof the aromatic system (positibp A
transmetalation to Zn and a Cu(l)-catalyzed aligt&f with ethyl 2-(bromomethyl)acrylate
affords the thioethet42in 59% yield.
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b

l CO,Et

/Me 1) (C12H26N)3A|3LIC| (111)
a S S

\ (1.0 equiv), 25 C, 12 h,
THF
2) ZnCl, (1.1 equiv)
0 €, 15 min
3) CuCN-2LiCl (cat.)

CO,Et
141 )VZB 142: 59%
r . 0

(1.2 equiv)
0C,1h

Scheme 45Alumination of thioanisolel41) using the aluminum badd 1
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9 Directed Metalation of Aromatics and Heteroaromaics Using
TMP 3;La-3MgCl,-5LICl

9.1 Introduction

Organolanthanum derivatives are relatively inexgpen and low-toxic organometallic
intermediated’ They are usually prepared by transmetalation i@atstarting from lithium
or magnesium reagents as has been pioneered byobmaamd continued by various
researcher® One drawback of this method is the insufficieriubiity of the used lanthanide
chlorides in THF. Recently, THF-soluble complexashsas LaGt2LiCl or CeCj}-2LiCl for
the highly selective addition of Grignard reageotsindered ketones and aldehydes has been
reported.® The use of these additives dramatically reducefe sieactions such as
deprotonation of the acidic proton next to the oaslh group or reduction of the carbonyl
group. Moreover, these additions reactions of csgagnesium reagents can be carried out

even with catalytic amounts of La&2LiCl.*°

Additionally, several lanthanum amides have
been reported mainly for the performance of hydioation reaction$ or for structural
studies’® Therefore, the preparation of a convenient (e.apm-economical, sufficient
solubility, good tolerance towards functional grejfanthanation reagent has been envisioned

starting from TMPMgCI-LiCl 40).

87a) G. A. MolanderChem. Rev1992 92, 29; b) G. A. MolanderChem. Rev1996 96, 307; c) A. Knief, A. M.
Laval, G. A. MolanderChem. Rev1999 99, 745; d)Lanthanides: Chemistry and uses in Organic Synshésd.:
S. Kobayashi), Springer-Verlag Berlin, Germah999 e) P. G. Steell. Chem. Soc., Perkin Trans2001, 2727;
f) S. Kobayashi, M. Sugiura, H. Kitagawa, W. W. llam, Chem. Rev2002 102 2227; g) S. Kobayashi, K.
Manabe Acc. Chem. Re2002 35, 209.

83) T. Imamoto, Y. Sugiyura, N. TakiyamBetrahedron Lett1984 25, 4233; b) T. Imamoto, N. Takiyama, K.
NakamuraTetrahedron Lett1985 26, 4763; c) T. Imamoto, Y. Sugiyura, N. Takiyama Hatojima, Y. Kamiya,
J. Am. Chem. Sot989 111, 4392; d) H. Schumann, M. Glanz, J. Gottfriedsr)echert, D. WolffPure Appl.
Chem 2001, 73, 279; e) V. Dimitrov, K. Koslova, M. GenpWetrahedron Lett1996 37, 6787; f) C. Alcaraz, U.
Groth,Angew. Chem. Int. EA997, 36, 2480; g) U. Groth, M. Jeské&ngew. Chem. Int. E@00Q 39, 574; h) U.
Groth, M. JeskeSynlett2001, 129; i) S. Fischer, U. Groth, M. Jeske, T. Sch8imlett2002 1922; j) W.-D. Z.
Li, J.-H. Yang,Org. Lett.2004 6, 1849; k) D. Tsvelikhovsky, D. Gelman, G. A. Motker, J. BlumOrg. Lett.
2004 6, 1995; I) M. Shenglof, D. Gelman, G. A. Molandér,Blum, Tetrahedron Lett2003 44, 8593; m) P.
Eckenberg, U. Groth, T. Kéhletjebigs Ann. Chenl994 673; n) M. Hatano, T. Matsuma, K. Ishkiha@xg.
Lett.2005 7, 573; 0) S. Fukuzawa, T. Fujinami, S. Yamauch&&kai,J. Chem. Soc. Perkin Trans1286 1929;
p) F. T. Edelmann, D. M. M. Freckmann, H. Schum&mem. Re\2002 102, 1851.

8 A. Krasovskiy, F. Kopp, P. Knochehngew. Chem. Int. EQ00§ 45, 497.

% A, Metzger, A. Gavryushin, P. Knoch&ynlett2009 1433.

%12 J.-S. Ryu, G. Y. Li, T. J. Markd, Am. Chem. So2003 125, 12584; b) I. Aillaud, J. Collin, C. Duhayon, R.
Guillot, D. Lyubov, E. Schulz, A. TrifonovGhem. Eur. J2008 14, 2189; c¢) R. Liu, C. Zhang, Z. Zhu, J. Luo, X.
Zhou, L. WengChem. Eur. J2006 12, 6940; d) Q. Shen, W. Huang, J. Wang, X. Ziortganometallic2008

27, 301.

%2 A) P. B. Hitchcock, Q.-G. Huang, M. F. Lappert-BX Wei, J. Mater. Chem2004,14, 3266; b) L. Ma, J.
Zhang, R. Cai, Z. Chen, L. Wenig, X. Zhali,Organomet. Chen2005 4926; c) D. Cui, M. Nishiura, Z. Hou,
Angew. Chem. Int. EQO05 44, 959; d) W. J. Evans, D. B. Rego, J. W. Zilleorg. Chem2006 45, 3437; €e) Y.
Wu, S. Wang, X. Zhu, G. Yang, Y. Wei, L. Zhang, Bl.Song,Inorg. Chem2008 47, 5503; f) C. Déhring, R.
Kempe,Eur. J. Inorg. Chem2009 412.
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9.2 Preparation of the La-Bases

The probably most powerful base TMR-3MgCh-5LICI (143 is readily prepared by
the reaction of TMPMQCI-LiCI40; 3.0 equiv) with the THF soluble complex LgQLiCl in
THF for 12 h. The resulting dark brown solution3®w in THF; 95% vyield as determined by
titration) is stable under argon for at least 2 thenwithout decomposition (Scheme 46).
Additionally, the corresponding mone and bisamide lanthanum  bases
TMPLaChL-MgCl-3LiCl (144 and TMBLaCIl-2MgC}-4LiCl (145 have been prepareth the
same reaction sequence. These room temperaturke stdgents appear as dark brown

solutions with a concentration of 0.60and 0.3, respectively.

LaClj-2LiCl \
. Cl (1.0 equiv) g
N-Mg_ Li NfLa-3MgCI2-5LiCI
Ci THF, 0 to 25 <, s
12 h
40: TMPMgCI-LiCl 143:TMP3[La]: 95%; 0.33 M in THF
LaClg-2LiCl
% Gl (1.0 equiv) _
N-Mg Li N—LaCl,-MgCl,-3LiCl
L el THF, 0 to 25 <,
/ 12h
40: TMPMgCI-LiCI 144: TMP[La]: 95%; 0.50 M in THF
LaCl-2LiCl
Cl _ (1.0 equiv)
2 N-Mg Li NfLaC|-2MgC|2-4LiCI
“Ci THF, 0 to 25 T, )
12 h
40: TMPMgCI-LICI 145: TMP,[La]: 95%; 0.39 M in THF

Scheme 46Preparation of lanthanum-basket3-145derived from TMPMgCI-LiCl 40).

Alternatively, themone, bis- and tris-amide lanthanum bases are prepared by the
reaction of freshly prepared TMPL%X, 1-3 equiv) with LaGJ-2LICl (Scheme 47). After 2 h
stirring at 0 °C followed by 10 h at 25 °C, the ided lanthanum amide46-148 are
quantitatively obtained as brown solutions in THRese bases display a significant lower
concentration than the corresponding lanthanum esnakrived from TMPMQgCI-LiCl40).

Hence, the presence of Mg solution of lanthanum amides leads to bettartslity.
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LaClg-2LiCl \
(1.0 equiv) (
N—Li {(  N—LaCl,-3LiCl
THF, 0, 2 h L
then 25 C, 10 h /
51 146: TMPLaCI,-3LiCl: 95%; 0.30 M in THF

LaCly-2LiCl

(1.0 equiv) P
Li NfLaCI-4LiCI
THF, 0, 2h )
then 25 C, 10 h

147: TMP,LaCl-4LiCl: 95%; 0.26 M in
THF

Ni
51
LaCl3-2LiCl \
(1.0 equiv) g
3 N—Li N-La-5LiCl
THF, 0 C, 2 h ,
then 25 C, 10 h
51

148: TMP3La-5LiCI:95%; 0.21 M in THF

Scheme 47Preparation of lanthanum-baske®-148derived from TMPLi §1).

First, the reactivity of the Mggilontaining La-amidesl43-145 was investigated.
Therefore, ethyl 3-fluorobenzoatg7j is reacted at 0 °C with TMPLa&MgCly-3LICI (145
1.1 equiv), TMBLaCl-2MgCb-4LIiCl (144 0.55 equiv) and TMfa-3MgCh-5LICl (143
0.35 equiv). Interestingly, all three amide bases able to deprotonate completely ethyl 3-
fluorobenzoate7) within 0.5-1 h without decomposition neither betstarting material nor
the metalated species (Table 13, entries 1-3).uBeeof the MgGHree amidesl46-148did
not display fair metalation rates at all since noh¢éheses bases lead to the desired metalated
speciesh8 in significant amounts even if a large excesshef dmide basek47 and 148 was
used (entries 4-9). When the metalatiorb@fis carried out using the La-amid&46-148at
25 °C, no starting material was left after 30 nbinf no expected metalated sped@&scould
be identified due to possible polymerization reawdi (entries 10-12). In conclusion, the
presence of MgGlis responsible for a better solubility in THF atiterefore enormously
enhanced metalation abilities of the amidd8-145are obtained. Moreover, MgCtertainly
stabilizes the corresponding metalated arenese sinthe presence of MgL{ho significant
disappearance of the metalated spes&s observed within 2 h even at 25 °C. The new base
143 displays a good atom econofsince all three TMP moietiesare consumed in the

metalation progress.

% B. M. Trost,Sciencel991 1471.
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Table 13 Comparison of the reactivity of the amide bak$3-148

CO,Et La-base CO,Et
(x equiv) LaR;
THF, 0 C, x h c
57 149
Entry Base Equiv Time (h) Conversion1d9[%]*

1 143 0.35 0.5 >95
2 144 0.55 0.75 >905
3 145 1.1 1 >95
4 146 1.1 1 <5
5 147 0.55 1 <5
6 147 11 1 <5
7 148 0.35 1 <5
8 148 0.55 1 <5
9 148 11 1 <5
10 146 1.1 0.5 6
11 147 0.55 0.5 i
12 148 0.35 0.5 i

[a] The conversion to the corresponding metal %49 was monitored
via GC-analysis of aliquots of the reaction mixtureeigched with allyl
bromide in the presence of CuCN-2LiCl using tetcade as internal
standard. [b] The reaction was carried out at 25 °C

9.3 Preparation of Functionalized OrganolanthanunReagents

Starting from 2-phenyl-1,3,4-oxadiazolélg), its reaction with TMELa] (143 0.35
equiv) in THF (-45 °C, 30 min) gives the desiredtateged specie2b. In contrast to the
corresponding magnesiated or lithiated heterocyade, fragmentation of this sensitive
heterocycle resulting in the formation of benzoltis observed. Its quenching with 3,3-
dimethyl acryloyl chloride (1.1 equiv, —45 °C, 1 jovides the keton&50ain 75% vyield
(Scheme 48). Remarkably, no further additio®2i to 150ahas been observed. Alternatively,
the reaction o62b with 4-phenylcyclohexanone (1.0 equiv, —45 °C)) 1dads to the desired
tertiary alcohofl50bin 80% vyield.
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1) TMP3[La] (143)

N—N
N—N (.05 equiv) /A
° Ph/QQ% H PhJ\O/é\La

THF, -45 C,0.5h
6la 62b

@]
ﬁc' o
Ph
—N
Ph/( ) _(1.0equiv) /Q )7\ (1.0 equiv) /& )\N
-45<C,2h 3 -45C, 2h

62b
150a: 75% 150b: 80% (d.r.: 4:1)

Scheme 48 Metalation of 2-phenyl-1,3,4-oxadiazolé1@) with TMPs[La] (143 and its

reaction with a ketone and an acid chloride.

Aromatic methyl ester can also used for this na¢iah procedure without special
precautions. Thus, the reaction of methyl 3-fluem#nate 1518 with TMP;[La] (143 0.35
equiv) in THF at -5 °C (45 min) affords the tridaylthanum specie$52a This lanthanum
reagent readily reacts with hindered carbonyl ddives such as 2,6-
dibenzylidenecyclohexanone (1.0 equiv, =5 °C, giting the spirolacton&53din 87% yield
(Scheme 49). Similarly, the reaction D%2a with 2-furoyl chloride (1.1 equiv, -5 °C, 1 h)
smoothly leads to the ketod&3ein 85% vyield.

COzMe TMP[La] (143) COMe
(1.05 equiv) :a
3 THF, -5 C,
F 45 min F
151a 152a
0]
/\ N 7
MeO,C O Qcou CO,Me Ph Ph
@E{K@ (1.0 equiv) @isLa
F 5T, 1h F (1.0 equiv)
-5C,1h
153b: 85% 152a 153a: 87%

Scheme 49 Typical metalation conditions of a functionalizedene such ag5la with
TMP4[La] (143 and its reaction with a hindered ketone or ad ahioride.
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As already noted above, the metalation of ethflu@robenzoateX7) using TMRJ[La]
(143 0.35 equiv) is finished within 30 min at 0 °C mig the corresponding lanthanum
reagentl49 Its reaction with cyclohexanone (activated ptmthe addition with LaGI2LiCl
(0.25 equiv) gives the spiro compoudd3ain 82% vyield, whereas the reactions with 4-
chlorobenzoyl chloride provides the benzophenti&b in 88% yield (Table 14, entries 1-2).
Interestingly, triaryllanthanum species undergocBtilyzed cross-coupling reactions without
the need of any additional transmetalation. Thhs, lanthanum speciel19 reacts directly
with (4-iodo-phenoxy)-triisopropyl-silane in thegsence of Pd(PBh (2.5 mol-%) giving the
biphenyl153cin 79% vyield (entry 3). Furthermore, the metalataf ethyl 3-chlorobenzoate
(67b) proceeds within 3.5 h at 0 °C, and the reactiath wicyclopropyl ketone (activated
prior to the addition with LaGi2LiCl (0.25 equiv)) leads to the lactod®&3f in 69% vyield
(entry 4). Alternatively, a cross-coupling of laatfated ethyl 3-chlorobenzoat7b) with 4-
iodoanisole using Pd(PBh (2.5 mol-%) affords the biphengb3gin 75% yield, whereas the
benzophenoné9eis isolated in 81% vyield after the reaction wignhkoyl chloride (entries 5-
6). Additionally, the metalation of methyl 3-chlm@nzoate 1009 is accomplished within
3.5 h at 0 °C and the benzophenda8his obtained in 84% vyield after the acylation wgth
chlorobenzoyl chloride (entry 7). Moreover, ethyb@mobenzoatelQ0b) can be converted
into the lanthanted speci@52d within 2.5 h at 25 °C and the subsequent reactiotiseither
ethyl oxalyl chloride or cyclohexane carbaldehydenish the product$53i-j in 67-79% yield
(entries 8-9). Similarly, methyl 3-bromobenzoat&ib) is also fully metalated within 2.5 h at
25 °C using TMHLa] (143 0.35 equiv) and the following reaction with 2-dyf chloride (1.1
equiv, =5 °C, 1 h) provides the ketoh®3k in 58% yield (entry 10). Furthermore, ethyl 3-
cyanobenzoates{i) is regioselectively metalated at position 2 withi25 h at 0 °C. After the
reaction with cyclooctanone (activated prior to dgelition with LaC4-2LiCl (0.25 equiv)), the
spirolactonel53l is isolated in 74% vyield (entry 11), whereas teaction with benzoyl
chloride afford the expected keto®®h in 85% vyield (entry 12). Additionally, the lantregtion
of ethyl 4-cyanobenzoat&7j) proceeds smoothly within 3 h at —25 °C and tletien with
3-chlorobenzoyl chloride provides the ketdi&8m in 68% yield (entry 13). Furthermore, 2-
bromo-5-fluorobenzonitrile§70) is converted into the lanthanum speci®&&h within 30 min
at —35 °C. Its reaction with dicyclohexyl ketonads to the tertiary alcoh@b3nin 66% yield
(entry 14). 3-Methoxybenzonitrilel$19 is readily lanthanated at position 2 within 1.%th
25 °C and the reaction with cyclohexane carbaldehiyoinishes the produdt53oin 74%
yield (entry 15). Additionally, the metalation offliorobenzonitrile §7k) is accomplished
within 1 h at 0 °C giving the triaryllanthanum s@cl52j. The alcoholl53pis obtained in
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77% vyield after the addition 0i52j to dicyclopropyl ketone whereas the cross-coupling
product153qis isolated in 73 % vyield using Pd(RRN2.5 mol-%) and ethyl 4-iodobenzoate
(entries 16-17).

Table 14 Lanthanation of aromatics using TMPa] (143 and reactions with electrophiles.

Entry Substrate  T[°C], {[h] Electrophile Product/YieId [94]
COzEt (@)
1 57 0,05 153a 82b
cocl
CO,Et CO,Et
i “F i F
2 57 0,0.5 153hb: 88
OTIPS
CO,Et TIPSO COEt
Q, .
3 57 0,05 153c 7¢
CO,Et o o
i “Cl -
4 67b 0,35 153f 69
‘COZEt OMe e0\©\ CO,Et
Cl X
5 67b 0,3.5 153g 75
CO,Et CcocCl CO,Et
cl i ‘ CI: ‘g
6 67b 0,35 696 81
CO,Me cocl CO,Me
) »!
cl “ i cl
7 100c 0,35 153h 84
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Entry Substrate  T[°C], {[h] Electrophile Product/Yield [%5]
CO,Et o O CO,Et
@\ »—co,Et Etozc%
cl
Br Br
8 100b 25,25 153i. 67
CO,Et CHO o
i Br [EBr
9 100b 25,25 153j: 79
CO,Me O CO,Me
o.__cocl o |
=
v O
Br Br X
10 151b 25,2 153k 58
o)
CO,Et go o
CN O
CN
11 67i 0, 1.25 153L 74
CO,Et COCl (@] CO,Et
L, C 98e
12 67i 0,1.25 69h: 85
CO,Et cocl O CO,Et
\ Cl
> .
“
CN CN
13 67j -25,3 153 68
CN 0 O\/OH CN
Br i: )k i: Br
F F
14 670 =35, 0.5 153 66
i OMe <:§ i OMe:
15 151c 25,15 153a 74
CN CN OH
o \
XN
A DINY%
F F
16 67k 0,1 153p 77
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Entry Substrate  T[°C], {[h] Electrophile Product/Yield [%5]
CN CO,Et COzEt
F F
17 67k 0,1 153q 7F

[a] Isolated yield of analytically pure product.] [baCls-2LICI (0.25 equiv) was used. [c]
Pd(PPh)4 (2.5 mol-%) was used.

Finally, the lanthanation of 4-chlofé;N-diethylbenzamide 102f) proceeds smoothly
within 2 h at 0 °C and the subsequent reactioresdik acylation using morpholine-4-carbonyl
chloride or a Pd-catalyzed cross-coupling with deioenzonitrile afford substituted
benzamide453r-sin 63-80% yield (Scheme 50).

CONEt, TMP;[La] (143) CONEt,
(.05 equiv) :a
3 THF, 0 <,
2h
Cl Cl
102f 152k
0 NC
CONEt, CONEt, I@CN O CONEt,
La .
(1 0 equw) s (1.0 equiv)
OJ 0<C,5h Pd(PPhs)4 (2.5 mol-%)
Cl 0C,1h Cl
153r: 63% 152k 153s: 80%

Scheme 50Lanthanation ofl02f with TMPs[La] (143 and its reaction with an acid chloride
or an aryl iodide in the presence of Pd(BRh

The metalation of both electron-rich and electpoor heterocycles can also be
performed. Thus, the reaction of ethyl 2-chlorotiitate 64g with TMPs[La] (143 gives the
fully metalated specie$52| within 45 min at —20 °C. The lactoriéb4t is obtained in 74%
yield after quenching with-tetralone (Table 15, entry 1). Surprisingly, tligidon of 1521 to
the sterically hindered anhydride leads to ti-butyl ketonel54uin 85% vyield (entry 2).
Additionally, 2-chloro-3-cyanopyridinelb1ld) undergoes a smooth metalation at —30 °C
within 45 min and the adjacent reaction with cye@ptanone furnishes the tertiary alcohol
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154vin 71% vyield (entry 3). Thus, the metalation ohbethiazole §1f) proceeds smoothly
within 30 min at O °C. The subsequent reaction$ wamphor or an acid chloride furnish the
productsl54w-xin 77-83% yield (entries 4-5).

Table 15 Lanthanation of heteroaromatics using TJMR] (143) and reactions with

electrophiles.

Entry Substrate  T[°C], {h] Electrophile Product/Yield [%8]
| 1 CO,Et Q
N Cij
1 649 -20, 0.75 153t 74
~«_CO,Et O O 0O
T Sl
N cl /N |
N~ ~Cl
2 649 -20, 0.75 153u 85
0
CN
X v
N ‘ . CN
N~ °Cl
3 151d -30, 0.75 153v. 71
S OH
C S
/ N
|
i 7 7
4 61f 0,05 153w 83
A
o)
S
@i} cl s 0
N < L
N
5 61f 0, 0.5 153x 77

[a] Isolated yield of analytically pure product.
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9.4 Preliminary Experiments for the La-Catalyzed Aylation of
Organozinc Reagents

Although there are numerous methods reportedHerpreparation of ketones derived
from organometallic&! a general procedure involving lanthanum reagemigoa catalysis has
not been described so far. Based on the convediatdt acylation of lanthanum reagents, the
preparation of ketones catalyzed by LaflLiCl has been investigated. Thus, the reaction of
nBuLi with LaCls-2LiCl (0.33; 0.50; 1.0 equiv) leads to the tem@atianthanum reageni$4-
156 within 30 min at —30 °C (Scheme 51). Their reactath 3-chlorobenzoyl chloride only
ends in the formation of the tertiary alcoiéi7 in 30-50% yield within 30 min at —30 °C.

Cl
-30 T, 30 min )

3BuLi + LaClg-2LiCl Bugla-5LICI (154) —— HO Bu
THF BU
-30 C, 30 min ]

2BuLi + LaClz-2LiCl Bu,LaCl-4LiCl (155) —
THF o
-30 C, 30 min )

1BuLi + LaCly-2LiCl THE BuLaCl,-3LiCl (156)

157: 30-50%
Scheme 51Reaction of the lanthanum reageb®gl-156with 3-chlorobenzoyl chloride.

In contrast, by using the zinc reagent,Bu2LiCl (158 obtained by the reaction of
nBuLi with 0.5 equiv ZnG, see Experimental Part) the desired ketbb@is provided in 87%
yield after a smooth LagPLIiCl (33 mol-%) catalyzed acylation reaction witB
chlorobenzoyl chloride within 1 h at =30 °C. Int&regly, in the absence of La&2LiCl, this
productl59is isolated in 82% vyield after 16 h at 25 °C (Sobke2).

LaCls-2LiCl
(0.33 equiv) 0] Bu
CocCl
Cl

Cl
(1.0 equiv)

Bu,Zn-2LiCl (158)

159: 87%

(-30t00C,1h ) (without LaCls-2LiCl:
25 C, 16 h: 82%)

Scheme 52Preparation of the ketord®9 derived from BuzZn-2LiCl (158).

% For an excellent overview, see: R. K. Diefeefrahedronl999 55, 4177.
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Moreover, the use of the related zinc reagent BuZmCl (160, obtained by the reaction
of nBuLi with 1.0 equiv ZnCJ, see Experimental Part) displays a consideralvlgdo reaction
time for the formation ol59. Thus, the LaGI2LiCl (33 mol-%) catalyzed acylation with 3-
chlorobenzoyl chloride proceeds within 3 h with gitaneous warming the reaction mixture
from —30 °C to 25 °C and gives the ketdsd in 82% vyield. The absence of La@LiCl
leads to this produdt59within 36 h at 25 °C in only 72% vyield (Scheme.53)

LaCl3-2LiCl
(0.33 equiv) o) Bu
BuznCI-LiCl (160) >

COClI
Cl

Cl
(1.0 equiv)

159: 82%

(-301025C,3h ) (without LaCls-2LiCl:
25 T, 36 h: 72%)

Scheme 53Preparation of the ketordi®9 derived from BuZnClI-LiCI160).

Furthermore, the reaction of the Grignard readéit (preparedvia iodine/magnesium
exchange reaction at —30 °C within 20 min, see Hwpmntal Part) with 3-chlorobenzoyl
chloride in the absence of La&LiCl affords the expected benzophend® in 52% yield
within 2 h at —30 °C, whereas the LaQLIiCl (33 mol-%) catalyzed reaction leads under
similar conditions only to 25% of the desired prodti62 and 57% of the biphenyl63
obtained by a homo-coupling reaction of the magedispecie$61 (Scheme 54).

CO,Et CO,Et
COzEt  iprmgcl-Licl COEL LaCly-2LiCl
(2.05 equiv) (x equiv)

+

THF, -30 €, 20min cl cocl o
| MgClI-LiCl \©/

Cl CO,Et
161 (1.0 equiv)
-30C,2h
162 163
0 equiv LaCl3-2LiCl: 52% 21%
0.33 equiv LaCl3-2LiCl:  25% 57%

Scheme 54Reaction of the Grignard reagdi@l with 3-chlorobenzoyl chloride.
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The transmetalation of the Grignard reagé®l to the corresponding Zn speci&g4
now allows the access to the desired benzophemogeod yield. Whereas the reaction of the
zinc reageniL64 with 3-chlorobenzoyl chloride in the absence o€lza2LiCl gives only 20%
of the desired produdi62, the benzophenonks2is obtained in 85% yield in the presence of
LaCls-2LiCl (33 mol-%) without significant amounts ofetthomo-coupling producl63
(Scheme 55).

COzEt COzEt
COEL  iprMgCl-LiCl COE LaCls-2LiCl
(1.05 equiv) (x equiv)
THF, -30 <, ZQmin CI cocl
| ZnCl, (1.0 equiv) ZnX
-30, 20 min
CO,Et
164 (1.0 equiv)
-30 Tto 25 T,
12 h
162 163
0 equiv LaClz-2LiCl: 20% 5%
0.33 equiv LaCl3-2LiCl: 85% >3%

Scheme 55LaCl;-2LiCl-catalyzed preparation of the benzophenbé®
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10 Directed Manganation of Functionalized Aromatis and
Heterocycles Using TMBMn-2MgCl,-4LiCl

10.1 Introduction

The preparation of metalated arenes and heteremngsging transition metal amides has
been sparely described although transition metajsday reactivity pattern not accessible for
main-group element®. Especially manganese due to its low price, modetaxicity and
versatile reactivity (“soft Grignard reagents”)ossynthetic interest: Cahiezreported the use
of manganese amides for the selective preparafi@nolates and highly diastereoselective
aldol-reactions’’ Moreover, the transmetalation of Li- or Mg-reagentith MnCh-2LiCl
allows performing the reactions with acid chlorideith enhanced rate¥. Additionally,
manganese reagents are especially interesting siaocganese reagents undergo various Pd-
or Cu-catalyzed cross-coupling reactions and magsgaitself can catalyze cross-coupling
reaction’® Recently,Mulvey showed the smooth deprotonation of aromatics uaitgeda-
stabilized manganate baS®Therefore, the development of a convenient (egutral)
manganese amide base for the efficient deprotanaticaromatics and heteroaromatics has

been started

10.2 Preparation of the Base

According to previously discussed zinc and lantibaramide bases, the preparation of
the desired Mn-base has been started using TMPM@C(40). Thus, the addition of freshly
prepared TMPMgCI-LiCI40; 2.0 equiv) to MnGl-2LIiCl (1.0 equiv) at 0 °C followed by 3 h
of stirring at 25 °C, furnishes the manganese arhfeas a 0.50m dark red solution in THF

% B. Weidmann, D. Seebachngew. Chem. Int. Ed. Englo83 22, 31.

% For reviews see: a) J. F. Normant, G. Cahidadern Synthetic Method&d.: R. Scheffold), John Wiley and
Sons, Inc.: Chichester, U.K1983 Vol. 3, p 173; b) K. Oshima). Organomet. Chen999 575 1; c) H.
Shinokubo, K. Oshimagur. J. Org. Chem2004 2081; d) J. M. Concellén, H. Rodriguez-Solla, VI deno,
Chem. Eur. J2008 14, 10184; e) G. Cahiez, C. Duplais, J. Buen@iaem. Rev2009 109, 1434.

o7 a) G. Cahiez, B. Figadére, P. Tozzolino, Eur. Ra3&8993,1990 b) G. Cahiez, B. Figadere, P. Tozzolino,
Chem. Abstr1991 114 61550; c) G. Cahiez, P. Cléry, J. A. Lafitte, IRatent 9306071993 d) G. Cahiez, P.
Cléry, J. A. Lafitte Chem. Abstr1993 118 169340.

% G. Cahiez, A. Masuda, D. Bernard, J. F. Norm@atrahedron Lett1976 36, 31565.

%a) L. M. Carrella, W. Clegg, D. V. Graham, L. Mogt, A. R. Kennedy, J. Klett, R. E. Mulvey, E. Raaftler,
L. RussoAngew. Chem. Int. EQOQ7, 46, 4662; b) V. L. Blair, W. Clegg, B. Conway, E. HavA. Kennedy, J.
Klett, R. E. Mulvey, L. RussaChem. Eur. J2008 14, 65; c) V. L. Blair, L. M. Carrella, W. Clegg, BEonway,
R. W. Harrington, L. M. Hogg, J. Klett, R. E. MulyeE. Rentschler, L. Russéngew. Chem. Int. EQ008 47,
6208; d) V. L. Blair, L. M. Carrella, W. Clegg, Blett, R. E. Mulvey, E. Rentschler, L. Russohem. Eur. J
2009 15, 856.
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(Scheme 56§°° The basd 65 has an excellent thermal stability and can beestat 25 °C for
more than 4 months without appreciable decompasitiereliminary experiments show
immediately that the new Mn-base has a very differeactivity compared to TMPMQgCI-LiCl
(40). Thus, the reaction of TMPMgCI-LiC#Q) with 2-phenyl-1,3,4-oxadiazol&1a) at 0 °C
leads only to ring fragmentation products (PhCN BQDMgCI). Similar to the described Zn-
and La-base, the metalation @fa using TMBMn-2MgCbL-4LiCI (165 furnishes cleanly the
corresponding diheteroarylmanganese reagent whiobothly reacts with an aromatic
aldehyde (benzaldehyde) or an aliphatic aldehydeitg an acidic proton (2-ethyl butanal)
giving the alcohold.66a-bin 74-77% yield (Scheme 563

/C|\ . . THF .
2 N-Mg _Li + MnCl,-2LiCl N}Mn-ZMgCI2-4L|CI
Ci 25T, 3h 5
40: TMPMgCI-LiCl 165: TMP,Mn-2MgCl,-4LiCl: >95%
¢ = 0.50 mol/L
TMPMgCI-LiCI (40) 1) TMP,Mn? (165) NZN
1.1 equiv N—N 0.60 equiv Ph
PhCN (1.1 equv) AN ( qun) ph/< »\(
THF,0<C,5min Ph™ o~ "H THF, 0 C, 0.5 h @ bH
-NCOMgCI
( gCl) 61a 2) PhCHO 166a: 77%

1)TMP,Mn? (165)
N—N (0.60 equiv) /<Nil:l
0 THF, 0 <C,0.5h OH

2) /\(CHO 166b: 74%

Et
Scheme 56 Preparation and reactivity of TMMn (165% compared to TMPMgCI-LiCl40).
[a] LiCl and MgC} have been omitted for the sake of clarity.

To confirm the composition of the reagent TA-2MgCh-4LiCl (165), 3 additional
Mn-bases have been prepared. Thus, the reactiesbfly prepared TMPLIS1) with either
MnCl,-2LICl (1.0 equiv) or MnG}t2LIiCI (0.50 equiv) at 0 °C furnishes the amide dsas
TMPMnNCI-3LICl (167) and TMRBMn-4LiCl (168), respectively within 1 h (Scheme 507).
Additionally, the reaction of TMPMgCI-LiCl40) with MnCk-2LiCl (1.0 equiv) at 0 °C

1% The preparation of this base without LiCl as adédits not convenient, since it is already necessaprovide
a THF-soluble manganese source.
1913) G. Cahiez, B. Figadéréetrahedron Lett1986 27, 4445.
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followed by 3 h of stirring at 25 °C leads to tleagent TMPMnCI-MgGI3LiCl (169 Scheme
57). All 3 bases could be obtained in >95% vyield.

. _ THF _
N—Li + MnCl,-2LiCl N—MnCI-3LiCl
0<C,1h k

/ /

51 167: TMPMnCI-3LiCl: >95%
¢ = 0.50 mol/L

_ _ THF % _
2 N—Li + MnCly-2LiCl ——— NMn-4LiCl
0C,1h )

51 168:TMP,Mn-4LiCl: >95%
¢ = 0.30 mol/L

AL _ THF % |
N-Mg _Li + MnCl,-2LiCl N—MnCI-MgCl,-3LiCl
Ci 0to 25 T,
3.5h

40: TMPMgCI-LiCl 169: TMPMnCI-MgCl,-3LiCl: >95%
¢ = 0.65 mol/L

Scheme 57Preparation of the Mn-bas#67-169

As shown in Scheme 56 and Scheme 57, the contientraf the MgCj-containing
amide base$65and169is significantly higher than the concentratiortlué bases deriveda
transmetalation of TMPLIS1). Although the solvents of the basEs7-168were completely
removed, the concentration of the redissolved wesith THF) was determined to be 0/80
for the basd 67 and 0.3 for the basd 68 respectively. Subsequently, the metalation ahbilit
of all four bases has been investigated using &tilylorobenzoatey7) a model substrate.

Thus, the amide bas&67 displays the worst metalation ability since only%&0
conversion tal70ais observed after 5 h at 25 °C (Table 16, entryii)ontrast, the use of
TMPMnCI-MgCb-3LIiCl (169 leads to the fully metalated speciE&awithin 5 h at 25 °C
(entry 2). Under similar conditions, the manganatid 57 using thebiss TMP basel68 (0.6
equiv) furnishes the desired organometalli®ain 70% yield after 5 h at 25 °C (entry 3).
Alternatively, a full metalation of ethyl 3-fluorebzoate §7) is observed after 2.5 h at 25 °C
using 1.1 equiv of TMfMn-4LIiCl (168 entry 4). Finally, the complete metalation %f is
achieved within 1 h and 0.5 h using Tph-2MgCh-4LiCl (165 0.6 equiv and 1.1 equiv,
respectively; entries 5-6). Similar to the previgudiscussed zinc amidg) and the lanthanum

basel43 the presence of Mg&leads to an enhanced reactivity. Also, e TMP amide
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basesl65 and168 posses higher metalation ability than the corredpmg moneTMP amide
basesl67 and 169. This excellent kinetic basicity allows the useboth TMP-moieties for

directed metalations.

Table 16 Comparison of the reactivity of the amide bak@Sand167-169

CO,Et Mn-base CO,Et
(x equiv) Mn
2
THF, 25 C, x h
F F
57 170a

Entry Base Equiv Time [h] Conversion1@0a[%)]?

1 167 11 5 50%
2 169 11 5 >95%
3 168 0.6 5 70%
4 168 11 2.5 >95%
5 165 0.6 1 >95%
6 165 11 0.5 >95%

[a] The metalation progress was monitored via G@lhais of aliquots
of the reaction mixture reacted with allyl bromigethe presence of
CuCN-2LiCl using tetradecane as internal standard.

10.3 Preparation of Functionalized Aryl-Manganesé&pecies

Various halogenated benzoates are efficiently maagpd using TMMMn-2MgChb-4LiCl
(165 0.60 equiv) at 25 °C. Starting from fully metaldtethyl 3-fluorobenzoatesY), its
reaction with either ethyl 2-(bromomethyl)acryf&t the presence of CuCN-2Li€% or with
Oct-l in the presence of CuE2LICI** furnishes the desired produdfgla-bin 75-85% yield
(Scheme 58).

192 For related reactions of Zn-reagents, see ref. 46.
193G, Cahiez, S. MarquaiSynlett1993 45.
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COEt TMP,Mn? (165) COyEt
(0.60 equiv) ;\/In
2 THF, 25T, 1 h -
57 170a
CO,Et
COE Oct-l (1.2 equiv) COE %Br GOt
Oct cycly-2Licl (5 mol-%) M (1,25 equiv)
< 2
CO,Et
F 25T, 12h F  CuCN-2LiCl (5 mol-%) F 2
0C,1h
171b: 75% 170a 171a: 85%

Scheme 58Typical metalation conditions of a functionalizagne such &7 using TMRBMn
(1652 [a] LiCl and MgC} have been omitted for the sake of clarity.

Additionally, the metalation of methyl 3-fluorobayate (518 proceeds well within
1.25 h and a subsequent Pd-catalyzed cross-couplitty 1-iodo-4-chlorobenzene and
Pd(PPR)4 (2.5 mol-%) gives the biarfl71cin 82% vyield (Table 17, entry 1§* Moreover, the
chloro-substituted benzoat&é¥b and 100c are converted into the fully metalated reagents
170b-c within 2 h using TMEMn-2MgCh-4LiCl (165 0.60 equiv). Adjacent reactions with
either TosCN or a Pd-catalyzed cross-coupling witlodo-3-trifluoromethylbenzene and
Pd(PPh)s (2.5 mol-%) leads to the desired produt®ld-ein 77-85% yield (entries 2-3).
Similarly, ethyl 3-bromobenzoatel@b) is manganated within 2 h and a CuCN-2LiCl
mediated acylation with cyclopropanecarbonyl clderaffords the keton&71fin 86% vyield
(entry 4). Similarly, the metalation of methyl 3sbmobenzoatel61b) is also accomplished
within 2 h. The lacton&71gis obtained in 81 % after the addition to 4-metfimnzaldehyde
(entry 5), whereas the reaction with PhSBIoleads to the thioeth&71hin 79% yield (entry
6). Furthermore, the metalation of 4-halogenatedzbates can be achieved by using this
metalation protocol. Thus, ethyl 4-fluorobenzod@d is manganated within 1.25 h and the
benzophenond71i is isolated in 78% yield after a CuCN-2LiCl medatacylation with
benzoyl chloride (entry 7). Subsequently, ethyl Mbmobenzoate §7¢ and methyl 4-
chlorobenzoate6(fe are smoothly converted into the fully metalateghasl 70h-i within 3 h.
Then, Pd-catalyzed cross-couplings with 3-iodotokiand Pd(PRJy (2.5 mol-%) furnish the

194 E Riguet, M. Alami, G. CahieZ,etrahedron Lett1997, 38, 4397.
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biaryls 171j-k in 75-80% yield (entries 8-9). Moreover, the reattof manganese reagents
170h-i with benzoyl chloride in the presence of CuCN-2La@brd the ketone69f and101b

in 79-83% yield (entries 10-11). Ethyl 4-bromobeaizoE7f) is manganated within 3.5 h and
the desired product69i and 171l are obtained in 72-78% vyield after Pd-catalyzeossr
couplings using Pd(PRl (2.5 mol-%) as catalytic system (entries 12-13jcaxdingly, the
reaction of methyl 4-bromobenzoate00g with TMP,Mn-2MgCb-4LiCl (165 0.60 equiv)
furnishes the organometallic derivativiE/Ok within 3.5 h. A subsequent CuCN-2LiCl
mediated acylation with 2-thiophene acid chloridkeg the ketond71min 79% vyield (entry
14). These results clearly display that both metaghl ethyl ester can be efficiently
functionalized using TMfMn-2MgCh-4LiCl (165).

Table 17 Products obtained by metalation using TMR-2MgCb-4LiCl (165 0.60 equiv)

and subsequent reactions with electrophiles.

Entry Substrate T[°C], t[h] Electrophile Product/Yield [%6]
|
CO,Me cl i X CO,Me
@ g
F cl F
1 151a 25,1.25 171c 82
CO,Et CO,Et
N TsCN
) (i
cl CI
2 67b 25,2
‘Cone ' COZMe
@ @
Z ¢l CF3 cl
3 100c 25, 2 171e 77d
CO,Et CO,Et
>0 v)j@
Cl
Br Br
4 100b 25,2 171f 86°
CcO,Me 7o o
CL o
Br
OMe Br
5 151b 25,2 171g 81
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Entry Substrate T[°C], {h] Electrophile Product/Yield [%8]
COZMe COZMe
S.
ol S
Br Br
6 151b 25,2 171h 79
CO,Et CO,Et
cocl
[ : Ph” T :
F F
7 67a 25,15 171i 78
CO,Et | m CO,Et
PN
@ 9! "
Cl Me cl
8 67c 25,3 171i 75°
CO,Me | O CO,Me
© @\ U
Cl Me Cl
9 67e 25,3 171k 8¢f
CO,Et O CO,Et
cocl
Cl Cl
10 67cC 25, 3 69b: 83
CO,Me O CO,Me
cocl
@ Ph” T;
Cl Cl
11 67e 25, 3 101k 79°
CO,Et | = | CO,Et
C oL
CF
Br 3 Br
12 67f 25, 3.5 69i; 78
CO,Et | FzEt
Br F Br
13 67f 25, 3.5 171k 72
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Entry Substrate T[°C], {h] Electrophile Product/Yield [%8]
COzMe (@] COZMe
0
N 4
~" cl S
<
Br Br
14 100a 25,35 171m 7%

[a] Isolated yield of analytically pure product.] [RuCN-2LIiClI (5 mol-%) was used. [c]
CuCh-2LiCl (5 mol-%) was used. [d] Pd(PE§h(2.5 mol-%) was used. [e] CuCN-2LiCl (20
mol-%) was used.

Remarkably, the highly functionalized benzophendt&3b is converted to the
corresponding manganese spedié2 by the reaction witi65(0.60 equiv, 25 °C, 2 h). Cu(l)-
catalyzed allylation with 3-bromocyclohexene (1.Quig) provides the polyfunctional
benzophenonel73 in 74% vyield (Scheme 59f° In conclusion, the manganation using
TMP,Mn-2MgCb-4LiCl (165, 0.60 equiv) combines high kinetic basicity (mat&ins usually
occur at least 10 times faster than by using ZAMP2MgCh-2LiCI (60; 0.55 equiv) with
excellent tolerance of functional groups since mwles bearing sensitive functionalities

(methyl esters, a ketone) can cleanly be convartedthe corresponding organomanganese

reagents.
CO,Et TMP,Mn (165)2 CO,Et
(0.60 equiv) Mn
e O meascon ) O
153b 172

CuCN-2LiCl CO,Et
(5 mol-%)

gl:é elqﬁ'v) 173: 74%
Scheme 59Manganation of the functionalized aromati3b with TMP,Mn (165? followed

by an allylation. [a] LiCl and MgGlhave been omitted for the sake of clarity.

Furthermore, aromatics bearing cyano-groups can laé further functionalized using
TMP,Mn-2MgCb-4LiCl (165 0.60 equiv). Thus, the reaction of ethyl 3-cyaemnate §7i)
with 165 (0.60 equiv) affords regioselectively the metadagpeciesl76a within 45 min at

195 Unfortunately, benzophenon7@) and 4-fluorobenzophenon@dh) could not be efficiently metalated using
165 (0.6 equiv)
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0 °C. An allylation with 3-bromocyclohexene in theesence of CuCN-2LiCl gives the 1,2,3-
trisubstitued arendl77a in 88% vyield (Scheme 60). Moreover, the additidn1@7a to
cyclohexane carbaldehyde bearing an acidic praadd to the lactoriE’7bin 76% vyield.

(0.60 equiv) LVIn
2 THF, 0 C, 45 min
CN CN
57 176a
@)
0 QCHO CO,Et er ‘ CO,Et
. Mn .
@ (1.05 equiv) ijz (1.2 equiv) O
CuCN-2LiCl
0<C,1h CN
CN (5 mol-%) NC
0C,1h
177b: 75% 176a 177a: 88%

Scheme 60Manganation of ethyl 3-cyanobenzo&#&if with TMP,Mn (1652 followed by an
allylation or a reaction with an aldehyde. [a] Li&&id MgC} have been omitted for the sake of

clarity.

Similarly, ethyl 4-cyanobenzoaté7)) is also regioselectively metalated in position 2
within 1.25 h at 0 °C giving the reagetit6b The subsequent Pd-catalyzed cross-coufiing
with 4-iodoanisole in the presence of Pd(BPh2.5 mol-%) at 0 °C provides the
functionalized biaryll77cin 77% yield (Table 18, entry 1). Furthermore, #thsubstituted
benzonitrile175ais fully metalated within 5 h at 25 °C and the eced productl77d is
obtained in 59 % vyield after a Pd(RRh(2.5 mol-%) catalyzed cross-coupling (entry 2).
Accordingly, the manganation of 1,4-dicyanobenzgéfy) is accomplished within 3.5 h at
0°C and a Cu(l)-catalyzed reaction with 3-bromdalyexene leads to the allylated
benzonitrilel77ein 78% vyield (entry 3). Halogenated benzonitriées also undergo smooth
deprotonations. Thus, 3-fluorobenzonitrié¥ ¢ is reacted with TMfMn-2MgCh-4LiCl (165
0.60 equiv) for 1.5 h at 0 °C and the adjacenttreaavith ethyl 4-iodobenzoate catalyzed by
Pd(PPh)s (2.5 mol-%) provides the biary$9a in 78% vyield (entry 4). Furthermore, the
diorganomanganese reagdmé6g obtained within 2 h at 25 °C by the deprotonataird-
fluorobenzonitrile §7k) using TMRBMn-2MgCh-4LiCl (165 0.60 equiv) smoothly reacts with
benzoyl chloride in the presence of CuCN-2LIiCl (801-%) giving the ketond77f in 82%
yield (entry 5). The dihalogenated benzonitri@&band67oare converted to the manganated
speciesl76g-hwithin 30 min at 0 °C. The reaction d¥6gwith methallyl bromide catalyzed
by CuCN-2LiCl (5 mol-%) furnishes the expected laligd productl77g in 83% yield
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(entry 6). Surprisingly, the quenching df76h with 1-bromo-3-methyl-but-2-ene in the
presence of CUCN-2LICl (5 mol-%) gives the formg2-productl77hin 92% yield (entry 7).
Additionally, the metalation of the benzonitril@5cis complete within 30 min at 0 °C and a
subsequent CuCN-2LiCl mediated acylation with 4atenzoyl chloride leads to the
benzophenon&77hin 81% vyield (entry 8). Interestingly, aromatiosabng methoxy groups
also undergo efficient metalations using TA-2MgCh-4LiCl (165 0.60 equiv). Thus, the
manganation of 1-bromo-4-trifluoromethoxybenzehes@) proceeds smoothly within 10 h at
25 °C and the subsequent acylation with NC;EXprovides the disubstituted ethyl benzoate
177iin 77% yield (entry 9)Moreover, the anisol&28bis metalated within 2 h at 25 °C and
the benzophenon&29f is obtained in 84% vyield after the reaction witkchlorobenzoyl
chloride in the presence of CuCN-2LIiCl (entry I®pally, the metal species of the benzoate
126d is formed within 30 h at 25 °C using TiyWn-2MgCh-4LiCl (165 0.60 equiv). The
quenching the diaryl manganaes species with etifigf@momethyl)acrylaf® in the presence
of CuCN-2LiCI (5 mol-%) leads to the highly functalized benzoatd77k in 73% vyield
(entry 11).

Table 18 Products obtained by metalation using TMR-2MgCb-4LiCl (165 0.60 equiv)

and subsequent reactions with electrophiles.

Entry Substrate T[°C], {[h] Electrophile Product/Yield [%8]
CO,Et | MeO. _~ CO,Et
N -
>
CN OMe CN
1 67j 0,1.25 177c 77
CN | TIPSO~ N
QT
CF3 OTIPS CF;
2 175a 25,5 177d 59
CN Q CN ‘
CN Br CN
3 789 0,3.5 177e 78
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Entry Substrate T[°C], {h] Electrophile Product/Yield [%8]
CN | COZEt
F CO,Et I F
4 67c 0,15 69a 78
CN CN O
COCI
[ j [ j Ph
F F
5 67k 25,2 177f 82
CN CN
F Me Me F
Br Br
6 175b 0,0.5 177g 83
CN CN
o P Sy
F F
7 670 0,0.5 69t 92
CN COCl CN O
i Br I Br l Cl
F Cl F
8 175¢ 0,0.5 177h 81°
OCF3 OCF,
CO,Et
CN-CO,Et
Br Br
9 175d 25, 10 177i 77
OMe cocl OMe O
F5C i “CF3 I F3C” ‘ :CF3 ‘ ~Cl
10 128b 25,2 129f 84
CO,tBu CO,tBu
A CO,Et
| P Br CO,Et
OMe OMe
11 126d 25, 30 177k 73

[a] Isolated yield of analytically pure product.] [RUCN-2LIiCI (5 mol-%) was used. [c]

Pd(PPh)4 (2.5 mol-%) was used. [d] CuCN-2LiCl (20 mol-%)snssed.
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10.4 Preparation of Functionalized Heteroaryl-Mangnese Reagents

Moreover, this metalation concept was successéxtgnded to various heteroaromatics.
Thus, a novel functionalization of 3,6-dibromobethzadiazole {789 in position 4 is readily
achieved by treatind78a with TMP,Mn-2MgCh-4LiCl (165 0.60 equiv; 0 °C, 2.5 h). The
resulting diheteroarylmanganese reagkn®a is then reacted with pivaldehyde to give the
alcohol180in 78% yield. Alternatively, a Pd-catalyzed benatign gives the keton&80bin
77% yield (Scheme 61°

1) TMP,Mn? (165) 1) TMP,Mn? (165)

OH Br ) Br . O Br

| (0.60 equiv) \ (0.60 equiv) |
By NF /N\S ~ THF,0%C,25h & /N\S THF,0°<C, 2.5 h Ph N /N\S
XN 2) tBUCHO XN 2)ZnCl, (1.1 equiv) XN
(1.2 equiv) PhCOCI (1.2 equiv
Br 0C.3h Br (1.2 equiv) Br
Pd(PPhs), (2.5 mol-%)
180a: 78% 178a 0C. 3h 180b: 77%

Scheme 61 Manganation of 3,6-dibromobenzothiadiazaldgd with TMP,Mn? (165 and

reactions with electrophilelg] LiCl and MgC}h have been omitted for the sake of clarity.

Additionally, the metalation of 1-benzyHtimidazole 619 is finished within 20 min at
0 °C using TMBMn-2MgCb-4LIiCl (165 0.60 equiv). The addition of the metalated sygecie
179bto isobutyraldehyde gives the alcod@0cin 85% vyield (Table 19, entry 1). Moreover,
benzothiazole §1f) is readily converted to the diheteroarylmangangsecies179c within
30 min at 25 °C and the subsequent reactions witlere3,4-dichlorobenzyldehyde or 2-
phenylpropanal furnish the expected produ@®0d-e in 82-87% vyield (entries 2-3).
Furthermore, the metalation of benzoxaz@élggf proceeds smoothly within 1 h at 0 °C using
TMP,Mn-2MgCh-4LIiCl (165, 0.60 equiv) and the addition of the manganatedispl79dto
4-methoxy-benzaldehyde gives the alcoldOf in 74% vyield (entry 4). Similarly, the
manganation of 1-benzylHtbenzimidazole {78b) is achieved within 45 min at O °C and the
desired produci80gis obtained in 84% after the reaction of the maaged heterocycl&79e
with 4-Pr-benzaldehyde (entry 5). Remarkably, the pyrit@zi00e is reacted with
TMP,Mn-2MgCbL-4LIiCl (165 0.60 equiv) to give the fully metalated specig®f within
30 min at 0 °C. The subsequent acylation1@®f with 3-phenyl-acryloyl chloride in the
presence of CuCN-2LiCl (20 mol-%) provides the ketd80h in 88% yield (entry 6).

1% 3) E. Negishi, V. Bagheri, S. Chatterjee, F. TolTetrahedron Lett1983 24, 5181; b) R. A. Grey). Org.
Chem.1984 49, 2288.
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Additionally, benzothiophene&s{k) and benzofuran6(ll) are readily metalated within 2 h at
25 °C (in contrast to several days for a full matiah of both substrates using the zinc amide
60, see Table 1, entries 17-18). After an acylatismg ethyl cyanoformate or the reaction
with CIPPh, the product4.80i-j are isolated in 82-95% vyield (entries 7-8).

Table 19 Products obtained by metalation using TMR-2MgCh-4LiCl (1; 0.60 equiv) and

subsequent reactions with electrophiles.

Entry Substrate T[°C], {h] Electrophile Product/Yield [%8]
Ph Ph
) i 4 on
N
) T) [
[, 5
1 6lc 0,0.3 180c 82
CHO S OH
o ST S
7 —
N _ )«
Cl cl
2 61f 25,0.5 180d 87
0 o S
N Ph” ~Me N )—Ph
Me
3 61f 25,0.5 180e 82 (d.r.: 1:1)
CHO O OH
0 ©:N/>—<
@ » 2
N _
OMe OMe
4 61g 0,1 180f. 74
Ph
CHO
Ph N OH
Y )
N P
L e
N —_
)
5 178b 0, 0.75 180g 84
OMe OMe O
N (o N
|
OMe OMe
6 100e 0,05 180h 88
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Entry Substrate T[°C], {h] Electrophile Product/Yield [%8]
@f\> NC-COEt mCOZEt
S S
7 61k 25,2 180i 95
@f\> CIPPh mPth
0! o}
8 61l 25, 2 180j; 82

[a] Isolated yield of analytically pure product.] [BuCN-2LIiCl (20 mol-%) was used. [c]
Pd(PPB)4 (2.5 mol-%) was used.

Moreover, the nicotinaté4g is converted to its manganated species within 30 ai
0 °C. The subsequent cross-coupling with (4-ioderaixy)-triisopropyl-silane catalyzed by
Pd(PPh)s (2.5 mol-%) provides the biarfi80k in 77% yield (Scheme 62). Additionally, the
pyridine 151d is smoothly metalated with TMRIn-2MgCh-4LiCl (165 0.60 equiv) within
45 min at 0 °C. The ketori80l is obtained in 71% vyield after a Cu(l)-mediateglaiton with
benzoyl chloride (Scheme 62).

OTIPS

1) TMP,Mn-2MgCl,-4LiCl (165)
(0.60 equiv)

o COEL 0%, 0.5h
| J\ CO,Et
~
N~ ~Cl 2) (\r
| OTIPS

(1.1 equiv)
649 Pd(PPhs), (2.5 mol-%)
0%C,5h

180k: 77%

1) TMP,Mn-2MgCl,-4LiCl (165) Ph._0O
(0.60 equiv)

o CN 0, 0.75 h - CN
| »
N Cl 2) N Cl
cocl
151d (1.2 equiv) 180I: 71%

CuCN-2LiCl (0.2 equiv)
-30 Cto0<C,6h

Scheme 62 Functionalization of the pyridine84g and 151d using TMRBMn-2MgCb-4LiCl
(165).
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11 Directed Ferration of Functionalized Aromatics Using
TMP ,Fe-2MgChb-4LiCl

11.1 Introduction

Iron is considered to be one of the most exiséing non-toxic metals found on eatfh.
Therefore, Fe-organometallic chemistry is highlgiteble and various iron-catalyzed cross-
coupling reactions of organometallic reagents halveady found numerous applications in
organic synthesi&’® Beside the wide acceptant®the mechanism of these reactions still
needs to be further investigated since the singdpssof the mechanism remains not
completely elucidatet® Therefore, the preparation of Fe-organometallica stoichiometric
way could help to learn more about the reactivitthose intermediates! Only a few aryl-Fe
compounds are described since aryl-Fe(ll)-derieaticould only be sparingly prepared by
transmetalatiolt? or by direct ferration using a TMEDA-stabilized xed sodium-, iron-ate-
base reported byulvey and co-workers*® Therefore, we have envisioned the general
preparation of aryliron compoundga directed metalation according to the previously

developed amide bases.

197 Elements and their Compounds in the Environmg@ds.: E. Merian, M. Anke, M. lhnat, M. Stoeppl&fol.
1-3, Wiley-VCH: Weinheim, Germang004

1% For reviews, see: a) C. Bolm, J. Legros, J. LePiahZani, Chem. Rev2004 6217; b) B. D. Sherry, A.
FurstnerAcc. Chem. Re2008 41, 1500.

1993 A. Furstner, M. MéndeAngew. Chem. Int. E@003 42, 5355; b) A. Fiirstner, A. Leitner, M. Méndez, H.
Krause,J. Am. Chem. So2002 124, 13856; c) A. Furstner, R. Martin, H. Krause, @idgl, R. Goddard, C. W.
LehmannJ. Am. Chem. So2008 130, 8773; d) J. Norinder, A. Matsumoto, N. Yoshikai,Nakamura,J. Am.
Chem. Soc2008 130, 5858; €) M. Nakamura, K. Matsu, S. Ito, E. Nakamd. Am. Chem. So2004 126, 3686;
f) G. Cahiez, L. Foulgoc, A. MoyeuRngew. Chem. Int. E@009 48, 2969; g) G. Cahiez, V. Habiak, C. Duplais,
A. Moyeux,Angew. Chem. Int. EQ0Q07, 46, 4364; h) |. Sapountzis, W. Lin, C. C. Kofink, Bespotopoulou, P.
Knochel,Angew. Chem. Int. EQ005 44, 1654; i) C. Duplais, F. Bures, |I. Sapountzis,JTKorn, G. Cahiez, P.
Knochel,Angew. Chem. Int. EQ004 43, 2968; j) M. Carril, A. Correa, C. Bolingew. Chem. Int. EQ008
47, 4862; k) O. Bistri, A. Correa, C. BollAngew. Chem. Int. E@008 47, 586; I) A. Correa, M. Carril, C. Bolm,
Angew. Chem. Int. EQ008 47, 2880; m) A. Correa, C. Bolmy\ngew. Chem. Int. E@007, 46, 8862; n) R. B.
Bedford, M. Huwe, C. M. WilkinsonChem. Commur2009 600; o) R. B. Bedford, M. Betham, D. W. Bruce, A.
A. Danopoulos, R. M. Frost, M. Hirdl. Org. Chem2006 71, 1104; p) A. Guérinot, S. Reymond, J. Cossy,
Angew. Chem. Int. EQ007, 46, 6521.

Y10 Eirstner, K. Majima, R. Martin, H. Krause, E. Kag, R. Goddard, C. W. Lehmad. Am. Chem. So2008
130, 1992; c¢) A. Furstner, H. Krause, C. W. LehmafAingew. Chem. Int. EQ006 45, 440; d) R. Martin, A.
FurstnerAngew. Chem. Int. EQ004 43, 3955.

111 c, Kishan Reddy, P. Knochéingew. Chem. Int. Ed. Endl996 35, 1700.

123) T. KauffmannAngew. Chem. Int. Ed. Endl996 35, 386; b) H. Birger, U. Wannagath. Chemiel963
94, 1007.

13p_Alborés, L. M. Carrella, W. Clegg, P. Garci-Afes, A. R. Kennedy, J. Klett, R. E. Mulvey, E. Rehler,

L. RussoAngew. Chem. Int. EQ009 48, 3317.
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11.2 Preparation of the Hindered Fe-TMP Base 181

Based on the experience on the preparation ohdawim and manganese amides, the
development of an iron base started with the reactif FeCj}-2LiCl with freshly prepared
TMPMgCI-LIClI (40). To obtain TMBFe-2MgC}-4LIClI (181 in quantitative yield,
TMPMgCI-LICl (40; 2.0 equiv) was reacted with Fe@LICl (1.0 equiv) at 0 °C and the
resulting solution was further stirred at 25 °C 8h (Scheme 63). This dark brown base has
an excellent solubility in THF (0.5@) and can be stored without decomposition for astl&
month at 25 °C. Similarly to the above mentioneddaibases, LiCl is certainly responsible
for the solubility in THF since LiCl can break aggates of organometallics by complexing

the metallic center**

FeCl,-2LiCl
1.0 equiv
2 N—MgCI-LiCl ( auv) N%Fe-ZMgCIz-ALiCI
0to25<C,3h 2
40 161: TMPzFe:a 95%; 0.50 M in THF

Scheme 63 Preparation and reactions of TMH@ (L61). [a] LiCl and MgC} have been

omitted for the sake of clarity.

To verify again the importance of the componeritshe base TMfFe-2MgC}-4LiCl
(181), 3 additional Fe-bases have been prepared. Theiseaction of freshly prepared TMPLI
(51 with either FeGl2LiCl (1.0 equiv) or FeGI2LiCl (0.50 equiv) at 0 °C furnishes the
amide bases TMPFeCl-3LiC1§2) and TMRFe-4LiCl (L83, respectively within 1 h (Scheme
64). Additionally, the reaction of TMPMgCI-LiCKQ) with FeC}-2LIiCl (1 equiv) at 0 °C
followed by 3 h of stirring at 25 °C leads to tleagent TMPFeCIl-Mg@iI3LICl (184, Scheme
64). All 3 bases were prepared in >95% vyield.

14 Similar to the previousely discussed manganese 186 the preparation of this base without LiCl as &idei
is not convenient, since it is already necessapréoide a THF-soluble iron source.
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) ) THF _
N—Li + FeCly-2LiICIl ———— N—FeCl-3LiCl
0C,1h
51 182: TMPFeCl-3LiCl: >95%
¢ = 0.40 mol/L
. ) THF P )
2 N—Li + FeCly-2LiCl N Fe-4LiCl
0C,1h k 2
51 183: TMP,Fe-4LiCl: >95%
¢ = 0.30 mol/L
CL _ THF _
N-Mg Li + FeCl,-2LiCl N—Fe-MgCl,-3LiCl
*cl 0to 25 T,
3.5h
40: tmpMgCI-LiCl 184: TMPFeCl-MgCl,-3LiCl: >95%

¢ =0.75 mol/L
Scheme 64Preparation of the Fe-bask’2-184

The concentration of the Mg&tontaining amide bases81 and 184 is again (see
chapter 3, 9 and 10) significantly higher than tdo@centration of the basd82 and 183
derivedvia transmetalation of TMPLI51). Although the solvents of the basE2-183were
completely removed, the concentration of the redivesl residue (in THF) was determined to
be 0.40m for the basel82 and 0.30m for the basel83 respectively. Subsequently, the
metalation progress of ethyl 3-fluorobenzodi@) (using the amide basd81-184has been

investigated.

Table 20 Comparison of the reactivity of the amide bak&s-184

CO,Et Fe-base CO,Et
(x equiv) 2Fe
. THF, 25 T, x h c
57 185a
Entry Base Equiv Time [h] Conversion185a[%)]®
1 182 15 5 <5
2 184 15 5 39
3 183 0.75 5 55

105



Directed Ferration of Functionalized Aromatics WsifMP,Fe-2MgC}-4LiCl

Entry Base Equiv Time [h] Conversion185a[%)]®
4 183 15 5 78
5 181 15 1.5 >95
6 181 0.75 3 >95

[a] The conversion to the corresponding metal g§t85a was monitoredvia
GC-analysis of aliquots of the reaction mixture mgreed with allyl bromide in the
presence of CUCN-2LiCl using tetradecane as intstaadard.

As already noted for related amide basesntlb@camide basd 82 displays the worst
metalation ability since almost no formationl#5ais observed after 5 h at 25 °C (Table 20,
entry 1). In contrast, the use of TMPFeCIl-Mg8ILIiCl (184) furnishes 39% of the metalated
speciesl85awithin 5 h at 25 °C (entry 2). Additionally, the ma&ation using TMBFe-4LiCl
(183 0.75 equiv) leads only to 55% &85aafter 5 h (entry 3). Moreover, the use of a huge
excess 0fl83 (1.5 equiv) also does not result in a completendion of 185a after 5 h at
25 °C (entry 4). Under similar conditions, the &iwon of 57 using thebisTMP basel81
(1.5 equiv) affords the desired organometdlldbain 95% vyield after 3 h at 25 °C (entry 5).
Finally, by using 0.75 equiv of TMPe-2MgC}-4LiCl (185, a complete metalation of ethyl
3-fluorobenzoatey7) was achieved within 3 h at 25 °C. As already ole=sd, MgC} enhances
dramatically the kinetic basicity of the correspmigdFe-bases and additionally increases the
solubility of the Fe-bas&81and184derived from TMPMgCI-LiCl 40).

11.3 Alkylation Reactions Catalyzed by Impurities

As noted above, the metalation of ethyl 3-fluomtmate $7) with TMP,Fe (181, 25 °C,
3 h) affords the corresponding diaryl-Fe(ll) speci@5a which reacted smoothly with 1-
iodooctane (1.2 equiv) providing the 1,2,3-trisitbhstd benzoatd71b in 86% yield. The
cross-coupling lasted 14 h, but by adding 4-flupn@me (86, 10 mol-%), this reaction was
accomplished within 7 h at 25 °C (88% vyield; TaBlg entry 1). 4-Fluorostyrend §6) is
known to promote Ni-catalyzed cross-coupling reacti ' It is assumed that it accelerates the
reductive elimination step through a coordinatidntlee electron-poor olefin to the metal
center. Although, the purity of FeCdlid not influence the metalation rate leadingL853 it
considerably changes the formation rate of thereégroductl71b. Thus, we have observed

that the use of 99.998% pure Fg@ads to a cross-coupling conversiorl®.b of 25% after

1153) A. Devasagayaraj, T. Stidemann, P. Knockegiew. Chem. Int. EA.995 34, 2723; b) R. Giovannini, T.
Stidemann, G. Dussin, P. Knoch&hgew. Chem. Int. EA.998 37, 2387; c) R. Giovannini, T. Stidemann, A.
Devasagayaraj, G. Dussin, P. KnoclielDrg. Chem1999 64, 3544; d) A. E. Jensen, P. Knoch&lOrg. Chem.
2002 67,79; e) T. J. Korn, P. Knocheingew. Chem. Int. EQOQ5 44, 2947.
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a reaction time of 8 h instead of 95% by using F&@ling a purity of 98% (Table 21, entries
1 and 2). Since atomic absorption analysis revetlatithe commercial sample of 98% pure
FeChL contains traces of Mn, Ni, Co and Cu, small ameyt5%) of the corresponding

chlorides were intentionally added to Fg£(29.998%).

Table 21 Influence of the purity of Feghnd additives on the cross-coupling

yield.
CO,Et CO,Et
Fe Oct-l Oct
) (1.2 equiv)
F < > E F
7
185a 186 (10 mol-%) 171b
additive
25%C,8h
Entry Additivé® Yield [%] | Entry Additivé® Yield [%]
1 - 9%38) 10  NiCh, MnCl, 88
2 95 11  MnCh, FeCh 18
3 MnCl 50 12  NiChk, MnCl, FeCk 74
4 CoCbh 84/ 13  CuC), FeCh 1¢
5 CuCh 37| 14  CuC, NiCl, 8%
6 CucCl 93] 15  CuCh, MnCh, 2%
7 FeCh 19| 16  CuC}, NiCl,, FeCh 65"
8  NiCl, 94°(86) | 17  CuCh, MnCh, FeCy 17
9 NiCl,, FeCh 69

[a] 0.5% of the additive was used. In the case of sévadditives, equimolar
amounts were used. [b] Yields in brackets refesttated yield of analytically pure
product. [c] FeGl with a purity grade of 98% was used. [d] Fe@ith a purity
grade of 99.998% was used.

Whereas the addition of either CgQVMnCl,, CuChk or CuCl changes only moderately
the cross-coupling rate (entries 3-6), the use efi-not only furnishes the worst cross-
coupling rate tdl71b but also causes homo-couplingl@5ain considerable amounts (entry
7). Remarkably, the addition of 0.5% of NiCGkstores the full cross-coupling rate observed
with FeChL having a purity of 98% (entry 8). Interestinglygnabinations of two or three
metallic chlorides afford intermediate cross-conglrates (entries 9-17). In conclusion, the

presence of 0.25% Ni in commercial Fe@ certainly responsible for the observed cross-
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coupling reaction rate. From a practical point &w; FeC} (98% pure) has been used for
preparing TMBFe (181) since this Fe-(ll)-source already contains thalgtc system.

11.4 Reactivity versus Electrophiles

Starting from ethyl 3-fluorobenzoatg&7), the cross-coupling df85aproceeds well with
octyl iodide (Table 22, entry 1). Octyl bromide ¢taslower, giving after 20 h at 25 °C the
alkylated benzoatd71b in 74% vyield (entry 2). Moreover, the reaction tbe metalated
species185a with secondary iodides and bromides suchiRsBr, cHex-I and cHex-Br
provides the corresponding cross-coupling prod8fga-bin 60-83% vyield (entries 3-5) in
the presence 0186 (10 mol-%). Remarkably, when no 4-fluorostyrenesvealded to the
reaction mixtures, the isolated yields of the pridi87a-b were considerable lower (51-
76%). In the absence of 4-fluorostyreri8€), a smooth reaction with benzyl chloride was
observed, furnishing the benzylated aré8&cin 88% yield (entry 6). Additionally, various
functionalized alkyl iodides undergo smooth crogssgding reactions. Thus, the reaction of
185awith ethyl 4-iodobutyrate (1.2 equiv) affords tthesired diestet87din 80% yield (entry
7). Accordingly, diethyl iodomethyl phosphonatediéareacts at —10 °C in the absence of 4-
fluorostyrene 186) with 185a giving the phosphonatd87e in 68% yield (entry 8).
Interestingly, the dihalide 1-chloro-6-iodohexamalergoes only a substitution of the carbon-
iodine bond providing the benzodt87f in 85% yield (entry 9). Surprisingly, the reactioh
185awith 6-iodo-hex-1-ene provided only the alkenythproductl87gin 77% yield without
any cyclization product (entry 16)° Methyl ester can also be used as substrates. fitaibyl
3-fluorobenzoate 1619 is smoothly converted to the corresponding (Fe)wative using
TMP,Fe @181; 0.75 equiv, 25 °C, 3 h). The subsequent allyfatisth 1-chloro-6-iodohexane
furnishes the desired benzoa&rhin 79% yield (entry 11).

Table 23 Cross-coupling ofl85a-b with organic halides in the presence of 4-fluoycete
(186) leading to the corresponding substitution prosluct

Entry Substrate Organic halide Product of tgpe Yield [%]?
CO,Et CO,Et
Fe R
2
F F
1 185a Oct-| 171k R = Oct 88 (86)

11%3) V. B. Phapale, D. J. Carden&hem. Soc. Re2009 38, 1598; b) V. B. Phapale, D. J. Cardenasgew.
Chem. Int. Ed2007, 46, 8790.

108



Directed Ferration of Functionalized Aromatics WsifMP,Fe-2MgC}-4LiCl

Entry Substrate Organic halide Product of tgpe Yield [%]?
2 185a Oct-Br 171b R = Oct 74 (65)
3 185a iPr-Br 187a R =iPr 70 (54)
4 185a cHex-l 187k R =cHex 83 (76}
5 185a cHex-Br 187k R =cHex 60 (519
6 185a PhCHCI 187c R = Bn 88
7 185a I(CH,)sCOsEt 187d R = (CH);COEt 80 (549
8 185a ICH,P(O)(OEt) 187e R = CHP(O)(OEt) 68
9 185a I(CH.)Cl 187f R = (CH)eCl 85
10 185a I(CH2)4CH=CH, 187g R = (CH),CH=CH, 77

CO,Me CO,Me
Fe R
2
F F
11 185b I(CH.)Cl 187h R = (CH)eCl 79

[a] Isolated yield of analytically pure product. [b] MefluorostyreneX86) was added.

11.5 Preparation of Functionalized Aryl-(Fe) Compands

Subsequently, this tandem metalation/cross-cogptirocedure could be extended to
various organic halides. Thus, the ferration ofykefchlorobenzoate6(’b) using TMRFe
(181) proceeds within 36 h at 25 °C and the adjaceuploags with either pentyl iodide or 6-
iodo-2,2-dimethyl-hexanenitrile in the presence 1&6 (10 mol-%) provide the desired
alkylated benzoateE37i-j in 71-81% vyield (Table 23, entries 1-2). Additiipathe metalated
species 185c readily reacts with 5-chloromethyl-1,2,3-trimetybenzene giving the
benzylated aren&87k in 69% vyield (entry 3). Similarly, methyl 3-chldyenzoate 1009 is
converted into the ferrated speciig&&bd within 36 h at 25 °C using TMPe (181, 0.75 equiv)
and the subsequent couplings with respectively layl aodide in the presence of 4-
fluorstyrene {86 10 mol-%) and a benzylic chloride leads to thsirdel productd87I-min
65-66% vyield (entries 4-5). Additionally, the cyasabstituted ethyl benzoaté¥i-j are
smoothly metalated at 25 °C within 18 h and 48Bpectively. After cross-coupling reactions
with various primary aliphatic iodides the alkyldtproductsl87n-q are obtained in 65-81%
yield (entries 6-9). It should be noted, that thelated yields for the above mentioned cross-

couplings using aliphatic iodides are significantlgcreased when no 4-fluorstyreri36
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10 mol-%) is used. Furthermore, fluoro-substitubetzonitriles are also excellent substrates.
Thus, the metalation of 3-fluorobenzonitrilg7() with TMP,Fe (186 0.75 equiv, 25 °C) is
completed within 9 h, and the alkylation with eithectyl iodide or 6-iodo-2,2-dimethyl-
hexanenitrile furnish the substituted benzonitrilé/r-s in 70-80% vyield (entries 10-11).
Moreover, the metalation of 4-fluorobenzonitrileé7k) requires 18 h using TMPe (186
0.75 equiv) and the desired benzonitril&¥t-u are isolated 72-83% vyield after the reaction
with octyl iodide and diethyl iodomethyl phosphamatrespectively (entries 12-13).
Interestingly, the ferration of 1,3-difluorobenzed®0d) is accomplished within 10 h and the
reaction with l-iododecane leads to the alkylatedzlnel87v in 77% yield (entry 14).
Additionally, the protected phenol88a and 188b are deprotonated by TMPPe (181) at

25 °C within 30 h and 60 h, respectively. Afteryddition reactions with 1-iodooctane or 1-
iodohexane in the presence of 4-fluorstyreb@6( 10 mol-%), the 1,2-disubstituted phenols
189a-b are obtained in 66-85% vyield (entries 15-16). Rkeminore, the halogenated
benzonitrilel75cis converted into the corresponding metal denes8l within 2 h at 25 °C
using TMRFe (86, 0.75 equiv, 25 °C). Interestingly, the subsequ@n(l) catalyzed reaction
with ethyl 2-(bromomethyl)acrylate furnishes the allylated benzonitril89c (entry 17). In
the absence of copper, low conversions to the sporeding products have been observed. It
should be pointed out, when Fe@lith a purity 99.998 % was used, the metalatide gaving

the ferrated specids85a-dremained equally compared to preparing the organalerivatives

using 98% pure Fe&lHence, iron is certainly responsible for the rati@an process.

Table 23 Preparation of diaryl-Fe(ll) derivatives and @a®upling with various organic

halides in the presence 86 (10 mol-%).

Entry Substrate Timf] Organic halide Product/Yield [%b]
CO,Et CO,Et
| N I-Pent Pent
“ ¢l cl
1 67b 36 187i 81 (70§
CO,Et CO,Et
N CN
Q IN\XCN M
Z ¢l cl
2 67b 36 187j: 71 (55
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Entry Substrate Timf] Organic halide Product/Yield [%b]
Cl
CO,Et CO,Et
\ OMe
oS Cr o
= cl MeO OMe Cl OMe
OMe OMe
3 67b 36 187k 69
CO,Me CO,Me
Z ¢l Cl
4 100c 36 187! 65 (58
Cl
CO,Me CO,Me
»!
Z ¢l cl OMe
OMe
5 100c 36 187m 66
CO,Et CO,Et
QL o
CN CN
6 67i 18 187n 81 (755
CO,Et CO,Et
CN CN
7 67i 18 187a 75 (66Y
CO,Et CO,Et
Hex
I-Hex
CN CN
8 67] 48 187p 70 (58
CO,Et CO,Et
CF
I/\/\CF3 ©/\A S
CN CN
9 67] 48 187q 65 (50)°
CN CN
2 F
10 67l 9 187r: 80
CN CN
AN
Ej\ IMXCN MCN
7 F F
11 67l 9 187s 70
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Entry Substrate Timf] Organic halide Product/Yield [%b]
CN CN
Oct
I-Oct
F F
12 67k 18 187t 83
CN CN
9 &
/—P-OEt eig  OFEt
I OEt
F F
13 67k 18 187u 72°
F F
7 F F
14 100d 10 187v. 77
F F
Oct
I-Oct
OP(O)(NMey), OP(O)(NMey),
15 188a 30 189a 85
CO,Et CO,Et
O/SOZNMeZ O/SOZNMeZ
16 188b 60 189b: 66
CN CN
CO,Et EtO,C
Br
Br Br
F F
17 175¢ 2 189c 75 ¢

[a] Isolated yield of analytically pure product. [b] Niefluorostyrene 186) was added. [c]
CuCN-2LiCl (5 mol-%) was used.

In order to get some mechanistic insight on thecstire and behavior of organometallic
Fe-intermediates, TMPMgCI-LICHQ; 3.0 equiv) is reacted with Fe({1.0 equiv) in THF
(Scheme 65). Surprisingly, Mdssbauer-spectroscepg Experimental Part) indicated that the
product is mainly a Fe(ll) TMP-amidd 40, max. 70% yield compared to 95% vyield for the
preparation ofL81 starting from FeGI2LIiCl). The decreased yield can be best explamed
the tentative, formal reduction of Fg@haused by the electron-rich amide TMPMgCI- LidD)(
resulting in the formation 0190 and TMP-radicals. These radicals can further caide
reactions. This reagerit90 has a comparable stability 481 and undergoes a smooth
deprotonation (0.75 equiv, 25 °C, 3 h) of ethyl libfobenzoate 57) leading to the
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corresponding Fe(ll)-derivative. Its cross-couplwgh octyl iodide in the presence of 4-
fluorostyrene 186) proceeds with similar rate as by using the Fdf#di3el81 It provides the
corresponding cross-coupling prodd@ilbin 72% yield (compared to 88% obtained with the
basel, Table 22, entry 1).

_ 01025 <, 12h \( :
6 N-MgCI-LiCl + 2 FeCl 2 Q%Fe + 2TMP + 6 MgCl, + 6 LiCl
2

40 190: {TMP,Fe} side products
max' 70%; 0.50 M

1) TMP,Fe? 1) {TMP,Fe}?
CO,Et (181; 0.75 equiv) CO,Et (190; 0.75 equiv) CO,Et
Oct 25C,3h 25T, 3h Oct
2) Oct-I 2) Oct-l
F (1.2 equiv) F (1.2 equiv) F
186 (10 mol-%) 186 (10 mol-%)
171b: 88% 25C,7h 57 25,10 h 171b: 72%

Scheme 65Preparation and reactivity of the Fe-(I1)-bd$®. [a] LiCl and MgC} have been
omitted for the sake of clarity.

Furthermore, the benzoatésb, 100cand67i-j are converted to the corresponding Fe-
derivatives using the reaget®0 (25 °C, 0.75 equiv). All four substrates couldrbetalated
with the same rate observed for the reagesi (Table 24) additionally indicating the
existence of a Fe(ll)-species. The subsequent -cagslings under similar conditions with
primary aliphatic iodides in the presence of 4-fastyrene 186 10 mol-%) furnish the
expected substituted benzoaléyi, 1871, 187nand187pin 58-78% yield. Compared to the
obtained results using TMPe (181), these isolated yields are significantly lowere dio

possible side reactions.

Table 24 Preparation of diaryl-Fe(ll) derivatives usingetlire-basel90 and subsequent
reactions with aliphatic iodides.

Entry Substrate Timfh] Organic halide Product/Yield [%]
CO,Et CO,Et
| N [-Pent Pent
“ cl
1 67b 36 187i 73 (81)

113



Directed Ferration of Functionalized Aromatics WsifMP,Fe-2MgC}-4LiCl

Entry Substrate Timf] Organic halide Product/Yield [%b]
CO,Me CO,Me
N I-Pr Pr
“ ¢l cl
2 100c 36 187l 58 (65)
CO,Et CO,Et
-Hex Hex
CN CN
3 67i 18 187n 74 (81)
CO,Et CO,Et
Hex
[-Hex
CN CN
4 67] 48 187p 59 (70)

[a] Isolated yield of analytically pure product. Thelgs in brackets refer to the ones obtained
by using TMBFe (181 0.75 equiv).

11.6 Preliminary Experiments about a Ni-catalyzed Alkylation of
Organozinc Reagents

Although the Ni-catalyzed alkylation of organozinmeagents has been already
reported’” the new results (especially the low catalyst Ingyliare worth investigating this
reaction once again. Hence, the reaction of the/ldiac specie$8 (for the preparation, see
chapt. 3) with Oct-l is carried under different ddions, but in the presence of 4-fluorostyrene
(186), since first experiments have shown the necessitlyis additive. Thus, the use of NiCl
in small quantities (0.5 and 1.0 mol-%) gives otriyces of the desired alkylated benzoate
171b after 12 h at 25 °C (Table 25, entries 1-2). Unglerilar conditions, 2.5 mol-% of the
Ni-catalyst provides 39% of desired product (el®yywhereas a catalyst loading of 5 mol-%
accounts a full conversion t71b (entry 4). Subsequently, these reactions areethout at
55 °C for 8 h. Now, the progress 1@1b is significantly increased, since the use of NiCl
(0.5 mol-%) affords 33% of the substituted areli&lb (entry 5). Moreover, the use of
1.0 mol-% of the Ni-catalyst gives the alkylatechbeate in 69% yield (entry 6). Accordingly,
the complete formation df71bis accomplished within 8 h using NiGR.5 mol-%; entry 7).
Interestingly, if 1 mol-% of either NiBror Ni(acac) is used as catalyst, a decreased rate
leading to the benzoale’1bis observed (entries 8-9).

7R, Giovannini, P. Knochell. Am. Chem. Sqcl998 120, 11186.
114



Directed Ferration of Functionalized Aromatics WsifMP,Fe-2MgC}-4LiCl

Table 25 Cross-coupling of58 with Oct-1 in the presence of 4-
fluorostyrene 186) leading to the substitution product1b.

CO,Et CO,Et

Zn Octl Oct
(1.2 equiv)

F//_@F F

58 186 (10 mol-%) 171b
Entry  Ni-catalyst T[°C],t[h] Conversion td71b[%)]
1 NiCl, (0.5 mol-%) 25,12 <5
2 NiCl, (1.0 mol-%) 25,12 <5
3 NiCl, (2.5 mol-%) 25,12 39
4 NiCl; (5.0 mol-%) 25,12 94
5 NiCl, (0.5 mol-%) 55, 8 33
6 NiCl, (1.0 mol-%) 55, 8 69
7 NiCl; (2.5 mol-%) 55, 8 95
8 NiBr, (1.0 mol-%) 55, 8 41
9 Ni(acac) (1.0 mol-%) 55,8 56
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12 Summary and Outlook

This work was focused on the formation of funcéilimed organometallicgia directed
metalation using new hindered TMP-amide bases.rAfte convenient preparation of the
respective amide bases, the transformations ofnargaubstrates into new organometallics
could be readily accomplished in an atom-economveay and opens new pathways in
organic synthesis. The resulting organometallicsel@een reacted with various electrophiles

giving the desired products in moderate to excelerids.

12.1 Directed Zincations

By using the new reagent TNEh-2MgCh-2LICl (60), the metalation of various
sensitive heterocycles like 2-phenyl-1,3,4-oxad@z61d or quinoxaline §1h) could be
successfully achieved which easily undergo ringgfiantation or dimerization (Scheme 66).
Usually, the zincations can be carried out at veopnvenient temperatures with high
regioselectivity. Remarkably, the outstanding tehee towards functional groups was
demonstrated by the smooth zincation of substia¢@sing sensitive functionalities such as
aldehydes or nitro-groups (Scheme 67). The correfipg Mg- or Li-organometallics of
these substrates could not be prepared by usiegted metalations. Moreover, an efficient
functionalization of 3,6-dichloropyridazine7l) was achieved (Scheme 68). Naturally,
aromatics and heteroaromatics bearing esters aagoayroups could also be successfully
zincated (Scheme 69). The generated diorganoziagerds underwent smooth copper-
mediated acylations or Pd-catalyzed cross-couplinghe alternadtive base
[(tBu)(iPr)N]»Zn-2MgC}-2LiClI (87) proved to be an alternative to the zinc B&e
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TMPMgCI-LiCl (40)

1) TMP,Zn? (60)
(0.55 equiv)

(1.1 equiv) N—N THF, 25 C, 0.3 h N—N
PhCN = AN AL D
THF, 25C, 1min Ph™ >0~ "H 2 phsso,pPh Ph™ ~o” ~SPh
- 1.2 equiv
(-NCOMgC) 61a A i 62a: 75%
Pd(dba),
TMP,Zn? (60) (5 mol-%),
(0.55 equiv) P(o-furyl)s
N N.~>Zn (10 mol-% N
@i j THF, 25 C,5h (j ﬁz ( ) @ N cF,
N S\ m-ICgH,4CFs, NN
25<C, 3h
61h 62h: >90% 630: 88%
o)
)L/ S Ts BrTN
Ph” - .
I VNV ) 7 N/)
g’ N an N
N—/ NG
63i: 84% 63e: 85% 63q: 75%

Scheme 66 Functionalization of heterocycles with TWE? (60). [a] LiCl and MgC} have

been omitted for the sake of clarity.

1) TMP,Zn? (60)

O5N
N | N S> (0.55 equiv) 2 | XS
4 /
ZN THF, -50 T, 0.5 h /\NW
2) CO,Et
Br
64a (1.2 equiv) 66a: 75%
CUCN-2LiCl (5 mol-%)
-50 €, 30 min
CHO 1) TMP,Zn? (60) CHO
A\ (0.55 equiv) | N\ |
S THF, 25 C, 15 min o~
2) 1,
(1.5 equiv)
64e 0to 25 T, 669: 82%
30 min

N

@\f@
N

7 ONO,
cl

CO,Et

66f: 80%

CHO
N
Me

66j: 71%

Scheme 67 Functionalization of heterocycles bearing sewsifunctionalities with TMEZn?

(60). [a] LICl and MgC} have been omitted for the sake of clarity.
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Cl cl Cl
TMPLi (51 Li =
N (1.5 equiv), N N
-70C,2h i
Cl Cl
71 73a: 32%
Cl cl Cl
TMP,Zn? (60 | 2
N = ‘ 2 - ( ) N = ‘ 2Zn I2 N
N (0.55 equiv), N N
| 78 <C,2h i
Cl Cl
71 72 >90% 73a: 82%

OMe
Cl
N N \4\
I
N__~

Cl

739: 76%

Scheme 68 Functionalization of 3,6-dichloropyridazin@1j with TMP,Zn? (60). [a] LiCl

and MgC} have been omitted for the sake of clarity.

F
NO 1) TMP,Zn-2MgCl,-2LiCl (60)
2 (0.55 equiv)
0%C,35h
E 2
O
(1.2 equiv)
670 CUCN-2LiClI (5 mol-%)
0<C,05h
CO,Et 1) TMP,Zn-2MgCl,-2LiCl (60)
(0.55 equiv)
25C,30h
CN 2)
(1.2 equiv)
_ CuCN-2LiCl (1.1 equiv)
67i 20 Cto25<C,7h
EtO,C o COzMe EtO,C /@
F i ~CO,Me i
69a: 76% 69l: 81% 690: 85%

NO,

T

69t: 69%

N

7

F

O CO,Et

Ph

NC

69n: 73%

@@

69p. 88%

Scheme 69Products obtained by directed zincation using 3&MP2MgCb-2LiCl (60).
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Furthermore, the zincation of medium-activatedssualbes was successfully carried out
using TMRBZn-2MgC}-2LiCI (60) and microwave irradiation. Thereby, we could shbat
the tolerance towards functional groups still ramagxtraordinary (e. g. tolerance of a ketone
and of methyl esters). The metalation times carebdaced from several days to a few hours
and in some cases the metalation can just be dastie under microwave conditions. This
mode of heating is essential for the dramaticaltgeterated formation of diorganozinc
species since the thermic energy is efficientlyodsd by the present salts (Scheme 70).

CO,Et TMP,Zn-2MgCl,-2LiCl (60) CO,Et
(0.60 equiv), THF 7n
2

(MW, 120 C,5h )

78a 79a: > 90%
(oil-bath, 120 C, 5 h: 18%)
CO,Et
NC EtO,C
CO,Et o) 2 CO,Me CO,Et
ol eRe T
F
Cl CN
80a: 82% 80p: 70% 80c: 73% 80g: 76%

Scheme 70 Products obtained by directed zincation using IZtP2MgCh-2LiCl (60) and

microwave irradiation.

12.2 Directed Metalation Usingn situ Protocols

Additionally, we could show that the treatment asf aromatic or heteroaromatic
substrate with a Lewis-acid like ZnClor EAl prior to the addition of the base
TMPMQgCI-LICI (40) furnished highly regioselective and fast metaladi combined with good
tolerance of functional groups like esters or cygmups (Scheme 71). Usually, these
metalations are carried at =5 to 25 °C. Interebtjngechanistic studies revealed that e

situ metalation using ZnGlproceeds over a different pathway than by usinglEt
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1) ZnCI2
™ (0.5 equiv) CN L, Pd(dba), (5 mol-%) O CN
25 C, 10 min P(o-furyl)z (10 mol-%)
2) TMPMgCI-LICl (40) 2 OMe O
(1.1 equiv) I
OMe
with TMP,Zn-2MgCl,-2LiCl: (1.1 equiv)

s7x 25T, 48h 68K THF, 25 C, 5 h 101f: 80%

101c: 85% 101e: 87% 105d: 87%
Scheme 71Products obtained by directed metalations usirgitu protocols.

12.3 Directed Metalation Using Aluminum Bases

In this project, we have shown that the new alumiramidell11 readily transforms a

number of aromatics and heteroaromatics into theesponding aryl aluminum species

tolerating tert-butyl esters and cyano-groups. Molecules bearialpgen atoms (e.gois-

halogenated benzenes) undergo smooth aluminaticactioas. Remarkably, these

aluminations proceed with unique regioselectiviépexially at aromatics and heteroaromatics

bearing ether-groups (The use of Zn- or Mg-amidésndt lead to satisfactory metalation

rates). Therefore, various organic substrates cbal@fficiently metalated for the first time

allowing the creation of unusual substitution pasg(Scheme 72). Moreover, the alumination

of those ethers can be mostly carried out at 25 °C.
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1) (C1oH26N)sAl-3LICI (111) O N siMe,
©E> (1.0 equiv), 25 T, 12 h, o o
)

THF
2) ZnCl, (1.1 equiv) O
-10 €, 15 min
3) Pd(dba), (cat.) OMe CO,Et
P(o-furyl)s (cat.)
137 p-1-CgH4-OMe 138: 85% 136: 81%
(1.1 equiv)
-10t025C, 2 h
O OO0
= = O = =
. Q\ . S T 0 o
s NO XL
L o, o
F N~ "OMe
Pz Cl cl ¥z

127j: 88% 129m: 85% 140a: 78% 134: 77%
Scheme 72Products obtained by directed metalations usiegatuminum amidél1l

12.4 Directed Metalation Using TMBLa-3MgCl,-5LiCl (143)

Accordingly, the high affinity to carbonyl groupgs used to generate efficiently the
tris-organo lanthanum reagents using TM&3MgCh-5LICI (143 with enhanced progress
compared to the Zn amid&d. Noteworthy, ethyl and methyl ester are toleraasdwell as
cyano-groups and the lanthanation of sensitiverbatematics could also be accomplished.
Remarkably, Pd-catalyzed cross coupling reactiamsbe carried out without transmetalation
to Zn. Moreover, the organolanthanum reagents eadidectly acylated by the reaction with
acid chlorides or an acid anhydride and add comvlyi to aldehydes and ketones (Scheme
73).

121



Summary and Outlook

COMe TMP3[La] (143) COMe
(1.05 equiv) 3La
3 THF, -5 C,
45 min F
151a 152a
O
/A
MeOC O @ CO,Me Ph™ ™% Z “Ph
2 . o~ ~cocl 2 o
\ p (1.0 equiv) .
F 5T 1h = (2.0 equiv)
-5C,1h
153b: 85% 152a 153a: 87%
/ TIPSO
o O CO,Et \© CONEt,
LT cozEt
Ph O ’
OH
149h: 80% 154u: 85% 153a: 79% 153s: 80%

Scheme 73Products obtained by directed metalations usiv@La-3MgCb-5LiCl (143).

12.5 Directed Metalation Using TMBMn-2MgCl,-4LiCl (165)

The metalation using the highly kinetic active daBMP,Mn-2MgCb-4LiCl (165
proved to be quite general. This reagent combingls mnetalation rates (approx. ten times
faster than the Zn amid@&0) with excellent tolerance of functional groupstées, cyano-
groups or a ketone) and good regioselectivity (Beh&4). Additionally, the metalation of
sensitive heterocycles proceeded well (Schemeht®yiag the existence of Mn-species. The
resulting diorgano manganese reagents added effici¢o aldehydes and heteroatom
electrophiles. These highly reactive organometalitso underwent smooth Cu-catalyzed

allylations and acylations as well as Pd-catalya@ds-couplings.
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(1.2 equiv) L\/In
2 THF, 0 C, 45 min
CN CN
57 176a
@)
o (oo wm
. Mn .
(.05 equiv) ) (1.2 equiv)
CuCN-2LiCI
0C,1h CN
CN (5 mol-%)
0¢C,1h
177b: 75% 176a
CO,t-Bu MeO,C CO,Me

OMe
177k: 73% 171c: 82%
Scheme 74 Products

‘ \ ‘ \
\\/Y AN \\\ @)%f
CO,Et » i \_s

r
171m: 79%

obtained by directed metalations of

CO,Et

177a: 88%

0 COZE@

NC

173: 74%

atas using

TMP,Mn-2MgCb-4LiCl (165). [a] LiCl and MgC} have been omitted for the sake of clarity.

TMPMgCI-LiCl (40)

1.1 equiv 0.60 equiv
phoN  ~ L eau) 0N (0.60 equiv)
THF,0C,5min Ph™ o~ "H THF, 0 C, 0.5 h
(-NCOMgCI) 2) PhCHO
6la
OTIPS
OH Br OMe O
! A~
tBu” - =N NTX Ph
I CO,Et
~ 7 N _— N
N ‘ J\
P
Br OMe N Cl
180a: 78% 180h: 88% 180k: 77%

1) TMP,Mn? (165)

N—N

"N ph
\
A g
OH

166a: 77%

Ph 0
hid
~CN

P
N~ Cl

1801: 71%

Scheme 75 Products obtained by directed metalations of rbatematics using
TMP,Mn-2MgCb-4LiCl (165). [a] LiCl and MgC} have been omitted for the sake of clarity.

123



Summary and Outlook

12.6 Directed Metalation Using TMBFe-2MgCb-4LiCl (181)

Finally, the preparation of aryl-Fe(ll)-derivat&/estarting from various aromatics was
successfully achieved with the new reagent IWP2MgC}-4LICI (181). The resulting
organometallics underwent smooth cross-couplinga warious alkyl iodides and bromides
in the presence of 4-fluorostyrend8¢ as well as benzylic chlorides (Scheme 76).
Interestingly, the Ni-impurities of commercial aadile FeC} were found to be responsible

for the observed cross-coupling rate.

CO,Et TMP,Fe (181)% CO,Et Oct-I CO,Et
(0.75 equiv) Fe (1.2 equiv) Oct
2
THF, 25 C, 3 h
F F F
/
186 (10 mol-%) .
57 185a 171b: 88%
25C, 8h °
CO,Et CO,Et CO,Et CN o
N IR OMe AR . /
TTC0,Et . en PR
EtO
F Cl OMe CN
OMe F
187d: 80% 187k: 69% 1870: 75% 187t: 72%

Scheme 76 Products obtained directed metalations using FéFR2MgC}-4LICl (181). [a]
LiCl and MgCL have been omitted for the sake of clarity.

12.7 Outlook

Although various new amide bases have been pexteatfew more metals for the
preparation of such reagents are conceivable. iglyethe low-toxic, cheap and high Lewis-
acidic metals Zr and Ti can lead to an unique re#gtdue to the high positive charge and
oxophily of the metal centers. Since the reactiatythe developed amide bases has been
compared for the transformation of aromatics antérbaromatics into the corresponding
organometallics, these methodologies could be miapted to the deprotonation of benzylic,
allylic and vinylic systems. Furthermore, the stglec formation of enolates and the
subsequent reaction with aldehydes could be imyesstl in detail to give highly

diastereoselective aldol products.
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13 Experimental Part

13.1 General Considerations

All reactions were carried out with magnetic stigiand, if air or moisture sensitive, in flame
dried glassware under argon. Syringes were uségrsfer solvents and reagents, and were

purged with argon prior to use.
Solvents

Solvents were dried according to standard methgdfdillation over drying agents as stated
below and were stored under argon.

Dichloromethanewas predried over Cakand distilled from Cakd

Diethyl ether was predried over calcium hydride and dried whie solvent purification
system by INNOVATIVE TECHNOLOGIES INC (SPS-400-2;1,8; 1-3 mm, ICN,
Eschwege, Germany).

DMF was heated to reflux for 14 h over Gaahd distilled from Cak

Methanol was treated with magnesium turnings (10 g/L), éedd reflux and distilled.

THF was continuously refluxed and freshly distilledrr sodium benzophenone ketyl under
nitrogen.

Triethylamine was dried over KOH and distilled.
Chromatography

Thin layer chromatography (TLC) was performed usahgminium plates coated with SiO
(Merck 60, F-254). The spots were visualized by liglit or by staining of the TLC plate
with the solution below followed by heating if nesary:

- Phosphomolybdic acid (5.0 g), Ce(§£X2.0 g) and conc. $$0, (12.0 mL) in

water (230 mL)

- lodine absorbed on silica gel

- KMnOQy4 (0.3 g), KCOs (20 g) and KOH (0.3 g), in water (300 mL).
Flash column chromatography was performed using 6830.04-0.063 mm, 230-400 mesh)

from Merck.
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Analytical data

NMR spectra were recorded oBruker ARX 200, AC 300 WH 400 or AMX 600 instruments.
Chemical shifts are reported as/alues in ppm relative to the solvent peak. NMRca
were recorded on solutions in CRGtesidual chloroformd 7.25 ppm for'H NMR and$
77.0 ppm for*C NMR), dg-DMSO (residual DMSO8 2.49 ppm for'H NMR and$ 39.5
ppm for'*C NMR), c-THF (residual THF5 1.73, 3.58 forH NMR and$ 25.3 and 67.4 ppm
for *C NMR) or dg-benzene (residual benzede?.27 ppm forH NMR and$ 128.0 ppm for
13C NMR).

For the characterization of the observed signaliplidities the following abbreviations were
used: s (singlet), d (doublet), t (triplet), dd (@tet of doublet), ddd (doublet of doublet of
doublet), dt (doublet of triplet), q (quartet), @uintet), m (multiplet), as well as br (broad).

Melting points are uncorrected and were measured Biichi B.540 apparatus.

Infrared spectra were recorded from 4000-400 ¢non a Perkin 281 IR spectrometer.
Samples were measured neat (ATR, Smiths Detectisa$ampl IR Il Diamond ATR). The

absorption bands were reported in wave numberg)cm

Gas chromatographywas performed with machines of typlewlett-Packards890 or 5890
series Il, using a column of type HP Befvlett-Packard 5% phenylmethylpolysiloxane;
length: 15 m, diameter: 0.25 mm; film thickness502n). The detection was accomplished
by using a flame ionization detector. The carries gvas air; alkanes like decane or

tetradecane were used as internal standards.
Mass Spectrawere recorded on Finnigan MAT 95Q or Finnigan MATU instrument for

electron impact ionization (EIl). High resolution ssaspectra (HRMS) were recorded on the

same instrument.

13.2 Reagents

As not otherwise stated, all reagents were obtafrmd commercial sources. Reagents of

>97% purity were used without purification, excepthnical grade tosyl cyanide (purity
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95%). Liquid acid chlorides and aldehydes wereillidt prior to use. TMPH was distilled

from CaH and stored under argon.

The following substances were prepared according tderature procedures:

2-Phenyl-1,3,4-oxadiazolé™® 2-(4-chloro-phenyl)-1,3,4-oxadiazo® 1-tosyl-1H-1,2,4-tri-
azole!'? 1-tosyl-1H-4-nitro-imidazolet™® 2,4-dibromo-thiazolé?® 2-nitrobenzofurart?* 3,6-
dibromo-2,1,3-benzothiadiazoté? 3,6-dimethoxy-pyridaziné? tert-butyl benzoaté?* tert-
butyl 2-chlorobenzoat&* of tert-butyl 4-methoxybenzoaté? tert-butyl 1-naphthanoat&? 2-
trimethylsilanylbenzofurar?® 3-fluoro-phenylN,N,N’,N-tetramethyl-diamidophosphat® 3-
dimethylsulfamoyloxybenzoic acid ethyl estér, cyclohexenyl bromide,'* 2-
bromomethylacrylic acid ethyl ester,(4-iodophenoxy)-triisopropylsilan¥ 4-iodobutyric
acid ethyl ester,’®® 6-iodohex-1-ené?® 6-iodo-2,2-di-methyl-hexanenitrifé®  4-

iodobutyronitrile'®

Preparation of tert-butyl-isobutylidene-amine (109):

A 500 mL round-bottom flask was charged with isgbaidehyde (500 mmol, 36 glert-
butylamine (750 mmol, 55 g), MgQ@0 g) and CHKCI, (250 mL). The mixture was refluxed
for 2 h, the MgS®@was filtered off and the solvent was then remowedacuo.Distillation
under ambient pressure affordemt-butylisobutylidene-amine as a colourless liquid ¢
74%).

iPrMgCI-LiCl in THF (approx. 1.81) was purchased from Chemetall.
nBuLi in hexane (approx. 2/) was purchased from Chemetall.
tBuLi in pentane (approx. 18) was purchased from Chemetall.
LaCls-2LiCl in THF (approx. 0..) was purchased from Chemetall.

18 . Ainsworth,J. Am. Chem. Sot955 77, 1148.

194, Law, I. Baussanne, J. M. Garcia Fernandéz, Jdbefse Carbohydr. Res2003 451.

120p Reynaud, M. Robba, R. C. More8ujl. Chim. Fr.1962, 1735.

2L A Tromelin, P. Demerseman, R. Roy8ynthesid985 11, 1074.

12F 5. Mancilha, B. A. Da Silveira Neto, A. S. Lep®. F. Moreira, F. H. Quina, R. S. Goncalveupont,
Eur.J. Org. Chem2006 4924.

1233 Druey, Kd. Meier, Kd.; K. Eichenbergéfelv. Chim. Actdl954 37, 121.

124 C. Taylor, P. S. Ray, Org. Chem1988 53, 35.

125D, Crich, D. Daniel)). Org. Chem1005 70, 2384.

1265 Fuchs, V. Berl, Valerie; J.-P. Lepoittevityr. J. Org. Chem2007, 1145.
127p. J. Aitken, S. Faure, S. Rochgstrahedron Lett2003 44, 8827.
128C_ M. Thompson, J. A. Frick, Org. Chem1989 54, 890.
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The metal chlorides for the preparation of the egponding amide bases were purchased as

follows:

ZnCl, (>99% purity): Merck
AICI 3 (>99% purity): Merck
MnCl ; (>99% purity): Acros

FeCl, (98% purity and 99.998% purity):  Aldrich

ZnCl, (1.0M in THF):
This solution was prepared by drying Za@@8.2 g, 500 mmol) under high vacuum (1 mbar)
for 6 h at 150 °C. After cooling to 25 °C, dry THB00 mL) was added and stirring was

continued until the salt was completely dissolved.

AlICI 3 (0.33M in THF):

In a dry and argon-flushed 100 mL Schlenk-flask FT(@0 mL) was cooled to -78 °C and dry
AICI3 (20 mmol, 2.67 g) was added in small portions aveeriod of 20 min. The resulting
mixture was stirred at -78 °C for 1 h and then $jomarmed to 0 °C within 4 h.

CuCN-2LiCl (1.0M in THF):

A dry and argon-flushed 250 mL Schlenk-tube, egeibpith a magnetic stirring bar and a
glass stopper, was charged with L{€I8 g, 160 mmol) and heated up to 150 °C undén hig
vacuum for 3 h. After cooling to room temperatureler argon, CuCN (7.2 g, 80 mmol, 99%
pure) was added and the Schlenk-flask was furtieatelal to 130 °C for 3 h under high

vacuum, cooled to room temperature, charged wshiy distilled THF (80 mL) under argon

with vigorous stirring. The mixture was stirred fat least 24 h at 25 °C. The reagent

CuCN-2LIiCl (1.0m in THF) appears as a pale yellow solution.

MnClI ,-2LiCl (1.0 M in THF):

A dry and argon-flushed 250 mL Schlenk-tube, egeibpith a magnetic stirring bar and a
glass stopper, was charged with L{€I8 g, 160 mmol) and heated up to 150 °C unden hig
vacuum for 3 h. After cooling to room temperatureler argon, MnGl (10.1 g, 80 mmol,
99% pure) was added under inert atmosphere insiglowe-box. The Schlenk-flask was
further heated to 130 °C for 3 h under high vacuoogled to room temperature, charged

with freshly distilled THF (80 mL) under argon withgorous stirring. The mixture was
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stirred for at least 24 h at 25 °C. The reagent Mi2CiCl (1.0m in THF) appears as a yellow

solution.

FeCl,-2LiCl (1.0 ™ in THF):

A dry and argon-flushed 250 mL Schlenk-tube, egeibpith a magnetic stirring bar and a
glass stopper, was charged with LiCl (4.7 g, 110athrand heated up to 150 °C under high
vacuum for 3 h. After cooling to room temperatuneler argon, FeG6.34 g, 50 mmol, 98%
pure) was added under inert atmosphere inside \&e-gjox. The Schlenk-flask was further
heated to 130 °C for 5 h under high vacuum, codtedoom temperature, charged with
freshly distilled THF (50 mL) under argon and wragpn an aluminium foil to protect it
from light. The mixture was vigorously stirred drdll solid goes in solution (ca. 6 h). The
reagent FeGI2LiCl (1.0m in THF) appears as a brown solution.

Preparation of TMPMgCI-LiCl (40):

A dried and argon-flushed 2 L Schlenk-flask, eqeighpwith a magnetic stirring bar and
rubber septum, was charged witbrMgCI-LiCl (1.31m in THF, 850 mL, 1.11 mol). Then,
2,2,6,6-tetramethylpiperidine (161 g, 194 mL, 1rtdl, 1.02 equiv) was added at once and
the mixture was stirred until gas evolution cegg@sh). Titration with benzoic acid using 4-

(phenylazo)diphenylamine as indicator prior to sisewed a concentration of about 1M.5

Preparation of TMP,Zn-2MgCl,-2LiClI (60):
A flame-dried and nitrogen-flushed 500 mL Schlelaskk, equipped with a magnetic stirring

bar and rubber septum, was charged with a solofi@dMPMgCI-LiCl (1; 348 mL, 400 mmol)
and cooled to 0 °C. Then, ZnQl1.0M in THF, 200 mL, 200 mmol, 0.5 equiv) was added
over a period of 15 min. After stirring this mixeurfor 2 h at 0°C, the solution of
TMP,Zn-2MgCb-2LICI (60) was concentrateish vacuo Titration with benzoic acid using 4-

(phenylazo)diphenylamine as indicator prior to sisewed a concentration of 0.40-0180

Preparation of [(tBu)N(iPr)],Zn-2MgCl,-2LiCl (87):

A dried, argon flushed 250 mL Schlenk-flask equigppeth magnetic stirring bar and rubber
septum was charged with ZnQ®.09 g, 30 mmol). The flask was heated to 150uP@er
high vacuum for at least 6 h under vigorous styrifter cooling to 25 °C, dry THF (10 mL)
was added and the resulting slurry was cooled tdCO with an ice bath. Then
(tBu)(iPr)NMgCI-LiCl 86; 41.4 mL, 1.45 M in THF, 60 mmol) was added viairsye. The
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mixture was stirred for 12 h until complete dissian of the salts. Precipitates of the bade
can easily be redissolved by adding a few mL of digF. The freshly prepared
[(tBu)(iPr)N]»Zn-2MgC}-2LiCl solution was titrated prior to use at 0 °@habenzoic acid
using 4-(phenylazo)diphenylamine as indicator. Aaamtration of 0.50v in THF was

obtained.

Preparation of [(tBu)N(iPr)]sAl-3LiCl (107):

In an argon flushed Schlenk-flaskiB()N(iPr)] (85; 6.9 g, 60.0 mmol) was dissolved in THF
(60 mL). This solution was cooled to —40 °C anBlLi (2.40M in hexane, 25 mL, 60.0 mmol)
was added dropwise. After the addition was complite reaction mixture was warmed to
0 °C and stirred at this temperature for 30 mine;ithe solution was cooled to —78 °C and
the freshly prepared solution of AKJ20 mmol, 2.67 g) in THF was added. The mixture wa
stirred at —60 °C for 15 h. The solvents were themovedin vacuo without heating,
affording a yellowish solid. Freshly distilled THkas then slowly added under vigorous
stirring, untii a complete dissolution of the saltwas observed. The fresh
[(tBu)N(iPr)]sAl-3LIiCl (107) solution was titrated prior to use at 0 °C with tieh or 2-
propanol using 4-(phenylazo)diphenylamine as irtdicaA concentration of 0.2@ in THF

was obtained.

Preparation of the Reagent TMRAI-3LiCl (108):

In an argon flushed Schlenk-flask, 2,2,6,6-tetrdaylpiperidine (8.5 g, 60.0 mmol) was
dissolved in THF (60 mL). This solution was cooted-40 °C andBuLi (2.40M in hexane,
25 mL, 60.0 mmol) was added dropwise. After theitamld was complete, the reaction
mixture was warmed to 0 °C and stirred at this terafure for 30 min. Then, the solution was
cooled to —78 °C and the freshly prepared solutibAICI; (20 mmol, 2.67 g) in THF was
added. The mixture was stirred at —60 °C for 1%He solvents were then remowvedvacuo
without heating, affording a yellowish solid. Frisldistilled THF was then slowly added
under vigorous stirring, until a complete dissalatiof the salts was observed. The fresh
TMP3AI-3LICI (108) solution was titrated prior to use at 0 °C with e or 2-propanol
using 4-(phenylazo)diphenylamine as indicator. Aaamtration of 0.3 in THF was

obtained.
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Preparation of the reagent tris-ert-butyl-(1-isopropyl-2,2-dimethyl-propyl)-
amide)aluminume-tris(lithium chloride) ((C 1,H26N)3AI-3LICI; 111):

In a dry and argon flushed Schlenk-flagkrt-butyl-isobutylidene-amine 109 7.63 g,
60.0 mmol) was dissolved in THF (60 mL). This smatwas cooled to —78 °C arBuLli
(2.50M in pentane, 40 mL, 60.0 mmol) was added dropwiskséirred at this temperature for
4 h. Then, a freshly prepared solution of AIQ20 mmol, 2.67 g) in THF was added. The
mixture was stirred at —60 °C for 15 h. The solsemére then reduced vacuo The freshly
prepared tris-(tert-butyl-(1-isopropyl-2,2-dimethyl-propyl)-amide)alumum-tris(lithium
chloride) ((G2H26N)3AI-3LICI; 111) solution was titrated prior to use at 0 °C witknthol or
2-propanol using 4-(phenylazo)diphenylamine ascaidir. A concentration of 0.3@ in THF

was obtained.

Preparation of the reagent TMP;La-3MgCl,-5LiCl (143).

In a dry and argon-flushed 250 mL Schlenk-flasleslily titrated TMPMQgCI-LICl Z;
100 mmol, 1.184, 85 mL) was purged and cooled to 0 °C. Then, fyestiated LaC}-2LiCl
(0.50™m in THF, 66 mL, 33 mmol) was added over 5 min. Tésulting mixture was stirred
for 30 min at 0 °C, warmed to 25 °C and stirred daother 12 h. The resulting solution of
TMPsLa-3MgC)-5LICl (143 was concentratedh vacuoand was titrated prior to use at 0 °C
with benzoic acid using 4-(phenylazo)diphenylamaseindicator. A concentration of 0.38

in THF was obtained.

Preparation of the reagent TMP.Mn-2MgCl,-4LiCl (165):
In a dry and argon-flushed 250 mL Schlenk-flaskeslily titrated TMPMgCI-LiCl 40;

200 mmol, 1.184, 170 mL) was purged and cooled to 0 °C. Then, M2CICI (1.0M™ in
THF, 100 ml, 100 mmol) was added over a period ofis. The resulting mixture was stirred
for 30 min at 0 °C, warmed to 25 °C and stirred &oother 3 h. The resulting solution of
TMP,Mn-2MgCb-4LiCl (165 was concentrateith vacuoand was titrated prior to use at 0 °C
with benzoic acid using 4-(phenylazo)diphenylamaseindicator. A concentration of 0.50

in THF was obtained.

Preparation of the reagent TMPR.Fe-2MgCb-4LiCl (181).

In a dry and argon-flushed 250 mL Schlenk-flaslesifly titrated TMPMQgCI-LiCl 40;
100 mmol, 1.181, 85 mL) was purged and cooled to 0 °C. Then, F2CICI (1.0Mm in THF,
50 ml, 50 mmol) was added over 5 min. The resulbtmxgture was stirred for 30 min at 0 °C,

131



Experimental Part: General Considerations

warmed to 25 °C and stirred for another 3 h. Tiseltang solution of TMBFe-2MgC}-4LiCl
(181) was concentrateith vacuoand was titrated prior to use at 0 °C with benzaicl (0.2v
in THF) using 4-(phenylazo)diphenylamine as indicalA concentration of 0.5 in THF

was obtained.

Preparation of the reagent {TMP,Fe} (190)
In a dry and argon-flushed 250 mL Schlenk-flaskslfly titrated TMPMgCI-LiCl (30 mmaol,

1.18m, 25 mL) and THF (50 mL) was purged and cooled 50°€. Then, FeGI(1.63 g,
10 mmol) was added in small portions. The resultmgture was stirred for 30 min at -5 °C,
slowly warmed to 25 °C and stirred for another Fle resulting solution of {TM#Fe} (190
was concentrateth vacuoand was titrated prior to use at 0 °C with benzai (0.2m in
THF) using 4-(phenylazo)diphenylamine as indicaforoncentration of 0.5 in THF was
obtained (yield: 70%).

Mossbauer spectroscopy was recorded at 90 K with ¥ 5.99294 mm/s using a
conventional Moéssbauer spectrometer operating e dbnstant acceleration mode. The
sample was placed in an Oxford bath cryostat.

90 K, Stefan Wunderlich, LMU, vmax = 5.99294 mm/s
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Figure 5. Mdssbauer-spectrum of {TMPe} (190).
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13.3 Typical Procedures

Typical procedure for the zincation of polyfunctioralized aromatics and
heterocycles using TMBZn-2MgCl,-2LiClI (60) or [(tBu)N(iPr)] ,Zn-2MgCl,-2LiCl
(87) (TP 1)

A dry and argon flushed 25 mL Schlenk-flask, eqaegbpvith a magnetic stirring bar and a
septum was charged with a solution of the corregpgnarene (2.0 mmol) in dry THF (2 mL).
After setting the desired temperature, the indotada-base TMEZn-2MgCb-2LiCl (60) or
[(tBUu)N(iPr)].Zn-2MgC}-2LiCl (87) was added dropwise and stirred at the same tetyper
The completion of the metalation was checked byaa@lysis of reaction aliquots quenched
with a solution of4 in dry THF.

Typical procedure for the preparation of the zincaed 3,6-dichloropyridazine (72)
using TMP,Zn-2MgCl,-2LiCl (60) (TP 2}

A dry and argon flushed 25-mL Schlenk-tube, equibpéth a magnetic stirring bar was
charged with a solution of 3,6-dichloropyridazid, (298 mg, 2.0 mmol) in dry THF (5 mL).
The solution was cooled to =78 °C and TMR®-2MgCb-2LiCl (60; 0.40m in THF, 3.0 mL,
1.2 mmol) was added dropwise. The resulting mixtwes stirred for 2 h at =78 °C. The
completion of the metalation was checked by GCyaislof reaction aliquots quenched with
an b solution in dry THF. Compound@2 was obtained in >90% yield as determined by

titration with b.

Typical procedure for the zincation of polyfunctiomalized aromatics and
heterocycles with TMR.Zn-2MgCl,-2LiCl (60) using microwave irradiation (TP 3}

A dry and argon flushed 10-mL pressurized vial,ipped with a magnetic stirring bar was
charged with a solution of the corresponding ar¢p® mmol) in dry THF (1 mL).
TMP,Zn-2MgCh-2LICI (60; 1.2 mmol) was added and the reaction mixture esged in a
10-mL pressurized vial, by using a Discover BenctéVlaVlicrowave system under the
indicated conditions (maximum magnetron power outi20 W). The completion of the
metalation was checked by GC-analysis of reactiguets quenched with a solution ofih
dry THF. After complete metalation und cooling tmm temperature, the resulting reaction

mixture was put into a dry and argon flushed 25 $c¢hlenk-flask, equipped with a magnetic
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stirring bar and a septum. The subsequent reactitthselectrophiles were carried out with

the indicated conditions.

Typical procedure for the zincation of polyfunctiomalized aromatics and
heterocycles with TMPMQgCI-LiCl (40) using ZnCL, (TP 4).

In a dry and argon-flushed 25 mL Schlenk-flask,ipped with a magnetic stirring bar and a
septum the given starting material (2.0 mmol) wasalved in THF (1 mL), ZnGI(1.0m
solution in THF, 1.0 mL, 1.0 mmol) was added und thixture was stirred for 10 min.
TMPMgCI-LICl (40; 1.2m in THF, 1.85 mL, 2.2 mmol) was added dropwisemat@ and the
reaction mixture was stirred at 25 °C for the iadikdl time. Complete metalation was
detected by GC-analysis of reaction aliquots quedachith b in dry THF using tetradecane

as internal standard.

Typical procedure for the zincation of polyfunctioralized aromatics with
TMPMQCI-LiCl (40) using Et:Al (TP 5):

In a dry and argon-flushed 25 mL Schlenk-flask,ipped with a magnetic stirring bar and a
septum the given starting material (2.0 mmol) wasalved in THF (2 mL) and cooled to
0 °C. EsAl (300 mg, 2.6 mmol, 1.3 equiv) was added at QU@ the mixture was stirred for
10 min. TMPMgCI-LiCl 40; 1.2m in THF, 1.85 mL, 2.2 mmol) was added dropwise &C0
and the reaction mixture was stirred at the giengderature for the indicated time. Complete
metalation was detected by GC-analysis of readiauots quenched with allyl bromide in

the presence of CUCN-2LiCl in dry THF using tetades as internal standard.

Typical procedure for the alumination of functionalized aromatics and

heteroaromatics using aluminum bases (TP 6)

A dry and argon flushed 50-mL Schlenk-Tube, equibp&h a magnetic stirring bar was
charged with a solution of the corresponding ar@x@ mmol) in dry THF (2 mL) and then
brought to the indicated temperature. The corredimgnaluminum-bas&07, 108 or 111 was
added dropwise and the mixture was stirred atntieated temperature. Complete metalation
was detected by GC-analysis of reaction aliquoenghed with allyl bromide in the presence
of CUCN-2LICl using tetradecane as internal stashdar
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Typical procedure for the lanthanation of functiondized aromatics and
heteroaromatics using TMRBLa-3MgCl,-5LiCI (143) (TP 7)

In a dry and argon-flushed 25 mL Schlenk-flask,ipped with a magnetic stirring bar and a
septum the given starting material (2.0 mmol) wasaved in THF (2 mL). This solution
was brought to the given temperature, then TMNARBMgCL-5LICI (143 0.33 ™ in THF,
2.2 mL, 0.72 mmol) was added dropwise and stirtetia temperature for the indicated time.
The metalation progress was monitored by GC-arglgkireaction aliquots quenched with
allyl bromide in the presence of CuCN-2LIiCl in diHF using tetradecane as internal

standard.

Typical procedure for the manganation of functionaized aromatics and
heteroaromatics using TMBMn-2MgCl,-4LiCl (165) (TP 8)

In a dry and argon-flushed 25 mL Schlenk-flask,ipped with a magnetic stirring bar and a
septum the given starting material (2.0 mmol) wasalved in THF (2 mL). This solution
was brought to the given temperature, then TMR2MgChb-4LiCl (165 0.50M in THF,
2.4 mL, 2.4 mmol) was added dropwise and stirretthiattemperature for the indicated time.
Complete metalation was monitored by GC-analysiseattion aliquots quenched with allyl

bromide in the presence of CUCN-2LiCl in dry THihggetradecane as internal standard.

Typical procedure for the ferration of functionalized aromatics using
TMP ,Fe-2MgCh-4LiCl (181) or {TMP,Fe} (190) (TP 9)

In a dry and argon-flushed 25 mL Schlenk-flask,ipped with a magnetic stirring bar and a
septum the given starting material (2.0 mmol) wassalved in THF (1 mL). Then
TMP;Fe-2MgC}-4LiCl (181 0.50m in THF, 3.0 mL, 3.0 mmol) or {TM§Fe} (190 was
added dropwise at 25 °C and stirred at this tentypexdor the indicated time. The metalation
progress was monitored by GC-analysis of reactlmuets quenched with allyl bromide in
the presence of CuUCN-2LIiCl in dry THF using tetades as internal standard.
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13.4 Zincation of Arenes and Heteroarenes using TRbZn-2MgCl,-2LiCl
(60)

Synthesis of 5-iodo-2-phenyl-1,3,4-oxadiazole (63a)

N ras

N-N

Accordingto TP 1, the metalation of 2-phenyl-1,3,4-oxadiazd@ég 292 mg, 2.0 mmol) was
finished within 20 min at 25 °C using a solution T#1P,Zn-2MgC}-2LiCl (60; 0.40M in
THF, 2.8 mL, 1.1 mmol).,I(762 mg, 3.0 mmol) dissolved in dry THF (4 mL) vihen added
dropwise at 0 °C, the resulting mixture was warne®5 °C and stirred for 0.5 h. The
reaction mixture was quenched with sat. a3 solution (30 mL), extracted with diethyl
ether (3 x 50 mL) and dried over anhydrous MgS@fter filtration, the solvent was
evaporatedin vacuo The crude product was purified by column chrorgeaphy
(pentane/ChLCl, = 1:1) to give63a (440 mg, 80%) as a colourless solid.
m.p.: 166.4-167.9 °C.
'H-NMR (CDCl 3, 400 MHz)5: 8.01-8.05 (m, 2 H), 7.50-7.60 (m, 3 H).
13C-NMR (CDCl3, 100 MHz)$: 169.63, 132.55, 129.39, 127.16, 123.09, 107.16.
MS (El, 70 eV)m/z(%): 272 (48) [M], 146 (18), 145 (100), 105 (22), 103 (26), 89 (1)
(73).
IR (ATR) U (cm?): 1604, 1552, 1446, 1139, 1065, 1028, 979, 958, 703.
HRMS (EI) for CgHsN,OI (271.9447): 271.9459.

Synthesis of 2-phenyl-5-phenylsulfanyl-1,3,4-oxadiale (63b):

P~ 5P

N—N

Accordingto TP 1, the metalation of 2-phenyl-1,3,4-oxadiazd@ég 292 mg, 2.0 mmol) was
finished within 20 min at 25 °C using a solution T¥1P,Zn-2MgC}-2LiCl (60; 0.40M in
THF, 2.8 mL, 1.1 mmol). PhSSPh (300 mg, 2.4 mmol) dissolved in dry THF (4 mLasv
then added dropwise at 25 °C, the resulting mixtwas stirred for 9 h. The reaction mixture
was quenched with sat. ag. MH solution (30 mL), extracted with diethyl eth& x 50 mL)
and dried over anhydrous MgaQAfter filtration, the solvent was evaporatiedvacuo The
crude product was purified by column chromatogra(®h,Cl,) to give63b (382 mg, 75%)

as a colourless solid.
m.p.: 62.4-63.1°C.
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'H-NMR (600 MHz, CDCls) §: 7.96 (d,J=7.5 Hz, 2 H), 7.65-7.71 (m, 2 H), 7.51J%7.3 Hz,

1 H), 7.41-7.51 (m, 5 H).

3C-NMR (150 MHz, CDCls) ¢: 166.60, 163.13, 133.85, 132.07, 130.05, 129.99,21,
127.36, 127.01, 123.77.

MS (70 eV, El)m/z(%): 255 (7), 254 (68) [M, 198 (8), 145 (100), 121 (17), 109 (21), 105
(21), 103 (22), 77 (81), 65 (12).

IR (ATR) v (cm?): 1465, 1439, 1171, 1062, 1000, 770, 745, 703, 682

HRMS (El) for C14H10N,0S (254.0514): 254.0493.

Synthesis of 3-iodocoumarin (13c):
!

LK,
Accordingto TP 1, the metalation of coumarifb5; 292 mg, 2.0 mmol) was finished within
4h at 25 °C using a solution of ThEh-2MgCb-2LICI (60; 0.40m in THF, 2.8 mL,
1.1 mmol). } (762 mg, 3.0 mmol) dissolved in dry THF (4 mL) wasen added dropwise at
0 °C, the resulting mixture was warmed to%€5and stirred for 0.5 h. The reaction mixture
was quenched with sat. ag. 48803 solution (30 mL), extracted with diethyl ether{%0 mL)
and dried over anhydrous Mg&QAfter filtration, the solvent was evaporatéd vacuo
Purification by column chromatography (pentane/Chl= 1:1) furnishedb3c (473 mg, 87%)
as a colourless solid.
m.p.: 89.3-90.7 °C.
'H-NMR (400 MHz, CDCls) 6: 8.37 (s, 1 H), 7.55-7.59 (m, 1 H), 7.42—7.45 (nH), 7.27-
7.35 (m, 2 H).
13C-NMR (100 MHz, CDClg) o: 157.76, 154.21, 152.41, 132.55, 127.04, 125.20.4D,
117.11, 86.52.
MS (70 eV, El)m/z(%): 272 (36) [M], 145 (20), 89 (100), 63 (41), 62 (22).
IR (ATR) v (cm?): 1718, 1706, 1688, 1670, 1602, 1554, 1508, 14860, 1440, 1350,
1330, 1274, 1246, 1214, 1158, 1132, 1120, 11046,10216, 948, 934, 914, 860, 802, 762,
750, 724, 616.
HRMS (EI) for CgHslO, (271.9334): 271.9356.
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Synthesis of 4-(2-oxo-&-chromen-3-yl)-benzoic acid ethyl ester (63d):

_~_CO,Et
T
LG
Accordingto TP 1, the metalation of coumarifb5; 292 mg, 2.0 mmol) was finished within
4h at 25 °C using a solution of ThEh-2MgCb-2LICI (60; 0.40m in THF, 2.8 mL,
1.1 mmol). Pd(dba)(56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%) dissolved in THF
(3 mL) were then transferrada cannula to the reaction mixture, followed by tlagliion of
ethyl 4-iodobenzoate (607 mg, 2.4 mmol) dissolvedHF (1 mL). The reaction mixture was
stirred at 25 °C for 3 h. The reaction mixture vgaenched with a sat. ag. WEl solution
(30 mL), extracted with diethyl ether (3 x 30 mljdadried over anhydrous MgSQQAfter
filtration, the solvent was evaporated vacuo Purification by column chromatography
(pentane/diethyl ether = 3:1) furnished the compice8d (488 mg, 83%) as a colorless solid.
m.p.: 193.3-194.4 °C.
'H-NMR (400 MHz, CDCls) §: 8.12 (d,J=8.5 Hz, 2 H), 7.89 (s, 1 H), 7.79 (#8.7 Hz,
2 H), 7.54-7.58 (m, 2 H), 7.30-7.40 (m, 2 H), 4(d0J=7.2 Hz, 2 H), 1.41 (}=7.0 Hz, 3 H).
3C-NMR (100 MHz, CDCls) §: 166.42, 160.41, 153.93, 141.00, 139.23, 132.88.85,
129.89, 128.72, 128.37, 127.61, 124.91, 119.65.81161.37, 14.57.
MS (70 eV, El)m/z (%): 295 (17), 294 (81) [N, 266 (23), 250 (22), 249 (100), 238 (16),
222 (11), 221 (39), 165 (45), 163 (10), 44 (26).
IR (ATR) U (cm'): 1710, 1606, 1560, 1478, 1366, 1292, 1272, 12384, 954, 864, 856,
784, 766, 752, 738, 730, 698, 640, 622.
HRMS (EI) for C1gH1404 (294.0892): 294.0915.

Synthesis of 5-allyl-1-tosyl H-1,2,4-triazole (63e):
Ts
\/\/N\
Il N
N—7/
Accordingto TP 1, the metalation of 1-tosylH-1,2,4-triazole(61b; 446 mg, 2.0 mmol) was
finished within 40 min at —25 °C using a solutiohTivP,Zn-2MgCb-2LiCl (60; 0.40M in
THF, 2.8 mL, 1.1 mmol). Allyl bromide (290 mg, 2@mol) and CuCN-2LiCI (1. solution
in THF, 0.1 mL, 0.1 mmol) was added at —25 °C dmal ieaction mixture was stirred for
30 min. The reaction mixture was quenched withtaagp NHCI solution (30 mL), extracted

with diethyl ether (3 x 30 mL) and dried over antougs MgSQ. After filtration, the solvent
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was evaporateth vacuo Purification by column chromatography (&) furnished63e
(448 mg, 85%) as a colourless solid.

m.p.: 54.0-54.7 °C.

'H-NMR (CDCl3, 400 MHz) &: 7.93 (dd,J=8.0, 0.7 Hz, 2 H), 7.83 (s, 1 H), 7.35 (dd,
J=8.0,=0.7 Hz, 2 H), 5.98-6.06 (m, 1 H), 5.18-5.23 (mHR 3.93 (dt,J=6.5, 1.5 Hz, 2 H),
2.44 (s, 3 H).

13C-NMR (CDCl3, 100 MHz) o: 157.64, 152.12, 147.12, 133.84, 131.48, 130.64,4830
128.96, 128.84, 119.06, 32.29, 22.08.

MS (El, 70 eV) m/z(%): 264 (15), 263 (54) [N, 262 (24), 108 (67), 92 (13), 91 (100), 65
(23), 53 (11).

IR (ATR) 7 (cm™): 1718, 1706, 1601, 1350, 1274, 1119, 947, 913, 782, 615.

HRMS (EI) for C1oH13N30,S (263.0728): 263.0741.

Synthesis of 1-benzyl-2-iodoH-imidazole (63f):

Ph
:

[~
Accordingto TP 1, the metalation of 1-benzyHtimidazole 61¢ 316 mg, 2.0 mmol) was
finished within 30 min at 25 °C using a solution T¥1P,Zn-2MgC}-2LiCl (60; 0.40M in
THF, 2.8 mL, 1.1 mmol). ).21(762 mg, 3.0 mmol) dissolved in dry THF (4 mL) wgn
added dropwise at 0 °C, the resulting mixture wasmwed to 25 °C and stirred for 0.5 h. The
reaction mixture was quenched with sat. aca3Nas solution (30 mL), extracted with diethyl
ether (5 x 50 mL) and dried over anhydrous MgS@fter filtration, the solvent was
evaporatedn vacuo The crude product was purified by column chrorgeaphy (CHCI,) to
give 63f (460 mg, 81%) as a colourless solid.
m.p.: 110.6-111.3 °C.
'H-NMR (CDCl 3, 400 MHz) §: 7.33-7.41 (m, 3 H), 7.13-7.17 (m, 2 H), 7.12 §d1.5 Hz,
1 H), 7.02 (dJ=1.5 Hz, 1 H), 5.11 (s, 2 H).
3C-NMR (CDCl3, 100 MHz) &: 135.86, 133.21, 129.22, 128.51, 127.50, 123.58920.
53.33.
MS (El, 70 eV)m/z(%): 284 (100) [M], 158 (9), 157 (97), 92 (19), 91 (36), 65 (26).
IR (ATR) 7 (cm'): 3108, 3028, 1695, 1596, 1495, 1146, 1420, 1326811196, 1127,
1095, 1056, 1028, 915, 747, 725, 693, 664, 632.
HRMS (EI) for C1oHoIN, (283.9810): 283.9797.
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Synthesis of 2,4-dibromo-5-deuterothiazole (61d):
D

_S
J\ />fBr
N
According to TP 1, the metalation of 2,4-dibromothiazol63¢ 486 mg, 2.0 mmol) was
finished within 15 min at 25 °C using a solution T¥1P,Zn-2MgC}-2LiCl (60; 0.40M in
THF, 2.8 mL, 1.1 mmol). BD (0.2 mL, 10 mmol) was added dropwise at 5 °C #red

resulting mixture was warmed to 25 °C and stirred 20 min. The reaction mixture was
guenched with a sat. ag. NEl solution (30 mL), extracted with diethyl eth& x 30 mL)

Br

and dried over anhydrous Mg&QAfter filtration, the solvent was evaporatéd vacuo
Purification by column chromatography (pentaneChi= 5:1) furnished1d (446 mg, 91%)
as a colourless solid.

m.p.: 81.8-82.8 °C.

3C-NMR (100 MHz, CDCls) §: 136.56, 124.42, 120.99.

MS (70 eV, El)m/z 246 (52), 245 (28), 244 (100), 243 (49), 242 (B8)], 241 (27), 139
(33), 138 (17), 137 (28), 136 (14), 125 (13), 123)( 84 (10), 58 (25), 57 (11).

IR (ATR) 7 (cm'): 1726, 1528, 1434, 1352, 1336, 1276, 1236, 11968, 1142, 1120,
1028, 978, 968, 956, 924, 888, 826, 812, 800, 746, 692.

HRMS (EI) for C3Br,DNS (241.8259): 241.8262.

Synthesis of 2,4-dibromo-5-iodothiazole (63h):

s

)\\N/%Br

Accordingto TP 1, the metalation of 2,4-dibromothiazolél¢; 486 mg, 2.0 mmol) was
finished within 15 min at 25 °C using a solution T¥1P,Zn-2MgC}-2LiCl (60; 0.40M in
THF, 2.8 mL, 1.1 mmol).,l(762 mg, 3.0 mmol) dissolved in dry THF (4 mL) vihen added

dropwise at 0 °C, the resulting mixture was warned®5 °C and stirred for 0.5 h. The

Br

reaction mixture was quenched with sat. aca3¥as solution (30 mL), extracted with diethyl
ether (3 x 50 mL) and dried over anhydrous MgS@fter filtration, the solvent was
evaporatedin vacuo Purification by column chromatography (pentane/Clhl = 4:1)
furnished63h (650 mg, 88%) as a colourless solid.

m.p.: 100.0-101.2 °C.

13C-NMR (100 MHz, CDCls) d: 140.39, 134.15, 74.80.
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MS (70 eV, El)miz 371 (44), 369 (85), 367 (41) [} 293 (14), 281 (12), 244 (41), 242 (78),
240 (39), 231 (17), 219 (14), 181 (31), 169(24)7 130), 135 (31), 131 (44), 127 (22), 119
(35), 82 (20), 69 (100).

IR (ATR) 7 (cmi%): 1442, 1390, 1382, 1234, 1184, 1128, 1020, 106@, 898, 816, 740,
724, 680, 666, 634, 616.

HRMS (EI) for CsBr,INS (366.7163): 366.7158.

Synthesis of 5-benzoyl-2,4-dibromothiazole (63i):
0

Ph/‘é[S}Br

Br N
Accordingto TP 1, the metalation of 2,4-dibromothiazolél¢; 486 mg, 2.0 mmol) was
finished within 15 min at 25 °C using a solution T¥1P,Zn-2MgC}-2LiCl (60; 0.40M in
THF, 2.8 mL, 1.1 mmol). The reaction mixture wa®led to —20 °C, CuCN-2LiCl (1.0
solution in THF, 2.2 mL, 2.2 mmol) was added and tkaction mixture was stirred for
15 min. Then, benzoyl chloride (353 mg, 2.5 mmoBswadded at —20 °C. The reaction
mixture was slowly warmed to 25 °C and stirredhas temperature for 8 h. Then the reaction
mixture was quenched with a sat. aqg. #/8Hsolution (30 mL), extracted with diethyl ether
(3 x 30 mL) and dried over anhydrous MgS@fter filtration, the solvent was evaporated
vacua Purification by column chromatography (&) furnished63i (578 mg, 84%) as a
colourless oil.
'H-NMR (600 MHz, CDCl3) d: 7.82 (d,J=8.2 Hz, 2 H), 7.65 (t)=7.4 Hz, 1 H), 7.51 (t,
J=7.5 Hz, 2 H).
3C-NMR (150 MHz, CDCls) ¢: 185.99, 141.11, 136.88, 135.72, 134.15, 129.28,90,
128.09.
MS (70 eV, El)m/z (%): 349 (20), 347 (38), 345 (18) [W 270 (7), 251 (19), 106 (7), 105
(100), 77 (35), 51 (12).
IR (ATR) U (cm™): 1654, 1594, 1460, 1375, 1279, 1248, 1207, 1926, 874, 851, 827,
716, 696.
HRMS (El) for C1gHsBr,NOS (344.8459): 344.8444.

Synthesis of 2-bromo-5-iodo-thiazole (63))
s

T e
N
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Accordingto TP 1, the metalation of 2-bromothiazoléle 326 mg, 2.0 mmol) was finished
within 20 min at 25 °C using a solution of Ti&Eh-2MgCh-2LICl (60; 0.40M in THF,
2.8 mL, 1.1 mmol). d (762 mg, 3.0 mmol) dissolved in dry THF (4 mL) wéhen added
dropwise at 0 °C, the resulting mixture was warned5 °C and stirred for 0.5 h. The
reaction mixture was quenched with sat. acs3a@s solution (30 mL), extracted with diethyl
ether (3 x 50 mL) and dried over anhydrous MgS@fter filtration, the solvent was
evaporatedin vacuo Purification by column chromatography (pentane/Clhl = 1:1)
furnished63j (490 mg, 84%) as a colourless solid.

m.p.: 112.5-113.8 °C.

'H-NMR (400 MHz, CDCls) 6: 7.65 (s, 1 H).

13C-NMR (100 MHz, CDCls) 6: 150.78, 139.65, 72.56.

MS (70 eV, El)m/z(%): 291 (96), 289 [V (100), 164 (91), 162 (99), 127 (21), 83 (38), 57
(76).

IR (ATR) U (cm'): 1692, 1478, 1378, 1250, 1136, 1004, 978, 958, 834, 698, 676, 666.
HRMS (EI) for C;HBrINS (288.8058): 288.8044.

Synthesis of 2,2'-dibromo-5,5'-bithiazolyl (63k):

Br S S Br

o<
Accordingto TP 1, the metalation of 2-bromothiazoléle 326 mg, 2.0 mmol) was finished
within 20 min at 25 °C using a solution of Ti&Eh-2MgCh-2LICl (60; 0.40M in THF,
2.8 mL, 1.1 mmol). Chloranil (292 mg, 1.2 mmol) sbtved in dry THF (7 mL) was then
added dropwise at —40 °C, the resulting mixture slasly warmed to 0 °C and stirred for
5h. Then the reaction mixture was quenched witkah aqg. NHCI solution (30 mL),
extracted with diethyl ether (3 x 30 mL) and drimeer anhydrous MgS After filtration,
the solvent was evaporated vacuo Purification by column chromatography (&)
furnished63k (285 mg, 91%) as a yellow solid.
m.p.: 122.2-124.7 °C.
'H-NMR (300 MHz, CDCls) 6: 7.63 (s, 2 H).
13C-NMR (75 MHz, CDCls) §: 140.80, 136.49, 130.98.
MS (70 eV, El)m/z(%): 328 (53), 327 (7), 326 (100), 324 (47)'[M47 (17), 245 (15), 221
(11), 219 (8), 166 (8), 140 (24), 96 (12), 69 (9).
IR (ATR) v (cm?): 1682, 1477, 1375, 1153, 1000, 893, 850, 829, 735
HRMS (EI) for CsH2Br,N,S, (323.8026): 323.8023.
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Synthesis of 2-allylbenzothiazole (63I):

Svel

N

Accordingto TP 1, the metalation of benzothiazol&lf; 270 mg, 2.0 mmol) was finished
within 20 min at 25 °C using a solution of Ti&Eh-2MgCh-2LICl (60; 0.40M in THF,
2.8 mL, 1.1 mmol). The mixture was then cooled ttC0 allyl bromide (290 mg, 2.4 mmol)
and CuCN 2LiCl (1.0v solution in THF, 0.1 mL, 0.1 mmol) were added dhd reaction
mixture was stirred for 30 min. The reaction migtwas quenched with a sat. aq. /OH
solution (30 mL), extracted with diethyl ether (38 mL) and dried over anhydrous Mg&sO
After filtration, the solvent was evaporatedvacuo Purification by column chromatography
(pentane/diethyl ether = 9:1) furnish@8l (270 mg, 77%) as a pale yellow liquid.

'H-NMR (400 MHz, CDCls) d: 7.83-8.02 (m, 2 H), 7.29-7.49 (m, 2 H), 6.05-6(§ 1 H),
5.28-5.34 (m, 2 H), 3.89 (di=6.8, 1.4 Hz, 2 H).

3C-NMR (100 MHz, CDCls) 6: 167.53, 153.84, 137.11, 134.28, 126.26, 125.28.02,
121.73, 121.61, 38.81.

MS (70 eV, El)m/z(%): 176 (25), 175 (100) [K, 174 (63), 173 (11), 149 (47), 75 (10) 44
(20).

IR (ATR) v (cm™): 1490, 1456, 1434, 1314, 1284, 1218, 1202, 1988, 938, 926, 756,
726, 708, 696, 650, 610.

HRMS (EI) for C;0HoNS (175.0456): 175.0471.

Synthesis of 2-diphenylphosphanylbenzothiazol®3m):

S
C[ )—PPh,
N

Accordingto TP 1, the metalation of benzothiazolélf; 270 mg, 2.0 mmol) was finished
within 20 min at 25 °C using a solution of Ti#Eh-2MgCh-2LICl (60; 0.40M in THF,
2.8 mL, 1.1 mmol). The mixture was then cooled t&€0and PP$Cl (530 mg, 2.4 mmol) was
then added dropwise at 0 °C. The resulting mixtuas warmed to 28C and stirred for 5 h.
The reaction mixture was quenched with a sat. ddyQ\ solution (30 mL), extracted with
diethyl ether (3 x 30 mL) and dried over anhydrdgSO,. After filtration, the solvent was
evaporatedn vacuo Purification by column chromatography (pentarettuyl ether = 4:1)
furnished63m (504 mg, 79%) as a pale yellow solid.

m.p.: 79.9-80.8 °C.
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'H-NMR (300 MHz, CDCls) 6: 8.25 (d,J=7.9 Hz, 1 H), 7.84 (d}=7.9 Hz, 1 H), 7.51-7.63
(m, 5 H), 7.38-7.47 (m, 7 H).

13C-NMR (75 MHz, CDCl3) 6: 174.33 (d,"Jcp=22 Hz), 156.05 (dXJcp=12 Hz), 137.30,
135.69 (d,'Jcp=10 Hz), 134.40, 134.13, 132.60, 132.16, 130.1®.14& 128.85, 126.47,
125.51, 125.05, 123.71, 121.65.

MS (70 eV, El)m/z(%): 320 (25), 319 (100) [}, 318 (63), 242 (15), 241 (13), 183 (45),
152 (6), 107 (9).

IR (ATR) U (cm?): 1452, 1435, 1414, 1312, 1236, 1089, 1000, 988, 742, 734, 690.
HRMS (EI) for C1gH1,NPS (319.0585): 319.0569.

Synthesis of 2-(2-methylallyl)benzoxazole (63n):
Me

o>_):
L
Accordingto TP 1, the metalation of benzoxazolél 238 mg, 2.0 mmol) was finished
within 1 h at O °C using a solution of TiENh-2MgCb-2LiCI (60; 0.40M in THF, 2.8 mL,
1.1 mmol). The mixture was then cooled to 0 °C 2ndethyl allyl bromide (325 g, 2.4 mmol)
and CuCN 2LiCl (1.0v solution in THF, 0.1 mL, 0.1 mmol) were added dhd reaction
mixture was stirred for 30 min at 0 °C. The reattmixture was quenched with a sat. ag.
NH4CI solution (30 mL), extracted with diethyl eth& ¥ 30 mL) and dried over anhydrous
MgSQ.. After filtration, the solvent was evaporatéd vacuo Purification by column
chromatography (pentane/diethyl ether = 15:1) &hed63n (270 mg, 77%) as a pale yellow
liquid.

'H-NMR (300 MHz, CDCl3) d: 7.66-7.69 (m, 1 H), 7.46-7.51 (m, 2 H), 7.27-7(88 2 H),
4.97 (d,J=11.2 Hz, 1 H), 3.65 (s, 2 H), 1.84 (s, 3 H).

3C-NMR (75 MHz, CDCl3) 6: 164.81, 150.96, 141.36, 139.22, 124.66, 124.18.71,
114.76, 110.42, 37.49, 22.27.

MS (70 eV, El)m/z(%): 174 (10), 173 (80) [N, 172 (47), 158 (48), 133 (100), 63 (10).

IR (ATR) U (cm?): 3080, 2976, 2916, 1724, 1678, 1656, 1614, 13680, 1518, 1506,
1474, 1454, 1428, 1378, 1348, 1272, 1240, 11928,11742, 1104, 1066, 1024, 1002, 974,
948, 930, 898, 876, 862, 844, 824, 798, 764, 7@8, 6868, 656, 634, 624, 606, 588, 572.
HRMS (El) for C11H1;NO (173.0841): 173.0841.
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Synthesis of 4-quinoxalin-2-ylbenzoic acid ethyl &= (630):

/‘ CO,Et
N NN
[I AN
-
N

Accordingto TP 1, the metalation of quinoxalin@1lh, 230 mg, 2.0 mmol) was completed
within 5 h at 25 °C using a solution of Th#Eh-2MgCh-2LICI (60; 0.40m in THF, 2.8 mL,
1.1 mmol). A solution of Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%) in
THF (2 mL) was added, followed by ethyl 4-iodobesizo(615 mg, 2.2 mmol). The reaction
mixture was stirred at 25 °C for 3 h. The reactwiture was quenched with sat. aq. )OH
solution (20 mL), extracted with diethyl ether (38 mL) and dried over anhydrous Mg&SO
After filtration, the solvent was evaporatedvacuo Purification by column chromatography
(pentane/diethyl ether = 3:1) furnish@8o (455 mg, 82%ps a colourless solid.

m.p.: 88.8-90.9 °C.

'H-NMR (300 MHz, CDCls) §: 9.39 (s, 1 H), 8.16-8.33 (m, 6 H), 7.80-7.85 fhH), 4.46 (q,
J=7.2 Hz, 2 H), 1.47 ()=7.2 Hz, 3 H).

3C-NMR (75 MHz, CDCls) 6: 166.14, 150.69, 143.11, 142.29, 141.80, 140.64.8B,
130.55, 130.29, 130.10, 129.76, 129.15, 127.42661.4.34.

MS (70 eV, El)m/z(%): 279 (15), 278 (74) [N, 250 (32), 233 (100), 206 (12), 205 (32),
102 (12), 76 (14).

IR (ATR) 7 (cm): 2923, 1713, 1607, 1363, 1271, 1183, 1126, 10088, 1017, 958, 861,
772,758, 752, 698, 668, 615.

HRMS (EI) for C;7H140,N, (278.1055): 278.1030.

Synthesis of 2-(3-trifluoromethylphenyl)quinoxaline(63p):

N
~ CF3
~

N

Accordingto TP 1, the metalation of quinoxalin@1lh, 230 mg, 2.0 mmol) was completed
within 5 h at 25 °C using a solution of Th#Eh-2MgCb-2LICI (60; 0.40m in THF, 2.8 mL,

1.1 mmol). A solution of Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%) in
THF (2 mL) was added, followed by 1-iodo-3-trifleonethylbenzene (598 mg, 2.2 mmol).
The reaction mixture was stirred at 25 °C for Jhe reaction mixture was quenched with sat.
ag. NHCI solution (20 mL), extracted with diethyl ethe8 &« 30 mL) and dried over

anhydrous MgSQ After filtration, the solvent was evaporatéd vacuo Purification by
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column chromatography (pentane/diethyl ether = 3uthished63p (482 mg, 88%)as a
colourless solid.

m.p.: 119.0-121.8 °C.

'H-NMR (600 MHz, CDCls) §: 9.33 (s, 1 H), 8.50 (s, 1 H) 8.36 (&7.9 Hz, 1 H), 8.13-8.18
(m, 2 H), 7.75-7.82 (m, 3 H), 7.68 7.7 Hz, 1 H).

13C-NMR (150 MHz, CDCl3) ¢: 150.13, 142.70, 142.18, 141.81, 137.51, 131.69 (g
2Jc=32 Hz), 130.61, 130.53 (dJc=1 Hz), 130.11, 129.68, 129.61, 129.15, 126.68 (q,
%Jce=3.7 Hz), 124.85 (qlJc=272 Hz), 124.42 (q)c=4.0 Hz).

MS (70 eV, El)m/z(%): 275 (14), 278 (100) [, 247 (30), 178 (5), 76 (19).

IR (ATR) v (cm'): 1546, 1487, 1366, 1338, 1327, 1309, 1279, 12831, 1223, 1209,
1187, 1179, 1160, 1140, 1130, 1110, 1096, 10768,10413, 973, 961, 952, 937, 919, 889,
885, 877, 838, 809, 795, 763, 706, 690, 651, 632, 624, 615, 591, 561.

HRMS (EI) for CysHoF3N, (274.0718): 274.0703.

Synthesis of 4-(5-bromopyrimidin-4-yl-benzonitrile(63q):

C‘ZN

Br ‘ \/)N
According to TP 1, the metalation of 5-bromopyrimidine6li; 318 mg, 2.0 mmol)was
completed within 5 h at 25 °C using a solution MHAzZn-2MgCb-2LIiCI (60; 0.40M in THF,

2.8 mL, 1.1 mmol). A solution of Pd(dbaj56 mg, 5 mol-%) and Bffuryl); (46 mg,

10 mol-%) in THF (2 mL) was added, followed by 4takenzonitrile (504 mg, 2.2 mmol).
The reaction mixture was stirred at 25 °C for 2'he reaction mixture was quenched with sat.

ag. NH,CI solution (20 mL), extracted with diethyl ethes & 30 mL) and dried over

N

anhydrous MgSQ After filtration, the solvent was evaporatéd vacuo Purification by
column chromatography (pentane/diethyl ether = 4uthished63q (390 mg, 75%) as a
colourless solid.

m.p.: 158.9-160.9 °C.

'H-NMR (600 MHz, CDCl3) §: 9.19 (s, 1 H), 8.97 (s, 1 H), 7.93 (&8.8 Hz, 2 H), 7.80 (d,
J=8.6 Hz, 2 H).

¥C-NMR (150 MHz, CDCls) ¢: 162.34, 160.55, 157.05, 140.82, 132.06, 130.03,05,

118.15, 114.02.
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MS (70 eV, El)m/z(%): 261 (30), 259 (30) [V, 181 (14), 180 (100), 153 (25), 126 (10), 74
(11), 59 (15).

IR (ATR) 7 (cm): 2231, 1558, 1498, 1438, 1405, 1392, 1283, 14492, 1152, 1058,
1025, 1017, 926, 842, 815, 774, 746, 724, 668, 668, 579, 572, 568, 559.

HRMS (EI) for C11H¢BIN 3 (258.9745): 258.9735.

Synthesis of 4-(3-bromo-quinolin-2-yl)benzoic aciéthyl ester (63r):

O
e
N ‘ N

> CO,Et

According to TP 1, the metalation of 3-bromoquinoline6qj; 416 mg, 2.0 mmol) was
completed within 2.5 h at 25 °C using a solutionTéiP,Zn-2MgC}-2LiCl (60; 0.40M in
THF, 2.8 mL, 1.1 mmol). A solution of Pd(dbdb6 mg, 5 mol-%) and B{furyl); (46 mg,
10 mol-%) in THF (2 mL) was added, followed by dthyiodobenzoate (615 mg, 2.2 mmol).
The reaction mixture was stirred at 25 °C for 4 he reaction mixture was quenched with sat.
ag. NH,Cl solution (20 mL), extracted with diethyl ethes & 30 mL) and dried over
anhydrous MgSQ After filtration, the solvent was evaporatéd vacuo Purification by
column chromatography (pentane/diethyl ether = Suthished63r (662 mg,93%) as a
colourless solid.

m.p.: 130.4-132.0 °C.

'H-NMR (600 MHz, CDCl3) §: 8.51 (s, 1 H), 8.16-8.19 (m, 2 H), 8.14 {¢8.3 Hz, 1 H),
7.74-7.82 (m, 4 H), 7.60 (td=7.5, 1.2 Hz, 1 H), 4.42 (§=7.2 Hz, 2 H), 1.42 (t)=7.2 Hz,

3 H).

3C-.NMR (150 MHz, CDCls) 6: 166.28, 157.13, 146.42, 143.88, 140.20, 130.B3D,34,
129.54, 129.48, 129.27, 128.37, 127.83, 126.51.4P161.11, 14.33.

MS (70 eV, El)m/z(%): 357 (38), 356 (12) 355 (40) [} 312 (38), 310 (34), 281 (21), 277
(20), 276 (100) 248 (32), 203 (35), 101 (10).

IR (ATR) U (cm'): 3064, 2988, 2973, 1712, 1673, 1651, 1612, 13861, 1546, 1484,
1475, 1457, 1411, 1397, 1387, 1365, 1309, 1289419762, 1242, 1201, 1180, 1153, 1145,
1121, 1106, 1098, 1072, 1023, 971, 954, 913, 888, 857, 850, 824, 791, 780, 767, 748,
714, 697, 636, 630, 622, 613, 606, 597, 581, 576, 565, 560, 552.

HRMS (EI) for C1g8H14BrNO; (355.0208): 355.0194.
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Synthesis of 2-(3-nitrophenyl)benzothiophene (63s)

NO,
S —

7\ /
Accordingto TP 1, the metalation of benzothiophe(&lk; 268 mg, 2.0 mmol) was finished
within 144 h at 25 °C using a solution of Th-2MgCb-2LiCl (60; 0.40m in THF, 2.8 mL,
1.1 mmol). Pd(dba)(56 mg, 5 mol-%) and B{furyl)s (46 mg, 10 mol-%) dissolved in THF
(3 mL) were then transferrada cannula to the reaction mixture, followed by tlgglition of
3-iodonitrobenzene (548 mg, 2.2 mmol). The reactioxture was stirred at 25 °C for 12 h.
The reaction mixture was quenched with a sat. ddyQ\ solution (30 mL), extracted with
diethyl ether (3 x 30 mL) and dried over anhydrdgSO,. After filtration, the solvent was
evaporatedn vacuo Purification by column chromatography (pentaretfuyl ether = 30:1)
furnished the compoun@Bs (417 mg, 82%) as a yellowish solid.
m.p.: 155.3 °C.
'H-NMR (400 MHz, CDCl3) d: 8.53 (t,J=1.9 Hz, 1 H), 8.15 (dddl=8.3, 2.2, 1.0 Hz, 1 H),
7.96-8.02 (m, 1 H), 7.81-7.88 (m, 2 H), 7.65 (3$4)1 7.57 (t,J=8.0 Hz, 1 H), 7.37-7.45 (m,
2 H).
3C-NMR (100 MHz, CDCls) ¢: 148.70, 141.08, 140.26, 139.69, 136.00, 131.99,88,
125.20, 124.92, 124.05, 122.56, 122.35, 121.36,9520
MS (70 eV, El)m/z(%): 256 (14), 255 (100) [, 209 (25), 208 (36), 164 (29), 104 (14).
IR (ATR) U (cm™): 3080, 3060, 2822, 2856, 1574, 1528, 1512, 1480, 1456, 1434, 1346,
1316, 1292, 1278, 1250, 1232, 1192, 1168, 1156),11(394, 1072, 1014, 996, 988, 978, 944,
920, 890, 878, 862, 832, 804, 748, 734, 724, 788, 668, 648, 622, 606, 586, 562.
HRMS (EI) for C14HgNO,S (255.0354): 255.0344.

Synthesis of 4-benzofuran-2-ylbenzoic acid ethyl &5 (63t)

(@) —

)\ /) COqEt
Accordingto TP 1, the metalation of benzofura@l(; 236 mg, 2.0 mmol) was finished within
168 h at 25 °C using a solution of Th#A-2MgCb-2LiCl (60; 0.40m in THF, 2.8 mL, 1.1
mmol). Pd(dbg) (56 mg, 5 mol-%) and Bffuryl)s (46 mg, 10 mol-%) dissolved in THF
(3 mL) were then transferrada cannula to the reaction mixture, followed by tlggliion of
ethyl 4-iodobenzoate (607 g, 2.4 mmol). The reactioxture was stirred at 25 °C for 12 h.
The reaction mixture was quenched with a sat. ddyQ\ solution (30 mL), extracted with
diethyl ether (3 x 30 mL) and dried over anhydrdgSQO,. After filtration, the solvent was
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evaporatedn vacuo Purification by column chromatography (pentaretfuyl ether = 30:1)
furnished the compoun@Bt (330 mg, 65%) as a colorless solid.

m.p.: 115.3 °C.

'H-NMR (300 MHz, CDCls) 6: 8.11 (dt,J=8.6, 1.9 Hz, 2 H), 7.93 (dfi=8.6, 1.9 Hz, 2 H),
7.62-7.65 (m, 1 H), 7.53-7.58 (m, 1 H), 7.24-7.8Y, 2 H), 7.14 (dJ=0.97 Hz, 1 H), 4.40 (q,
J=7.1Hz, 2 H), 1.41 (1)=7.2 Hz, 3 H).

3C-NMR (75 MHz, CDCls) 6: 166.19, 155.17, 154.71, 134.39, 130.08, 130.@B.9,
125.03, 124.58, 123.20, 121.27, 111.34, 103.38%1.4.36.

MS (70 eV, El)m/z(%): 267 (14), 266 (100) [, 238 (36), 221 (52), 165 (20).

IR (ATR) v (cmi?): 3058, 2980, 2934, 2904, 2874, 1704, 1668, 16826, 1610, 1562,
1504, 1466, 1450, 1410, 1392, 1366, 1352, 13108,1P808, 1178, 1168, 1148, 1128, 1096,
1032, 1014, 938, 920, 884, 864, 854, 804, 780, 768, 694, 668, 654, 632, 612, 596, 578,
570, 556.

HRMS (EI) for C17/H1403 (266.0943): 266.0945.

Synthesis of 2-(6-nitrobenzothiazol-2-ylmethyl)acrlyc acid ethyl ester (66a):

L,
N

Accordingto TP 1, the metalation of 6-nitrobenzothiazol@4g 512 mg, 2.0 mmol) was
finished within 30 min at —50 °C using a solutiohTivMP,Zn-2MgCb-2LiCl (60; 0.40M in
THF, 2.8 mL, 1.1 mmol). Ethyl 2-(bromomethyl)actga (460 mg, 2.4 mmol) and
CuCN-2LIiCl (1.0m solution in THF, 0.1 mL, 0.1 mmol) were added & —-C and the
reaction mixture was stirred for 30 min. The reactmixture was quenched with a sat. aq.
NH,4CI solution (30 mL), extracted with diethyl eth& ¥ 30 mL) and dried over anhydrous
MgSQ,. After filtration, the solvent was evaporatéd vacuo Purification by column
chromatography (pentane/@El, = 2:1) furnished6a (442 mg, 76%) as a pale yellow solid.
m.p.: 74.7-75.3 °C.

'H-NMR (300 MHz, CDCl3) d: 8.79 (d,J=2.2 Hz, 1 H), 8.34 (dd]=8.9, 2.3 Hz, 1 H), 8.08
(d, J=9.0 Hz, 1 H), 6.49 (s, 1 H), 5.93 (s, 1 H), 4.25X7.2 Hz, 2 H), 4.20 (dJ=0.9 Hz,

2 H), 1.29 (tJ=7.2 Hz, 3 H).

13C-NMR (75 MHz, CDCIl3) ¢: 175.48, 166.01, 159.64, 157.19, 145.14, 136.2B.40,
124.35, 121.88, 118.35, 61.62, 37.62, 14.37.

MS (70 eV, EI)m/z(%): 293 (14), 292 (91) [N, 263 (22), 247 (28), 246 (61), 220 (28), 219
(49), 218 (100), 201 (12), 174 (12), 173 (48), 139), 63 (22).
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IR (ATR) UV (Cm'l): 3111, 1698, 1269, 1601, 1570, 1517, 1478, 14325, 1409, 1371,
1321, 1298, 1273, 1219, 1173, 1123, 1092, 10421929, 902, 830, 754, 721.
HRMS (E|) for C13H12N204S (2920518) 292.0511.

Synthesis of 2,2-dimethyl-1-(6-nitrobenzothiazol-34)propan-1-one (66b):
OzNC[S 0

/

i
Accordingto TP 1, the metalation of 6-nitrobenzothiazo4ély 512 mg, 2.0 mmol) was
finished within 30 min at —50 °C using a solutiohTdMP,Zn-2MgCb-2LiCl (60; 0.40M in
THF, 2.8 mL, 1.1 mmol). CuCN-2LIiCI (18 solution in THF, 2.2 mL, 2.2 mmol) was added
at -50 °C and the resulting mixture was stirred 28 min. Pivaloyl chloride (305 mg,
2.5 mmol) was added and the reaction mixture wawlglwarmed to 0 °C within 3 h. The
reaction mixture was quenched with a sat. agsQHdolution (30 mL), extracted with diethyl
ether (3 x 30 mL) and dried over anhydrous MgS#@fter filtration, the solvent was
evaporatedin vacuo Purification by column chromatography (pentane/Clhl = 2:1)
furnished66b (274 mg, 56%) as a pale yellow solid.
m.p.: 84.9-86.3 °C.
'H-NMR (300 MHz, CDCls) d: 8.89 (d,J=1.8 Hz, 1 H), 8.39 (dd]=9.3, 2.2 Hz, 1 H), 8.27
(d,J=9.7 Hz, 1 H), 1.53 (s, 9 H).
¥C-NMR (75 MHz, CDCls) §: 199.21, 171.18, 157.17, 146.42, 136.76, 125.94,.75,
118.71, 44.38, 26.84.
MS (70 eV, El)m/z(%): 264 (23) [M], 236 (13), 221 (12), 207 (15), 180 (64), 57 (160)
(27).
IR (ATR) U (cm?): 3092, 3067, 2968, 2955, 2927, 2870, 1760, 18584, 1515, 1481,
1461, 1435, 1394, 1345, 1332, 1305, 1282, 12229,111722, 1103, 1043, 970, 944, 914, 885,

874, 836, 812, 795, 756, 749, 721, 660.
HRMS (E|) for ClelzNzogs (2640569) 264.0570.

Synthesis of 3-deutero-2-nitrobenzofuran (66c):
0
(L
\
D

According to TP 1, the metalation of 2-nitrobenzofurgé4b; 326 mg, 2.0 mmol) was
finished within 1.5 h at —25 °C using a solutionTdéiP,Zn-2MgCb-2LiCl (60; 0.40M in THF,

150



Experimental Part: Directed Zincations Using TMR-2MgCb-2LiCl

2.8 mL, 1.1 mmol). BO (0.2 mL, 10 mmol) was added dropwise at —25 €, resulting
mixture was warmed to —10 °C and stirred for 20.nTihe reaction mixture was quenched
with a sat. ag. NECI solution (30 mL), extracted with diethyl ethé ¥ 30 mL) and dried
over anhydrous MgSQAfter filtration, the solvent was evaporatedvacuo Purification by
column chromatography (pentane/{tHp = 3:1) furnished66c (268 mg, 82%) as a pale
yellow solid.

m.p.: 134.8-135.7 °C.

'H-NMR (300 MHz, CDCls) 6: 7.89 (d,J=7.9 Hz, 1 H), 7.59-7.67 (m, 2 H), 7.4-7.49 (m,
1 H).

3C-NMR (75 MHz, CDCl3) ¢: 153.62, 130.25, 126.02, 125.59, 124.26, 124.28.97,
107.47.

MS (70 eV, El)m/z(%): 165 (10), 164 (100) [0, 163 (39), 134 (56), 133 (23), 106 (24),
105 (11), 90 (48), 78 (22), 77 (9), 64 (22), 63)(B2 (11).

IR (ATR) V (Cm'l): 1611, 1559, 1544, 1508, 1476, 1441, 1366, 13@31, 1177, 1111,
1091, 1007, 920, 885, 866, 790, 765, 753, 661.

HRMS (ESI) for CsH4DNO3 (164.0331): 164.0345.

Synthesis of 3-cyclohex-2-enyl-2-nitrobenzofuran @l):

(@)

According to TP 1, the metalation of 2-nitrobenzofurgé4b; 326 mg, 2.0 mmol) was
finished within 1.5 h at —25 °C using a solutionT®iP,Zn-2MgC}-2LiCl (60; 0.40M in THF,
2.8 mL, 1.1 mmol). 3-Bromo-cyclohexene (400 mg, 2anol) and CuCN-2LIiCl (1.0
solution in THF, 0.1 mL, 0.1 mmol) were added ab—=Z and the reaction mixture was
stirred for 30 min. The reaction mixture was quetthvith a sat. aq. NA&I solution (30 mL),
extracted with diethyl ether (3 x 30 mL) and drimeer anhydrous MgS After filtration,
the solvent was evaporatedn vacuo Purification by column chromatography
(pentane/ChHLCI, = 2:1) furnished6d (390 mg, 80%) as a pale yellow solid.

m.p.: 104.4-107.6 °C.

'H-NMR (600 MHz, CDCls) J: 7.96 (d,J=8.2 Hz, 1 H), 7.52-7.59 (m, 2 H), 7.31-7.38 (m,
1 H), 6.00-6.07 (m, 1 H), 5.77 (&:10.1 Hz, 1 H), 4.60 (dl=2.2 Hz, 1 H), 2.23 (d]=1.8 Hz,

2 H), 2.08-2.26 (m, 1 H), 1.93 (s, 1 H), 1.8Q0&8.0 Hz, 2 H).
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13C-NMR (150 MHz, CDCls) 6: 152.07, 149.30, 130.08, 129.72, 127.80, 127.25,95,
124.82, 124.47, 112.78, 33.74, 29.43, 25.04, 22.24.

MS (70 eV, El)m/z (%): 243 (13) [M], 227 (17), 226 (100), 225 (42), 209 (37), 208)(32
196 (22), 183 (13), 182 (16), 181 (17), 170 (499 123), 165 (22), 156 (14), 153 (16), 152
(18), 141 (13), 139 (14), 133 (24), 128 (15), 182)( 120 (29), 115 (25), 105 (14), 101 (22),
92 (19), 89 (23), 81 (17), 77 (22), 76 (13), 65)(BB (26), 59 (36), 58 (23), 51 (13), 43 (94),
41 (20).

IR (ATR) 7 (cmi%): 1564, 1507, 1478, 1444, 1366, 1322, 1280, 12487, 978, 921, 874,
860, 832, 779, 766, 754, 744, 728, 644.

HRMS (EI) for C14H13NO; (243.0895): 243.0890.

Synthesis of 2-allyl-1-tosyl-4-nitro-H-imidazole (66e):

/Ts
N —
L~
o,N~ N

Accordingto TP 1, the metalation of 1-tosyl-4-nitroHtimidazole(64¢ 535 mg, 2.0 mmol)
was finished within 45 min at —40 °C using a santof TMPR.Zn-2MgC}-2LiCl (60; 0.40Mm

in THF, 2.8 mL, 1.1 mmol). Allyl bromide (290 mg,42mmol) and CuCN-2LiCI (1.Q
solution in THF, 0.1 mL, 0.1 mmol) were added ab =€ and the resulting reaction mixture
was stirred for 30 min at —40 °C. The reaction mm&twas quenched with a sat. aq./SH
solution (30 mL), extracted with diethyl ether (38 mL) and dried over anhydrous Mg&SO
After filtration, the solvent was evaporatedvacuo Purification by column chromatography
(pentane/ChKHLCI, = 1:1) furnished®6e (356 mg, 58%) as a pale yellow solid.

m.p.: 118.2-119.0 °C.

'H-NMR (300 MHz, CDCl3) 6: 8.21 (s, 1 H), 7.88 (d]=9.0 Hz, 2 H), 7.46 (dJ=9.0 Hz,

2 H), 5.92-5.98 (m, 1 H), 5.10-5.18 (m, 2 H), 3(@4, J=6.5, 1.5 Hz, 2 H), 2.50 (s, 3 H).
¥C-NMR (75 MHz, CDCls) §: 148.15, 147.24, 133.45, 131.13, 130.94, 128.38.27,
119.02, 32.80, 22.11.

MS (70 eV, El) m/z (%): 307 (100) [M], 306 (20), 156 (23), 155 (61), 152 (94), 92 (46),
91 (39), 65 (55), 41 (19).

IR (ATR) U (cm®): 3146, 2922, 1644, 1595, 1552, 1512, 1372, 12402, 1171, 1055, 988,
918, 832, 818, 794, 700, 673, 569.

HRMS (EI) for C13H13N304S (307.0627): 307.0623.
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Synthesis of 2-chloro-4-cyclohex-2-enyl-3-nitropydine (66f):

“NO,

=

N~ ~Cl
Accordingto TP 1, the metalation of 2-chloro-3-nitropyridir{é4d; 320 mg, 2.0 mmol) was
finished within 1.5 h at —40 °C using a solutionTdiP,Zn-2MgCb-2LiCl (60; 0.40M in THF,
2.8 mL, 1.1 mmol). 3-Bromocyclohexene (400 mg, #Bol) and CuCN-2LICl (1.®
solution in THF, 0.1 mL, 0.1 mmol) were added ab—=€ and the reaction mixture was
stirred for 30 min. The reaction mixture was questtivith a sat. aq. N/&I solution (30 mL),
extracted with diethyl ether (4 x 30 mL) and drimeer anhydrous MgSQ After filtration,
the solvent was evaporatedn vacuo Purification by column chromatography
(pentane/CHLCI; = 1:1) furnished6f (392 mg, 82%) as a yellow solid.
m.p.: 54.5-55.4°C.
'H-NMR (300 MHz, CDCls) 6: 8.44 (d,J=5.1 Hz, 1 H), 7.32 (dJ=5.1 Hz, 1 H), 6.07 (ddd,
J=10.0, 6.1, 3.7 Hz, 1 H), 5.54 (dd:10.0, 1.9 Hz, 1 H), 3.41-3.49 (m, 1 H), 2.02-2(@,
3 H), 1.47-1.76 (m, 3 H).
¥C-.NMR (75 MHz, CDCls) §: 150.21, 150.09, 146.51, 141.84, 131.88, 125.24.31,
37.41, 31.25, 24.70, 20.85.
MS (70 eV, El)m/z(%): 237 (3) [M-H], 223 (31), 221 (100), 105 (19), 204 (14), 2@8)(
195 (18), 193 (48), 191 (14), 185 (20), 184 (1483 118), 182 (15), 181 (45), 167 (32), 165
(31), 157 (21), 155 (18), 154 (14), 142 (15), 128)( 130 (17), 129 (29), 128 (31), 127 (19),
117 (15), 116 (17), 115 (21), 102 (17), 89 (14)(35), 63 (16), 51 (22), 41 (34).
IR (ATR) v (cm?): 2939, 1589, 1539, 1446, 1361, 1347, 1231, 11841, 973, 918, 890,
855, 845, 757, 723, 691, 616.
HRMS (EI) for C11H11CIN,O, (237.0431 [M-H]): 237.0424 [M-H].

Synthesis of 2-iodo-benzothiophene-3-carbaldehydéqg):
S
Cro-
CHO
Accordingto TP 1, the metalation of benzothiophene-3-carbaldehgde 324 mg, 2.0 mmol)

was finished within 15 min at 25 °C using a solatad TMP,Zn-2MgCb-2LiClI (60; 0.40M in
THF, 2.8 mL, 1.1 mmol),I(762 mg, 3.0 mmol) dissolved in dry THF (4 mL) vihen added
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dropwise at 0 °C, the resulting mixture was warned®5 °C and stirred for 0.5 h. The
reaction mixture was quenched with sat. aga3Nas solution (30 mL), extracted with diethyl
ether (3 x 50 mL) and dried over anhydrous MgS@fter filtration, the solvent was
evaporatedin vacuo Purification by column chromatography (pentane/Clhl = 2:1)
furnished16b (472 mg, 82%) as a yellow solid.

m.p.: 97.6-99.3 °C.

'H-NMR (300 MHz, CDCl3) d: 10.02 (s, 1 H), 8.73-8.77 (m, 1 H), 7.74-7.78 {nH), 7.39-
7.49 (m, 2 H).

3C-.NMR (75 MHz, CDCls) J: 188.92, 143.33, 135.84, 134.37, 126.38, 126.23.3D,
121.31, 99.99.

MS (70 eV, El)m/z(%): 289, (12), 288 (100) [M, 287 (55), 259 (9), 160 (14), 132 (24), 89
(16).

IR (ATR) U (cm'): 1655, 1482, 1455, 1416, 1374, 1342, 1256, 11028, 929, 745, 727,
694.

HRMS (EI) for CoHsIOS (287.9106): 287.9108.

Synthesis of 4-(3-formylbenzothiophen-2-yl)benzoiacid ethyl ester (66h):

S

Y

CHO
Accordingto TP 1, the metalation of benzothiophene-3-carbaldehgde 324 mg, 2.0 mmol)
was finished within 15 min at 25 °C using a solatad TMP,Zn-2MgCb-2LiCl (60; 0.40M in
THF, 2.8 mL, 1.1 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%)
dissolved in THF (2 mL) were then transferngd cannula to the reaction mixture, followed
by the addition of ethyl 4-iodobenzoate (607 g, &ithol) dissolved in THF (1 mL). The
reaction mixture was stirred at 25 °C for 6 h. Taaction mixture was quenched with a sat.
ag. NHCI solution (30 mL), extracted with diethyl ethe3 & 30 mL) and dried over
anhydrous MgSQ After filtration, the solvent was evaporatéd vacuo Purification by
column chromatography (pentane/diethyl ether = 3uthished66h (416 mg, 67%) as a
yellow solid.
m.p.: 104.9-107.2 °C.
'H-NMR (300 MHz, CDCl3) 6: 10.10 (s, 1 H), 8.82 (d=7.9 Hz, 1 H), 8.22 (dJ=8.4 Hz,
2 H), 7.89 (dJ=7.9 Hz, 1 H), 7.69 (d}=8.4 Hz, 2 H), 7.52 (m, 2 H), 4.47 (@57.1 Hz, 2 H),
1.46 (t,J=7.1 Hz, 3 H).
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13C-NMR (75 MHz, CDCls) J: 186.47, 166.03, 159.02, 143.56, 138.41, 137.36.11,
132.09, 130.80, 130.24, 129.22, 128.65, 126.76,3251.69, 14.58.

MS (70 eV, El)m/z(%): 311 (20), 310 (100) [K, 309 (26), 282 (12), 281 (57), 265 (18),
238 (14), 237 (76), 236 (11), 209 (8), 208 (25§ 186), 104 (11).

IR (ATR) 7 (cm%): 1714, 1675, 1606, 1459, 1431, 1409, 1348, 122284, 1181, 1104,
1091, 1050, 1022, 757, 748, 724, 699.

HRMS (EI) for C1gH1403S (310.0664): 310.0664.

Synthesis of 2-allyl-1-methyl-H-indole-3-carbaldehyde (66i):

According to TP 1, the metalation of 1-methylH:indole-3-carbaldehyd€64f, 318 mg,
2.0 mmol) was finished within 45 min at 25 °C us@agolution of TMRZn-2MgC}-2LiCl
(60; 0.40M in THF, 2.8 mL, 1.1 mmol). The mixture was theroleal to 0 °C and allyl
bromide (290 mg, 2.4 mmol) and CuCN 2LiCI (MOsolution in THF, 0.1 mL, 0.1 mmol)
were added and the reaction mixture was stirred1fdrmin. The reaction mixture was
guenched with a sat. aq. MEl solution (30 mL), extracted with diethyl ethé& % 30 mL)
and dried over anhydrous Mg&QAfter filtration, the solvent was evaporatéd vacuo
Purification by column chromatography (pentanefChki= 2:1) furnished6i (282 mg, 71%)
as a red solid.

m.p.: 65.9-68.6 °C.

'H-NMR (300 MHz, CDCls) §: 10.10 (s, 1 H), 8.31-8.36 (m, 1 H), 7.29-7.37 &), 5.95-
6.02 (m, 1 H), 5.19-5.23 (m, 1 H), 4.98-5.04 (nH)} 3.87 (dtJ=5.8, 1.4 Hz, 2 H), 3.71 (s,
3 H).

3C-NMR (75 MHz, CDCl3) ¢: 184.39, 148.37, 137.41, 133.28, 125.91, 123.3R.14,
121.33, 118.06, 114.58, 109.62, 30.08, 28.77.

MS (70 eV, El)m/z(%): 199 (48) [M], 185 (36), 184 (100), 167 (11), 154 (13).

IR (ATR) 7 (cm?): 1640, 1580, 1470, 1434, 1392, 1376, 1324, 126@6, 1128, 1044,
1010, 992, 922, 884, 756, 742, 728.

HRMS (EI) for C13H13NO (199.0997): 199.1005.
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Synthesis of 2-chloro-4-(3,3-dimethylbutyryl)nicotnic acid ethyl ester (66j):

(@) tBu
X CO,Et
»
N Cl

Accordingto TP 1, the metalation of ethyl 2-chloronicotingi@g 372 mg, 2.0 mmol) was
finished within 5 h at 25 °C using a solution of PMn-2MgCb-2LiCl (60; 0.40Mm in THF,
2.8 mL, 1.1 mmol). The reaction mixture was codied-20 °C, CuCN-2LiCl (1. solution
in THF, 2.2 mL, 2.2 mmol) was added and the reactiixture was stirred for 15 min.
ThereaftertBuCH,COCI (336 mg, 2.5 mmol) was added at —20 °C. Thetren mixture was
slowly warmed to 25 °C and stirred at this tempeeafor 2 h. Then, the reaction mixture was
guenched with a sat. aq. NEl solution (30 mL), extracted with diethyl ethé& X 30 mL)
and dried over anhydrous Mg&QAfter filtration, the solvent was evaporatéd vacuo
Purification by column chromatography (gE,) furnished 66] (424 mg, 75%) as a
colourless oil.

'H-NMR (600 MHz, CDCls) 6: 8.66 (d,J=5.1 Hz, 1 H), 7.51 (dJ=5.1 Hz, 1 H), 4.45 (q,
J=7.3 Hz, 2 H), 2.78 (s, 2 H), 1.40 §7.2 Hz, 3 H), 1.04 (s, 9 H).

3C-NMR (150 MHz, CDCls) 6: 199.06, 165.66, 150.95, 149.76, 146.62, 128.2D,45,
62.69, 51.94, 32.35, 29.93, 14.07.

MS (70 eV, El)m/z(%): 283 [M] (2), 237 (13), 222 (23), 214 (14), 212 (19), 448), 210
(56), 186 (40), 185 (11), 184 (100), 183 (32), 182), 181 (93), 57 (29), 41 (12).

IR (ATR) v (cm™): 2951, 1731, 1690, 1571, 1540, 1362, 1261, 11869, 1055, 876, 732,
677.

HRMS (EI) for C14H15CINO3 (283.0975): 283.0969.

Synthesis of 3-(4-methoxyphenyl)pyridine-2,6-dicarbxylic acid diethyl ester (66Kk):
OMe

N

EtO,C~ N “CO,Et
According to TP 1, the metalation of pyridine-2,6-dicarboxylic acitlethyl ester §4h;
446 mg, 2.0 mmol) was finished within 24 h at 25 °@ing a solution of
TMP,Zn-2MgCb-2LIiCI (60; 0.40M in THF, 2.8 mL, 1.1 mmol). Pd(dal56 mg, 5 mol-%)
and PO-furyl)s (46 mg, 10 mol-%) dissolved in THF (3 mL) wereritieansferrediia cannula
to the reaction mixture, followed by the additioh 4iodoanisole (515 mg, 2.2 mmol)
dissolved in THF (1 mL). The resulting solution wstsred for 12 at 25 °C. Then, the
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reaction mixture was quenched with a sat. ags@Hdolution (30 mL), extracted with diethyl
ether (5x 30 mL) and dried over anhydrous MgS@fter filtration, the solvent was
evaporatedn vacuo Purification by column chromatography (pentaretfuyl ether = 1:1)
furnished66k (424 mg, 75%) as a brownish solid.

m.p.: 68.6 °C.

'H-NMR (300 MHz, CDCl3) 6: 8.21 (d,J=8.0 Hz, 1 H), 7.86 (d}=8.0 Hz, 1 H), 7.27-7.34
(m, 2 H), 6.92-6.99 (m, 2 H), 4.48 (@57.0 Hz, 2 H), 4.23 (¢qJ=7.2 Hz, 2 H), 3.84 (s, 3 H),
1.44 (t,J=7.2 Hz, 3 H), 1.13 ({}=7.2 Hz, 3 H).

3C-NMR (75 MHz, CDCls) J: 166.59, 164.61, 160.14, 149.83, 146.23, 139.2R.9D,
129.57, 129.44, 126.07, 114.19, 62.17, 61.86, 59.880, 13.82.

MS (70 eV, El)m/z(%):= 329 (15) [M], 258 (13), 257 (95), 212 (14), 211 (100), 183)(23
140 (18).

IR (ATR) U (cm?): 3070, 2996, 2980, 2936, 2900, 2872, 2842, 118D6, 1578, 1554,
1540, 1512, 1472, 1442, 1398, 1386, 1368, 13106,1P874, 1244, 1220, 1176, 1146, 1134,
1110, 1034, 1014, 996, 986, 942, 928, 868, 852, 828, 784, 738, 716, 660, 636, 606, 592,
570.

HRMS (EI) for C1gH19NO5 (329.1263): 329.1255.

Synthesis of 2-(3,3-dimethylbutyryl)-3-fluorobenza acid ethyl ester (69a):
tBu CO,Et

o)
=

Accordingto TP 1, the metalation of ethyl 3-fluorobenzogte7; 336 mg, 2.0 mmol) was
finished within 12 h at 25 °C using a solution dflF,Zn-2MgC}-2LiCI (60; 0.40m in THF,
2.8 mL, 1.1 mmol). The reaction mixture was codied-20 °C, CuCN-2LiCl (1.& solution
in THF, 2.2 mL, 2.2 mmol) was added and the reaatnixture was stirred for 15 min. Then,
tBUCH,COCI (0.335 g, 2.2 mmol) was added at —20 °C. Tgsetion mixture was slowly
warmed to 0 °C and stirred at this temperaturgfor Then, the reaction was quenched with a
sat. ag. NHCI solution (30 mL), extracted with diethyl ethéd ¥ 30 mL) and dried over
anhydrous MgSQ After filtration, the solvent was evaporatéd vacuo Purification by
column chromatography (pentane/§&tHy = 2:1) furnished9a (404 mg, 76%) as a colourless
oil.
'H-NMR (600 MHz, CDCls) 8: 7.74 (d,J=7.9 Hz, 1 H), 7.37-7.41 (m, 1 H), 7.24J£8.6 Hz,
1H), 4.34 (qJ)=7.1 Hz, 2 H), 2.77 (s, 2 H), 1.35 7.2 Hz, 3 H), 1.13 (s, 9 H).
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¥C-NMR (150 MHz, CDCls) ¢: 201.06, 165.31, 158.78 (dJc=247 Hz), 132.61 (d,
2Jc=20 Hz), 130.28 (d3Jc=8 Hz), 130.12 (d®Jc=4 Hz), 126.21, 120.23 (dJc=22 Hz),
61.99, 56.53, 31.01, 29.65, 14.35.

MS (70 eV, El)m/z(%): 266 (2) [M], 210 (19), 195 (29), 167 (100), 165 (11), 164)(34
(7), 41 (7).

IR (ATR) v (cm™): 1713, 1604, 1450, 1365, 1277, 1135, 1021, 1068, 907, 760, 747,
675.

HRMS (El) for C15H19FO3 (266.1318): 266.1318.

Synthesis of 4'-cyano-6-fluorobiphenyl-2-carboxyli@acid ethyl ester (69b):

NC~ | O

X

=
Accordingto TP 1, the metalation of ethyl 3-fluorobenzodate’; 336 mg, 2.0 mmol) was
finished within 12 h at 25 °C using a solution dflF,Zn-2MgC}-2LiCI (60; 0.40m in THF,
2.8 mL, 1.1 mmol). Pd(dbga)56 mg, 5 mol-%) and B{furyl)s (46 mg, 10 mol-%) dissolved
in THF (3 mL) were then transferrada cannula to the reaction mixture, followed by 4-
iodobenzonitrile (550 g, 2.4 mmol) dissolved in TEANL). The reaction mixture was stirred
at 25 °C for 2 h. The reaction mixture was quench#hl a sat. aq. NkCl| solution (30 mL),
extracted with diethyl ether (3 x 30 mL) and drimeer anhydrous MgS After filtration,
the solvent was evaporatedvacuo Purification by column chromatography (pentaretiuyl
ether = 3:1) furnishe@9b (370 mg, 69%) as a colorless solid.

m.p.: 94.5-95.3 °C.

'H-NMR (600 MHz, CDCl3) 6: 7.76 (d,J=7.7 Hz, 1 H), 7.70 (d}=8.2 Hz, 2 H), 7.45-7.51
(m, 1 H), 7.40 (d,)=8.2 Hz, 2 H), 7.32 ()=8.7 Hz, 1 H), 4.08 (gJ=7.1 Hz, 2 H), 1.02 (t,
J=7.2 Hz, 3 H).

¥C-NMR (150 MHz, CDCls) 6: 166.55, 159.63 (d'Jcr=247 Hz,) 139.69, 133.00, 131.91,
130.44, 130.08 (¢ Jcr=8.0 Hz), 128.55, (Jc=17 Hz), 126.28 (fJcr=4.1 Hz), 119.47 (d,
2Jce=23 Hz,), 118.97, 111.86, 61.59, 13.91.

MS (70 eV, El)m/z(%): 270 (9), 269 (51) [M, 241 (23), 225 (17), 224 (100), 196 (17), 195
(16), 169 (13).

IR (ATR) U (cm™): 2228, 1709, 1612, 1450, 1362, 1279, 1262, 11837, 1028, 1007, 953,
840, 825, 815, 760.

HRMS (El) for C16H1,FNO; (269.0852): 269.0851.
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Synthesis of 5-fluoro-4'-methylbiphenyl-2-carboxylc acid ethyl ester (69c):

Me
O CO,Et

=
Accordingto TP 1, the metalation of ethyl 4-fluorbenzoa®7§& 336 mg, 2.0 mmol) was
completed within 336 h at 25 °C using a solutionTMP,Zn-2MgC}-2LiCl (60; 0.40Mm in
THF, 3.00 mL, 1.2 mmol). Pd(dkaf56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%)
dissolved in THF (4 mL) were then transferngd cannula to the reaction mixture, followed
by the addition of 4-iodotoluene (480 mg, 2.2 mndfsolved in THF (2 mL). The reaction
mixture was stirred at 25 °C for 4 h. The reactiwirture was quenched with a sat. aq.,&H
solution (20 mL), extracted with diethyl ether (38 mL) and dried over anhydrous Mg&SO
After filtration, the solvent was evaporatedvacuo Purification by column chromatography
(pentane/diethyl ether = 6:1) furnished the compl&8t (371 mg, 72%) as a colourless oil.
'H-NMR (400 MHz, CDCls) d: 7.80-7.86 (m, 1 H), 7.16-7.21 (m, 4 H), 7.01-7(69 2 H),
4.09 (9,J=7.0 Hz, 2 H), 2.39 (s, 3 H) 1.03 §&7.0 Hz, 3 H).

13C-NMR (100 MHz, CDCls) 6: 167.74, 163.88 (dJc=252.6 Hz), 145.44 (d)c=8.6 Hz),
137.50 (d,“Jer=1.5 Hz), 137.36, 132.28, 132.18, 128.74, 128.118.08% 127.23 (d,
33ck=2.9 Hz), 117.59 (FJc=22 Hz), 113.86 (fJce=22 Hz), 60.94, 21.16, 13.68.

MS (70 eV, El)m/z(%): 258 (48) [M], 230 (19), 229 (12), 214 (17), 213 (100), 199)(10
192 (14). 185 (11), 184 (10), 183 (30), 170 (2&H 131), 74 (17), 59 (27), 45 (20), 44 (14),
43 (11).

IR (ATR) 7 (cm?): 2980, 2928, 2904, 2872, 1710, 1654, 1608, 13880, 1568, 1518,
1506, 1480, 1466, 1450, 1412, 1390, 1366, 1274812882, 1154, 1094, 1034, 1016, 938,
932, 920, 900, 876, 854, 832, 816, 778, 770, 788, 892, 668, 648, 634, 618, 608, 586, 574,
560.

HRMS (EI) for C16H15FO, (258.1056): 258.1041.

Synthesis of 2-deutero-3-chlorobenzoic acid ethyster (69d):
CO,Et
D
Cl
Accordingto TP 1, the metalation of ethyl 3-chlorobenzo46¥b; 370 mg, 2.0 mmol) was
finished within 25 h at 25 °C using a solution dfF,Zn-2MgC}-2LiCI (60; 0.40m in THF,
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2.8 mL, 1.1 mmol). BO (0.2 mL, 10 mmol) was added dropwise at 5 °C #edresulting
mixture was warmed to 25 °C and stirred for 30 rifime reaction mixture was quenched with
a sat. ag. NECI solution (30 mL), extracted with diethyl ethé& % 30 mL) and dried over
anhydrous MgSQ After filtration, the solvent was evaporatéd vacuo Purification by
column chromatography (pentane/§tHy = 4:1) furnished9d (310 mg, 84%) as a colourless
liquid.

'H-NMR (300 MHz, CDCls) §: 7.92-7.95 (m, 1 H), 7.35-7.54 (m, 2 H), 4.38 Jg7.5 Hz,

2 H), 1.40 (tJ=7.1 Hz, 3 H).

¥C-NMR (75 MHz, CDCls) J: 165.57, 134.66, 134.56, 133.03, 132.43, 129.84,.87,
61.58, 14.48.

MS (70 eV, El)m/z(%): 185 (19) [M], 159 (10), 157 (33), 156 (10), 142 (28), 141 (18)0
(100), 139 (29), 112 (24).

IR (ATR) v (cm™): 1718, 1572, 1418, 1366, 1274, 1256, 1210, 11982, 1080, 768, 748,
728, 626.

HRMS (EI) for CgHgDCIO, (185.0354): 185.0374.

Synthesis of 2-benzoyl-3-chlorobenzoic acid ethyseer (69e):
O CO,Et

Ph
Cl

Accordingto TP 1, the metalation of ethyl 3-chlorobenzo46¥b; 370 mg, 2.0 mmol) was
finished within 25 h at 25 °C using a solution dfFP,Zn-2MgCb-2LiCI (60; 0.40m in THF,
2.8 mL, 1.1 mmol). The reaction mixture was codied-20 °C, CuCN-2LiCl (1. solution
in THF, 2.2 mL, 2.2 mmol) was added and the reaatnixture was stirred for 15 min. Then,
benzoyl chloride (353 mg, 2.5 mmol) was added & 2. The reaction mixture was slowly
warmed to 25 °C and stirred at this temperature4fdr. Then, the reaction mixture was
guenched with a sat. aq. MEl solution (30 mL), extracted with diethyl ethé& % 30 mL)
and dried over anhydrous Mg&QAfter filtration, the solvent was evaporatéd vacuo
Purification by column chromatography (pentanekdieether = 5:1) furnishe@9e (456 mg,
79%) as a colourless solid.
m.p.: 108.6-109.6 °C.
'H-NMR (300 MHz, CDClIs) §: 8.04-8.10 (m, 1 H), 7.76-7.81 (m, 2 H), 7.44-7(68 5 H),
4.17 (9,J=7.1 Hz, 2 H), 1.10 (1)=7.1 Hz, 3 H).
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13C-NMR (75 MHz, CDCl3) o: 194.26, 164.56, 140.39, 136.65, 133.89, 133.34.71,
130.63, 129.85, 128.98, 128.67, 61.84, 13.59.

MS (70 eV, El)m/z(%): 290 (19), 288 (43) [N, 242 (32), 211 (73), 211 (26), 185 (32), 183
(100), 152 (10), 151 (13), 105 (87), 77 (31)

IR (ATR) 7 (cmi'): 1706, 1672, 1584, 1564, 1430, 1366, 1284, 12032, 1074, 1028, 928,
866, 764, 744, 734, 702, 652, 618.

HRMS (EI) for C1¢H1sClO3(288.0553): 288.05609.

Synthesis of 2-benzoyl-4-chlorobenzoic acid ethyseer (69f):
O CO,Et

Ph

Cl
Accordingto TP 1, the metalation of ethyl 4-chlorobenzoa®@¢ 370 mg, 2.0 mmol) was
completed within 110 h at 25 °C using a solutionTMP,Zn-2MgCb-2LiCI (60; 0.40M in
THF, 2.8 mL, 1.1 mmol). The reaction mixture wa®led to —30 °C, CuCN-2LiCl (1.0
solution in THF, 2.2 mL, 2.2 mmol) was added and tkaction mixture was stirred for
20 min. Then, benzoyl chloride (353 mg, 2.5 mmoBswadded at —30 °C. The reaction
mixture was slowly warmed to 25 °C and stirred las temperature for 2 h. The reaction
mixture was quenched with a sat. aqg. J/8Hsolution (20 mL), extracted with diethyl ether
(3 x 30 mL) and dried over anhydrous MgsS@®fter filtration, the solvent was evaporated
vacua Purification by column chromatography (pentaretityl ether = 6:1) furnished the
compounds9f (500 mg, 86%) as a colourless solid.
m.p.: 78.9-80.9 °C.
'H-NMR (400 MHz, CDCls) d: 8.02 (d,J=8.4 Hz, 1 H), 7.73-7.77 (m, 2 H), 7.52-7.57 (m,
2H), 7.41-7.46 (m, 2 H), 7.36 (8:8.4 Hz, 1 H), 4.07 (¢)=7.1 Hz, 2 H), 1.04 (t)=7.1 Hz,
3 H).
3C-NMR (100 MHz, CDCls) 6: 195.54, 165.22, 143.44, 139.24, 136.85, 133.69,98B,
129.89, 129.61, 128.89, 127.96, 127.82, 61.98,213.8
MS (70 eV, El)m/z(%): 288 (24) [M], 245 (16), 244 (15), 243 (35), 213 (11), 211 (3B3
(56), 152 (21), 105 (100), 77 (45), 57 (13).
IR (ATR) U (cm?): 2983, 2909, 1712, 1677, 1619, 1590, 1583, 13@@0, 1473, 1450,
1445, 1385, 1363, 1319, 1311, 1283, 1267, 1243711753, 1134, 1105, 1089, 1074, 1021,
1001, 979, 966, 954, 942, 899, 875, 860, 843, 808, 780, 770, 712, 698, 690, 643, 619,
609, 591, 585.
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HRMS (EI) for C1¢H15ClO3 (288.0553): 288.0550.

Synthesis of 2-benzoyl-4-chlorobenzoic acieért-butyl ester (699):
O  CO,t-Bu

Ph

Cl
Accordingto TP 1, the metalation ofert-butyl 4-chlorobenzoate6{d; 425 mg, 2.0 mmol)
was completed within 134 h at 25 °C using a solutd TMP,Zn-2MgCb-2LiCI (60; 0.40m
in THF, 2.8 mL, 1.1 mmol). The reaction mixture waled to —30 °C, CuCN-2LiCl (1N
solution in THF, 2.2 mL, 2.2 mmol) was added and tkaction mixture was stirred for
20 min. Then, benzoyl chloride (353 mg, 2.5 mmoBswadded at —30 °C. The reaction
mixture was slowly warmed to 25 °C and stirred las temperature for 9 h. The reaction
mixture was quenched with a sat. aqg. /8Hsolution (20 mL), extracted with diethyl ether
(3 x 30 mL) and dried over anhydrous MgS@fter filtration, the solvent was evaporated
vacua Purification by column chromatography (pentaretidjl ether = 25:1) furnished the
compound9g (438 mg, 69%) as a colourless oil.
'H-NMR (400 MHz, CDCls) 6: 7.95 (d,J=8.0 Hz, 1 H), 7.75 (dddl=6.8, 1.6, 1.3 Hz, 2 H),
7.44-7.49 (m, 2 H), 7.51-7.55 (m, 2 H), 7.33Jd2.2 Hz, 1 H), 1.20 (s, 9 H).
3C-NMR (100 MHz, CDCls) ¢: 195.04, 164.29, 142.51, 138.48, 136.71, 133.84.55,
129.64, 129.61, 129.43, 128.58, 127.64, 83.11,427.4
MS (70 eV, El)m/z(%): 316 (1) [M], 261 (14), 261 (40), 245 (31), 244 (16), 243 (10A®B3
(12), 182 (15), 181 (90), 152 (48), 151 (14), 1058)( 78 (10), 77 (53), 75 (10), 57 (66), 56
(12), 51 (14), 43 (11), 41 (27).
IR (ATR) 7 (cm?): 3064, 2980, 2934, 1714, 1674, 1592, 1562, 13472, 1450, 1394,
1368, 1346, 1300, 1288, 1264, 1250, 1170, 11286,11074, 1038, 1026, 1000, 988, 976,
952, 886, 848, 840, 808, 788, 774, 748, 718, 668, 644, 608, 586, 574.
HRMS (EI) for C1gH,7CIO3 (316.0866): 316.0869.

Synthesis of 5-chloro-3'-trifluoromethylbiphenyl-2-carboxylic acid methyl ester (69h):
@ ‘Cone
J

=

s

F3C
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Accordingto TP 1, the metalation of methyl 4-chlorobenzoa&t&d 340 mg, 2.0 mmol) was
completed within 110 h at 25 °C using a solutionTMP,Zn-2MgC}-2LiCI (60; 0.40Mm in
THF, 2.8 mL, 1.1 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%)
dissolved in THF (4 mL) were then transferngd cannula to the reaction mixture, followed
by the addition of 1-iodo-3-trifluoromethylbenze(&98 mg, 2.2 mmol) dissolved in THF
(2 mL). The reaction mixture was stirred at 25 ‘@ 10 h. The reaction mixture was
guenched with a sat. aq. MEl solution (20 mL), extracted with diethyl ethé& % 30 mL)
and dried over anhydrous Mg@QAfter filtration, the solvent was evaporatéd vacuo
Purification by column chromatography (pentanehdietether = 20:1) furnished the
compound9h (619 mg, 83%) as a yellowish oll.

'H-NMR (600 MHz, CDCls) §: 7.87 (d,J=8.6 Hz, 1 H), 7.63 (d}=7.6 Hz, 1 H), 7.50-7.55
(m, 2 H), 7.42-7.48 (m, 2 H), 7.35 (@2.1 Hz, 1 H), 3.63 (s, 3 H).

¥C-.NMR (150 MHz, CDCls) ¢: 167.31, 143.00, 140.87, 137.80, 131.81, 131.80,81,
130.54 (q.2Jc=32 Hz), 130.43, 128.70, 128.51, 128.04, 125.12Xg=3.7 Hz), 124.42 (q,
%Jc=3.7 Hz), 123.90 (qJc=272 Hz), 52.11.

MS (70 eV, El)m/z(%): 316 (12), 314 (36) [N, 285 (32), 284 (15), 283 (100), 235 (10),
220 (28), 219 (11), 74 (17), 59 (29).

IR (ATR) 7 (cm): 2953, 1723, 1614, 1590, 1561, 1474, 1433, 13829, 1284, 1275,
1240, 1178, 1164, 1122, 1104, 1097, 1072, 10381,1962, 907, 885, 862, 838, 815, 803,
779, 761, 701, 697, 657, 627, 615, 612, 608, 593, 567, 554.

HRMS (El) for C1sH10CIF30, (314.0321): 314.0316.

Synthesis of 5-bromobiphenyl-2,4'-dicarboxylic acidliethyl ester (69i):

EtO,C
2 O CO,Et

Br

Accordingto TP 1, the metalation of ethyl 4-bromobenzoad@f( 458 mg, 2.0 mmol) was
completed within 110 h at 25 °C using a solutionTdP,Zn-2MgCb-2LiCl (1; 0.40m in
THF, 2.8 mL, 1.1 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%)
dissolved in THF (4 mL) were then transferngd cannula to the reaction mixture, followed
by the addition of ethyl 4-iodobenzoate (615 m¢@, @&mol) dissolved in THF (2 mL). The
reaction mixture was stirred at 25 °C for 10 h. Téaction mixture was quenched with a sat.
ag. NHCI solution (20 mL), extracted with diethyl ethe3 & 30 mL) and dried over
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anhydrous MgSQ After filtration, the solvent was evaporatéd vacuo Purification by
column chromatography (pentane/diethyl ether =Y1fthished the compourtéBib (586 mg,
78%) as a yellowish oll.

'H-NMR (600 MHz, CDCls) §: 8.04-8.08 (m, 2 H), 7.76 (d=8.1 Hz, 1 H), 7.57 (dd]=8.2,
2.0 Hz, 1 H), 7.50 (dJ=1.9 Hz, 1 H), 7.33-7.36 (m, 2 H), 4.40 ®7.2 Hz, 2 H), 4.07 (q,
J=7.2 Hz, 2 H), 1.40 (}=7.2 Hz, 3 H), 1.00 (t}=7.2 Hz, 3 H).

3C-NMR (150 MHz, CDCls) ¢: 167.25, 166.29, 144.78, 143.52, 133.37, 131.88,85,
129.65, 129.30, 128.30, 127.17, 125.88, 61.23,41.0.32, 13.67.

MS (70 eV, El)m/z(%): 378 (74), 376 (70) [N, 350 (12), 348 (13), 334 (21), 333 (100),
332 (26), 331 (99), 322 (11), 320 (11), 305 (34)4 817), 303 (39), 298 (11), 261 (39), 259
(43), 253 (19), 180 (29), 152 (42), 151 (42), 142)( 139 (11), 89 (17) 75 (11).

IR (ATR) U (cm?): 2979, 1710, 1609, 1585, 1552, 1464, 1445, 14385, 1365, 1309,
1266, 1241, 1178, 1132, 1096, 1029, 1013, 887, 838, 798, 771, 760, 700, 649, 642, 635,
623, 614, 608, 602, 583, 576, 573.

HRMS (EI) for C1gH17BrO 4 (376.0310): 376.0309.

Synthesis of 5-bromo-3'-trifluoromethylbiphenyl-2-arboxylic acid ethyl ester (69j):

O CO,Et
FsC O

Br
Accordingto TP 1, the metalation of ethyl 4-bromobenzoad@f( 458 mg, 2.0 mmol) was
completed within 110 h at 25 °C using a solutionTMP,Zn-2MgCb-2LiCl (60; 0.40Mm in
THF, 2.8 mL, 1.1 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%)
dissolved in THF (4 mL) were then transfersgd cannula to the reaction mixture, followed
by the addition of 1-iodo-3-trifluoromethylbenze(98 mg, 2.2 mmol) dissolved in THF
(2 mL). The reaction mixture was stirred at 25 ‘@ 10 h. The reaction mixture was
guenched with a sat. aq. MEl solution (20 mL), extracted with diethyl ethé& % 30 mL)
and dried over anhydrous Mg&QAfter filtration, the solvent was evaporatéd vacuo
Purification by column chromatography (pentanehldietether = 20:1) furnished the
compounds9j (586 mg, 78%) as a yellowish oil.
'H-NMR (600 MHz, CDCls3) d: 7.79 (d,J=8.3 Hz, 1 H), 7.63 (dJ=7.6 Hz, 1 H), 7.59 (dd,
J=8.3, 1.9 Hz, 1 H) 7.46-7.54 (m, 4 H), 4.061g7.2 Hz, 2 H), 0.98 (1J)=7.2 Hz, 3 H).
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3C-NMR (150 MHz, CDCl3) & 167.10, 142.94, 141.05, 133.56, 131.84, 131.63 (q
“Jer=1.3 Hz), 131.03, 130.43 (q°Jce=32 Hz), 129.66, 128.51, 126.03, 125.22 (q,
3Jc=3.9 Hz), 124.35 (fJcr=3.9 Hz), 123.82 (qiJcr=272 Hz), 61.23, 13.51.

MS (70 eV, El)m/z(%): 374 (42), 372 (38) [N, 346 (26), 345 (11), 344 (25), 330 (17), 329
(94), 328 (16), 327 (100), 248 (38), 221 (11), 2&8), 219 (28), 201 (18), 170 (10), 43 (12).
IR (ATR) 7 (cm): 2982, 1715, 1585, 1557, 1492, 1444, 1432, 13365, 1328, 1272,
1238, 1164, 1122, 1094, 1072, 1035, 1016, 905, 883, 834, 803, 778, 753, 701, 688, 657,
626, 615, 608, 591, 568, 560, 554.

HRMS (EI) for C1¢H12BrF 30, (371.9973): 371.9955.

Synthesis of 4'-chlorobiphenyl-2,4-dicarboxylic ad dimethyl ester (69k):

cl
/‘ CO,Me
\ §
ZCco,Me

Accordingto TP 1, the metalation of isophthalic acid dimethyl e¢&fg 388 mg, 2.0 mmol)
was completed within 48 h at 25 °C using a soluabiMP,Zn-2MgCb-2LiCl (60; 0.40M in
THF, 2.8 mL, 1.1 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%)
dissolved in THF (4 mL) were then transferngd cannula to the reaction mixture, followed
by the addition of 1-chloro-4-iodobenzene (524 &g, mmol) dissolved in THF (2 mL). The
reaction mixture was stirred at 25 °C for 2 h. Taaction mixture was quenched with a sat.
ag. NHCI solution (10 mL), extracted with diethyl ethe3 & 15 mL) and dried over
anhydrous MgSQ After filtration, the solvent was evaporatéd vacuo Purification by
column chromatography (pentane/diethyl ether = @fished the compoun@9k (455 mg,
75%) as a yellowish solid.

m.p.: 54.8-56.6 °C.

'H-NMR (300 MHz, CDCls) 6: 8.53 (d,J=1.8 Hz, 1 H), 8.20 (dd]=7.5, 1.8 Hz, 1 H), 7.38-
7.45 (m, 2 H), 7.24-7.29 (m, 3 H), 3.98 (s, 3 HY,3(s, 3 H).

3C-NMR (75 MHz, CDCls) 6: 167.78, 165.97, 145.68, 138.76, 134.11, 132.21.3b,
130.98, 129.54, 129.54, 128.42, 52.42, 52.27.

MS (70 eV, El)m/z(%): 306 (16), 304 (61) [\, 275 (27), 274 (12), 273 (100), 151 (8).

IR (ATR) V (Cm'l): 2950, 1711, 1608, 1595, 1576, 1557, 1504, 14468, 1444, 1437,
1409, 1391, 1306, 1297, 1283, 1273, 1240, 11962,11840, 1116, 1106, 1096, 1087, 1018,
1005, 988, 963, 948, 929, 877, 863, 834, 820, 889, 769, 738, 712, 702, 662, 642, 631,
612, 605, 601, 583, 576, 569, 564, 558.
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HRMS (EI) for C1¢H15ClO, (304.0502): 304.0499.

Synthesis of 4-benzoylisophthalic acid dimethyl est (69):
O COyMe
Ph
CO,Me
Accordingto TP 1, the metalation of dimethyl isophthala&7¢ 388 mg, 2.0 mmol) was
completed within 48 h at 25 °C using a solutionTéiP,Zn-2MgCb-2LICl (60; 0.40m in
THF, 2.8 mL, 1.1 mmol). The reaction mixture wasled to —20 °C, CuCN-2LiCl (1.0
solution in THF, 2.2 mL, 2.2 mmol) was added and tkaction mixture was stirred for
15 min. Then, benzoyl chloride (353 mg, 2.5 mmoBswadded at —20 °C. The reaction
mixture was slowly warmed to 25 °C and stirredhég temperature for 5 h. Then the reaction
mixture was quenched with a sat. aq. /8Hsolution (30 mL), extracted with diethyl ether
(3 x 30 mL) and dried over anhydrous MgsS@®fter filtration, the solvent was evaporated
vacua Purification by column chromatography (pentaretfdyl ether = 2:1) furnishe@9l
(481 mg, 81%) as a colourless solid.
m.p.: 120.2-121.4 °C.
'H-NMR (CDCl 5, 300 MHz) §: 8.70 (d,J=1.3 Hz, 1 H), 8.29 (dd]=7.9, 1.8 Hz, 1 H), 7.70-
7.74 (m, 2 H), 7.56 (di=7.5, 1.8 Hz, 1 H), 7.40-7.48 (m, 3 H), 3.98 ($)33.67 (s, 3 H).
3C-NMR (CDCls, 75 MHz) 6: 196.18, 165.53, 165.44, 145.75, 136.60, 133.41,2833
131.42, 131.37, 129.49, 129.21, 128.63, 127.94(K52.44.
MS (El, 70 eV)m/z(%): 298 (16) [M], 267 (15), 221 (100), 105 (61), 77 (23).
IR (ATR) v (cm?): 3042, 2954, 1716, 1674, 1598, 1582, 1492, 14386, 1312, 1280,
1264, 1242, 1188, 1144, 1112, 1076, 1024, 1000, 938 882, 856, 812, 806, 792, 768, 742,
722,712,702, 688, 656, 616 .
HRMS (EI) for C17H1405 (298.0841): 298.0853.

Synthesis of 4-benzoyl-6-bromoisophthalic acid dieyl ester (69m):
O CO,Et
Ph

CO,Et
Br

Accordingto TP 1, the metalation of 6-bromoisophthalic acid dietkgter(67h; 602 mg,
2.0 mmol) was finished within 10 h at 25 °C usingadution of TMRBZn-2MgCb-2LiCl (60;
0.40Mm in THF, 2.8 mL, 1.1 mmol). The reaction mixturesa@oled to —20 °C, CuCN-2LiCl
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(1.0m solution in THF, 2.2 mL, 2.2 mmol) was added amel teaction mixture was stirred for
15 min. Then, benzoyl chloride (353 mg, 2.5 mmoBswadded at —20 °C. The reaction
mixture was slowly warmed to 25 °C and stirredhas temperature for 1 h. Then the reaction
mixture was quenched with a sat. aqg. J/8Hsolution (30 mL), extracted with diethyl ether
(3 x 30 mL) and dried over anhydrous MgS@fter filtration, the solvent was evaporated
vacua Purification by column chromatography (pentaretftyl ether = 3:1) furnishe@9m
(672 mg, 83%) as a colourless solid.

m.p.: 66.9-68.1 °C.

'H-NMR (300 MHz, CDCls) 6: 8.43 (s, 1 H), 7.70-7.77 (m, 2 H), 7.66 (s, 1 H58-7.64 (m,

1 H), 7.42-7.48 (m , 2 H), 4.46 (6=7.1 Hz, 2 H), 4.09 (q)=7.1 Hz, 2 H), 1.44 (t}= 7.5 Hz,

3 H), 1.04 (tJ=7.1 Hz, 3 H).

¥C-NMR (75 MHz, CDCls) J: 194.58, 165.22, 164.64, 145.01, 136.54, 133.%3.9D,
133.60, 133.10, 129.62, 128.96, 128.356, 126.652652.31, 14.45, 13.82.

MS (70 eV, ESI)m/z(%): 406 (10), 404 (11) [K], 361 (17), 359 (16), 329 (21), 327 (21),
301 (30), 299 (30), 151 (12), 105 (100), 77 (32).

IR (ATR) U (cm?): 1734, 1710, 1670, 1578, 1470, 1448, 1322, 12238, 1226, 1100,
1020, 970, 886, 862, 778, 734, 704, 692, 682.

HRMS (ESI) for C1gH17BrOs (405.0338 (M + H)): 405.0326 (M + H).

Synthesis of 2-benzoyl-3-cyanobenzoic acid ethyltes(69n):
O CO,Et

Ph
NC

Accordingto TP 1, the metalation of ethyl 3-cyanobenzo&&i; 350 mg, 2.0 mmol) was
finished within 25 h at 25 °C using a solution dflF,Zn-2MgC}-2LiCI (60; 0.40m in THF,
2.8 mL, 1.1 mmol). The reaction mixture was codied-20 °C, CuCN-2LiCl (1. solution
in THF, 2.2 mL, 2.2 mmol) was added and the reaatnixture was stirred for 15 min. Then,
benzoyl chloride (353 mg, 2.5 mmol) was added & 2. The reaction mixture was slowly
warmed to 25 °C and stirred at this temperature7fdr. Then, the reaction mixture was
guenched with a sat. aq. MEl solution (30 mL), extracted with diethyl ethé& % 30 mL)
and dried over anhydrous Mg&QAfter filtration, the solvent was evaporatéd vacuo
Purification by column chromatography (pentanehdieether = 3:2) furnishe@9n (406 mg,
73%) as a colourless solid.
m.p.: 138.4-140.6 °C.
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'H-NMR (600 MHz, CDCls) &: 8.34 (d,J=7.9 Hz, 1 H), 7.93 (dJ=7.9 Hz, 1 H), 7.75 (d,
J=7.5 Hz, 2 H), 7.69 (t, J=7.9 Hz, 1 H), 7.60 §d7.3 Hz, 1 H), 7.47 (}=7.8 Hz, 2 H), 4.14
(q,J=7.2 Hz, 2 H), 1.06 (}=7.2 Hz, 3 H).

13C-NMR (150 MHz, CDCls) 6: 193.81, 164.22, 145.69, 136.82, 136.28, 134.88,20,
130.46, 129.65, 129.51, 129.08, 116.07, 111.942%62.3.75.

MS (70 eV, El)m/z(%): 280 (9), 279 (46) [N, 235 (88), 234 (18), 206 (8), 174 (28), 105
(100), 77 (24).

IR (ATR) 7 (cmi'): 1716, 1670, 1474, 1444, 1366, 1272, 1160, 1088, 923, 768, 707,
659.

HRMS (EI) for C17H1NO; (279.0895): 279.0873.

Preparation of ethyl 5-cyanobiphenyl-2-carboxylatg690)

AN % ‘
AN
CN

Accordingto TP 1, the metalation of ethyl 4-cyanobenzo&®j; 350 mg, 2.0 mmol) was
finished within 24 h at 25 °C using a solution dfP,Zn-2MgCb-2LiClI (60; 0.40m in THF,
2.8 mL, 1.1 mmol). Then, Pd(dbab6 mg; 5 mol-%), R{furyl)s (46 mg; 10 mol-%) and
iodobenzene (408 mg, 2.0 mmol) are added and Hwtioe mixture is stirred for 5 h at 25 °C.
The reaction mixture is quenched with a sat. agsiétid,Cl solution (20 mL) and extracted
with EO (3 x 30 mL). The combined organic layers are wdsWwith brine (25 mL) and
dried over anhydrous MgSQAfter filtration, the solvent is removed vacuo Purification by
column chromatography (pentane/diethyl ether = Tukhished 690 as a yellowish oll
(540 mg, 85%).

'H-NMR (300 MHz, CDCl3) ¢: 8.13-8.17 (m, 1 H), 7.89-7.91 (m, 1 H), 7.70-7(#V, 2 H),
7.40-7.47 (m, 2 H), 7.29-7.34 (m, 2 H), 4.10J97.3 Hz, 2 H), 0.98 (1}=7.2 Hz, 3 H).
3C-NMR (75 MHz, CDCls) 6: 167.37, 143.20, 139.11, 135.53, 134.04, 132.BD.28B,
130.06, 128.39, 128.19, 116.30, 114.77, 61.63,213.6

MS (70 eV, El)m/z 251 (35) [M], 223 (11), 207 (16), 206 (100), 178 (16), 177)(161
(15).

IR (ATR) U (cm'): 3098, 3052, 2990, 2980, 2938, 2904, 2232, 118674, 1602, 1578,
1568, 1558, 1504, 1480, 1472, 1444, 1398, 13660,18B518, 1280, 1250, 1186, 1158, 1138,
1124, 1106, 1076, 1048, 1020, 968, 920, 902, 832, 842, 788, 764, 710, 696, 668, 642,
630, 614, 604, 580, 566.
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HRMS (EI) for C16H1NO, (251.0946): 251.0941.

Synthesis of 5-fluoro-4'-methylbiphenyl-2-carbonitile (69p):

Me
s

=
According to TP 1, the metalation of 4-fluorobenzonitril®4k; 242 mg, 2.0 mmol) was
completed within 48 h at 25 °C using a solutionTéiP,Zn-2MgCb-2LICl (60; 0.40m in
THF, 2.8 mL, 1.1 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%)
dissolved in THF (4 mL) were then transfersgd cannula to the reaction mixture, followed
by the addition of 4-iodotoluene (436 mg, 2.0 mnugsolved in THF (2 mL). The reaction
mixture was stirred at 25 °C for 6 h. The reactiwirture was quenched with a sat. aq./8H
solution (20 mL), extracted with diethyl ether (38 mL) and dried over anhydrous Mg&sO
After filtration, the solvent was evaporatedvacuo Purification by column chromatography
(pentane/diethyl ether = 20:1) furnished the conmglo®p (371 mg, 88%) as a colourless
solid.

m.p.: 105.8 °C.

'H-NMR (400 MHz, CDCl3) 6: 7.79 (ddJ=7.2, 2.1 Hz, 1 H), 7.63-7.67 (m, 1 H), 7.40-7.49
(m, 2 H), 7.32 (dJ=7.8 Hz, 2 H,) 7.28 (d]=1.5 Hz, 1 H), 2.45 (s, 3 H).

13C-NMR (100 MHz, CDCls) J: 160.10 (d}Jc=258 Hz), 138.84, 134.95 (8)c=5.2 Hz),
132.72 (d,%Jc=19 Hz), 130.98, 130.78, 130.46 (d)c=1.3 Hz), 129.52, 128.73 (d,
*Jcr=2.8 Hz), 118.11, 117.55 (8)c=25 Hz), 108.85 (fJc=4.1 Hz), 21.25.

MS (70 eV, El)m/z(%): 211 (98) [M], 210 (39), 183 (17), 111 (18), 97 (38), 95 (18},
(39), 85 (25), 83 (41), 74 (19), 71 (35), 70 (189,(50), 67 (18), 59 (29), 57 (71), 56 (22), 55
(42), 45 (15), 44 (100), 43 (41), 41 (31).

IR (ATR) U (cm™): 3106, 3074, 3048, 2922, 2360, 2342 2228, 2196011890, 1762, 1652,
1618, 1608, 1584, 1520, 1486, 1420, 1392, 13783,1BP86, 1272, 1252, 1226, 1212, 1194,
1172, 1122, 1040, 1022, 968, 942, 912, 880, 816, 720, 732, 706, 678, 656, 642, 608, 576,
568.

HRMS (EI) for C14H10FN (211.0797): 211.0775.
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Synthesis of 6'-cyano-2'-fluorobiphenyl-4-carboxyk acid ethyl ester (69q):

EtO,C._~ N
A

|

X

Accordingto TP 1, the metalation of 3-fluorobenzonitriléql; 242 mg, 2.0 mmol) was
completed within 30 h at 25 °C using a solutionTéiP,Zn-2MgCb-2LICl (60; 0.40m in
THF, 2.8 mL, 1.1 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%)
dissolved in THF (4 mL) were then transferngd cannula to the reaction mixture, followed
by the addition of ethyl 4-iodobenzoate (607 m@, @&imol) dissolved in THF (2 mL). The
reaction mixture was stirred at 25 °C for 6 h. Teaction mixture was quenched with a sat.
ag. NHCI solution (20 mL), extracted with diethyl ethe3 & 30 mL) and dried over
anhydrous MgSQ After filtration, the solvent was evaporatéd vacuo Purification by
column chromatography (pentane/diethyl ether = fufished the compoungdq (388 mg,
72%) as a colourless solich.p.: 104.5-106.1 °C.

'H-NMR (300 MHz, CDCls) §: 8.16-8.19 (m, 2 H), 7.54-7.61 (m, 3 H), 7.38-7(60 2 H),
4.40 (9,J=7.2 Hz, 2 H), 1.40 (1)=7.3 Hz, 3 H).

3C-NMR (75 MHz, CDCls) 6: 165.96, 159.35 (d'Jc=250 Hz), 135.69, 132.15 (d,
2Jc=19 Hz), 131.20, 130.10 (dJ)cr=8.8 Hz), 129.84 (diJc=1.8 Hz), 129.75, 129.52 (d,
3Jc=4.8 Hz), 120.83 (d%Jc=23 Hz), 116.94 (d;Jc=4.3 Hz), 114.06 (dJc=4.3 Hz),
61.18, 14.30.

MS (70 eV, El)m/z(%): 269 (22) [M], 240 (33), 224 (13), 223 (100), 197 (16), 196)(28
195 (16), 169 (13).

IR (ATR) U (cm): 2960, 2232, 1723, 1714, 1612, 1578, 1464, 14808, 1368, 1296,
1271, 1257, 1190, 1176, 1159, 1104, 1082, 10335,10207, 979, 967, 957, 915, 888, 861,
798, 770, 730, 700, 633, 602.

HRMS (EI) for C16H12FNO, (269.0852): 269.0840.

Synthesis of 2-(4-chlorobenzoyl)-6-fluorobenzonitle (69r):

Cl
Accordingto TP 1, the metalation of 2-fluorobenzonitril&q{m; 242 mg, 2.0 mmol) was
completed within 144 h at 25 °C using a solutionTMP,Zn-2MgCb-2LiCI (60; 0.40M in
THF, 2.8 mL, 1.1 mmol). The reaction mixture wa®led to —20 °C, CuCN-2LiCI (1.
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solution in THF, 2.2 mL, 2.2 mmol) was added and tkaction mixture was stirred for
15 min. Then, 4-chlorobenzoyl chloride (438 mg, @Mmol) was added at —20 °C. The
reaction mixture was slowly warmed to 25 °C stireed®5 °C for 10 h. The reaction mixture
was quenched with a sat. aq. M} solution (20 mL), extracted with diethyl eth&x 30 mL)
and dried over anhydrous Mg&QAfter filtration, the solvent was evaporatéd vacuo
Purification by column chromatography (pentanehdieether = 1:1) furnished the compound
69r (330 mg, 63%) as a yellowish solid.

m.p.: 137.3 °C.

'H-NMR (300 MHz, CDCls) §: 7.78-7.85 (m, 2 H), 7.73 (ddd:8.9, 3.5, 2.2 Hz, 2 H), 7.47
(ddd,J=8.9, 2.3, 2.2 Hz, 2 H), 7.42 (7.8 Hz, 1 H).

3C-NMR (75 MHz, CDCls) 6: 189.76, 160.27 (dJcr=265 Hz), 140.89, 136.36, 135.35 (d,
3Jc=3.6 Hz), 134.71, 131.06 (dJcr=1.3 Hz), 129.37, 129.22, 127.78 (=14 Hz),
125.28 (d3Jc=4.4 Hz), 113.05, 102.77 (8)ce=16 Hz).

MS (70 eV, El)m/z(%): 261 (14), 259 (43) [N, 148 (24), 141 (31), 139 (100), 120 (11),
111 (23), 75 (11).

IR (ATR) U (cm?): 3088, 3070, 2360, 2340, 2238, 1930, 1660, 16586, 1570, 1540,
1484, 1448, 1402, 1370, 1316, 1302, 1294, 12800,1P%36, 1202, 1190, 1172, 1160, 1132,
1114, 1090, 1074, 1024, 1012, 1000, 990, 962, 836, 836, 814, 792, 748, 736, 716, 680,
668, 642, 628, 608, 560.

HRMS (EI) for C14H7CIFNO (259.0200): 259.0189.

Synthesis of 3-bromo-6-fluoro-2-(3-methyl-but-2-eny-benzonitrile (69s)
CN

Br
Accordingto TP 1, the metalation of 5-bromo-2-fluorobenzonitrig7; 400 mg, 2.0 mmol)
was completed within 5.5 h at 25 °C using a sotutsd TMP,Zn-2MgCb-2LiCl (60; 0.40m
in THF, 2.8 mL, 1.1 mmol). Then CuCN-2LiCl & in THF, 0.1 mL, 0.1 mmol) and 1-
bromo-3-methyl-but-2-ene (360 mg, 2.4 mmol) werdeatland stirred for 1 h at 0 °C. The
reaction mixture was quenched with a sat. agsQHdolution (30 mL), extracted with diethyl
ether (3 x 50 mL) and dried over anhydrous MgS@fter filtration, the solvent was
evaporatedn vacuo Purification by column chromatography (pentaretidyl ether = 75:1)
furnished69s (455 mg, 85%) as a colourless solid.
m.p.: 47.8-49.6 °C.
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'H-NMR (300 MHz, CDCls) 6: 7.00-7.06 (m, 1 H), 6.72-6.77 (m, 1 H), 4.92-4(8Q 1 H),
2.84 (d,J=7.4 Hz, 2 H), 1.50 (dJ=1.1 Hz, 3 H), 1.37 (s, 3 H).

13C-NMR (75 MHz, CDCls) 6: 160.53 (d,Jcr=257 Hz), 137.56 (2Jcr=5.6 Hz), 135.20,
133.05, 132.02 (d2Jc=16 Hz), 119.41, 116.73 (fIe=4.2 Hz), 112.77, 103.44 (d,
2Jc=18Hz), 27.03 (d*Jc=2.2 Hz), 25.51, 17.50.

MS (70 eV, E)m/z(%): 269 (24), 267 (25), [0, 251 (14), 249 (15), 187 (20), 173 (13), 172
(100), 171 (18), 157 (14), 133 (11), 55 (14).

IR (ATR) U (cml): 3088, 3032, 2977, 2928, 2857, 2237, 1732, 16633, 1484, 1463,
1452, 1436, 1402, 1377, 1350, 1287, 1261, 1244912075, 1152, 1117, 1101, 1094, 1074,
1011, 985, 967, 898, 862, 838, 774, 734, 721.

HRMS (EI) for C1H11BrFN (267.0059): 267.0047.

Synthesis of 2-cyclohex-2-enyl-1,4-difluoro-3-nitroenzene (69t):
F
NO,

A
=
Accordingto TP 1, the metalation of 1,4-difluoro-2-nitrobenzergZ¢ 318 mg, 2.0 mmol)
was completed within 3.5 h at 0 °C using a solutbdiMP,Zn-2MgCb-2LiCl (60; 0.40M in
THF, 2.8 mL, 1.1 mmol). 3-Bromo-cyclohexene (400, 2% mmol) and CuCN-2LiCl (110
solution in THF, 0.1 mL, 0.1 mmol) were added &and the reaction mixture was stirred
for 30 min. The reaction mixture was quenched vatisat. aq. NECI solution (30 mL),
extracted with diethyl ether (4 x 30 mL) and drimeer anhydrous MgS After filtration,
the solvent was evaporatedn vacuo Purification by column chromatography
(pentane/ChHLCI; = 5:1) furnished9t (392 mg, 82%) as a yellow oil.
'H-NMR (300 MHz, CDCl3) 8: 7.07-7.21 (m, 2 H), 5.84-5.91 (m, 1 H), 5.51-5(69 1 H),
3.55-3.63 (m, 1 H), 1.99-2.17 (m, 3 H), 1.86-1.85 2 H), 1.58-1.70 (m, 1 H).
3C-NMR (75 MHz, CDCl3) d: 156.80 (t,Jc=246, 2.8 Hz), 149.78 (tlc=246, 2.8 Hz),
129.36 (d,*Jc=2.0 Hz), 127.51 (tJc=18, 1.3 Hz), 125.70 (FJc=1.3 Hz), 118.51 (m),
115.32 (m).
MS (70 eV, EI)m/z(%): 239 (21) [M], 223 (26), 222 (71), 221 (22), 220 (21), 205 (204
(100), 203 (93), 202 (16), 194 815), 192 (31), 133, 182 (77), 181 (16), 179 (34), 177 (16),
170 (16), 169 8199, 168 828), 166 (959, 165 (264, B79, 156 827), 155 (21), 153 (35), 152
816), 151 847), 146 8169, 128 8229, 127 842), GY, @ (16).
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IR (ATR) 7 (cmi%): 3028, 2938, 2865, 1598, 1539, 1479, 1457, 14434, 1363, 1288,
1265, 1236, 1196, 1137, 1052, 1034, 971, 944, 998, 881, 864, 819, 805, 771, 743, 721,
705, 686, 637, 623, 603.

HRMS (EI) for C1.H11F-NO, (239.0758): 239.0745.

Larger Scale Synthesis

Preparation of 3-benzoyl-H-chromen-2-one (70a)
o)

o~ o
A flame-dried and nitrogen-flushed 250 mL Schleldsik, equipped with a magnetic stirring
bar and rubber septum, is charged with a solutiomMP,Zn-2MgC}-2LiCl (60; 125 mL,
110 mmol). Coumarinst; 14.6 g, 100 mmol) is added neatly and the mixtarstirred for
2 h at 25 °C. The resulting mixture is cooled t® =€, then PhCOCI (14.2 g, 100 mmol,
1.0 equiv) and CuCN-2LiCl (112 solution in THF, 10 mL, 10 mmol) were added. Afséow
warming to 25 °C within 5 h, the reaction mixtue quenched with a mixture of a sat.
agueous NRCI solution (300 mL) and conc. aqueous Mddlution (50 mL) and extracted
with Et,O (3 x 250 mL). The combined organic layers arehedswith brine (250 mL) and
dried over anhydrous MgSOAfter filtration, the solvent is removed vacuo The crude
product is purified by recrystallizatiomi{eptane/ethyl acetate) to giv®a as a yellowish
solid (17.8 g, 71%)).
m.p.: 136.0-137.1 °C.
'H-NMR (300 MHz, CDCls) 6: 8.11 (s, 1 H), 7.90 (dl = 8.4 Hz, 2 H), 7.67-7.57 (m, 3 H),
7.51-7.44 (m, 2 H), 7.40 (d=8.5 Hz, 1 H), 7.34 (d]=7.5 Hz, 1 H).
¥C-NMR (75 MHz, CDCls) §: 191.61, 158.42, 154.78, 145.32, 136.24, 133.8R.5D,
129.51, 129.16, 128.58, 127.02, 124.98, 118.23.9116
MS (70 eV, El)m/z 251 (13), (250) (100) [N, 222 (24), 221 (59), 173 (21), 105 (98), 77
(61), 51 (11).
IR (ATR) U (cm?): 3061, 1712, 1656, 1607, 1595, 1580, 1563, 14853, 1449, 1445,
1363, 1318, 1305, 1297, 1264, 1237, 1214, 1182411844, 1120, 1073, 1041, 1026, 1000,
962, 952, 946, 937, 920, 865, 857, 816, 793, 769, 754, 736, 696, 681.
HRMS (EI) for C16H1003 (250.0630): 250.0605.
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Preparation of 2-(4-methoxyphenyl)quinoxaline (70b)

OMe
| \/N\\/©/
p®
A flame-dried and nitrogen-flushed 250 mL Schleldsik, equipped with a magnetic stirring
bar and rubber septum, is charged with a solutiomMP,Zn-2MgC}-2LiCl (60; 125 mL,
110 mmol). Quinoxalineglh; 13.0 g, 100 mmol) is added and the mixture isestifor 3 h at
25 °C. Then, Pd(dba)280 mg; 0.5 mol-%), B¢furyl)s (230 mg; 1 mol-%) and 4-iodoanisole
(23.4 g, 100 mmol, 1.00 equiv) are added and theti@n mixture is stirred for 2 h at 25 °C.
The reaction mixture is quenched with a sat. agsi@tithCl solution (250 mL) and extracted
with Et,O (3 x 250 mL). The combined organic layers arehgdswith brine (250 mL) and
dried over anhydrous MgSOAfter filtration, the solvent is removeid vacuo The crude
product is purified by recrystallizatiomi{eptane/ethyl acetate) to giv®b as a colourless
solid (19.4 g, 82%).
m.p.: 100.2-101.9 °C.
'H-NMR (600 MHz, CDCls) 6: 9.28 (s, 1 H), 8.16 (d =8.8Hz, 2 H), 8.12 (t}=8.1.Hz, 2 H),
7.77-7.67 (m, 2 H), 7.11 (d=8.8 Hz, 2 H), 3.88 (s, 3 H).
13C-NMR (150 MHz, CDCl3) o: 161.52, 151.41, 143.00, 142.26, 141.11, 130.28.36,
129.20, 129.13, 129.02, 114.62, 55.47.
MS (70 eV, El)m/z 236 (100) [M+], 233 (14), 221 (17), 209 (12), 1@, 118 (8), 57 (8).
IR (ATR) v (cm?): 3057, 3005, 2930, 2833, 1602, 1576, 1536, 14827, 1291, 1270,
1246, 1226, 1181, 1130, 1030, 957, 847, 810, 788, 728, 670, 655, 630, 609.
HRMS (EI) for C15H12N20 (236.0950): 236.0945.

Preparation of ethyl 5-cyanobiphenyl-2-carboxylatg690)
CO,Et
Ph

CN

A flame-dried and nitrogen-flushed 250 mL Schleldsik, equipped with a magnetic stirring
bar and rubber septum, is charged with a solutiomMP,Zn-2MgCb-2LiCl (60; 125 mL,
110 mmol). Ethyl 4-cyanobenzoat/(; 17.5 g, 100 mmol) is added and the mixture isesti
for 48 h at 25 °C. Then, Pd(dbgR80 mg; 0.5 mol-%), Bffuryl)s (230 mg; 1 mol-%) and
iodobenzene (20.4 g, 100 mmol, 1.00 equiv) are chaahel the reaction mixture is stirred for
5 h at 25 °C. The reaction mixture is quenched wiat. aqueous NBI solution (250 mL)
and extracted with ED (3 x 250 mL). The combined organic layers arehgdswith brine

174



Experimental Part: Directed Zincations Using TMR-2MgCb-2LiCl

(250 mL) and dried over anhydrous MgS@fter filtration, the solvent is removed vacuo
The crude product is purified by column chromatpgsa(pentane/ether = 7:1) to gi88o as

a yellowish oil (21.1 g, 84%).

'H-NMR (300 MHz, CDCls) 8: 8.13-8-17 (m, 1 H), 7.89-7.91 (m, 1 H), 7.70-7(#, 2 H),
7.40-7.47 (m, 2 H), 7.29-7.34 (m, 2 H), 4.10J97.3 Hz, 2 H), 0.98 (1}=7.2 Hz, 3 H).
3C-NMR (75 MHz, CDCls) 6: 167.37, 143.20, 139.11, 135.53, 134.04, 132.BD.28B,
130.06, 128.39, 128.19, 116.30, 114.77, 61.63,213.6

MS (70 eV, El)m/z 251 (35) [M], 223 (11), 207 (16), 206 (100), 178 (16), 177)(161
(15).

IR (ATR) U (cmi'): 3098, 3052, 2990, 2980, 2938, 2904, 2232, 118674, 1602, 1578,
1568, 1558, 1504, 1480, 1472, 1444, 1398, 13660),1B518, 1280, 1250, 1186, 1158, 1138,
1124, 1106, 1076, 1048, 1020, 968, 920, 902, 832, 842, 788, 764, 710, 696, 668, 642,
630, 614, 604, 580, 566.

HRMS (EI) for C16H13NO, (251.0946): 251.0941.
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13.5 Functionalization of 3,6-Dichloropyridazine 71)

Synthesis of 3,6-dichloro-4-iodopyridazine (73a)
Cl
NS
N~
Cl
To a solution of the zincated dichloropyridazin2 (2 mmol), iodine (761 mg, 3.0 mmol)
dissolved in THF (6 mL) was added dropwise andetdirffor 1 h at =78 °C. The reaction
mixture was quenched with a mixture of a sat. ad,®l solution (10 mL) and a sat. aqg.
NaS,03 solution (10 mL), extracted with diethyl ether{(80 mL) and dried over anhydrous
MgSQ,. After filtration, the solvent was evaporatéd vacuo Purification by column
chromatography (pentane/diethyl ether = 5:1) furetsthe compound3a (451 mg, 82%) as
a colourless solid.
m.p.: 145.1-146.6 °C.
'H-NMR (CDCl 3, 300 MHz)6: 8.06 (s, 1H).
3C-NMR (CDCl3, 75 MHz) 6: 159.70, 153.85, 139.73, 105.37.
MS (70 eV, El)m/z (%): 274 (95) [M], 127 (23), 123 (10), 121 (70), 119 (100), 86 (15)
84 (43), 49 (8).
IR (ATR) U (cm?): 3092, 3020, 1796, 1516, 1488, 1464, 1332, 14966, 1236, 1152,
1136, 1060, 1044, 992, 956, 900, 812, 764, 728, 66Q, 628, 608, 588, 564.

HRMS (EI) for C4HCILIN, (273.8561): 273.8538.

Synthesis of 2-(3,6-dichloropyridazin-4-ylmethyl)acylic acid ethyl ester (73b)
Cl
lw\\l N
N__~ CO,Et
Cl
To a solution of the zincated dichloropyridazir (2.0 mmol), CuCN-2LiCl (1. solution
in THF, 0.5 mL, 0.5 mmol) was added and the reactioxture was stirred for 5 min. Then,
ethyl 2-(bromomethyl)acrylate (483 mg, 2.5 mmol)svaalded and stirred for 1 h at —78 °C.
The reaction mixture was quenched with a sat. dadyQ\ solution (15 mL), extracted with
diethyl ether (5 x 30 mL) and dried over anhydrdgSO,. After filtration, the solvent was
evaporatedn vacuo Purification by column chromatography (pentaretiuyl ether = 4:1)
furnished the compountBb (451 mg, 82%) as a pale yellow oil.
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'H-NMR (CDCl 3, 600 MHz)6: 7.39 (s, 1H), 6.45 (s, 1 H), 5.75 (s, 1 H), 4@8J=7.2 Hz,

2 H), 3.72 (s, 2 H), 1.25 (4=7.2 Hz, 3 H).

3C-NMR (CDCl3, 150 MHz) 6: 165.50, 156.82, 155.91, 141.36, 134.67, 129.99,87,
61.46, 34.75, 14.06.

MS (70 eV, El)m/z(%): 260 (7) [M], 227 (22), 225 (77), 217 (10), 215 (16), 199 (3B8
(9), 197 (100), 189 (8) 187 (11), 123 (9), 63 (9).

IR (ATR) v (cm?): 2982, 1709, 1632, 1566, 1476, 1464, 1444, 14359, 1319, 1294,
1276, 1255, 1206, 1172, 1132, 1100, 1048, 1023, 989, 918, 872, 858, 817, 772, 747, 729,
684, 640, 633, 617, 610, 607, 597, 583, 580, 586, 5

HRMS (EI) for C1gH1¢CloN20; (260.0119): 260.0113.

Synthesis of (3,6-dichloropyridazin-4-yl)phenylmethnone (73c)
Cl O

N\ Ph
N _~

Cl
To a solution of the zincated dichloropyridazir (2.0 mmol), CuCN-2LiCI (1.& solution
in THF, 2.2 mL, 2.2 mmol) was added and the reaatnixture was stirred for 30 min. Then,
benzoyl chloride (353 mg, 2.5 mmol) was added & . The reaction mixture was slowly
warmed to —20 °C and stirred at this temperaturd @oh. The reaction mixture was quenched
with a sat. ag. NECI solution (15 mL), extracted with diethyl ethé& ¥ 30 mL) and dried
over anhydrous MgSQA¢fter filtration, the solvent was evaporatedvacuo Purification by
column chromatography (pentane/diethyl ether, 8itnished the compound3c (368 mg,
73%) as a colourless solid.
m.p.: 100.2-101.5 °C.
'H-NMR (CDCl 3, 600 MHz) 6: 7.78 (d,J=7.2 Hz, 2 H), 7.72 (t)=7.6 Hz, 1 H), 7.56 (t,
J=7.9 Hz, 2 H), 7.51 (s, 1 H).
3C-NMR (CDCl3, 150 MHz) 6: 189.05, 156.23, 151.71, 140.00, 135.48, 133.88,02,
129.34, 127.71.
MS (70 eV, E)m/z(%): 254 (23), 252 (38) [N, 106 (21), 105 (97), 77 (100), 51 (28).
IR (ATR) U (cm?): 3069, 1665, 1632, 1614, 1590, 1574, 1501, 14844, 1338, 1324,
1306, 1289, 1257, 1247, 1239, 1222, 1173, 11675,11534, 1103, 1070, 1052, 1024, 999,
988, 981, 968, 932, 902, 852, 821, 799, 756, 724, 681, 653, 624, 612, 599, 587, 584, 579,
575, 559.
HRMS (EI) for C11HgClN,O (251.9857): 251.9844.
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Synthesis of (3,6-dichloropyridazin-4-yl)furan-2-yethanone (73d)

Cl O

I

N~ %
Cl

To a solution of the zincated dichloropyridazir (2.0 mmol), CuCN-2LiCl (1. solution

in THF, 2.2 mL, 2.2 mmol) was added and the reaatnixture was stirred for 30 min. Then,
2-furoyl chloride (326 mg, 2.5 mmol) was added & <C. The reaction mixture was slowly
warmed to —20 °C and stirred at this temperaturd @oh. The reaction mixture was quenched
with a sat. ag. NECI solution (10 mL), extracted with diethyl ethé& ¥ 20 mL) and dried
over anhydrous MgSQAfter filtration, the solvent was evaporatedvacuo Purification by
column chromatography (pentane/diethyl ether = &ifijished the compound3d (330 mg,
68%) as a colourless solid.

m.p.: 135.6-136.8 °C.

'H-NMR (CDCl 3, 300 MHz) §: 7.74 (d,J=0.7 Hz, 1 H), 7.56 (s, 1 H), 7.33 (@3.2 Hz,

1 H), 6.72 (ddJ=3.6, 1.5 Hz, 1 H).

13C-NMR (CDCl3, 75 MHz) . 175.78, 156.16, 151.83, 150.53, 149.44, 138.50,8B27
122.39, 113.71.

MS (70 eV, E)m/z(%): 244 (62), 242 (94) [N, 96 (18), 95 (100), 84 (13).

IR (ATR) 7 (cm?): 3113, 3041, 1657, 1623, 1558, 1505, 1462, 13853, 1319, 1282,
1243, 1203, 1190, 1183, 1165, 1149, 1119, 10810,10434, 981, 931, 927, 911, 883, 872,
864, 802, 789, 778, 768, 740, 692, 683, 644, 630, 620, 591, 570, 552.

HRMS (EI) for CgH4CI2N20, (241.9650): 241.9658.

Synthesis of (3,6-dichloropyridazin-4-yl)thiophen-2ylmethanone (73e)

Cl O

I

N~ %
Cl

To a solution of the zincated dichloropyridazir (2.0 mmol), CuCN-2LiCl (1. solution
in THF, 2.2 mL, 2.2 mmol) was added and the reaatnixture was stirred for 30 min. Then,
2-thiophene acid chloride (346 mg, 2.5 mmol) wadealdat —78 °C. The reaction mixture was
slowly warmed to —20 °C and stirred at this tempegafor 16 h. The reaction mixture was
guenched with a sat. ag. NEl solution (15 mL), extracted with diethyl ethé&r X 30 mL)
and dried over anhydrous Mg&QAfter filtration, the solvent was evaporatéd vacuo
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Purification by column chromatography (pentanehdieether = 3:1) furnished the compound
73e(339 mg, 66%) as a colourless solid.

m.p.: 158.1-159.8 °C.

'H-NMR (CDCl 3, 600 MHz) §: 7.94 (d,J=6.2 Hz, 1 H), 7.55 (s, 1 H), 7.46 (83.8 Hz,

1 H), 7.21-7.24 (m, 1 H).

3C-NMR (CDCl3, 150 MHz) 5: 180.63, 156.14; 151.68, 141.13, 139.30, 138.15,8236
129.11, 127.44.

MS (70 eV, El)m/z(%): 260 (66), 258 (99) [V, 113 (23), 112 (28), 111 (100), 84 (12), 83
(25), 57 (9).

IR (ATR) U (cm'): 3116, 3069, 1630, 1597, 1561, 1507, 1501, 14192, 1364, 1355,
1343, 1325, 1312, 1270, 1256, 1230, 1206, 11970,11842, 1105, 1072, 1054, 1040, 958,
934, 911, 863, 860, 853, 826, 807, 793, 757, 798, 678, 662, 655, 610, 593, 579, 574, 570,
563, 553.

HRMS (EI) for CgH4CI:N,0OS (257.9421): 257.9414.

Synthesis of (3,6,3',6')-tetrachloro-[4,4'|bipyridazinyl (73f)

To a solution of the zincated dichloropyridazif#(2.0 mmol), chloranil (290 mg, 1.2 mmol)
dissolved in THF (9 mL) was added dropwise at -Z8ahd the resulting reaction mixture
was stirred for 4 h at =78 °C. The reaction mixtwras quenched with a sat. aq. X
solution (15 mL), extracted with diethyl ether (88 mL) and dried over anhydrous MgsSO
After filtration, the solvent was evaporatedvacuo Purification by column chromatography
(pentane/diethyl ether = 1:1) furnished the comploiB8f (262 mg, 88%) as a colourless solid.
m.p.: 164.5-166.5 °C.

'H-NMR (CDCl 3, 300 MHz)d: 7.56 (s, 2H).

13C-NMR (CDCl3, 75 MHz) §: 156.10, 153.32, 134.78, 129.59.

MS (70 eV, El)m/z (%): 296 (100) [M], 295 (9), 294 (72), 233 (19), 231 (21), 208 (11),
206 (15), 205 (10), 203 (9), 198 (19), 197 (12),6 (®9), 195 (15), 145 (10), 143 (12),
118 (11), 108 (8), 84 (17).

IR (ATR) v (cm?): 3031, 1684, 1546, 1434, 1392, 1349, 1327, 12889, 903, 781, 753,
712, 632, 568.
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HRMS (EI) for CgH,CloN4 (293.9034): 293.9037.

Synthesis of 3,6-dichloro-4-(4-methoxyphenyl)pyridaine (73g)

OMe
Cl

N X
N__~
Cl

To a solution of the zincated dichloropyridazir (2.0 mmol), Pd(dba)(56 mg, 5 mol-%)
and Po-furyl)s (46 mg, 10 mol-%) dissolved in THF (4 mL) werertlieansferrediia cannula
to the reaction mixture, followed by the additioh Ibiodo-4-methoxybenzene (500 mg,
2.2 mmol) dissolved in THF (2 mL). The reaction tabe was allowed to warm up within 4 h
to -20 °C. The reaction mixture was quenched witead aq. NHCI solution (20 mL),
extracted with diethyl ether (5 x 30 mL) and drecer anhydrous MgS After filtration,
the solvent was evaporatedvacuo Purification by column chromatography (pentaretiuyl
ether = 6:1) furnished the compoun8g (366 mg, 76%) as a colourless solid.
m.p.: 106.5-107.9 °C.
'H-NMR (DMSO, 400 MHz) &: 8.06 (s, 1 H), 7.61 (ddd=9.4, 2.9, 2.5 Hz, 2 H), 7.10 (ddd,
J=9.4, 2.9, 2.5 Hz, 2 H), 3.83 (s, 3 H).
3C-.NMR (DMSO, 100 MHz) J: 160.68, 155.64, 154.47, 142.19, 130.97, 130.24,88,
114.09, 55.34.
MS (70 eV, El)m/z (%): 256 (58), 255 (12), 254 (100) [M 213 (11), 210 (17), 166 (11),
156 (11) 114 (8).
IR (ATR) U (cm?): 3016, 2934, 2842, 1604, 1578, 1552, 1510, 14@48, 1440, 1372,
1360, 1332, 1314, 1288, 1258, 1244, 1212, 11906,11822, 1058, 1044, 1026, 960, 944,
920, 858, 830, 814, 792, 780, 756, 724, 700, 68B, 614, 590, 578.
HRMS (EI) for C11HgCloN,O (254.0014): 254.0007.

Synthesis of 4-(3,6-dichloropyridazin-4-yl)benzoiacid ethyl ester (73h)

I ‘ CO,Et
NN
Il
N~
cl

To a solution of the zincated dichloropyridazif (2.0 mmol), Pd(dba)(56 mg, 5 mol-%)
and PO-furyl)s (46 mg, 10 mol-%) dissolved in THF (4 mL) werertlieansferrediia cannula
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to the reaction mixture, followed by the additidnethyl 4-iodobenzoate (607 mg, 2.2 mmol)
dissolved in THF (2 mL). The reaction mixture wéswed to warm up within 4 h to —20 °C.
The reaction mixture was quenched with a sat. ddyQ\ solution (20 mL), extracted with
diethyl ether (5 x 30 mL) and dried over anhydrdgSO,. After filtration, the solvent was
evaporatedn vacuo Purification by column chromatography (pentarettuyl ether = 4:1)
furnished the compounaBh (481 mg, 81%) as a colourless solid.

m.p.: 81.4-82.0 °C.

'H-NMR (CDCl 3, 300 MHz) ¢: 8.18 (ddd,J=8.6, 1.9, 1.7 Hz, 2 H), 7.56 (ddd8.6, 1.9,
1.7 Hz, 2 H), 7.51 (s, 1 H), 4.42 @7.1 Hz, 2 H), 1.42 (1}=7.0 Hz, 3 H).

3C-NMR (CDCl3;, 75 MHz) 6: 165.55, 156.08, 154.43, 141.80, 137.21, 132.30.(1,
129.48, 128.94, 61.49, 14.28.

MS (70 eV, El)m/z(%): 298 (23), 296 (39) [N, 270 (34), 268 (53), 255 (11), 254 (12), 253
(62), 252 (17), 251 (100), 188 (10), 153 (17), 12¥).

IR (ATR) v (cm?): 3062, 3038, 2984, 2910, 1716, 1612, 1556, 134@2, 1408, 1390,
1364, 1350, 1328, 1314, 1274, 1186, 1136, 11262,11060, 1040, 1016, 980, 964, 924, 880,
858, 842, 772, 750, 720, 700, 668, 654, 638, 632, 554.

HRMS (EI) for C13H10CI2N20, (296.0119): 296.0118.

Synthesis of 3,6-dichloro-4-(3-nitrophenyl)pyridazne (73i)

' )

N
N NO,
N~

Cl
To a solution of the zincated dichloropyridazif (2.0 mmol), Pd(dba)(56 mg, 5 mol-%)
and PO-furyl)s (46 mg, 10 mol-%) dissolved in THF (4 mL) wereritieansferrediia cannula
to the reaction mixture, followed by the additidnleiodo-3-nitrobenzene (510 mg, 2.1 mmol)
dissolved in THF (2 mL). The reaction mixture wilewed to warm up within 4 h to —20 °C.
The reaction mixture was quenched with a sat. dadyQ\ solution (20 mL), extracted with
diethyl ether (5 x 30 mL) and dried over anhydrtdgSO,. After filtration, the solvent was
evaporatedn vacuo Purification by column chromatography (pentaretiuyl ether = 3:1)
furnished the compouni (415 mg, 77%) as a pale yellow solid.
m.p.: 174.0-175.2 °C.
'H-NMR (DMSO, 400 MHz) J: 8.52 (t,J=8.2 Hz, 1 H), 8.40 (dddl=8.4, 2.3, 1.1 Hz, 1 H),
8.27 (s, 1 H), 8.09 (d8=7.8, 1.4 Hz, 1 H), 7.85 (8=8.2 Hz, 1 H).

181



Experimental Part: Functionalization of 3,6-Dicldpyridazine

3C-NMR (DMSO, 100 MHz) §: 155.76, 154.17, 147.65, 140.51, 135.86, 134.34,21,
130.22, 124.69, 124.35.

MS (70 eV, El)m/z(%): 273 (10) 271 (60), 270 (11), 269 (100)'[M241 (11), 195 (14), 160
(35), 153 (16), 126 (11).

IR (ATR) 7 (cm): 3094, 3056, 1614, 1580, 1558, 1522, 1494, 14388, 1328, 1304,
1280, 1244, 1226, 1190, 1176, 1136, 1112, 1100),10966, 1046, 1002, 942, 920, 904, 838,
814, 790, 758, 730, 686, 668, 626, 598, 562.

HRMS (EI) for C1oHsClNsO; (268.9759): 269.9763.

Synthesis of 3,6-dichloro-4,5-iodopyridazine (75a)
Cl
NS
N~

|
Cl

A dry and argon flushed 25-mL Schlenck-tube, eqgeippvith a magnetic stirring bar was
charged with a solution of 6-dichloro-4-iodo-pyritze (73a 550 mg, 2.0 mmol) in dry THF
(5 mL). The solution was cooled to —78 °C and B&Hr2MgCh-2LiCl (60; 0.40 M in THF,
3.0 mL, 1.2 mmol) was added dropwise and the reguihixture was stirred for 3 h at -78 °C.
lodine (761 mg, 3.00 mmol) dissolved in THF (6 mgs added dropwise and stirred for 1 h
at —78 °C. The reaction mixture was quenched witkture of a sat. aq. Ni€I solution
(10 mL) and a sat. aq. O3 solution (10 mL), extracted with diethyl ether(%80 mL) and
dried over anhydrous MgSO After filtration, the solvent was evaporated vacuo
Recrystallization (CECl,) furnished the compouritba (448 mg, 56%) as a colourless solid.
m.p.: 193.8 °C (decomposition).
13C-NMR (CDCl3, 100 MHz)4: 157.78, 124.81.
MS (70 eV, El)m/z (%):400 (100) [M], 254 (11), 247 (16), 245 (25), 237 (14), 236 (10)
126 (21), 120 (50), 118 (67), 83 (13).
IR (ATR) U (cm?): 3092, 1516, 1488, 1464, 1332, 1296, 1276, 12362, 1136, 1060,
1044, 992, 956, 900, 812, 764, 728, 672, 660, 628, 564.
HRMS (EI) for C4Cl,l 2N, (399.7528): 399.7518.
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Synthesis of (5-benzoyl-3,6-dichloropyridazin-4-yhenylmethanone (75b)
cl o

N\ Ph

N~ Ph
Ccl O

A dry and argon flushed 25-mL Schlenck-tube, egeippvith a magnetic stirring bar was
charged with a solution of (3,6-dichloropyridazindphenylmethanone 73 504 mg,
2.0 mmol) in dry THF (5 mL). The solution was cable —78 °C and TM#Zn-2MgC}-2LiCl
(60; 0.40M in THF, 3.0 mL, 1.2 mmol) was added dropwise amal esulting mixture was
stirred for 3 h at —78 °C. CuCN-2LIiCl (IM0solution in THF, 2.2 mL, 2.2 mmol) was added
and the reaction mixture was stirred for 30 mineffhbenzoyl chloride (353 mg, 2.5 mmol)
was added at —7&. The reaction mixture was slowly warmed to —0ahd stirred at this
temperature for 16 h. The reaction mixture was gbed with a sat. aq. N)@| solution
(20 mL), extracted with diethyl ether (5 x 30 mljdadried over anhydrous MgQQAfter
filtration, the solvent was evaporatéd vacuo Purification by column chromatography
(pentane/diethyl ether = 1:1) furnished the complodsb (548 mg, 77%) as a pale yellow
solid.
m.p.: 166.8-168.3 °C.
'H-NMR (CDCl 3, 300 MHz)6: 7.63-7.73 (m, 6 H), 7.46-7.51 (m, 4 H).
3C-NMR (CDCl3, 75 MHz) §: 188.95, 152.02, 138.05, 135.47, 134.27, 129.99,17.
MS (70 eV, El)m/z(%): 356 (7) [M], 105 (100), 77 (26).
IR (ATR) v (cm™): 1668, 1594, 1580, 1450, 1336, 1318, 1258, 11866, 1150, 1002, 990,
962, 852, 812, 798, 754, 714, 700, 680, 668, 628, 666.
HRMS (EI) for C1g8H10CI2N20, (356.0119): 356.0114.

Synthesis of 2-[3,6-dichloro-5-(furan-2-carbonyl)pyidazin-4-ylmethyl] acrylic acid ethyl
ester (75c)

cl o
I
N__~ %
Cl
CO,Et

A dry and argon flushed 25-mL Schlenck-tube, egeippvith a magnetic stirring bar was
charged with a solution of (3,6-dichloro-pyridazing)-furan-2-yl-methanoné73d, 486 mg,
2.0 mmol) in dry THF (5 mL). The solution was cable —78 °C and TMZn-2MgCb-2LiCl
(60; 0.40M in THF, 3.0 mL, 1.2 mmol) was added dropwise am&l esulting mixture was
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stirred for 3 h at —78 °C. CuCN-2LiCl (M0 solution in THF, 0.5 mL, 0.5 mmol) was added
and the reaction mixture was stirred for 5 min. A,hethyl 2-(bromomethyl)acrylate (483 mg,
2.5 mmol) was added and stirred for 1 h at —78T#& reaction mixture was quenched with a
sat. aq. NHCI solution (20 mL), extracted with diethyl ethés ¥ 30 mL) and dried over
anhydrous MgSQ After filtration, the solvent was evaporatéd vacuo Purification by
column chromatography (pentane/diethyl ether = fifinished the compoundb@ (534 mg,
75%) as a pale yellow solid.

m.p.: 129.8-131.0 °C.

'H-NMR (CDCl 3, 300 MHz) d: 7.67 (d,J=2.4 Hz, 1 H), 7.28 (d}=3.4 Hz, 1 H), 6.65-6.67
(m, 1 H), 6.22 (t)=1.3 Hz, 1 H), 5.24 (t}=1.7 Hz, 1 H), 4.16 (q)=7.3 Hz, 2 H), 3.58-3.85
(m, 2 H), 1.25 (tJ=7.0 Hz, 3 H).

¥C-.NMR (CDCls, 75 MHz) J: 176.46, 165.25, 157.95, 151.59, 150.89, 149.488.78,
134.58, 127.88, 127.75, 122.53, 121.56, 113.6 B%B1.95, 14.06.

MS (70 eV, El)m/z(%): 354 (1) [M], 285 (11), 284 (10), 283 (62), 282 (22), 281 (1AB6
(13), 255 (12), 254 (17), 95 (71), 81 (25).

IR (ATR) 7 (cm™): 1668, 1594, 1580, 1450, 1336, 1318, 1258, 11866, 1150, 1002, 990,
962, 852, 812, 798, 754, 714, 700, 680, 668, 628, 666.

HRMS (EI) for C15H12CI2N204 (354.0174): 354.0170.

Synthesis of 5-chloro-3-phenyl-1H-pyrazolo[3,4-c]pydazine (76a)

Ph
Cl
= N
| N
N\\N “~N
H

A 50-mL round bottom flask, equipped with a magoediirring bar was charged with a
suspension of (3,6-dichloro-pyridazin-4-yl)-phemyéthanong(73¢ 504 mg, 2.0 mmol) in
EtOH (25 mL). NH4H>O (0.6 mL, 6 mmol) was added in one portion and riggulting
mixture was refluxed for 30 min. After cooling t& 2C CHCI, (100 mL) was added and the
organic layer was washed with water (3 x 30 mL) dnédd over anhydrous MgSOAfter
filtration, the solvent was evaporatedvacuo The residue was recrystallized from MeOH
giving 76aas a yellow solid (305 mg, 66%).

m.p.: 255.6-256.6 °C.

'H-NMR (DMSO, 400 MHz) §: 14.55 (s, 1 H), 8.71 (s, 1 H), 8.04-8.09 (m, 2 H%8, 7.54
(m, 2 H), 7.41-7.47 (m, 1 H).
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13C-NMR (DMSO, 100 MHz) &: 155.37, 147.36, 142.47, 131.22, 129.16, 129.05,5826
120.48, 115.96.

MS (70 eV, El)m/z(%): 232 (26), 231 (11), 230 (100) [M 140 (18), 113 (15), 77 (8).

IR (ATR) 7 (cmi%): 3093, 2993, 2974, 2918, 2893, 2841, 1587, 13467, 1433, 1394,
1382, 1362, 1287, 1258, 1194, 1177, 1145, 10833,10837, 1030, 1004, 992, 932, 910, 879,
865, 832, 801, 786, 776, 756, 688, 676, 620, 693, 584, 579, 575, 571, 559.

HRMS (EI) for C1;H7CIN, (230.0359): 230.0339.

Synthesis of 5-chloro-3-furan-2-yl-1H-pyrazolo[3,4¢]pyridazine (76b)

A 50-mL round bottom flask, equipped with a magoediirring bar was charged with a
suspension (3,6-dichloro-pyridazin-4-yl)-furan-2mkethanong73d; 486 mg, 2.0 mmol) in
EtOH (25 mL). NH4H>O (0.6 mL, 6 mmol) was added in one portion and rigmulting
mixture was refluxed for 30 min. After cooling t6 2C CHCl, (100 mL) was added and the
organic layer was washed with water (3 x 30 mL) dnéd over anhydrous MgSOAfter
filtration, the solvent was evaporatedvacuo The residue was recrystallized from MeOH
giving 76b as a yellow solid (328 mg, 75%).

m.p.: 256.8-257.5 °C.

'H-NMR (DMSO, 400 MHz) §: 14.71 (s, 1 H), 8.63 (s, 1 H), 7.86-7.92 (m, 1 HB1 (d,
J=3.5Hz, 1 H), 6.72 (dd]I=3.2, 1.6 Hz, 1 H).

13C-NMR (DMSO, 100 MHz) ¢: 154.85, 147.35, 145.88, 143.94, 135.19, 120.05,3R,
111.95, 109.18.

MS (70 eV, E)m/z(%): 220 (30) [M], 218 (100), 128 (32), 101 (18), 98 (27), 71 (30).

IR (ATR) U (cm?): 3132, 3108, 3092, 3000, 2958, 2906, 2852, 13824, 1512, 1496,
1460, 1416, 1378, 1370, 1330, 1284, 1264, 12240,1P080, 1164, 1144, 1126, 1102, 1074,
1034, 1010, 968, 936, 900, 882, 844, 820, 798, 738, 688, 668, 648, 624, 592, 570, 558.
HRMS (EI) for CoHsCIN4O (220.0152): 220.0139.
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Synthesis of 3-chloro-5-phenylthieno[2,3-c]pyridazie-6-carboxylic acid methyl ester
(77a)

Ph
Cl_~ {
\ CO,Me
Ney~ s

A 50-mL round bottom flask, equipped with a magoediirring bar was charged with a
suspension of (3,6-dichloro-pyridazin-4-yl)-phemyéthanong73g 504 mg, 2.0 mmol) in
MeOH (25 mL). HSCHCO,Me (265 mg, 2.5 mmol) and NES00 mg, 5 mmol) were added
in one portion and the resulting mixture was redidiXor 6 h. After cooling to 25 °C, GBI,
(100 mL) was added and the organic layer was washidwater (3 x 30 mL) and NaOH
(2m, 30 mL) and dried over anhydrous MgS@fter filtration, the solvent was evaporated
vacua The residue was recrystallized from MeOH givitp as a pale yellow solid (482 mg,
79%).

m.p: 160.0-161.1 °C.

'H-NMR (CDCl 3, 600 MHz) : 7.62 (s, 1 H), 7.50-7.55 (m, 3 H), 7.36 (dd7.4, 2.1 Hz,
2 H), 3.85 (s, 3 H).

3C-.NMR (CDCl3, 150 MHz) 6: 163.31, 161.49, 152.61, 139.47, 137.41, 135.84.24,
129.38, 129.354, 128.70, 122.07, 53.12.

MS (70 eV, El)m/z(%): 306 (42), 305 (1), 304 (100) [M 272 (22), 244 (27), 217 (21), 215
(46), 182 (25), 138 (12), 43 (16).

IR (ATR) U (cm?): 2950, 1698, 1658, 1554, 1498, 1486, 1448, 14378, 1330, 1304,
1284, 1244, 1198, 1178, 1140, 1114, 1078, 10540,1998, 978, 918, 902, 864, 814, 778,
766, 742, 704, 676, 658, 622, 614, 592, 566, 560.

HRMS (El) for C14H¢CIN0O,S (304.0073): 304.0060.

Synthesis of 3-chloro-5-furan-2-ylthieno[2,3-c]pyrilazine-6-carboxylic acid methyl ester
(77b)

A 50-mL round bottom flask, equipped with a magoediirring bar was charged with a
suspension (3,6-dichloro-pyridazin-4-yl)-furan-2mkethanong73d; 486 mg, 2.0 mmol) in
MeOH (25 mL). HSCHCO,Me (265 mg, 2.5 mmol) and NES00 mg, 5 mmol) were added
in one portion and the resulting mixture was redidiXor 6 h. After cooling to 25 °C, GBI,
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(100 mL) was added and the organic layer was wasligdwater (3 x 30 mL) and NaOH
(2m, 30 mL) and dried over anhydrous MgS@fter filtration, the solvent was evaporated
vacua The residue was recrystallized from MeOH givitih as a pale yellow solid (500 mg,
85%).

m.p.: 159.2-160.3 °C.

'H-NMR (CDCl 3, 300 MHz) d: 8.40 (s, 1 H), 7.67 (d]=1.5 Hz, 1 H), 7.38 (dJ=3.4 Hz,
1 H), 6.64 (ddJ=3.5, 1.8 Hz, 1 H), 3.98 (s, 3 H).

¥C-.NMR (CDCls, 75 MHz) §: 162.81, 161.44, 152.70, 146.02, 143.69, 135.8B.17,
127.50, 123.91, 115.38, 112.11, 53.32.

MS (70 eV, E)m/z(%): 296 (39), 295 (15), 294 (100) [M268 (11), 266 (40).

IR (ATR) v (cm?): 3178, 3148, 3138, 3126, 3110, 2956, 1728, 13686, 1518, 1482,
1446, 1430, 1384, 1360, 1328, 1282, 1226, 12166,11858, 1144, 1118, 1090, 1082, 1056,
1034, 998, 952, 920, 906, 900, 888, 832, 810, 796, 684, 668, 640, 624, 594, 584, 560.
HRMS (EI) for C1,H7CIN,03S (293.9866): 293.9873.
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13.6 Directed Zincations Using TMBZn-2MgCl,-2LiCI (60) and
Microwave Irradiation

Synthesis of 4'-cyanobiphenyl-2-carboxylic acid el ester (80a):

NC
O CO,Et

Accordingto TP 3, the metalation of ethyl benzoa#8§& 300 mg, 2.0 mmol) was completed
within 5 h at 120 °C using a solution of Ti#Eh-2MgCb-2LiCI (60; 0.40M in THF, 3.00 mL,
1.2 mmol). Pd(dba)(56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%) dissolved in THF
(4 mL) were then transferrada cannula to the reaction mixture, followed by tlgglision of
4-iodobenzonitrile (504 mg, 2.2 mmol) dissolvedTiHF (2 mL). The reaction mixture was
stirred at 25 °C for 24 h. The reaction mixture waenched with a sat. ag. NEl solution
(10 mL), extracted with diethyl ether (3 x 15 mlydadried over anhydrous MgSQQAfter
filtration, the solvent was evaporatéd vacuo Purification by column chromatography
(pentane/diethyl ether = 4:1) furnished the compl0r (411 mg, 82%) as a colourless oil.
'H-NMR (400 MHz, CDCls) 6: 7.94 (ddJ=7.7, 0.9 Hz, 1 H), 7.66-7.69 (m, 2 H), 7.56 (td,
J=7.6, 1.5 Hz, 1 H), 7.48 (td=7.6, 1.4 Hz, 1 H), 7.40 (ddd=8.4, 1.8, 1.6 Hz, 2 H), 7.30 (dd,
J=7.6, 0.8 Hz, 1 H), 4.11 (d=7.1 Hz, 2 H), 1.05 (U=7.1 Hz, 3 H).

¥C-.NMR (100 MHz, CDCls) &: 167.85, 146.82, 141.1, 131.97, 131.88, 130.73.63
129.49, 128.51, 119.14, 111.18, 61.38, 14.00.

MS (70 eV, El)m/z(%): 251 (30) [M], 223 (17), 207 (17), 206 (100), 178 (21), 177)(17
151 (20).

IR (ATR) U (cm?): 2980, 2227, 1713, 1608, 1598, 1576, 1509, 14484, 1445, 1400,
1390, 1365, 1286, 1275, 1245, 1172, 1128, 1110710847, 1015, 1005, 886, 852, 839, 795,
761, 734, 711, 703, 668, 653, 644, 631, 608, 699, 573, 554.

HRMS (EI) for C1¢H13NO; (251.0946): 251.0938.

Synthesis of 3'-trifluoromethyl-biphenyl-2-carboxylic acid diethylamide (80b)

O CONEt,
FsC O

Accordingto TP 3, the metalation oN,N-diethylbenzamide78b; 344 mg, 2.0 mmol) was
completed within 5 h at 120 °C using a solutionTéiP,Zn-2MgCb-2LIiCl (60; 0.40m in
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THF, 3.0 mL, 1.2 mmol)Pd(dba) (56 mg, 5 mol-%) and B{furyl)s (46 mg, 10 mol-%)
dissolved in THF (4 mL) were then transfersgd cannula to the reaction mixture, followed
by the addition of 1-iodo-3-trifluoromethylbenze(&98 mg, 2.2 mmol) dissolved in THF
(2 mL). The reaction mixture was stirred at 25 ‘@ £4 h. The reaction mixture was
guenched with a sat. aq. MEl solution (20 mL), extracted with diethyl ethé& % 30 mL)
and dried over anhydrous Mg&QAfter filtration, the solvent was evaporatéd vacuo
Purification by column chromatography (pentanehdieether = 9:1) furnished the compound
80b (546 mg, 85%) as a brownish oil.

'H-NMR (400 MHz, CDCl3) 8: 7.67-7.72 (m, 2 H), 7.58-7.63 (m, 1 H), 7.36-7(B2 5 H),
3.72 (br, 1 H), 2.96 (br, 2 H), 2.72 (br, 1 H),®@,J=7.1 Hz, 3 H), 0.78 (1)=7.1 Hz, 3 H).
3C-NMR (100 MHz, CDCls) 6: 170.25, 140.85, 137.13, 136.70, 132.60"0g~=1.5 Hz),
130.91 (q,%Jc=32 Hz), 129.72, 129.38, 129.07, 128.50, 127.25.62 (q,  Jcr=4.1 Hz),
121.72 (923c=3.7 Hz), 122.13 (diJc=272 Hz), 42.62, 38.67, 13.67, 12.16y.

MS (70 eV, El)m/z (%): 321 (44) [M], 320 (100), 300 (18), 292 (12), 250 (29), 249)(24
248 (16), 202 (11), 201 (95), 176 (10), 152 (319 20), 57 (13).

IR (ATR) U (cm?): 2975, 2935, 1624, 1599, 1569, 1498, 1480, 14469, 1423, 1382,
1364, 1332, 1287, 1280, 1257, 1246, 1221, 11629,11096, 1074, 1048, 1023, 1001, 944,
905, 883, 870, 822, 806, 776, 760, 732, 703, 688, 620, 608, 600, 585, 573, 555.

HRMS (El) for C1gH15FsNO (321.1340): 321.1347.

Synthesis of 2-benzoyl-4-chloro-benzoic acid ethgkter (69f):
O  CO,Et

Ph

Cl
Accordingto TP 3, the metalation of ethyl 4-chlorobenzoa®@¢ 370 mg, 2.0 mmol) was
completed within 2 h at 80 °C using a solution &H,Zn-2MgCb-2LiClI (60; 0.40M in THF,
3.0 mL, 1.2 mmol). The reaction mixture was codied-30 °C, CuCN-2LiCl (1. solution
in THF, 2.2 mL, 2.2 mmol) was added and the reaatnixture was stirred for 20 min. Then,
benzoyl chloride (353 mg, 2.5 mmol) was added & 2. The reaction mixture was slowly
warmed to 25 °C and stirred at this temperature2far The reaction mixture was quenched
with a sat. ag. NECI solution (20 mL), extracted with diethyl ethé ¥ 30 mL) and dried
over anhydrous MgSQA¢fter filtration, the solvent was evaporatedvacuo Purification by
column chromatography (pentane/diethyl ether = @fnished the compoungdf (502 mg,

86%) as a pale yellow solid.
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m.p.: 78.9-80.9 °C.

'H-NMR (400 MHz, CDCls) 6: 8.02 (d,J=8.4 Hz, 1 H), 7.73-7.77 (m, 2 H), 7.52-7.57 (m,
2H), 7.41-7.46 (m, 2 H), 7.36 (38.4 Hz, 1 H), 4.07 (¢J=7.1 Hz, 2 H), 1.04 (t)=7.1 Hz,

3 H).

3C-NMR (100 MHz, CDCly) §: 195.54, 165.22, 143.44, 139.24, 136.85, 133.69,9B,
129.89, 129.61, 128.89, 127.96, 127.82, 61.98,213.8

MS (70 eV, E)m/z(%): 288 (24) [M], 245 (16), 244 (15), 243 (35), 213 (11), 211 (3B3
(56), 152 (21), 105 (100), 77 (45), 57 (13).

IR (ATR) 7 (cm): 2983, 2909, 1712, 1677, 1619, 1590, 1583, 13@@0, 1473, 1450,
1445, 1385, 1363, 1319, 1311, 1283, 1267, 1243711753, 1134, 1105, 1089, 1074, 1021,
1001, 979, 966, 954, 942, 899, 875, 860, 843, 808, 780, 770, 712, 698, 690, 643, 619,
609, 591, 585.

HRMS (EI) for C1¢H1sClO3 (288.0553): 288.0550.

Synthesis of 5-bromo-3'-trifluoromethyl-biphenyl-2-carboxylic acid ethyl ester (69i):
CF3

O CO,Et

Br
Accordingto TP 3, the metalation of ethyl 4-bromobenzoad@f( 458 mg, 2.0 mmol) was
completed within 2 h at 80 °C using a solution &H;Zn-2MgC}-2LiClI (60; 0.40M in THF,
3.0 mL, 1.2 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl)s (46 mg, 10 mol-%) dissolved
in THF (4 mL) were then transferreda cannula to the reaction mixture, followed by the
addition of 1-iodo-3-trifluoromethylbenzene (598 n#&y2 mmol) dissolved in THF (2 mL).
The reaction mixture was stirred at 25 °C for 60 le reaction mixture was quenched with a
sat. ag. NHCI solution (20 mL), extracted with diethyl ethéd ¥ 30 mL) and dried over
anhydrous MgSQ After filtration, the solvent was evaporatéd vacuo Purification by
column chromatography (pentane/diethyl ether = ifufhished the compoun@Pi (619 mg,
83%) as a yellowish oll.
'H-NMR (600 MHz, CDCls) 6: 7.79 (d,J=8.3 Hz, 1 H), 7.63 (dJ=7.6 Hz, 1 H), 7.59 (dd,
J=8.3, 1.9 Hz, 1 H) 7.46-7.54 (m, 4 H), 4.06Jg7.2 Hz, 2 H), 0.98 (t}=7.2 Hz, 3 H).
¥C-NMR (150 MHz, CDCls) J: 167.10, 142.94, 141.05, 133.56, 131.84, 131.63 (q
“Jer=1.3 Hz), 131.03, 130.39 (q?Jc=32 Hz), 129.66, 128.51, 126.03, 125.23 (q,
33c=3.9 Hz), 124.34 (£Jcr=3.9 Hz), 123.81 (qJcr=272 Hz), 61.23, 13.51.
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MS (70 eV, El)m/z(%): 374 (42), 372 (38) [N, 346 (26), 345 (11), 344 (25), 330 (17), 329
(94), 328 (16), 327 (100), 248 (38), 221 (11), 2@8), 219 (28), 201 (18), 170 (10), 43 (12).
IR (ATR) 7 (cm): 2982, 1715, 1585, 1557, 1492, 1444, 1432, 13365, 1328, 1272,
1238, 1164, 1122, 1094, 1072, 1035, 1016, 905, 888, 834, 803, 778, 753, 701, 688, 657,
626, 615, 608, 591, 568, 560, 554.

HRMS (EI) for C1¢H12BrF 30, (371.9973): 371.9955.

Synthesis of 5-chlorobiphenyl-2,4'-dicarboxylic ad 4'-ethyl ester 2-methyl ester (80c):

EtO,C
2 O CO,Me

Cl
Accordingto TP 3, the metalation of methyl 4-chlorobenzod@d€ 340 mg, 2.0 mmol) was
completed within 2 h at 80 °C using a solution MHA>Zn-2MgCb-2LICI (60; 0.40Mm in THF,
3.0 mL, 1.2 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%) dissolved
in THF (4 mL) were then transferrada cannula to the reaction mixture, followed by the
addition of ethyl 4-iodobenzoate (607 mg, 2.2 mnai$solved in THF (2 mL). The reaction
mixture was stirred at 25 °C for 12 h. The reactioixture was quenched with a sat. aq.
NH,4CI solution (20 mL), extracted with diethyl eth& ¥ 30 mL) and dried over anhydrous
MgSQ,. After filtration, the solvent was evaporatéd vacuo Purification by column
chromatography (pentane/diethyl ether = 8:1) furedsthe compoun80c (485 mg, 73%) as
a yellow oll.
'H-NMR (600 MHz, CDCls) J: 8.08 (d,J=8.6 Hz, 2 H), 7.85 (dJ=8.6 Hz, 1 H), 7.43 (dd,
J=8.3, 2.1 Hz, 1 H), 7.32-7.37 (m, 3 H), 4.40 {g7.2 Hz, 2 H), 3.63 (s, 3 H), 1.41 (t,
J=6.9 Hz, 3 H).
13C-NMR (150 MHz, CDCl3) o: 167.51, 166.32, 144.71, 143.58, 137.67, 131.86.68,
129.75, 129.37, 128.73, 128.24, 127.92, 61.06,5%2.4.35.
MS (70 eV, El)m/z(%): 320 (15), 318 (51) [\, 290 (17), 287 (13), 275 (34), 274 (17), 273
(100), 259 (14), 217 (11), 215 (32), 152 (15), {54), 150 (12), 121 (14).
IR (ATR) 7 (cm?): 2982, 2952, 1712, 1610, 1592, 1574, 1558, 14434, 1408, 1388,
1368, 1268, 1244, 1180, 1100, 1032, 1016, 962, 888, 834, 794, 770, 700, 668, 652, 636,
590, 574.
HRMS (EI) for C;7H15CIO4 (318.0659): 318.0657.
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Synthesis of 5-fluoro-3'-nitrobiphenyl-2-carboxylicacid ethyl ester (80d):
NO,

O CO,Et

=
Accordingto TP 3, the metalation of ethyl 4-fluorobenzoa&/§ 336 mg, 2.0 mmol) was
completed within 1.25 h at 80 °C using a solutiénT®P,Zn-2MgCb-2LICl (60; 0.40Mm in
THF, 3.0 mL, 1.2 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%)
dissolved in THF (4 mL) were then transferngd cannula to the reaction mixture, followed
by the addition of 1-iodo-3-nitrobenzene (510 mdg, &imol) dissolved in THF (2 mL). The
reaction mixture was stirred at 25 °C for 12 h. Téaction mixture was quenched with a sat.
ag. NHCI solution (20 mL), extracted with diethyl ethe3 & 30 mL) and dried over
anhydrous MgSQ After filtration, the solvent was evaporatéd vacuo Purification by
column chromatography (pentane/diethyl ether = ufished the compoungdd (503 mg,
87%) as a yellowish solid.

m.p.: 66.4-68.9 °C.

'H-NMR (400 MHz, CDCl3) 6: 8.24 (dt,J=7.6, 1.7 Hz, 1 H), 8.15-8.18 (m, 1 H), 8.02 (dd,
J=8.7, 5.7 Hz, 1 H), 7.56-7.63 (m, 2 H), 7.14-7.21, L H), 7.04 (ddJ=9.1, 2.4 Hz, 1 H),
4.11 (9,J=7.1 Hz, 2 H), 1.07 ()=7.1 Hz, 3 H).

13C-NMR (100 MHz, CDCls) §: 166.23, 164.09 (dlJce=255 Hz), 147.83, 143.28 (d,
33c=8.5 Hz), 142.15 (dJce=1.5 Hz), 134.40, 133.31 (d]cr=9.0 Hz), 128.88, 128.35, 123.32,
122.46, 118.88 (dJcr=23 Hz), 115.30 (diJc=21 Hz), 61.21, 13.77.

MS (70 eV, El)m/z(%): 289 (40) [M], 261 (30), 245 (25), 244 (100), 228 (28), 214)(31
199 (12), 198 (42), 197 (28), 186 (15), 170 (4@R 143).

IR (ATR) v (cmi?): 3079, 2994, 2985, 2923, 2908, 2876, 1710, 18605, 1584, 1571,
1528, 1500, 1490, 1478, 1469, 1451, 1411, 13906,1B859, 1346, 1309, 1290, 1278, 1266,
1239, 1190, 1168, 1125, 1115, 1107, 1082, 10400,10202, 983, 972, 941, 932, 903, 880,
871, 858, 834, 816, 780, 762, 740, 716, 688, 628, 621, 614, 601, 592, 582, 579, 576, 573,
563, 560, 557.

HRMS (El) for C15H1,FNO,4 (289.0750): 289.0743.
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Synthesis of 2-(4-chlorobenzoyl)-4-iodobenzoic acethyl ester (80e):

o) C‘ZOZEt

N\ //

Cl |
I

Accordingto TP 3, the metalation of ethyl 4-iodobenzoa#¢ 552 mg, 2.0 mmol) was
completed within 3 h at 80 °C using a solution &H,Zn-2MgC}-2LiClI (60; 0.40M in THF,
3.0 mL, 1.2 mmol). The reaction mixture was codie@d-30 °C, CuCN-2LiCl (1. solution

in THF, 2.2 mL, 2.2 mmol) was added and the reaatnixture was stirred for 20 min. Then,
4-chlorobenzoyl chloride (438 mg, 2.5 mmol) wasextldt —30 °C. The reaction mixture was
slowly warmed to 25 °C and stirred at this tempemtfor 4 h. The reaction mixture was
guenched with a sat. aq. MEl solution (20 mL), extracted with diethyl ethé& % 30 mL)
and dried over anhydrous Mg&QAfter filtration, the solvent was evaporatéd vacuo
Purification by column chromatography (pentanehdieether = 6:1) furnished the compound
80e(597 mg, 72%) as a pale yellow oil.

'H-NMR (300 MHz, CDCls) 6: 7.88-7.95 (m, 1 H), 7.76 (dl=8.3 Hz, 1 H), 7.67 (d,
J=9.0 Hz, 3 H), 7.40 (d}=8.7 Hz, 2 H), 4.09 (g]=7.3 Hz, 2 H), 1.08 (t)=7.2 Hz, 3 H).
¥C-NMR (75 MHz, CDCls) J: 193.86, 165.16, 142.59, 139.89, 138.87, 136.35.11,
131.55, 130.64, 128.95, 128.54, 99.85, 61.82, 13.68

MS (70 eV, El)m/z(%): 416 (16), 414 (44) [N, 370 (13), 369 (24), 335 (11), 303 (38), 275
(59), 149 (11), 141 (30), 139 (100), 113 (10), 128), 75 (17), 71 (10).

IR (ATR) U (cm?): 3089, 2987, 2939, 2900, 1712, 1677, 1589, 13555, 1488, 1469,
1444, 1401, 1377, 1367, 1273, 1264, 1180, 11459,11086, 1014, 973, 959, 941, 884, 871,
846, 840, 786, 767, 746, 713, 697, 683, 655, 638, 599.

HRMS (EI) for C16H1,ClIO 3 (413.9520): 413.9508.

Synthesis of 4'-methoxybiphenyl-2,5-dicarboxylic ad diethyl ester (80f):

MeO
O CO,Et

CO,Et
Accordingto TP 3, the metalation of terephthalic acid diethyl eg#dd; 444 mg, 2.0 mmol)
was completed) within 4 h at 90 °C using a solubdid MP,Zn-2MgCb-2LiCl (60; 0.40M in
THF, 3.0 mL, 1.2 mmol. Pd(dba)56 mg, 5 mol-%) and B{furyl)s (46 mg, 10 mol-%)

dissolved in THF (4 mL) were then transferngd cannula to the reaction mixture, followed
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by the addition of 1-iodo-4-methoxybenzene (500 &g, mmol) dissolved in THF (2 mL).
The reaction mixture was stirred at 25 °C for 14 e reaction mixture was quenched with a
sat. ag. NHCI solution (20 mL), extracted with diethyl ethéd ¥ 30 mL) and dried over
anhydrous MgSQ After filtration, the solvent was evaporatéd vacuo Purification by
column chromatography (pentane/diethyl ether = &ufnished the compoun80f (488 mg,
74%) as a colourless ail.

'H-NMR (400 MHz, CDClIs) §: 8.01-8.03 (m, 2 H), 7.79-7.81 (m, 1 H), 7.27 Jd7.3 Hz,

2 H), 6.94 (dJ=7.3 Hz, 2 H), 4.40 (¢J=7.1 Hz, 2 H), 4.14 (qJ=7.1 Hz, 2 H), 3.8 (s, 3 H),
1.40 (t,J=7.1 Hz, 3 H), 1.07 (1}=7.1 Hz, 3 H).

3C-NMR (100 MHz, CDCls) ¢: 168.72, 166.05, 159.50, 142.10, 135.47, 133.32.76,
131.82,129.77,127.94, 113.88, 61.62, 61.53, 53.563, 14.04.

MS (70 eV, El)m/z(%): 329 (16), 329 (100) [, 283 (33), 211 (8), 139 (9).

IR (ATR) U (cm?): 2980, 1714, 1609, 1579, 1515, 1463, 1444, 14203, 1365, 1279,
1231, 1176, 1107, 1042, 1028, 1017, 917, 873, 836, 805, 755, 738, 709, 674, 638, 624,
617, 580, 565, 561.

HRMS (EI) for C10H2005 (328.1311): 328.1304.

Synthesis of 4-cyano-2-(2-ethoxycarbonylallyl)benmmacid ethyl ester (80g):
CO,Et

CO,Et

CN
Accordingto TP 3, the metalation of ethyl 4-cyanobenzoa®&j( 350 mg, 2.0 mmol) was
completed within 1 h at 80 °C using a solution &H,Zn-2MgCb-2LiClI (60; 0.40M in THF,
3.0 mL, 1.2 mmol). The reaction mixture was codied-15 °C, CuCN-2LiCl (1. solution
in THF, 0.5 mL, 0.5 mmol) was added and the reactioxture was stirred for 5 min. Then,
ethyl 2-(bromomethyl)acrylate (483 mg, 2.5 mmol)swadded at —15 °C. The reaction
mixture was slowly warmed to 25 °C and stirredhés temperature for 30 min. The reaction
mixture was quenched with a sat. aq. /8Hsolution (20 mL), extracted with diethyl ether
(3 x 30 mL) and dried over anhydrous MgS@®fter filtration, the solvent was evaporated
vacua Purification by column chromatography (pentaretityl ether = 5:1) furnished the
compound30g (435 mg, 76%) as a colourless oil.
'H-NMR (300 MHz, CDCls3) d: 7.95 (d,J=7.8 Hz, 1 H), 7.58 (m, 2 H), 6.26 (s, 1 H), 5(34
1 H), 4.36 (qJ=7.1 Hz, 2 H), 4.19 (q)=7.1 Hz, 2 H), 4.03 (s, 2 H), 1.36 §57.2 Hz, 3 H),
1.26 (t,J=7.0 Hz, 3 H).
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13C-NMR (75 MHz, CDCls) J: 166.31, 166.08, 141.20, 139.06, 134.69, 134.G1.11,
129.99, 126.66, 117.92, 115.29, 61.69, 60.95, 33.4213, 14.11.

MS (70 eV, El)m/z(%): 287 (4) [M], 242 (33), 241 (96), 214 (54), 213 (35), 196 (1B5
(14), 186 (56), 185 (78), 170 (100), 169 (87), {68), 167 (14), 158 (19), 157 (13), 156 (28),
142 (25), 141 (25), 140 (57), 139 (12), 129 (125 (29), 114 (13), 113 (17), 70 (10).

IR (ATR) 7 (cm): 2982, 2232, 1712, 1632, 1607, 1475, 1465, 14482, 1367, 1327,
1294, 1257, 1221, 1194, 1172, 1132, 1093, 10750,1829, 928, 903, 867, 844, 817, 790,
779, 747, 703, 681, 668, 646, 642, 628, 624, 608, 601, 595, 589, 583, 579, 576, 570, 562,
558, 554.

HRMS (EI) for C1¢H17/NO, (287.1158): 287.1161.

Synthesis of 6-fluoro-3'-nitrobiphenyl-2-carboxylicacid ethyl ester (80h):

O CO,Et
"
NC

Accordingto TP 3, the metalation of ethyl 3-cyanobenzoa@&i( 370 mg, 2.0 mmol) was
completed within 1 h at 80 °C using a solution &H;Zn-2MgC}-2LiClI (60; 0.40M in THF,
3.0 mL, 1.2 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%) dissolved
in THF (4 mL) were then transferreda cannula to the reaction mixture, followed by the
addition of 1-iodo-3-nitrobenzene (510 mg, 2.1 mnaisolved in THF (2 mL). The reaction
mixture was stirred at 25 °C for 15 h. The reactioixture was quenched with a sat. aq.
NH,4CI solution (20 mL), extracted with diethyl eth& ¥ 30 mL) and dried over anhydrous
MgSQ,. After filtration, the solvent was evaporatéd vacuo Purification by column
chromatography (pentane/diethyl ether = 2:1) furetsthe compoun80h (367 mg, 62%) as
a yellowish solid.

m.p.: 116.1-117.4 °C.

'H-NMR (300 MHz, CDCls) 6: 8.29-8.37 (m, 1 H), 8.15-8.25 (m, 2 H), 7.92 (dd7.8,
1.2 Hz, 1 H), 7.60-7.70 (m, 3 H), 4.10 (&7.0 Hz, 2 H), 1.03 (J=7.2 Hz, 3 H).

3C-NMR (75 MHz, CDCls) 6: 165.40, 143.46, 139.00, 135.91, 134.67, 134.82.3B,
129.36, 129.06, 123.86, 123.54, 116.74, 114.77%1.3.71.

MS (70 eV, El)m/z(%): 297 (12), 296 (62) [N, 268 (37), 252 (23), 251 (100), 235 (28),
234 (12), 222 (13), 221 (31), 206 (19), 205 (484 241), 193 (12), 178 (13), 177 (37), 176
(31), 166 (12), 151 (10), 150 (13).
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IR (ATR) 7 (cmi®): 3080, 2990, 2232, 1707, 1671, 1582, 1532, 14860, 1444, 1392,
1367, 1350, 1285, 1232, 1181, 1162, 1142, 11163,11094, 1084, 1016, 990, 897, 876, 869,
826, 814, 797, 784, 770, 761, 745, 728, 689, 684, 676, 571.

HRMS (EI) for C16H12N»04 (296.0797): 296.0790.

Synthesis of 6-fluoro-3'-nitrobiphenyl-2-carboxylicacid ethyl ester (80i):

O CO,Et
X
F

Accordingto TP 3, the metalation of ethyl 3-fluorobenzoater;,(336 mg, 2.0 mmol) was
completed within 1 h at 80 °C using a solution 8H;Zn-2MgC}-2LiClI (60; 0.40M in THF,
3.0 mL, 1.2 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl)s (46 mg, 10 mol-%) dissolved
in THF (4 mL) were then transferreda cannula to the reaction mixture, followed by the
addition of 1-iodo-3-nitrobenzene (510 mg, 2.1 mnai$solved in THF (2 mL). The reaction
mixture was stirred at 25 °C for 12 h. The reactioixture was quenched with a sat. aq.
NH4CI solution (20 mL), extracted with diethyl eth& X 30 mL) and dried over anhydrous
MgSQ,. After filtration, the solvent was evaporatéd vacuo Purification by column
chromatography (pentane/diethyl ether = 6:1) furatsthe compoun80i (532 mg, 92%) as a
yellowish solid.

m.p.: 68.9-70.4 °C.

'H-NMR (400 MHz, CDCls) §: 8.25 (dt,J=7.5, 2.1 Hz, 1 H), 8.14-19 (m, 1 H), 7.76-7.80 (m,
1 H), 7.57-7.63 (m, 2 H), 7.48 (td=8.1, 5.3 Hz, 1 H), 7.31-7.36 (td=8.8, 1.3 Hz, 1 H),
4.09 (q,J=7.2 Hz, 2 H), 1.03 (1)=7.1 Hz, 3 H).

3C-NMR (100 MHz, CDCls) d: 166.15 (d,"Jc=3.5 Hz), 159.62 (d'Jcp=245 Hz), 147.94,
136.02 (d, Jc=0.5Hz), 135.53 (d,Jc=1.5Hz), 132.78 (d,Jcr=2.2 Hz), 129.89 (d,
%Jc=8.6 Hz), 128.80, 127.74 (dJcr=17 Hz), 126.15 (d,"Jce=3.5 Hz), 124.52, 122.66,
110.29 (d2Jcr=23 Hz).

MS (70 eV, El)m/z (%): 290 (12), 289 (67) [N, 261 (42), 245 (23), 244 (100), 243 (11),
228 (28), 213 (45), 199 (18), 198 (55), 197 (3@6 115),171 (12), 170 (41), 169 (48), 168
(11), 159 (13), 157 (11).

IR (ATR) U (cm?): 3087, 2987, 2960, 2946, 2903, 1723, 1683, 14661, 1527, 1488,
1478, 1449, 1426, 1392, 1364, 1348, 1282, 12646,1P%34, 1200, 1177, 1143, 1113, 1102,
1090, 1080, 1027, 1002, 990, 985, 967, 952, 933, 927, 879, 866, 820, 809, 756, 741, 725,
702, 686, 681, 642.
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HRMS (EI) for C1sH1,FNO, (289.0750): 289.0738.

Synthesis of 6-chloro-3'-trifluoromethyl-biphenyl-2-carboxylic acid ethyl ester (80j):

O CO,Et
FsC O
cl

Accordingto TP 3, the metalation of ethyl 3-chlorobenzoa&&'lf; 370 mg, 2.0 mmol) was
completed within 2 h at 80 °C using a solution 8H,Zn-2MgCb-2LiClI (60; 0.40M in THF,
3.0 mL, 1.2 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%) dissolved
in THF (4 mL) were then transferreda cannula to the reaction mixture, followed by the
addition of 1-iodo-3-trifluoromethylbenzene (598 n&y2 mmol) dissolved in THF (2 mL).
The reaction mixture was stirred at 25 °C for 60 te reaction mixture was quenched with a
sat. ag. NHCI solution (20 mL), extracted with diethyl ethéd ¥ 30 mL) and dried over
anhydrous MgSQ After filtration, the solvent was evaporatéd vacuo Purification by
column chromatography (pentane/diethyl ether = 1fafhished the compourgdj (506 mg,
77%) as a yellowish oil.

'H-NMR (600 MHz, CDCls) §: 7.81 (dd,J=7.8, 1.2 Hz, 1 H), 7.61-7.66 (m, 2 H), 7.53 (t,
J=7.8 Hz, 1 H), 7.51 (s, 1 H), 7.38-7.44 (m, 2 HRB(q,J=7.2 Hz, 2 H), 0.90 (tJ=7.2 Hz,

3 H).

3C-NMR (150 MHz, CDCls) ¢: 166.83, 139.11, 138.89, 134.43, 133.72, 132.62.48,
130.33 (q,20=32 Hz), 128.97, 128.36, 128.26, 126.03°@:3.5 Hz), 124.32 (¢?J=3.5 Hz),
124.05 (qJ=272 Hz), 61.22, 13.39.

MS (70 eV, El)m/z(%): 330 (13), 328 (36) [M, 300 (25), 285 (35), 284 (18), 283 (100),
263 (12), 247 (14), 235 (14), 215 (36), 214 (198 110), 42 (12).

IR (ATR) U (cm?): 2984, 1716, 1615, 1589, 1562, 1492, 1476, 14423, 1392, 1367,
1329, 1280, 1248, 1193, 1176, 1164, 1150, 11215,10972, 1025, 1016, 922, 906, 887, 863,
826, 803, 761, 744, 722, 701, 663, 639, 624, 622, 593, 590, 554.

HRMS (EI) for C16H12,CIF30, (328.0478): 328.04609.

Synthesis of 4'-chlorobiphenyl-2,4-dicarboxylic ad dimethyl ester (69e):

cl
O CO,Me
COzMe
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Accordingto TP 2, the metalation of isophthalic acid dimethyl eg6fg 388 mg, 2.0 mmol)
was completed within 2 h at 80 °C using a solubdTMP,Zn-2MgCb-2LiCl (60; 0.40M in
THF, 3.0 mL, 1.2 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%)
dissolved in THF (4 mL) were then transferngd cannula to the reaction mixture, followed
by the addition of 1-chloro-4-iodobenzene (524 &g, mmol) dissolved in THF (2 mL). The
reaction mixture was stirred at 25 °C for 1 h. Teaction mixture was quenched with a sat.
ag. NHCI solution (20 mL), extracted with diethyl ethe3 & 30 mL) and dried over
anhydrous MgSQ After filtration, the solvent was evaporatéd vacuo Purification by
column chromatography (pentane/diethyl ether = &fnished the compoun@Oe (481 mg,
79%) as a yellowish solid.

m.p.: 54.8-56.6 °C.

'H-NMR (300 MHz, CDCls) 6: 8.53 (d,J=1.8 Hz, 1 H), 8.20 (dd]=7.5, 1.8 Hz, 1 H), 7.38-
7.45 (m, 2 H), 7.24-7.29 (m, 3 H), 3.98 (s, 3 HY,3(s, 3 H).

3C-NMR (75 MHz, CDCls) 6: 167.78, 165.97, 145.68, 138.76, 134.11, 132.21.3b,
130.98, 129.54, 129.54, 128.42, 52.42, 52.27.

MS (70 eV, El)m/z(%): 306 (16), 304 (61) [\, 275 (27), 274 (12), 273 (100), 151 (8).

IR (ATR) U (cm?): 2950, 1711, 1608, 1595, 1576, 1557, 1504, 14468, 1444, 1437,
1409, 1391, 1306, 1297, 1283, 1273, 1240, 11962,11840, 1116, 1106, 1096, 1087, 1018,
1005, 988, 963, 948, 929, 877, 863, 834, 820, 889, 769, 738, 712, 702, 662, 642, 631,
612, 605, 601, 583, 576, 569, 564, 558.

HRMS (EI) for C16H13CIO4 (304.0502): 304.0499.

Synthesis of 4'-methoxybiphenyl-2,5-dicarboxylic ad diethyl ester (80Kk):
Meo~ | CosEt
X CO,Et

Accordingto TP 3, the metalation of phthalic acid diethyl esté8¢ 444 mg, 2.0 mmol) was
completed within 4 h at 90 °C using a solution &H;Zn-2MgC}-2LiClI (60; 0.40M in THF,
3.0 mL, 1.2 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%) dissolved
in THF (4 mL) were then transferreda cannula to the reaction mixture, followed by the
addition of 1-iodo-4-methoxybenzene (500 mg, 2.2 af)ndissolved in THF (2 mL). The
reaction mixture was stirred at 25 °C for 14 h. Téaction mixture was quenched with a sat.
ag. NHCI solution (10 mL), extracted with diethyl ethe3 & 15 mL) and dried over

anhydrous MgSQ After filtration, the solvent was evaporatéd vacuo Purification by
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column chromatography (pentane/diethyl ether = ufished the compourn@dk (464 mg,
71%) as a colourless solid.

m.p.: 77.9-79.7 °C.

'H-NMR (400 MHz, CDCls) §: 7.96 (dd,J=6.8, 2.4 Hz, 1 H), 7.46-7.52 (m, 2 H), 7.27-7.32
(m, 2 H), 6.90-6.94 (m, 2 H), 4.36 (@7.1 Hz, 2 H), 4.15 (q)=7.1 Hz, 2 H), 3.83 (s, 3 H),
1.36 (t,J=7.1 Hz, 3 H), 1.08 (t}=7.2 Hz, 3 H).

3C-NMR (100 MHz, CDCls) ¢: 169.11, 166.09, 159.55, 140.46, 135.12, 134.34.95,
130.14, 129.16, 128.82, 128.63, 113.84, 61.76,0655.53, 14.39, 14.03.

MS (70 eV, El)m/z(%): 329 (20), 328 (96) [N, 283 (23), 256 (18), 255 (100), 237 (36),
209 (12), 139 (18).

IR (ATR) 7 (cm): 2977, 2933, 1725, 1710, 1672, 1607, 1588, 13815, 1495, 1482,
1461, 1450, 1440, 1409, 1386, 1362, 1301, 12784,1P543, 1195, 1178, 1150, 1107, 1064,
1033, 1019, 1011, 987, 931, 902, 884, 875, 863, 838, 825, 815, 760, 747, 720, 700, 694,
652, 638, 623, 619, 612, 608, 582, 571, 559, 554.

HRMS (EI) for C19H 005 (328.1311): 328.1308.

Synthesis of 3-fluorobiphenyl-2,4'-dicarboxylic aai diethyl ester (80l):

EtO,C O COLEt
O F

Accordingto TP 3, the metalation of ethyl 2-fluorobenzoai#8{ 336 mg, 2.0 mmol) was
completed within 3 h at 95 °C using a solution &H,Zn-2MgC}-2LiClI (60; 0.40M in THF,
3.0 mL, 1.2 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl)s (46 mg, 10 mol-%) dissolved
in THF (4 mL) were then transferreda cannula to the reaction mixture, followed by the
addition of ethyl 4-iodobenzoate (607 mg, 2.2 mmui$solved in THF (2 mL). The reaction
mixture was stirred at 25 °C for 15 h. The reactinixture was quenched with a sat. aq.
NH4CI solution (20 mL), extracted with diethyl eth& X 30 mL) and dried over anhydrous
MgSQO,. After filtration, the solvent was evaporatéd vacuo Purification by column
chromatography (pentane/diethyl ether = 6:1) furatsthe compoun80I (469 mg, 74%) as a
yellow oil.
'H-NMR (400 MHz, CDCls) d: 8.06 (dt,J=8.5, 1.9 Hz, 2 H), 7.40-7.47 (m, 3 H), 7.11-7.18
(m, 2 H), 4.38 (q,)=7.0 Hz, 2 H), 4.13 (J=7.2 Hz, 2 H), 1.39 (t)=7.1 Hz, 3 H), 1.05 (t,
J=7.1 Hz, 3 H).
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13C-NMR (100 MHz, CDCls) J: 166.23, 165.18, 159.72 (8]cr=252 Hz), 143.86, 141.53,
131.32 (d,%Jc=9.0 Hz), 129930, 129.60, 128.93, 128.42, 128.26,30 (d,*Jcr=3.3 Hz),
121.71 (d2er=17 Hz), 115.30 (fJer=22 Hz), 61.67, 61.07, 14.29, 13.72.

MS (70 eV, El)m/z (%): 316 (56) [M], 288 (18), 272 (18), 271 (100), 243 (38), 215)(11
199 (52), 170 (19), 169 (12), 151 (12), 123 (1M1 {11), 97 (15), 95 (10), 83 (16), 71 (11),
57 (25), 44 (34).

IR (ATR) UV (cmY): 2981, 1713, 1608, 1578, 1565, 1464, 1454, 14380, 1366, 1339,
1262, 1239, 1174, 1101, 1086, 1060, 1019, 901, 869, 802, 768, 736, 725, 703, 669, 639,
621, 612, 601, 588, 578, 573, 556.

HRMS (El) for C1gH17FO4 (316.1111): 316.1099.

Synthesis of 2-(2,5-dicyanobenzyl)acrylic acid ethgster (80m):
CN

CO,Et
CN

According to TP 3, the metalation of terephthalonitrileg8g 256 mg, 2.0 mmol) was
completed within 3 h at 80 °C using a solution &H,Zn-2MgC}-2LiClI (60; 0.40M in THF,
3.0 mL, 1.2 mmol). The reaction mixture was codied-15 °C, CuCN-2LiCl (1. solution
in THF, 0.5 mL, 0.5 mmol) was added and the reactioxture was stirred for 5 min. Then,
ethyl 2-(bromomethyl)acrylate (483 mg, 2.5 mmol)swadded at —15 °C. The reaction
mixture was slowly warmed to 25 °C and stirredhad temperature for 30 min. The reaction
mixture was quenched with a sat. aqg. /8Hsolution (20 mL), extracted with diethyl ether
(3 x 30 mL) and dried over anhydrous MgS@fter filtration, the solvent was evaporated
vacua Purification by column chromatography (pentaretityl ether = 5:1) furnished the
compound0m (322 mg, 67%) as a colourless oll.
'H-NMR (400 MHz, CDCls) 6: 7.74 (dd J=8.0, 0.5 Hz, 1 H), 7.69 (dd=1.6, 0.5 Hz, 1 H),
7.61 (dd,J=8.0, 1.6 Hz, 1 H), 6.40 (dI=0.6 Hz, 1 H), 5.75 (dJ=0.6 Hz, 1 H), 4.18 (q,
J=7.1Hz, 2 H), 3.89 (s, 2 H), 1.26 §£7.1 Hz, 3 H).
3C-NMR (100 MHz, CDCls) ¢: 165.64, 144.15, 136.72, 133.57, 133.39, 132.36,37,
128.91, 117.19, 116.46, 116.28, 61.29, 36.53, 14.07
MS (70 eV, El)m/z(%): 240 (2) [M], 212 (31), 195 (25), 194 (19), 168 (15), 167 (4H6
(100), 165 (11), 141 (27), 140 (22), 139 (11), (13).
IR (ATR) 7 (cm?): 3082, 3047, 2985, 2962, 2944, 2916, 2907, 22227, 1704, 1669,
1638, 1631, 1605, 1552, 1500, 1486, 1476, 1442414212, 1403, 1369, 1340, 1313, 1287,

200



Experimental Part: Microwave-Accelerated Zincatittssng TMRZn-2MgCh-2LiCl

1271, 1214, 1210, 1195, 1158, 1150, 1116, 10979,10829, 977, 965, 953, 942, 902, 887,
863, 850, 839, 823, 807, 779, 746, 721, 681, 652, 624, 610, 600, 586, 576, 572, 565, 561,
557.

HRMS (EI) for C14H12N;0, (240.0899): 240.0888.

Synthesis of 5-fluoro-4'-triisopropylsilanyloxy-biphenyl-2-carbonitrile (80n):
TIPSO~ ‘ N
X

F
Accordingto TP 3, the metalation of 4-fluorobenzonitril&dk; 242 mg, 2.0 mmol) was
completed within 3 h at 80 °C using a solution &H,Zn-2MgC}-2LiClI (60; 0.40M in THF,
3.0 mL, 1.2 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%) dissolved
in THF (4 mL) were then transferreda cannula to the reaction mixture, followed by the
addition of (4-iodophenoxy)-triisopropylsilane (88, 2.2 mmol). The reaction mixture was
stirred at 25 °C for 3 h. The reaction mixture vgaeenched with a sat. aq. NEl solution
(20 mL), extracted with diethyl ether (3 x 30 ml)dadried over anhydrous MgQQAfter
filtration, the solvent was evaporatéd vacuo Purification by column chromatography
(pentane/diethyl ether = 50:1) furnished the conmak&0n (655 mg, 89%) as a colourless oll.
'H-NMR (400 MHz, CDCls) 6: 7.74 (dd,J=7.1, 2.2 Hz, 1 H), 7.57 (dddz=8.5, 4.5, 2.2 Hz,

1 H), 7.39 (dd,J=8.8, 1.6 Hz, 2 H), 7.22 (dd=10.2, 8.5 Hz, 1 H), 6.94-6.99 (m, 2 H), 1.24-
1.33 (m, 3 H), 1.13 (s, 9 H) 1.11 (s, 9 H).

13C-NMR (100 MHz, CDCls) d: 162.28 (d,'Jc=257 Hz), 157.00, 135.01 (dJcr=5.5 Hz),
132.61 (d,Jcr=9.6 Hz), 130.61 (d%Jcr=15 Hz), 130.29, 130.26, 126.12, 120.45, 118.43,
117.71 (d2Jc=25 Hz), 109.01, 18.15, 12.91.

MS (70 eV, El)m/z(%): 369 (19) [M], 327 (20), 326 (83), 299 (10), 298 (44), 271 (Z2)0
(100), 257 (11), 256 (59), 240 (14), 196 (11), {BF), 135 (44), 128 (11), 77 (14).

IR (ATR) 7 (cm'): 2944, 2891, 2866, 2231, 1606, 1515, 1487, 14831, 1268, 1253,
1234, 1174, 1123, 1106, 1039, 1012, 996, 909, 889, 826, 761, 742, 727, 706, 683, 670,
640, 610, 590, 572, 568.

HRMS (EI) for C,:HsFNOSI (369.1924): 369.1925.
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Synthesis of 3-fluoro-4'-methoxy-biphenyl-2-carbortrile (800):
MeO = ‘ CN
X F

Accordingto TP 3, the metalation of 2-fluorobenzonitril&{m; 242 mg, 2.0 mmol) was
completed within 3 h at 80 °C using a solution 8H,Zn-2MgC}-2LiClI (60; 0.40M in THF,
3.0 mL, 1.2 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%) dissolved
in THF (4 mL) were then transferreda cannula to the reaction mixture, followed by the
addition of 1-iodo-4-methoxybenzene (500 mg, 2.2 af)ndissolved in THF (2 mL). The
reaction mixture was stirred at 25 °C for 16 h. Téaction mixture was quenched with a sat.
ag. NHCI solution (20 mL), extracted with diethyl ethe3 & 30 mL) and dried over
anhydrous MgSQ After filtration, the solvent was evaporatéd vacuo Purification by
column chromatography (pentane/diethyl ether = fufiished the compoun80o (401 mg,
88%) as a yellowish solid.

m.p.: 106.7-109.3 °C.

'H-NMR (400 MHz, CDCls) §: 7.66 (td,J=7.7, 1.8 Hz, 1 H), 7.56 (ddd=7.7, 5.8, 1.7 Hz,

1 H), 7.43-7.49 (m, 2 H), 7.29 (td:7.8, 0.5 Hz, 1 H), 6.97—7.03 (m, 2 H), 3.86 (§{)3
13C-NMR (100 MHz, CDCls) J: 160.44 (d,'Jc=260 Hz), 160.21, 135.58 (dJcr=4.4 Hz),
131.94, 130.35 (d?Jc=13 Hz), 130.34 (d*Jce=3.3 Hz), 126.04 (d%Jc=1.1 Hz), 114.49,
102.41 (d2Jc=17 Hz), 55.61.

MS (70 eV, El)m/z(%): 228 (15), 227 (100) [M, 212 (23), 184 (30), 158 (14).

IR (ATR) U (cm): 2236, 1608, 1515, 1464, 1454, 1441, 1413, 12985, 1254, 1248,
1217, 1191, 1175, 1159, 1113, 1096, 1088, 10691,10825, 981, 947, 860, 828, 803, 792,
781, 738, 718, 699, 694, 642, 636, 625, 616, 6908, 593, 582, 579, 576, 567, 554.

HRMS (EI) for C14H10FNO (227.0746): 227.0734.

Synthesis of 2'-benzoyl-5'-fluoro-biphenyl-4-carboylic acid ethyl ester (80p):
(‘ZOZEt

Accordingto TP 3, the metalation of 4-fluoro-benzophenon@t 400 mg, 2.0 mmol) was
completed within 5 h at 80 °C using a solution MHA>Zn-2MgCb-2LICI (60; 0.40Mm in THF,
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3.0 mL, 1.2 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%) dissolved
in THF (4 mL) were then transferreda cannula to the reaction mixture, followed by the
addition of ethyl 4-iodobenzoate (607 mg, 2.2 mnai$solved in THF (2 mL). The reaction
mixture was stirred at 25 °C for 60 h. The reactioixture was quenched with a sat. aq.
NH,4CI solution (20 mL), extracted with diethyl eth& ¥ 30 mL) and dried over anhydrous
MgSQO,. After filtration, the solvent was evaporatéd vacuo Purification by column
chromatography (pentane/diethyl ether = 6:1) fureisthe compoun80p (485 mg, 70%) as
a yellow oil.

'H-NMR (400 MHz, CDCl3) §: 7.87 (dt,J=8.5, 1.8 Hz, 2 H), 7.58-7.65 (m, 2 H), 7.48-7.55
(m, 1 H), 7.38-7.45 (m, 1 H), 7.24-7.32 (m, 4 H1&(ddd,J=8.9, 7.1, 2.1 Hz, 2 H), 4.30 (q,
J=7.0 Hz, 2 H), 1.35 (1)=7.0 Hz, 3 H).

¥C-.NMR (100 MHz, CDCls) §: 197.08, 166.07, 163.46 (dJcr=252 Hz), 143.52 (d,
*Jc=2.0 Hz), 143.05 (d%Jc=8.4 Hz), 137.14, 135.04 (4Jc=3.3 Hz), 133.17, 131.35 (d,
3Jc=8.9 Hz), 129.85, 129.77, 129.61, 128.74, 128.2I7.06 (d,%Jcr=22 Hz), 114.61 (d,
2Jc=22 Hz), 60.98, 14.24.

MS (70 eV, El)m/z(%): 348 (100) [M], 347 (53), 320 (15), 319 (49), 304 (13), 303 (61)
276 (15), 275 (58), 271 (35), 247 (13), 246 (134 210), 243 (10), 199 (45), 171 (11), 170
(23), 169 (10), 105 (51), 77 (29).

IR (ATR) U (cm'): 2980, 1711, 1662, 1597, 1580, 1565, 1479, 14@47, 1414, 1398,
1367, 1313, 1269, 1179, 1146, 1099, 1073, 10347,10000, 929, 857, 828, 799, 775, 745,
726, 713, 702, 695, 653, 639, 612, 591, 579, 588, 562, 558, 552.

HRMS (EI) for C,H7/FO3 (348.1162): 348.1154.

Synthesis of 2-chloro-4-(thiophene-2-carbonyl)nicatic acid ethyl ester (80Q):

@YO

S

- CO2Et
(L
Accordingto TP 3, the metalation of ethyl 2-chloronicotina@¢ 370 mg, 2.0 mmol) was
completed within 1 h at 80 °C using a solution &H,Zn-2MgC}-2LiClI (60; 0.40M in THF,
3.0 mL, 1.2 mmol). The reaction mixture was codie@d-30 °C, CuCN-2LiCl (1. solution
in THF, 2.2 mL, 2.2 mmol) was added and the reaatnixture was stirred for 20 min. Then,

thiophene-2-carbonyl chloride (365 mg, 2.5 mmolswadded at —30 °C. The reaction mixture

was slowly warmed to 25 °C and stirred at this terafure for 2 h. The reaction mixture was
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guenched with a sat. ag. NEl solution (20 mL), extracted with diethyl ethé&r x 30 mL)
and dried over anhydrous Mg&QAfter filtration, the solvent was evaporatéd vacuo
Purification by column chromatography (&E,) furnished the compourDq (476 mg, 80%)
as a yellow oil.

'H-NMR (400 MHz, CDCl3) d: 8.56 (d,J=4.9 Hz, 1 H), 7.79 (dd]=4.9, 1.2 Hz, 1 H), 7.44
(ddd,J=3.9, 1.2, 0.4 Hz, 1 H), 7.39-7.43 (m, 1 H), 7.8ldd,J=5.0, 3.8, 0.4 Hz, 1 H), 4.19 (q,
J=7.2 Hz, 2 H), 1.16 (1)=7.1 Hz, 3 H).

3C-.NMR (100 MHz, CDCls) 6: 184.66, 164.05, 150.67, 149.46, 147.91, 141.88,5D,
136.01, 128.54, 127.33, 120.66, 62.54, 13.48.

MS (70 eV, El)m/z(%): 295 (21) [M], 252 (26), 250 (19), 249 (33), 214 (20), 111 (100

IR (ATR) 7 (cm'): 2982, 1728, 1643, 1575, 1543, 1512, 1464, 14497, 1380, 1354,
1285, 1257, 1208, 1166, 1117, 1057, 1009, 925, 888, 765, 725, 702, 660, 618, 599, 595,
589, 579, 564.

HRMS (EI) for C13H10CINO3S (295.0070): 295.0064.

Synthesis of 2-(4-cyanopyridin-2-ylmethyl)acrylic aid ethyl ester (80r):
CN

~
N

According to TP 3, the metalation of 4-cyanopyridinegj; 208 mg, 2.0 mmol) was
completed within 1 h at 80 °C using a solution &H,Zn-2MgC}-2LiClI (60; 0.40M in THF,
3.0 mL, 1.2 mmol). The reaction mixture was codied-15 °C, CuCN-2LiCl (1. solution

in THF, 0.5 mL, 0.5 mmol) was added and the reactioxture was stirred for 5 min. Then,
ethyl 2-(bromomethyl)acrylate (483 mg, 2.5 mmol)swadded at —15 °C. The reaction
mixture was slowly warmed to 25 °C and stirredhad temperature for 30 min. The reaction
mixture was quenched with a sat. aqg. J/8Hsolution (20 mL), extracted with diethyl ether
(5 x 30 mL) and dried over anhydrous MgS@fter filtration, the solvent was evaporated
vacua Purification by column chromatography (pentaretityl ether = 1:1) furnished the
compound0r (294 mg, 68%) as a yellow oil.

'H-NMR (300 MHz, CDCls) 6: 8.69 (d,J=5.0 Hz, 1 H), 7.46 (s, 1 H), 7.38 (84.7 Hz,

1 H), 6.35(s, 1 H),5.70 (s, 1 H), 4.16 Jg7.0 Hz, 2 H), 3.87 (s, 2 H), 1.23 §&7.2 Hz, 3 H).
3C-NMR (75 MHz, CDCls) 6: 166.24, 160.94, 150.27, 137.35, 128.07, 124.22.8B,
120.72, 116.55, 60.97, 40.75, 14.08.
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MS (70 eV, El)m/z(%): 216 (3) [M], 187 (50), 171 (36), 144 (37), 143 (100), 142)(44.8
(10), 116 (11).

IR (ATR) 7 (cm): 2981, 2937, 2238, 1710, 1632, 1594, 1549, 147446, 1428, 1399,
1368, 1332, 1301, 1288, 1249, 1212, 1190, 11382,11097, 1025, 995, 952, 941, 920, 903,
873, 857, 840, 817, 778, 749, 734, 703, 629, 698, 594, 588, 579, 573, 570, 565, 558, 553.
HRMS (EI) for C1oH12N;0, (216.0899): 216.0896.

Synthesis of 4-benzothiophen-2-ylbenzoic acid ethgkter (80s):

S

According to TP 3, the metalation of benzothiophenélk; 268 mg, 2.0 mmol) was
completed within 1 h at 120 °C using a solutionTédP,Zn-2MgCb-2LiCl (160, 0.40M in
THF, 3.0 mL, 1.2 mmol). Pd(dba)56 mg, 5 mol-%) and B{furyl)s (46 mg, 10 mol-%)
dissolved in THF (4 mL) were then transfersgd cannula to the reaction mixture, followed
by the addition of ethyl 4-iodobenzoate (607 mg@, &mol) dissolved in THF (2 mL). The
reaction mixture was stirred at 25 °C for 1 h. Teaction mixture was quenched with a sat.
ag. NHCI solution (20 mL), extracted with diethyl ethe3 & 30 mL) and dried over
anhydrous MgSQ After filtration, the solvent was evaporatéd vacuo Purification by
column chromatography (pentane/diethyl ether = fufnished the compoun8Os (532 mg,
95%) as a colourless solieh.p.: 175.6-177.3 °C.

'H-NMR (400 MHz, CDCls) d: 8.09 (dt,J=8.7, 1.9 Hz, 2 H), 7.76-7.86 (m, 4 H), 7.65 (d,
J=0.5 Hz, 1 H), 7.31-7.40 (m, 2 H), 4.40 (57.2 Hz, 2 H), 1.42 (}=7.1 Hz, 3 H).

3C-NMR (100 MHz, CDCls) ¢: 166.42, 143.06, 140.70, 140.07, 138.67, 130.86,1P,
126.38, 125.15, 124.98, 142.17, 122.58, 121.283%1.4.60.

MS (70 eV, El)m/z(%): 283 (22), 282 (100) [, 254 (42), 238 (13), 237 (72), 209 (18),
208 (32), 165 (32), 118 (10), 104 (21).

IR (ATR) 7 (cm?): 2981, 1702, 1665, 1602, 1562, 1527, 1457, 144@1, 1407, 1363,
1336, 1316, 1275, 1248, 1232, 1190, 1184, 11237,11071, 1017, 975, 961, 940, 873, 867,
852, 824, 769, 741, 725, 693, 675.

HRMS (EI) for C;7/H140,S (282.0715): 282.0722.

Synthesis of (4-benzofuran-2-yl-phenoxy)-triisopropl-silane (80t):
0
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Accordingto TP 3, the metalation of benzofuraBl(; 236 mg, 2.0 mmol) was completed
within 1 h at 120 °C using a solution of Tk#Eh-2MgCh-2LICI (60; 0.40m in THF, 3.0 mL,
1.2 mmol). Pd(dba)(56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%) dissolved in THF
(4 mL) were then transferrada cannula to the reaction mixture, followed by tlgglision of
(4-iodophenoxy)-triisopropylsilane (827 mg, 2.2 mjmdhe reaction mixture was stirred at
25 °C for 1 h. The reaction mixture was quencheth i sat. aq. NkCI solution (20 mL),
extracted with diethyl ether (3 x 30 mL) and drimeer anhydrous MgS After filtration,
the solvent was evaporatedvacuo Purification by column chromatography (pentaretiuyl
ether = 1000:1) furnished the compowdtd (699 mg, 95%) as a colourless solid.

m.p.: 50.4-52.1 °C.

'H-NMR (400 MHz, CDCls3) d: 7.74-7.80 (m, 2 H), 7.50-7.60 (m, 2 H), 7.21-7(8Q 2 H),
6.99 (dddJ=9.2, 2.7, 2.5 Hz, 2 H), 6.90 (0.9 Hz, 1 H), 1.26-1.37 (m, 3 H), 1.18 (s, 9 H),
1.16 (s, 9 H).

3C-NMR (100 MHz, CDCls) ¢: 156.96, 156.44, 155.00, 129.78, 126.62, 124.03,85,
123.06, 120.83, 120.53, 111.24, 99.95, 18.19, 12.96

MS (70 eV, El)m/z(%): 367 (31), 366 (100) [\, 324 (16), 323 (62), 296 (12), 295 (50),
281 (16), 268 (13), 267 (65), 253 (44), 221 (1®5 122), 134 (14), 133 (86), 126 (22), 75
(15).

IR (ATR) 7 (cmi'): 2960, 2944, 2886, 2864, 1607, 1585, 1564, 14989, 1462, 1450,
1413, 1383, 1366, 1288, 1254, 1234, 1208, 11662,11402, 1076, 1062, 1033, 1017, 1009,
991, 927, 903, 883, 843, 818, 802, 748, 735, 784, 662, 644, 616, 607, 600.

HRMS (EI) for Cp3H300,Si (366.2015): 366.2013.

Synthesis of 4-isoquinolin-1-yl-benzoic acid ethyster (80u):

NN

= —N

CO,Et
Accordingto TP 3, the metalation of isoquinolin€g§j; 258 mg, 2.0 mmol) was completed
within 1 h at 120 °C using a solution of Tk#Eh-2MgCb-2LiCl (60; 0.40m in THF, 3.0 mL,
1.2 mmol). Pd(dba)(56 mg, 5 mol-%) and B{furyl)s (46 mg, 10 mol-%) dissolved in THF
(4 mL) were then transferrada cannula to the reaction mixture, followed by tlgglision of
ethyl 4-iodobenzoate (607 mg, 2.2 mmol) dissolvedHF (2 mL). The reaction mixture was
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stirred at 25 °C for 1 h. The reaction mixture vgaenched with a sat. ag. WEl solution
(20 mL), extracted with diethyl ether (3 x 30 mljdadried over anhydrous MgSQQAfter
filtration, the solvent was evaporated vacuo Purification by column chromatography
(pentane/diethyl ether = 3:1) furnished the comjpid0u (452 mg, 82%) as a yellowish solid.
m.p.: 78.6-80.8 °C.

'H-NMR (400 MHz, CDCls) §: 8.61 (d,J=5.7 Hz, 1 H), 8.21 (dt)=8.3, 1.7 Hz, 2 H), 8.02
(dd, J=8.5, 0.8 Hz, 1 H), 7.88 (d=8.2 Hz, 1 H), 7.76 (dddl=8.4, 1.8, 1.6 Hz, 2 H), 7.65-
7.71 (m, 2 H), 7.51-7.56 (m, 1 H), 4.42 {g,7.1 Hz, 2 H), 1.42 (1}=7.1 Hz, 3 H).

3C-NMR (100 MHz, CDCls) 6: 166.34, 159.51, 143.79, 142.16, 136.75, 130.48,1B,
129.90, 129.52, 127.43, 127.07, 127.01, 126.50,32®1.08, 14.31.

MS (70 eV, El)m/z (%): 277 (46) [M], 276 (39), 248 (39), 232 (12), 205 (13), 204 (100
203 (24), 101 (11).

IR (ATR) U (cm?): 3052, 2997, 2978, 2957, 2906, 1713, 1668, 18518, 1609, 1585,
1570, 1551, 1509, 1499, 1479, 1467, 1457, 1448714895, 1386, 1366, 1355, 1318, 1310,
1269, 1210, 1181, 1163, 1124, 1102, 1062, 10271,1920, 973, 965, 955, 899, 875, 869,
865, 857, 841, 838, 822, 800, 796, 770, 751, 724, 702, 676, 652, 600, 589, 581, 572, 559.
HRMS (EI) for C1gH1sNO, (277.1103): 277.1097.
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13.7 Directed Zincation of Functionalized Aromatis and Heteroaromatics
using [(tBu)N(iPr)] ,Zn-2MgCl,-2LiCI (87)

Synthesis of 2-(2-methylallyl)-5-phenyl-1,3,4-oxadkzole (89a)

PhT\I/\O/ ﬁ

N
Accordingto TP 1, the metalation of 2-phenyl-1,3,4-oxadiazd@ég 290 mg, 2.0 mmol) was
completed within 45 min at 25 °C usingg()N(iPr)}xZn-2MgCb-2LiCl (87; 0.50m in THF,
2.4 mL, 1.2 mmol). The reaction mixture was codie® °C, then CuCN-2LiCl (i1 solution
in THF, 0.2 mL, 0.2 mmol) and 3-bromo-2-methylpropg324 mg, 2.2 mmol) were added
and the mixture was stirred at 0 °C for 1 h. Thecte®n mixture was quenched with sat. aqg.
NH4CI solution (30 mL), extracted with diethyl eth& X 50 mL) and dried over anhydrous
MgSOQ;. After filtration, the solvent was evaporatedvacuo The crude product was purified
by column chromatography (pentane/diethyl ether.H #o give89a (352 mg, 88%) as a
colourless solid.
m.p.: 56.3-57.5 °C.
'H-NMR (300 MHz, CDCls) 8: 8.05 (dt,J=5.5, 2.1 Hz, 3 H), 7.47-7.56 (m, 2 H), 4.98 (d,
J=15.5 Hz, 2 H), 3.67 (s, 2 H), 1.86 (s, 3 H).
3C-NMR (75 MHz, CDCls) 6: 165.06, 164.76, 138.38, 131.62, 129.01, 126.2B.9,
114.97, 34.08, 22.21.
MS (70 eV, El)m/z(%): 201 (11), 200 (100) [, 199 (26), 185 (17), 160 (72), 77 (12).
IR (ATR) v (cm?): 2979, 2935, 2919, 1739, 1653, 1607, 1568, 138@4, 1450, 1428,
1394, 1374, 1335, 1292, 1266, 1227, 1217, 1184811092, 1071, 1048, 1019, 1007, 990,
981, 976, 964, 960, 923, 917, 898, 858, 799, 713, 694, 686, 665, 642, 633, 628, 622, 615,
610, 606, 601.
HRMS (EI) for C;,H12N20 (200.0950): 200.0948.

Synthesis of 2-(4-(triisopropylsilyloxy)phenyl)quiroxaline (89b)

OTIPS
: N\]/©/
N/

Accordingto TP 1, the metalation of quinoxaliné1h, 272 mg, 2.0 mmol) was completed
within 9 h at 25 °C using {Bu)N(iPr)],Zn-2MgCh-2LiCl (87, 0.50 M in THF, 2.4 mL,
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1.2 mmol). A solution of Pd(dba)56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%) in
THF (2 mL) was added, followed by (4-iodophenoxyisbpropylsilane (827 mg, 2.2 mmol).
The reaction mixture was stirred at 25 °C for Jhe reaction mixture was quenched with sat.
ag. NH,CI solution (30 mL), extracted with diethyl ethe8 & 50 mL) and dried over
anhydrous MgS@ After filtration, the solvent was evaporatedvacuo The crude product
was purified by column chromatography (pentanetgieether = 9:1) to givé9b (613 mg,
81%) as a yellow oil.

'H-NMR (400 MHz, CDCls) §: 9.28 (s, 1 H), 8.09 (tJ=7.2 Hz, 4 H), 7.67 (tdJ=14.3,
6.8 Hz, 2 H), 7.05 (d]=8.4 Hz, 2 H), 1.24-1.35 (m, 3 H), 1.12 (7.2 Hz, 18 H).

13C-NMR (100 MHz, CDCl3) o: 158.39, 151.57, 143.12, 142.26, 141.11, 130.28,.51,
129.36, 129.05, 129.02, 128.94, 120.62, 17.91,912.6

MS (70 eV, El)m/z(%): 379 (13), 378, (45) [M, 336 (30), 335 (30), 308 (12), 307 (55), 293
(14), 280 (18), 279 (100), 265 (52), 205 (11), 139).

IR (ATR) 7 (cm?): 2943, 2891, 2866, 1602, 1576, 1544, 1514, 14882, 1422, 1389,
1336, 1313, 1269, 1229, 1169, 1134, 1125, 11071,10047, 1011, 996, 957, 906, 882, 840,
760, 738, 729, 683, 661, 654, 643, 630, 626, 606, 6

HRMS (EI) for C,3H3oN.0Si (378.2127): 378.2133.

Synthesis of 3-bromo-2-(3-nitrophenyl)quinoline (88)

X Br
©\/NI©/N02
=

According to TP 1, the metalation of 3-bromoquinoliné1j, 416 mg, 2.0 mmol) was
completed within 4 h at 25 °C usingB()N(iPr)l,Zn-2MgCb-2LiCl (87; 0.50Mm in THF,
2.4 mL, 1.2 mmol). A solution of Pd(dbaj56 mg, 5 mol-%) and Bffuryl); (46 mg,
10 mol-%) in THF (2 mL) was added, followed by 3amitrobenzene (500 mg, 2.0 mmol).
The reaction mixture was stirred at 25 °C for 3he reaction mixture was quenched with sat.
ag. NH,CI solution (30 mL), extracted with GBI, (3 x 50 mL) and dried over anhydrous
MgSOQ.. After filtration, the solvent was evaporatedvacuo The crude product was purified
by recrystallization (ChkCl,, ELO) to give89c (564 mg, 86%) as a colourless solid.
m.p.: 209.8-211.3.
'H-NMR (300 MHz, CDCl3) d: 8.70 (t,J=1.7 Hz, 1 H), 8.57 (s, 1 H), 8.36 (ddi8.3, 2.4,
1.0 Hz, 1 H), 8.11-8.20 (m, 2 H), 7.78-7.88 (m, R H67-7.74 (m, 2 H).
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13C-NMR (75 MHz, CDCl3) &: 155.37, 151.70, 147.98, 146.60, 140.47, 135.68.6l,
129.58, 129.06, 128.53, 128.20, 126.61, 124.90,7823.16.00.

MS (70 eV, El)m/z(%):331 (10), 330 (60), 329 (13), 328 (60)TV285 (18), 284 (100), 283
(18), 282 (95), 249 (49), 219 (11), 204 (12), 208)( 202 (33), 201 (13), 176 (12), 142 (13),
141 (11), 127 (10), 101 (22), 88 (17), 75 (14).

IR (ATR) 7 (cm): 2989, 2970, 1739, 1530, 1488, 1482, 1435, 14394, 1372, 1366,
1348, 1300, 1276, 1270, 1262, 1241, 1229, 1217511847, 1130, 1103, 1087, 1072, 1058,
968, 955, 907, 902, 892, 857, 818, 790, 781, 749, 740, 709, 682, 669, 661, 622, 606, 603.
HRMS (EI) for C1sHeBIN-O; (327.9847): 327.9841.

Synthesis of 2-(cyclohex-2-enyl)-6-nitrobenzothias® (89d)

02N S
O
N

Accordingto TP 1, the metalation of 6-nitrobenzothiazol@4g 360 mg, 2.0 mmol) was
completed within 1 h at =50 °C usingB(@)N(Pr)]>Zn-2MgCb-2LIiCl (87; 0.50m in THF,
2.4 mL, 1.2 mmol). Then CuCN-2LIiCl (& solution in THF, 0.2 mL, 0.2 mmol) and 3-
bromocyclohexene (355 mg, 2.2 mmol) were addedséingd at —50 °C for 1 h. The reaction
mixture was quenched with sat. aq. JIH solution (30 mL), extracted with diethyl ether
(3 x 50 mL) and dried over anhydrous MgS@fter filtration, the solvent was evaporated
vacua The crude product was purified by column chrorgedphy (pentane/diethyl ether =
9:1) to give89d (410 mg, 79%) as a yellow solid.

m.p.: 97.0-98.3 °C.

'H-NMR (300 MHz, CDCls) §: 8.80, (s, 1H), 8.35 (d]=8.9 Hz, 1 H), 8.08 (dJ=8.9 Hz,

1 H), 6.06-6.13 (m, 1 H), 5.94-6.01 (m, 1 H), 3486 (m, 1 H), 2.15-2.29 (m, 3 H), 1.94-
2.06 (m, 1 H), 1.72-1.88 (m, 2 H).

13C-NMR (75 MHz, CDCIl3) ¢: 183.20, 157.19, 144.63, 135.44, 131.55, 125.82.91,
121.47,118.18, 41.06, 30.19, 24.79, 20.42.

MS (70 eV, El)m/z(%): 261 (16), 260 (100) [, 259 (32), 245 (22), 232 (13), 231 (49),
214 (18), 213 (19), 194 (46), 79 (16), 67 (13)(BB), 44 (19).

IR (ATR) U (cm'): 3109, 2952, 2927, 2905, 1569, 1559, 1512, 14429, 1340, 1333,
1291, 1281, 1245, 1223, 1172, 1129, 1120, 10721,1942, 908, 891, 867, 838, 814, 750,
728, 723, 675, 653, 638, 622.

HRMS (EI) for C13H12N20,S (260.0619): 260.0608.
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Synthesis of 2-(cyclohex-2-enyl)-1-methylH-indole-3-carbaldehyde (89¢)

Me

N

(L~

CHO
According to TP 1, the metalation of 1-methylH:indole-3-carbaldehyde64f, 318 mg,
2.0 mmol) was completed within 1.25 h at 25 °C gdigBu)N(iPr)].Zn-2MgCh-2LiCl (87,
0.50 M in THF, 2.4 mL, 1.2 mmol). The reaction mixture svaooled to 0 °C, then
CuCN-2LiCI (1™ solution in THF, 0.2 mL, 0.2 mmol) and 3-bromoojatxene (355 mg,
2.2 mmol) were added and stirred at 0 °C for 1He fleaction mixture was quenched with sat.
ag. NH,CI solution (30 mL), extracted with diethyl ethe8 & 50 mL) and dried over
anhydrous MgS@ After filtration, the solvent was evaporatedvacuo The crude product
was purified by column chromatography (pentanéigietther = 3:1) to givé89e (240 mg,
50%) as a yellow oil.
'H-NMR (300 MHz, CDCls) §: 10.34 (s, 1 H), 8.25-8.41 (m, 1 H), 7.27-7.38 8H), 5.98-
6.04 (m, 1 H), 5.80-5.87 (m, 1 H), 3.80 (s, 3 HY,&3.85 (m, 1 H), 2.12-2.23 (m, 3 H), 1.94-
2.06 (m, 1 H), 1.79-1.86 (m, 2 H).
¥C-NMR (75 MHz, CDCls) §: 185.31, 153.85, 137.24, 129.43, 127.49, 125.6%.3P,
122.98, 121.65, 114.28, 109.30, 34.06, 30.76, 32460, 22.18.
MS (70 eV, El)m/z (%): 240 (14), 239 (100) [[, 238 (13), 222 (19), 210 (11), 210 (14),
184 (38), 182 (14), 167 (17), 157 (12).
IR (ATR) 7 (cm): 2930, 2859, 1739, 1683, 1641, 1611, 1580, 13488, 1447, 1413,
1386, 1323, 1294, 1246, 1223, 1218, 1186, 11566,11204, 1073, 1048, 1038, 1015, 982,
932, 917, 890, 860, 818, 801, 747, 729, 702, 638, 642, 635, 631, 626, 622, 616, 611, 605.
HRMS (EI) for C16H17/NO (239.1310): 239.1302.

Synthesis of ethyl-3-fluoro-2-(2-thienylcarbonyl)bazoate (89f)

EtO,C O
S

|
F

Accordingto TP 1, the metalation of ethyl 3-fluorobenzoate7,(336 mg, 2.0 mmol) was
completed within 20 h at 25 °C usingB(@)N(@Pr)]>Zn-2MgCb-2LIiCl (87; 0.50m in THF,
2.4 mL, 1.2 mmol). After cooling to —40 °C, CuCNi€L (2.2 mL, 1m solution in THF,
2.2 mmol) was added, followed by 2-thiophene caybahloride (322 mg, 2.2 mmol). The
mixture was briefly warmed with to 25 °C and stirrfor 12 h. The reaction mixture was
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guenched with sat. ag. N@I solution (30 mL), extracted with diethyl eth& X 50 mL) and
dried over anhydrous MgSQOAfter filtration, the solvent was evaporatedvacuo The crude
product was purified by column chromatography (peetdiethyl ether = 5:1) to giv@of
(417 mg, 75%) as a colourless solid.

m.p.: 89.8-91.3 °C.

'H-NMR (300 MHz, CDCls) &: 7.91-7.95 (m, 1 H), 7.74 (dd=5.0, 1.2 Hz, 1 H), 7.56 (td,
J=8.1, 5.4 Hz, 1 H), 7.34-7.42 (m, 2 H), 7.11 (@d5.0, 3.7 Hz, 1 H), 4.21 (§=7.2 Hz, 2 H),
1.16 (t,J=7.2 Hz, 3 H).

13C-NMR (75 MHz, CDCls) &: 184.46, 164.56 (d'Jc=3.0 Hz), 159.09 (d'Jcr=248 Hz),
144.60, 134.65, 134.11, 130.85 @cr=8 Hz), 130.79, 128.89 (dJcr=20 Hz), 128.13,
126.26 (dJce=3.5 Hz), 120.23 (fJer=21 Hz), 61.88, 13.60.

MS (70 eV, El)m/z(%): 278 (46) [M], 234 (27), 233 (36), 167 (31), 111 (100).

IR (ATR) V (cm'l): 3094, 2986, 1716, 1650, 1606, 1577, 1560, 13347, 1476, 1448,
1419, 1413, 1391, 1363, 1353, 1278, 1237, 11948,11%48, 1112, 1085, 1067, 1051, 1024,
994, 957, 928, 914, 884, 863, 849, 824, 813, 863, 752, 725, 684, 667, 648, 633, 621, 615,
607.

HRMS (El) for C14H11FO3S (278.0413): 278.0405.

Synthesis of ethyl 3-cyano-2-(2-(ethoxycarbonyl)all)benzoate (899g)
CO,Et

CO,Et
CN

Accordingto TP 1, the metalation of ethyl 3-cyanobenzoa#&i(350 mg, 2.0 mmol) was
completed within 36 h at 25 °C usingB(@)N(Pr)]>Zn-2MgCb-2LIiCl (87; 0.50m in THF,
2.4 mL, 1.2 mmol). The reaction mixture was codie® °C, then CuCN-2LiCI (2 solution
in THF, 0.2 mL, 0.2 mmol) and ethyl 2-(bromometlglylate (420 mg, 2.2 mmol) were
added and 0 °C for 1 h. The reaction mixture wasngbed with sat. aq. NBI solution
(30 mL), extracted with diethyl ether (3 x 50 mldadried over anhydrous MgSQQAfter
filtration, the solvent was evaporatéd vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 2:1) te §®g (413 mg, 72%) as a colourless oil.
'H-NMR (300 MHz, CDCls) 6: 8.12 (dd J=7.9, 1.5 Hz, 1 H), 7.83 (dd=7.7, 1.5 Hz, 1 H),
6.20-6.28 (m, 1 H), 5.02-5.07 (m, 1 H), 7.47J¢7.9 Hz, 1 H), 4.35 (q)J=7.2 Hz, 2 H), 4.27
(s, 2 H), 4.25 (qJ=7.2 Hz, 2 H), 1.36 (1)=7.1, 3 H), 1.32 (}=7.1, 3 H).
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3C-NMR (75 MHz, CDCly) 6: 166.20, 165.95, 143.13, 138.48, 136.09, 134.B2.70,
127.38, 125.51, 117.30, 115.98, 61.77, 61.04, 34.039, 14.08.

MS (70 eV, E)m/z(%): 287 (4) [M], 242 (24), 241 (60), 214 (14), 213 (74), 186 (D5
(100), 170 (73), 169 (57), 168 (35), 167 (17), {5@), 156 (12), 141 (16), 140 (36).

IR (ATR) 7 (cm®): 2984, 2940, 2901, 2230, 1714, 1635, 1583, 14883, 1367, 1268,
1207, 1190, 1173, 1130, 1095, 1084, 1066, 105721927, 863, 818, 766, 754, 682, 669,
646, 641, 635, 623, 601.

HRMS (EI) for C1¢H17NO, (287.1158): 287.1156.

Synthesis of ethyl 6-bromo-3-‘methylbiphenyl-2-carbxylate (89h)

=
Br

Accordingto TP 1, the metalation of ethyl 5-bromo-2-chlorobenzd&® 525 mg, 2.0 mmol)
was completed within 60 h at 25 °C usinB{)N(iPr)].Zn-2MgCb-2LiCl (87, 0.50M in THF,
2.4 mL, 1.2 mmol). A solution of Pd(dkaj56 mg, 5 mol-%) and B{furyl); (46 mg,
10 mol-%) in THF (2 mL) was added, followed by stoluene (436 mg, 2.0 mmol). The
reaction mixture was stirred at 25 °C for 12 h. Té&ction mixture was quenched with sat. aq.
NH4CI solution (30 mL), extracted with diethyl eth& ¥ 50 mL) and dried over anhydrous
MgSQ,. After filtration, the solvent was evaporatedvacuo The crude product was purified
by column chromatography (pentane/diethyl ethe®A)3to give89h (470 mg, 67%) as a red
oil.
'H-NMR (300 MHz, CDCls) &: 7.62 (d,J=8.4 Hz, 1 H), 7.24-7.33 (m, 2 H), 7.19 (d,
J=7.7 Hz, 1 H), 7.05 (dJ=7.7 Hz, 2 H), 4.03 (qJ=7.1 Hz, 2 H), 2.37 (s, 3 H), 0.96 (t,
J=7.1 Hz, 3 H).
¥C-NMR (75 MHz, CDCls) J: 165.62, 141.66, 137.73, 137.59, 135.75, 134.533,.04,
129.86, 129.52, 129.12, 127.88, 126.37, 122.15%621.39, 13.59.
MS (70 eV, El)m/z(%): 356 (22), 355 (14), 354 (82), 353 (10), 362)([M"], 326 (17), 324
(12), 311 (27), 310 (29), 309 (100), 308 (32), 8O7), 295 (35), 294 (27), 230 (22), 229 (19),
228 (60), 200 (12), 199 (19), 166 (18), 165 (5% 125), 163 (22), 44 (14).
IR (ATR) U (cm?): 2980, 1732, 1606, 1586, 1574, 1461, 1436, 14386, 1364, 1281,
1257, 1241, 1162, 1135, 1098, 1057, 1010, 912, 859, 811, 793, 777, 762, 752, 702, 654,
645, 620, 612, 606.
HRMS (EI) for C16H14BrClO ; (351.9866): 351.9859.
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13.8 Directed Metalation of Aromatics and Heteroabnmatics Usingin situ
Protocols

Synthesis of 3thyl 4-quinoxalin-2-ylbenzoate (630):
CO,Et

Accordingto TP 4, the metalation of quinoxalinélh; 260 mg, 2.0 mmol) was completed
within 2 h at 25 °C. A solution of Pd(dbhap6 mg) and Rifuryl)s (46 mg) in THF (2 mL)
was added, followed by ethyl 4-iodobenzoate (607 208 mmol). The reaction mixture was
stirred at 25 °C for 3 h. The reaction mixture veaenched with sat. aq. N@l solution
(20 mL), extracted with diethyl ether (3 x 30 mljdadried over anhydrous MgQQAfter
filtration, the solvent was evaporatéd vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 3:1) t@ 680 (440 mg, 79%) as a colourless solid.
m.p.: 88.8-90.9 °C.

'H-NMR (300 Hz, CDCl) 6: 9.34 (s, 1 H), 8.30-8.11 (m, 6 H), 7.84-7.75 @rH), 4.43 (q,
J=7.1 Hz, 2 H), 1.43 (}=7.1 Hz, 3 H).

3C-NMR (75 MHz, CDCl3) ¢: 166.14, 150.69, 143.11, 142.29, 141.80, 140.64,.8B,
130.55, 130.29, 130.10, 129.76, 129.15, 127.42661.4.34.

MS (70 eV, El)m/z(%): 279 (17), 278 (100) [, 250 (36), 234 (23), 233 (87), 206 (14),
205 (35), 102 (13), 76 (18).

IR (ATR) 7 (cm?): 2922, 1713, 1607, 1541, 1467, 1445, 1432, 14363, 1337, 1310,
1293, 1271, 1233, 1213, 1183, 1126, 1099, 10487,1988, 978, 958, 914, 895, 875, 861,
852, 840, 796, 772, 758, 752, 740, 720, 711, 668, 637, 615.

HRMS (EI) for C17H14N,0, (278.1055): 278.1030.

Synthesis of 2-benzoyl-4-chlorobenzoic acid ethyseer (69f):
O CO,Et
Ph

Cl
Accordingto TP 4, the metalation of ethyl 4-chlorobenzoat&@¢ 370 mg, 2.0 mmol) was
completed within 20 h at 25 °C. The reaction migtuvas cooled to —40 °C, then
CuCN-2LiCl (1 m solution in THF, 2.2 mL, 2.2 mmol) and benzoyl aide (350 mg,
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2.5 mmol) were added. The mixture was allowed tonwto 25 °C and stirred for 10 h. The
reaction mixture was quenched with sat. ag.,@lHsolution (20 mL), extracted with diethyl
ether (3 x 30mL) and dried over anhydrous MgS@fter filtration, the solvent was
evaporatedin vacuo The crude product was purified by column chrorgedphy
(pentane/diethyl ether = 7:1) to gi@éf (479 mg, 83%) as a colourless solid.

m.p.: 78.9-80.9 °C.

'H-NMR (400 MHz, CDCls) d: 8.02 (d,J=8.4 Hz, 1 H), 7.77-7.73 (m, 2 H), 7.57-7.52 (m,
2 H), 7.46-7.41 (m, 2 H), 7.36 (&38.4 Hz, 1 H), 4.07 (¢J=7.1 Hz, 2 H), 1.04 (t)=7.1 Hz,

3 H).

3C-NMR (100 MHz, CDCls) ¢: 195.54, 165.22, 143.44, 139.24, 136.85, 133.64,9B,
129.89, 129.61, 128.89, 127.96, 127.82, 61.98,213.8

MS (70 eV, El)m/z(%): 288 (24) [M], 245 (16), 244 (15), 243 (35), 213 (11), 211 (IB3
(56), 152 (21), 105 (100), 77 (45), 57 (13).

IR (ATR) v (cm?): 2983, 2909, 1712, 1677, 1619, 1590, 1583, 13800, 1473, 1450,
1445, 1385, 1363, 1319, 1311, 1283, 1267, 12437111753, 1134, 1105, 1089, 1074, 1021,
1001, 979, 966, 954, 942, 899, 875, 860, 843, 808, 780, 770, 712, 698, 690, 643, 619,
609, 591, 585.

HRMS (EI) for C16H13CIO3 (288.0553): 288.0550.

Synthesis of 2-benzoyl-4-bromobenzoic acid ethyltes (101a):
O CO,Et
Ph

Br
Accordingto TP 4, the metalation of ethyl 4-bromobenzoad&f( 458 mg, 2.0 mmol) was
completed within 20 h at 25 °C. The reaction migtuvas cooled to —40 °C, then
CuCN-2LIiCl (1 m solution in THF, 2.2 mL, 2.2 mmol) and benzoyl aiide (350 mg,
2.5 mmol) were added. The mixture was allowed tonwto 25 °C and stirred for 12 h. The
reaction mixture was quenched with sat. ag.4GlHsolution (20 mL), extracted with diethyl
ether (3 x 30 mL) and dried over anhydrous MgS@fter filtration, the solvent was
evaporatedin vacuo The crude product was purified by column chrorgeaphy
(pentane/diethyl ether = 7:1) to gi¥®1a(526 mg, 79%) as a colourless solid.
m.p.: 90.8-92.6 °C.
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'H-NMR (600 MHz, CDCls) 6: 7.94 (d,J=8.4 Hz, 1 H), 7.76-7.74 (m, 2 H), 7.70 (d&:8.4,
1.8 Hz, 1 H),7.58-7.55 (m, 1 H), 7.53 @,= 1.8 Hz, 1 H), 7.46-7.43 (m, 2 H), 4.07 (q,
J=7.2 Hz, 2 H), 1.04 (t)=7.2 Hz, 3 H).

3C-NMR (150 MHz, CDCly) §: 195.13, 165.10, 143.22, 136.62, 133.42, 132.64,71,
130.58, 129.37, 128.60, 128.08, 127.40, 61.75,613.5

MS (70 eV, El)m/z(%): 334 (10), 332 (10) [K], 289 (14), 287 (14), 257 (18), 255 (18), 229
(27), 227 (27), 180 (10), 152 (23), 151 (12), 106Q), 77 (63), 76 (10), 75 (17), 51 (19).

IR (ATR) 7 (cm): 2981, 1711, 1677, 1582, 1554, 1471, 1450, 13@B6, 1243, 1135,
1097, 1020, 948, 898, 858, 842, 778, 759, 681, 689, 711.

HRMS (EI) for C16H1303Br (332.0048): 332.0048.

Synthesis of 2-benzoyl-4-chlorobenzoic acid methgkter (101b):
O CO,Me
Ph

Cl
Accordingto TP 4, the metalation of methyl 4-chlorobenzoa&&d 340 mg, 2.0 mmol) was
completed within 20 h at 25 °C. The reaction migtuvas cooled to —40 °C, then
CuCN-2LIiCI (1 ™M solution in THF, 2.2 mL, 2.2 mmol) and benzoyl aiide (350 mg,
2.5 mmol) were added. The mixture was allowed tonwto 25 °C and stirred for 20 h. The
reaction mixture was quenched with sat. ag.4GlHsolution (20 mL), extracted with diethyl
ether (3 x 30 mL) and dried over anhydrous MgS@fter filtration, the solvent was
evaporatedin vacuo The crude product was purified by column chrorgeaphy
(pentane/diethyl ether = 6:1) to gi¥®1b (473 mg, 86%) as a colourless solid.
m.p.: 98.0 °C.
'H-NMR (400 MHz, CDCl3) §: 8.00 (d,J=8.4 Hz, 1 H), 7.72-7.75 (m, 2 H), 7.52-7.59 (m,
2 H), 7.42-7.46 (m, 2 H), 7.37 (&2.1 Hz, 1 H), 3.61 (s, 3 H).
13C-NMR (100 MHz, CDCls) 6: 195.35, 165.44, 143.31, 139.10, 136.55, 133.481.61,
129.72, 129.23, 128.63, 127.83, 127.38, 52.34.
MS (70 eV, El)m/z(%): 274 (26) [M], 243 (21), 197 (80), 152 (10), 105 (100), 77 (26)
IR (ATR) v (cm?): 1717, 1668, 1595, 1585, 1564, 1452, 1434, 13847, 1280, 1272,
1257, 1181, 1157, 1142, 1104, 1074, 1026, 1001, 958, 934, 929, 902, 860, 849, 834, 807,
786, 768, 711, 700, 693, 671, 660, 645, 634, 628, 620, 612, 608.
HRMS (EI) for C15H11ClIO3 (274.0397): 274.0393.
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Synthesis of 2-benzoyl-4-bromobenzoic acid methyster (101c):
O CO,Me

Ph

Br
Accordingto TP 4, the metalation of methyl 4-bromobenzodtédag 428 mg, 2.0 mmol) was
completed within 20 h at 25 °C. The reaction migtuvas cooled to —40 °C, then
CuCN-2LIiCl (1 m solution in THF, 2.2 mL, 2.2 mmol) and benzoyl aide (339 mg,
2.4 mmol) were added. The mixture was allowed tonwtn 25 °C and stirred overnight. The
reaction mixture was quenched with sat. ag.,@lHsolution (20 mL), extracted with diethyl
ether (3 x 30 mL) and dried over anhydrous MgS@fter filtration, the solvent was
evaporatedin vacuo The crude product was purified by column chrorgedphy
(pentane/diethyl ether = 6:1) to gi¥81c(542 mg, 85%) as a yellow solid.
m.p.: 125.0 °C.
'H-NMR (300 MHz, CDCl3) §: 7.94 (d,J=8.75 Hz, 1 H), 7.70-7.78 (m, 3 H), 7.56-7.65 (m,
2 H),7.447.49 (m, 2 H), 3.63 (s, 3 H).
3C-NMR (75 MHz, CDCls) 6: 195.26, 165.62, 143.36, 136.59, 133.45, 132.731.6B,
130.72, 129.27, 128.67, 127.89, 127.57, 52.39.
MS (70 eV, El)m/z(%): 319 (21), 317 (21) [N, 288 (14), 286 (14), 242 (60), 240 (61), 105
(100), 77 (20).
IR (ATR) 7 (cm): 3072, 1666, 1582, 1555, 1455, 1433, 1381, 12102, 1177, 1140,
1092, 948, 907, 859, 831, 788, 759, 701, 687.
HRMS (ElI) for C15H1,BrO 3 (317.9892): 317.9884.

Synthesis of 2-(3-chlorobenzoyl)-4-fluorobenzoic atethyl ester (101d):
O CO,Et

ROA®

=
Accordingto TP 4, the metalation of ethyl 4-fluorobenzoa&/§ 336 mg, 2.0 mmol) was
completed within 10 h at 25 °C. The reaction migtuwvas cooled to —40 °C, then
CuCN-2LiCl (1M solution in THF, 2.2 mL, 2.2 mmol) and 3-chlorobewl chloride (438 mg,

2.5 mmol) were added. The mixture was allowed tomwip 25 °C and stirred for 10 h. The
reaction mixture was quenched with sat. ag.,@lHsolution (20 mL), extracted with diethyl
ether (3 x 30mL) and dried over anhydrous MgS@fter filtration, the solvent was
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evaporatedin vacuo The crude product was purified by column chrorgedphy
(pentane/diethyl ether = 5:1) to gi¥®1d (520 mg, 85%) as a colourless solid.

m.p.: 90.1-93.4 °C.

'H-NMR (600 MHz, CDCl5) 6: 8.11 (dd,J=8.6, 5.2 Hz, 1 H), 7.74 (8=1.9 Hz, 1 H), 7.59
(ddd, J=7.7, 1.4, 1.3 Hz, 1 H), 7.53 (ddd8.0, 2.3, 1.2 Hz, 1 H), 7.37 @=7.9 Hz, 1 H),
7.23-7.27 (m, 1 H), 7.05 (dd=8.3, 2.6 Hz, 1 H), 4.11 (§=7.2 Hz, 2 H), 1.10 (t)=7.2 Hz,

3 H).

13C-NMR (150 MHz, CDCls) 6: 193.96 (d.*Jce=1.3 Hz), 164.88 (d'Jc=256 Hz), 164.61,
143.80 (d,2Jce=7.4 Hz), 138.20, 134.98, 133.29, 133.1 {#=9.3 Hz), 129.93, 129.07,
127.42, 125.21 (dJc=3.4 Hz), 116.79 (dJc=22 Hz), 114.93 (fJcr=24 Hz), 61.75, 13.70.
MS (70 eV, El)m/z(%): 306 (25) [M], 263 (18), 262 (19), 261 (51), 195 (54), 170 (AH3
(10), 167 (100), 141 (20) 139 (61).

IR (ATR) V (cm'l): 3106, 3072, 2994, 2942, 2884, 2872, 1711, 14864, 1608, 1588,
1576, 1482, 1468, 1452, 1432, 1396, 1368, 12926,1PB40, 1192, 1164, 1152, 1126, 1112,
1070, 1056, 1044, 1022, 986, 960, 928, 864, 826, B16, 758, 742, 682, 674, 650, 590, 572.
HRMS (EIl) for C16H12CIFO3 (306.0459): 306.0451.

Synthersis of 5-cyano-3'-methoxybiphenyl-2-carboxyt acid ethyl ester (101e):

O CO,Et
MeO O

CN
Accordingto TP 4, the metalation of ethyl 4-cyanobenzoa&j( 370 mg, 2.0 mmol) was
completed within 4 h at 25 °C. A solution of Pd(3bé6 mg, 5 mol-%) and B{furyl)s
(46 mg, 10 mol-%) in THF (2 mL) was added, followsd3-iodoanisole (598 mg, 2.2 mmol).
The reaction mixture was stirred at 25 °C for Jhe reaction mixture was quenched with sat.
ag. NHCI solution (20 mL), extracted with diethyl ethe8 &« 30 mL) and dried over
anhydrous MgS@ After filtration, the solvent was evaporatedvacuo The crude product
was purified by column chromatography (pentaneidietther = 6:1) to givd01e(490 mg,
87%) as a colourless oil.
'H-NMR (400 MHz, CDCls) §: 7.85 (d,J=8.6 Hz, 1 H), 7.67-7.71 (m, 2 H), 7.28-7.34 (m,
1 H), 6.86 (dddJ=8.4, 2.5, 1.0 Hz, 1 H), 6.81-6.87 (m, 2 H), 4.62J7.1 Hz, 2 H), 3.82 (s,
3 H), 1.01 (tJ=7.1 Hz, 3 H).
¥C-NMR (100 MHz, CDCls) ¢: 167.37, 159.50, 142.89, 140.33, 135.57, 133.89,6l,
130.08, 129.44, 120.64, 117.87, 114.64, 113.76,711%1.65, 55.31, 13.60.
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MS (70 eV, El)m/z(%): 282 (21), 281 (100) [f}, 253 (12), 237 (21), 236 (65), 210 (14),
209 (77), 206 (12), 193 (21), 179 (11), 177 (1BF 113), 164 (18).

IR (ATR) 7 (cm): 2229, 1713, 1598, 1586, 1485, 1464, 1442, 141®2, 1392, 1321,
1305, 1281, 1270, 1249, 1225, 1172, 1166, 11432,11082, 1052, 1030, 994, 985, 923, 906,
892, 875, 855, 794, 781, 770, 755, 728, 697, 625, 622, 617, 613.

HRMS (EI) for C17/H1sNO;3 (281.1052): 281.1048.

Synthesis of 5-fluoro-2'-methoxybiphenyl-2-carbonttle (101f):

O CN
OMe O
=

According to TP 4, the metalation of 4-fluorobenzonitril®é4k; 242 mg, 2.0 mmol) was
completed within 8 h at 25 °C. A solution of Pd(3bé6 mg, 5 mol-%) and Bffuryl)s
(46 mg, 10 mol-%) in THF (2 mL) was added, followmd2-iodoanisole (598 mg, 2.2 mmol).
The reaction mixture was stirred at 25 °C for he reaction mixture was quenched with sat.
ag. NH,CI solution (20 mL), extracted with diethyl ethe8 X 30 mL) and dried over
anhydrous MgS@ After filtration, the solvent was evaporatedvacuo The crude product
was purified by column chromatography (pentaneigietther = 9:1) to givd01f (520 mg,
85%) as a colourless solid.
m.p.: 100.8 °C.
'H-NMR (300 MHz, CDCls) 6: 7.69 (dd J=6.4, 2.1 Hz, 1 H), 7.67-7.72 (m, 1 H), 7.45-7.51
(m, 1 H), 7.27-7.32 (m, 2 H), 7.05-7.14 (m, 2 HBB(s, 3 H).
13C-NMR (75 MHz, CDCls) §: 162.43 (d,*Jce=256 Hz), 156.62, 136.38 (dJc=5.5 Hz),
130.07 (d,*Jcr=9.3 Hz), 131.00, 130.37, 128.04 (=18 Hz), 122.38, 120.66, 118.25,
116.91 (d2Jcr=24 Hz), 111.10, 108.14 (&Jcr=3.9 Hz), 55.57.
MS (70 eV, El)m/z(%): 228 (14), 227 (100) [, 212 (30), 184 (19), 158 (12).
IR (ATR) v (cm?): 2227, 1597, 1580, 1501, 1488, 1465, 1434, 143P8, 1297, 1281,
1263, 1240, 1225, 1170, 1160, 1112, 1056, 10315,1924, 898, 851, 831, 795, 748, 740,
723, 678, 634, 620.
HRMS (EI) for C14H10FNO (227.0746): 227.0739.
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Synthesis of 2-benzoyl-3-bromobenzoic acid ethyltes (1019):
CO,Et

o

Accordingto TP 4, the metalation of ethyl 3-bromobenzoat@@; 460 mg, 2.0 mmol) was
completed within 4 h at 25 °C. The reaction mixtwas cooled to —40 °C, then CuCN-2LiCl
(2 M solution in THF, 2.2 mL, 2.2 mmol) and benzoylaiide (350 mg, 2.5 mmol) were
added. The mixture was allowed to warm to 25 °C siimded for 5 h. The reaction mixture
was quenched with sat. aq. MH solution (20 mL), extracted with diethyl eth& X 30 mL)
and dried over anhydrous MgaQAfter filtration, the solvent was evaporatiedvacuo The
crude product was purified by column chromatografggntane/diethyl ether = 8:1) to give
1019(606 mg, 91%) as a colourless oil.

'H-NMR (400 MHz, CDCls) 6: 7.93 (d,J=8.4 Hz, 1 H), 7.74 (dt}=8.3, 1.6 Hz, 2 H), 7.69
(dd,J=8.4, 2.0 Hz, 1 H), 7.54-7.58 (m, 1 H), 7.52Jd2.0 Hz, 1 H), 7.41-7.46 (m, 2 H), 4.06
(q,J=7.1 Hz, 2 H), 1.03 (1)=7.1 Hz, 3 H).

3C-.NMR (100 MHz, CDCls) ¢: 195.13, 165.07, 143.18, 136.57, 133.41, 132.63,68,
130.54, 129.34, 128.58, 128.02, 127.39, 61.73413.5

MS (70 eV, El)m/z(%): 334 (32), 332 (32) [M, 290 (20), 289 (565), 288 (22), 287 (55),
257 (68), 255 (70), 229 (88), 227 (88), 181 (1B 115), 152 (33), 151 (12), 106 (13), 105
(100), 77 (56).

IR (ATR) U (cm?): 2983, 1712, 1676, 1598, 1583, 1555, 1474, 14450, 1444, 1383,
1362, 1318, 1310, 1281, 1267, 1243, 1178, 11565,118B16, 1097, 1074, 1024, 1020, 1000,
965, 948, 898, 859, 842, 826, 815, 805, 778, 759, 697, 689, 681, 662, 654, 641, 633, 626,
622, 619, 612, 603.

HRMS (EI) for C16H13BrO 3 (332.0048): 332.0034.

Synthesis of 2-benzoyl-3-chlorobenzoic acid methgkter (69e):
CO,Et

Accordingto TP 4, the metalation of ethyl 3-chlorobenzoa®&'l§; 370 mg, 2.0 mmol) was

completed within 3 h at 25 °C. The reaction mixtwas cooled to —40 °C, then CuCN-2LiCl
(1 M solution in THF, 2.2 mL, 2.2 mmol) and benzoylaide (350 mg, 2.5 mmol) were
added. The mixture was allowed to warm to 25 °C siimded for 5 h. The reaction mixture

was quenched with sat. aq. MH solution (20 mL), extracted with diethyl eth& X 30 mL)
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and dried over anhydrous MgaQ\fter filtration, the solvent was evaporatedvacuo The
crude product was purified by column chromatografggntane/diethyl ether = 6:1) to give
69e(606 mg, 91%) as a colourless solid.

m.p.: 108.6-109.6 °C.

'H-NMR (300 MHz, CDCls) d: 8.08 (m, 1 H), 7.81 (m, 2 H), 7.44-7.68 (m, 5 H)17 (q,
J=7.1 Hz, 2 H), 1.10 (1)=7.1 Hz, 3 H).

3C-NMR (75 MHz, CDCls) 6: 194.52, 164.82, 140.65, 136.91, 134.15, 133.63.97,
130.89, 130.11, 129.24, 128.93, 62.09, 13.84.

MS (70 eV, El)m/z(%): 290 (19), 288 (43) [N, 242 (32), 211 (73), 211 (26), 185 (32), 183
(100), 152 (10), 151 (13), 105 (87), 77 (31).

IR (ATR) v (cm™): 1706, 1672, 1584, 1564, 1430, 1366, 1284, 12032, 1074, 1028, 928,
866, 764, 744, 734, 702, 652, 618.

HRMS (EI) for C;6H13CIO3(288.0553): 288.0569.

Synthesis of 3-chloro-2-(thiophene-2-carbonyl)ben&wacid methyl ester (101h):

O CO,Me
X ‘ AN
\
S
cl

Accordingto TP 4, the metalation of methyl 3-chlorobenzoatédg 340 mg, 2.0 mmol) was
completed within 5 h at 25 °C. The reaction mixtwas cooled to —40 °C, then CuCN-2LiCl
(1 M solution in THF, 2.2 mL, 2.2 mmol) and 2-thiophea®d chloride (365 mg, 2.5 mmol)
were added. The mixture was allowed to warm to @5ahd stirred for 20 h. The reaction
mixture was quenched with sat. aq. ) solution (20 mL), extracted with diethyl ether
(3 x 30 mL) and dried over anhydrous MgS@fter filtration, the solvent was evaporated
vacua The crude product was purified by column chrorgedphy (pentane/diethyl ether =
4:1) to givel01h (443 mg, 82%) as a colourless solid.

m.p.: 134.7 °C.

'H-NMR (600 MHz, CDCls) ¢: 8.01 (d,J=9.1 Hz, 1 H), 7.69 (dJ=4.8 Hz, 1 H), 7.64 (d,
J=8.1 Hz, 1 H), 7.48 (1)=7.9 Hz, 1 H), 7.27 (ddl=3.6, 1.2 Hz, 1 H), 7.07 (dd=4.8, 3.8 Hz,

1 H), 3.73 (s, 3 H).

¥C-NMR (150 MHz, CDCls) 6: 186.41, 164.89, 144.08, 139.94, 134.44, 134.38.67,
131.97, 130.16, 128.91, 128.14, 52.59.

MS (70 eV, El)m/z(%): 208 (35) [M], 251 (15), 249 (36), 221 (11), 197 (25), 111 (1B
(12).

221



Experimental Part: Directed Metalation Usingsitu Protocols

IR (ATR) 7 (cmi®): 1722, 1653, 1586, 1567, 1517, 1455, 1434, 14829, 1274, 1235,
1207, 1159, 1112, 1083, 1049, 1034, 971, 882, 867, 848, 817, 765, 746, 736, 722, 680,
674, 662, 645, 639, 634, 631, 621, 608, 605.

HRMS (EI) for C1HoClO3S (279.9961): 279.9963.

Synthesis of (2'-chloro)-2-benzoyl-3-fluorobenzoiacid ethyl ester (101i):
CO,Et

Cl O

Accordingto TP 4, the metalation of ethyl 3-fluorobenzoater,(336 mg, 2.0 mmol) was
completed within 2 h at 25 °C. The reaction mixtwas cooled to —40 °C, then CuCN-2LiCl
(2 M solution in THF, 2.2 mL, 2.2 mmol) and 2-chlorobkewl chloride (0.31 mL, 2.4 mmol)
were added. The mixture was allowed to warm to @5ahd stirred for 5 h. The reaction
mixture was quenched with sat. aq. ) solution (20 mL), extracted with diethyl ether
(3 x 30 mL) and dried over anhydrous MgS@fter filtration, the solvent was evaporated
vacua The crude product was purified by column chrorgedphy (pentane/diethyl ether =
8:1) to givel01i (574 mg, 94%) as a yellowish solid.

m.p.: 104.3 °C.

'H-NMR (300 MHz, CDCl3) o: 7.84 (dd,J=7.8, 1.0 Hz, 1 H), 7.72-7.77 (m, 1 H), 7.43-7.54
(m, 3 H), 7.27-7.35 (m, 2 H), 4.20 (@7.0 Hz, 2 H), 1.15 (t}=7.2 Hz, 3 H).

13C-NMR (75 MHz, CDCl3) d: 190.59, (dJce=1.3 Hz), 164.94, 159.09 (dJcr=248 Hz),
135.16, 133.99, 133.37, 132.35, 131.60, 131.06Xg=3.3 Hz), 130.81 (d*Jc=8.3 Hz),
130.50, 126.72, 126.15 (Hlc==3.3 Hz), 120.04 (dJcr=22 Hz), 61.90, 13.77.

MS (70 eV, El)m/z(%): 306 (5) [M], 272 (17), 271 (88), 261 (34), 243 (10), 195 (213)0
(10), 168 (11), 167 (100), 141 (25), 139 (75), 123).

IR (ATR) U (cm?): 1712, 1686, 1608, 1587, 1575, 1566, 1482, 14@62, 1444, 1431,
1367, 1292, 1265, 1239, 1191, 1165, 1152, 11252,11Q70, 1056, 1043, 1023, 960, 953,
928, 863, 826, 809, 776, 758, 742, 683, 675, 631, 618, 612.

HRMS (El) for C16H1,CIFO3 (306.0459): 306.0452.

Synthesis of (4-chlorophenyl)-(2,6-difluorophenyl)mthanone (101j):

F O
c.
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Accordingto TP 4, the metalation of 1,3-difluorobenzent0Qd 228 mg, 2.0 mmol) was
completed within 6 h at 25 °C. The reaction mixtwas cooled to —40 °C, then CuCN-2LiCl
(1 m solution in THF, 2.2 mL, 2.2 mmol) and 4-chlorobeyl chloride (438 mg, 2.5 mmol)
were added. The mixture was allowed to warm to @5ahd stirred for 12 h. The reaction
mixture was quenched with sat. aq. ) solution (20 mL), extracted with diethyl ether
(3 x 30 mL) and dried over anhydrous MgS@fter filtration, the solvent was evaporated
vacua The crude product was purified by column chrorgedphy (pentane/diethyl ether =
29:1) to givel01j (402 mg, 80%) as a colourless solid.

m.p.: 75.5 °C.

'H-NMR (600 MHz, CDCls) d: 7.80 (d,J=8.6 Hz, 2 H), 7.43-7.48 (m, 3 H), 6.98-7.03 (m,
2 H).

3C-NMR (150 MHz, CDCls) 6: 187.64, 159.74 (ddJcr=252 Hz,3Jc=7.7 Hz), 140.80,
135.19, 132.21 (t)c=9.8 Hz), 130.94, 129.14, 116.52, 112.01 (dg=22 Hz,*Jc=4.2 Hz).
MS (70 eV, El)m/z (%): 254 (18), 252 (52) [N, 141 (53), 141 (38), 139 (100), 113 (13),
111 (26).

IR (ATR) U (cmY): 1670, 1623, 1586, 1574, 1556, 1488, 1461, 14311, 1286, 1272,
1233, 1182, 1172, 1151, 1144, 1113, 1091, 10572,10Q15, 999, 977, 957, 926, 880, 846,
830, 814, 789, 769, 751, 731, 715, 695, 680, 662, 656, 636, 628, 607.

HRMS (El) for C13H-CIF,0 (252.0153): 252.0147.

Synthesis of 4-(3,6-dimethoxypyridazin-4-yl) benzoiacid ethyl ester (101Kk):
OMe CO,Et

N X
N~
OMe

Accordingto TP 4, the metalation of 3,6-dimethoxypyridaziri®0e 278 mg, 2.0 mmol) was
completed within 5 h at 25 °C. A solution of Pd(3bé6 mg, 5 mol-%) and Bffuryl)s
(46 mg, 10 mol-%) in THF (2 mL) was added, followey ethyl 4-iodobenzoate (607 mg,
2.2 mmol). The reaction mixture was stirred at Z5fdr 7 h. The reaction mixture was
guenched with sat. ag. NEI solution (20 mL), extracted with diethyl eth& %X 30 mL) and
dried over anhydrous MgSQAfter filtration, the solvent was evaporatedvacuo The crude
product was purified by column chromatography (pesatdiethyl ether = 4:1) to givEO1lk
(374 mg, 65%) as a colourless solid.
m.p.: 96.0 °C.
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'H-NMR (CDCl;, 300 MHz) d: 8.12 (d,J=8.3 Hz, 2 H), 7.66 (dJ=8.0 Hz, 2 H), 6.96 (s,
1 H), 4.40 (qJ=7.3 Hz, 2 H), 4.08 (s, 6 H), 1.40 §£7.2 Hz, 3 H).

3C-NMR (CDCls, 75 MHz) §: 166.00, 162.57, 159.32, 137.75, 133.07, 131.PD.6D,
128.98, 119.46, 61.21, 54.93, 54.68, 14.30.

MS (70 eV, El)m/z(%): 289 (10), 288 (54), 287 (100), 259 (29), 243), 215 (10), 129 (10).
IR (ATR) v (cm?): 2953, 1705, 1604, 1571, 1469, 1412, 1368, 14251, 1215, 1186,
1131, 1106, 1001, 895, 862, 773, 709.

HRMS (EI) for C1sH16N204 (288.1110): 288.1083.

Synthesis of (5-chloro-2-methoxyphenyl)-(4-methoxypenyl)methanol (105a):

OMe?H

l ] OMe

Cl
According to TP 5, the metalation of 4-chloroanisold02g 284 mg, 2.0 mmol) was
completed within 24 h at 25 °C. The reaction migtuas cooled to 0 °C and then 4-methoxy
benzaldehyde (680 mg, 5 mmol) was added. The naxtas allowed to warm to 25 °C and
stirred for 7 h. The reaction mixture was quencivti a mixture of sat. aq. Ni&I solution
(30 mL) and ag. HCI (&1, 8 mL) and extracted with diethyl ether (3 x 50)nahd dried over
anhydrous MgS@ After filtration, the solvent was evaporatedvacuo The crude product
was purified by column chromatography (pentanefigietther = 5:1) to givd05a(418 mg,
75%) as a yellowish solid.
m.p.: 88.5 °C.
'H-NMR (300 MHz, CDCl3) §: 7.25-7.31 (m, 3 H), 7.19 (dd=8.7, 2.7 Hz, 1 H), 6.83-6.87
(m, 2 H), 6.78 (dJ=8.5 Hz, 1 H), 5.98 (s, 1 H), 3.79 (s, 3 H), 3.873 H).
3C-NMR (75 MHz, CDCls) 6: 158.98, 155.09, 134.81, 134.04, 128.09, 127.24.3B,
125.88, 113.72, 111.90, 71.02, 55.73, 55.25.
MS (70 eV, El)m/z(%): 280 (23), 279 (13), 278 (71) [W 262 (21), 261 (15), 260 (54), 247
(20), 245 (19), 171 (33), 170 (10), 169 (100), (B4), 155 (16), 137 (39), 135 (58), 121 (31),
117 (11), 109 (51), 108 (36), 77 (13).
IR (ATR) U (cml): 3324, 3004, 2932, 2836, 1713, 1608, 1586, 13482, 1464, 1441,
1422, 1408, 1338, 1302, 1290, 1246, 1196, 11726,11P10, 1093, 1060, 1029, 1019, 1008,
939, 906, 896, 844, 828, 809, 794, 776, 735, 74P, 874, 654, 642, 625, 611, 606, 602.
HRMS (EI) for C15H1sClO3 (278.0710): 278.0694.

224



Experimental Part: Directed Metalation Usingsitu Protocols

Synthesis of 5'-fluoro-2'-methoxybiphenyl-4-carboxlic acid ethyl ester (105b):

CO,Et
OMe O

F
According to TP 5, the metalation of 4-fluoroanisolel2b; 252 mg, 2.0 mmol) was
completed within 15 h at 25 °C. The reaction migtwas cooled to 0 °C, then ZnRGL.0Mm
solution in THF, 4.0 mL, 4.0 mmol) was added andexd for 15 min. The mixture was
allowed to warm to 25 °C and a solution of Pd(db@6 mg, 5 mol-%) and B{furyl)s
(46 mg, 10 mol-%) in THF (2 mL) was added, followey ethyl 4-iodobenzoate (607 mg,
2.2 mmol) and the reaction mixture was stirredf0rh. The reaction mixture was quenched
with a mixture of sat. ag. Ni&I solution (30 mL) and ag. HCI (2, 8 mL) and extracted with
diethyl ether (3 x 50 mL) and dried over anhydrgSO,. After filtration, the solvent was
evaporatedin vacuo The crude product was purified by column chrorgedphy
(pentane/diethyl ether = 29:1) to gi¥@5b (420 mg, 77%) as a colourless oil.

'H-NMR (300 MHz, CDCl5) §: 8.09 (dddJ=8.6, 1.9, 1.7 Hz, 2 H), 7.58 (di8.5, 1.8 Hz,

2 H), 6.99-7.08 (m, 2 H), 6.9 (dd8.9, 4.5 Hz, 1 H), 4.40 (§=7.1 Hz, 2 H), 3.77 (s, 3 H),
1.40 (t,J=7.0 Hz, 3 H).

3C-NMR (75 MHz, CDCl3) &: 166.38, 156.97 (d'Jc=239 Hz), 152.57 (dJc=2.3 Hz),
141.95 (d,Jcr=1.5 Hz), 130.75 (dJcr=7.5 Hz), 129.58, 129.29, 129.24, 129.22, 117.80, (
2Jcr=24 Hz), 115.00 (dJcr=22 Hz), 112.36 (d)c=8.2 Hz), 60.88, 56.08, 14.29.

MS (70 eV, El)m/z(%): 275 (15), 274 (100), 246 (21), 203 (17), 229), 187 (25), 186 (50),
157 (27).

IR (ATR) 7 (cm?): 2982, 2941, 2906, 2837, 1710, 1608, 1596, 13616, 1492, 1465,
1444, 1424, 1398, 1367, 1312, 1269, 1254, 12333,111700, 1038, 1019, 896, 881, 856, 806,
777,746, 728, 718, 702, 656, 636, 620, 611.

HRMS (EI) for C16H15FO3 (274.1005): 274.1001.

Synthesis of (5-bromo-2-methoxyphenyl)(4-chlorophgm)methanone (105c):
OMe O

I l Cl

Br
According to TP 5, the metalation of 4-bromoanisold0@¢ 372 mg, 2.0 mmol) was
completed within 28 h at 25 °C. The reaction migtwas cooled to 0 °C, then ZnRGL.0m
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solution in THF, 4.0 mL, 4.0 mmol) was added andesd for 15 min. The reaction mixture
was then cooled to —40 °C, then CuCN-2LiCl (&.6olution in THF, 2.2 mL, 2.2 mmol) and
4-chlorobenzoyl chloride (437 mg, 2.5 mmol) werdedl The mixture was allowed to warm
to 25 °C and was stirred for 10 h. The reactiontarx was quenched with a mixture of sat.
ag. NH,CI solution (30 mL) and aq. HCI (@, 8 mL) and extracted with diethyl ether (3 x
50 mL) and dried over anhydrous Mg&Q@ifter filtration, the solvent was evaporated
vacua The crude product was purified by column chrorgedphy (pentane/diethyl ether =
14:1) to givel05c¢(515 mg, 79%) as a colourless solid.

m.p.: 85.1 °C.

'H-NMR (300 MHz, CDCls) 6: 7.71 (dddJ=8.7, 2.4, 2.2 Hz, 2 H), 7.56 (dd#8.7, 2.4 Hz,

1 H), 7.45 (dJ=2.7 Hz, 1 H), 7.40 (ddd]=8.9, 2.3, 2.1 Hz, 2 H), 6.87 (d=8.7 Hz, 1 H),
3.69 (s, 3 H).

3C-NMR (75 MHz, CDCls) §: 193.45, 156.29, 139.70, 135.60, 134.67, 132.(%,.07,
130.10, 128.69, 113.28, 112.96, 55.86.

MS (70 eV, El)m/z(%): 328 (33), 327 (40), 326 (87), 325 (26), 388)(IM'], 309 (29), 308
(12), 307 (18), 291 (32), 289 (27), 119 (19), 228)( 227 (47), 214 (78), 212 (87), 209 (28),
202 (13), 201 (77), 199 (72), 172 (23), 170 (2&)7 {18), 155 (16), 139 (100), 134 (10), 113
(25), 111 (90), 77 (11).

IR (ATR) v (cm?): 1721, 1668, 1662, 1587, 1570, 1483, 1460, 14338, 1402, 1390,
1370, 1310, 1294, 1262, 1240, 1180, 1157, 1147211209, 1091, 1022, 1015, 975, 952,
947, 935, 918, 894, 881, 862, 851, 830, 812, 768, 744, 730, 714, 702, 690, 684, 665, 627,
620, 612.

HRMS (EI) for C14H;0BrClO ; (323.9553): 323.9545.

Synthesis of 2-cyclohex-2-enyl-1-fluoro-3-methoxybeene (105d):

OMe
od

According to TP 5, the metalation of 3-fluoroanisolel@2d 252 mg, 2.0 mmol) was
completed within 20 min at -5 °C. The reaction migtwas cooled to —20 °C, then ZpCl
(2.0 m solution in THF, 4.0 mL, 4.0 mmol) was added aridresd for 15 min. Then
CuCN-2LiCl (1.0m solution in THF, 0.1 mL, 0.1 mmol) 3-bromocycloleee (810 mg,
5 mmol) were added. The mixture was stirred at *2@or 1 h. The reaction mixture was
guenched with a mixture of sat. ag. M solution (30 mL) and aq. HCI (2, 8 mL) and
extracted with diethyl ether (3 x 50 mL) and drimeer anhydrous MgS After filtration,
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the solvent was evaporateth vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 1000:Dive 105d (360 mg, 87%) as a colourless
oil.

'H-NMR (600 MHz, CDCl3) d: 7.08-7.14 (m, 1 H), 6.60-6.68 (m, 2 H), 5.72-5(#, 1 H),
5.60-5.65 (m, 1 H), 3.92-3.97 (m, 1 H), 3.81 (${)32.12-2.18 (m, 1 H), 2.04-2.09 (m, 1 H),
1.82-1.90 (m, 3 H), 1.66-1.73 (m, 1 H).

13C-NMR (150 MHz, CDCls) §: 162.71 (d}Jce=245 Hz), 158.61 (dJcr=9.3 Hz), 130.46 (d,
Jer=1.4 Hz) 127.14 (dJer=11 Hz), 125.61 (dJcr=2.09 Hz), 121.69 (fJc=15 Hz), 108.51
(d, 2Jc=24 Hz), 106.41 (dJc=2.8 Hz), 55.95 (dJcr=0.6 Hz), 32.16 (dJcr=1.4 Hz), 28.38
(d, Ye=1.7 Hz), 24.67, 23.09.

MS (70 eV, El)m/z(%): 207 (15), 206 (100) [}, 205 (14), 191 (41), 178 (35), 177 (20),
165 (33), 163 (26), 152 (33), 150 (13), 149 (394 125), 146 (16), 139 (28), 137 (22), 135
(11), 133 (18), 125 (24), 115 (12), 109 (46), 86)(X9 (14).

IR (ATR) v (cm?): 3021, 2932, 2859, 2837, 1611, 1584, 1469, 14349, 1334, 1327,
1303, 1292, 1266, 1234, 1222, 1187, 1164, 11363,10845, 987, 941, 928, 899, 876, 846,
779, 727, 643, 615.

HRMS (EI) for C;3H15FO (206.1107): 206.1100.

Synthesis of 1-chloro-3-methoxy-2-(2-methylallyl)bezene (105e):
OMe

Me

Cl
According to TP 5, the metalation of 3-chloroanisold02e 284 mg, 2.0 mmol) was
completed within 1 h at 25 °C. The reaction mixtu@s cooled to 0 °C, then ZnQll.0m
solution in THF, 4.0 mL, 4.0 mmol) was added arided for 15 min. Then CuCN-2LiCl
(2.0m solution in THF, 0.1 mL, 0.1 mmol) and metallylobride (670 mg, 5 mmol) were
added. The mixture was stirred at 0 °C for 1 h. Tdection mixture was quenched with a
mixture of sat. ag. NI solution (30 mL) and ag. HCI (&, 8 mL) and extracted with
diethyl ether (3 x 50 mL) and dried over anhydrdgSQO,. After filtration, the solvent was
evaporatedin vacuo The crude product was purified by column chrorgedphy
(pentane/diethyl ether = 100:1) to gii@5e(335 mg, 85%) as a colourless oil.
'H-NMR (300 MHz, CDCls) §: 7.12 (t,J=8.1 Hz, 1 H), 7.00 (ddJ=8.1, 1.1 Hz, 1 H), 6.78
(dd,J=8.3, 1.0 Hz, 1 H), 4.72-4.75 (m, 1 H), 4.40-4.44, (L H), 3.81 (s, 3 H), 3.49 (s, 2 H),
1.81 (d,J=0.7 Hz, 3 H).
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13C-NMR (75 MHz, CDCl3) o: 158.68, 143.13, 135.57, 127.50, 126.77, 121.6®.99,
108.89, 55.90, 34.52, 23.03.

MS (70 eV, Elym/z (%): 198 (14), 196 (30) [K], 167 815), 166 (100), 157 (13), 156 (13),
155 (43), 136 (15), 127 (13), 125 (37), 111 (10)(85), 91 (15), 85 (16), 83 (17), 77 (16).

IR (ATR) 7 (cmi%): 3079, 2937, 2837, 1652, 1591, 1577, 1462, 14354, 1312, 1263,
1230, 1216, 1181, 1080, 1043, 1004, 929, 922, 888, 823, 767, 722, 659, 649, 626, 620.
HRMS (EI) for C1;H15CIO (196.0655): 196.0635.

Synthesis of 5-chloro-N,N-diethyl-3'-methylbipheny2-carboxamid (105f):

O CONEt,
e

Cl
According to TP 5, the metalation of 4-chlorbkN-diethylbenzamide 102f 372 mg,

2.0 mmol) was completed within 3 h at 0 °C. ThenCE (1.0M solution in THF, 4.0 mL,
4.0 mmol) was added and stirred for 15 min. Thetanexwas allowed to warm to 25 °C and a
solution of Pd(PP{), (58 mg, 2.5 mol-%) and 3-iodotoluene (654 mg, @ ol) and the
reaction mixture was stirred for 10 h. The reactiointure was quenched with a mixture of
sat. ag. NHCI solution (30 mL) and aqg. HCI (2, 8 mL) and extracted with diethyl ether (3 x
50 mL) and dried over anhydrous Mg&@\fter filtration, the solvent was evaporated
vacua The crude product was purified by column chrorgedphy (pentane/diethyl ether =
3:1) to givel05f (417 mg, 73%) as a yellowish solid.

m.p.: 54.3 °C.

'H-NMR (300 MHz, CDCls) 6: 7.28 (d, 2.1 Hz, 1 H) 7.25 (dd, J=8.1, 1.8 HH)1 7.19 (d,
J=8.1 Hz, 1 H), 7.15 (§=2.7 Hz, 3 H), 7.03-7.08 (m, 1 H), 2.72 (br, 4 B)26 (s, 3 H), 0.71
(21,J=6.9 Hz, 6 H).

3C-NMR (75 MHz, CDCls) 6: 169.62, 140.38, 138.46, 138.05, 134.77, 134.@D.3B,
128.83, 128.50, 128.40, 127.52, 125.80, 42.40,5325.42, 13.41.

MS (70 eV, El) m/z (%): 303 (6), 302 (14), 301 (18) [y} 300 (34), 272 (4), 232 (6),
231 (31), 230 (17), 229 (100), 217 (3), 215 (9)p 24), 201 (4), 199 (2), 195 (5), 194 (6),
193 (3), 186 (7), 167 (8), 166 (49), 165 (52), 16} 163 (6), 151 (4), 139 (3).

IR (ATR) (cm™): 3243, 3042, 2968, 2929, 2868, 1894, 1625, 15906, 1458, 1439, 1424,
1377, 1363, 1348, 1316, 1294, 1251, 1219, 11849,11200, 1083, 1069, 1052, 998, 947,
890, 867, 820, 787, 763, 701, 656.

HRMS (EI) for C1gH20CINO (301.1233): 301.12109.
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Synthesis of 4-bromo-2-(2-ethoxycarbonylallyl)benzo acid methyl ester (105g):
CO,Me
EtO,C

Br
Accordingto TP 5, the metalation of methyl 4-bromobenzodtéQqg 428 mg, 2.0 mmol) was
completed within 2 h at 0 °C. Then, Zn@L.0m solution in THF, 4.0 mL, 4.0 mmol) was
added and stirred for 15 min. Then CuCN-2LiCl (&.8olution in THF, 0.1 mL, 0.1 mmol)
and ethyl 2-(bromomethyl)acrylate (772 mg, 4 mmadre added. The mixture was stirred at
0 °C for 1 h. The reaction mixture was quenched witmixture of sat. aq. N)@I solution
(30 mL) and ag. HCI (&, 8 mL) and extracted with diethyl ether (3 x 50)nahbd dried over
anhydrous MgS@ After filtration, the solvent was evaporatedvacuo The crude product
was purified by column chromatography (pentaneiigietther = 20:1) to giv&é05g(327 mg,
51%) as a colourless oil.
'H-NMR (300 MHz, CDCls) d: 7.67 (dd,J=5.7, 3.3 Hz, 1 H), 7.32 (dd=5.7, 0.9 Hz, 1 H),
7.30 (d,J=2.1 Hz, 1 H), 6.11 (q)=1.2 Hz, 1 H), 5.17 (q)=1.2 Hz, 1 H), 4.09 (q)=8.4 Hz, 2
H), 3.89 (s, 2 H), 3.73 (s, 3 H), 1.16 7.2 Hz, 3 H).
¥C-NMR (75 MHz, CDCls) J: 166.85, 166.51, 142.43, 139.53, 134.25, 132.24.65,
128.71, 126.65, 125.96, 60.75, 52.01, 35.51, 15.05.
MS (70 eV, El)m/z(%): 326 (5) [M], 297 (21), 296 (100), 268 (19), 294 (96), 283)(ZAB2
(70), 280 (64), 268 (97), 266 (94), 254 (32), 253)( 252 (27), 240 (32), 239 (22), 238 (44),
237 (18), 236 (17), 224 (23), 223 (48), 222 (38} 236), 211 (24), 209 (26), 195 (10).
IR (ATR) (cm™): 3425, 2982, 2952, 1713, 1632, 1587, 1561, 1478314391, 1368, 1255,
1191, 1128, 1092, 1075, 1025, 948, 857, 813, 726, 7
HRMS (El) for C14H1sBrO4 (326.0154): 326.0146.

Synthesis of 2-allyl-3-fluoro-benzoic acid ethyl e¢sr (105h):
CO,Et
X

Accordingto TP 5, the metalation of ethyl 3-fluorobenzoate7,(336 mg, 2.0 mmol) was
completed within 1 h at 0 °C. Then, ZnqL.0m solution in THF, 4.0 mL, 4.0 mmol) was
added and stirred for 15 min. Then CuCN-2LiCl (&.8olution in THF, 0.1 mL, 0.1 mmol)
and allyl bromide (600 mg, 5 mmol) were added dredrixture was stirred at 0 °C for 1 h.

The reaction mixture was quenched with a mixtursatf aq. NECI solution (30 mL) and aq.
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HCI (2 M, 8 mL) and extracted with diethyl ether (3 x 50)n@and dried over anhydrous
MgSQ,. After filtration, the solvent was evaporatedvacuo The crude product was purified
by column chromatography (pentane/diethyl ethe06:2) to givel05h (337 mg, 81%) as a
colourless oil.

'H-NMR (300 MHz, CDCl5) 6: 7.55 (dddJ=7.8, 1.5, 0.9 Hz, 1 H), 7.04-7.17 (m, 1 H), 7.06
(dd, J=8.4 Hz, 1 H), 5.86-5.90 (m, 1 H), 4.87-4.93 (mHR, 4.24 (q, J=7.2, Hz, 2 H), 3.62-
3.70 (m, 2 H), 1.27 (1)=7.2 Hz, 3 H).

3C-NMR (75 MHz, CDCls) &: 166.77, 161.37 (dlJc=245 Hz), 135.90, 134.32 (d,
3Jc=4.3 Hz), 128.46 (d2Jc=17 Hz), 127.24 (d2Jcr=8.9 Hz), 126.08 (dJcr=3.5 Hz),
118.72 (d2Jcr=24 Hz), 115.44, 61.19, 29.79, 14.22.

MS (70 eV, EI) m/z (%): 209 (10), 208 (61) [M, 194 (8), 193 (64), 180 (15), 179 (13),
166 (9), 165 (85), 164 (22), 163 (73), 162 (56)1 181), 152 (16), 151 (10), 151 (8), 149
(15), 135 (56), 134 (50), 133 (100), 123 (9), 138)( 109 (24), 108 (10), 107 (16), 83 (11).
IR (ATR) (cm™): 3081, 2982, 2939, 1719, 1637, 1610, 1456, 13660,12695, 1139, 1095,
1024, 995, 957, 914, 754.

HRMS (El) fiir C1-H13FO, (208.0900): 208.0887.
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13.9 Directed Metalation of Functionalized Aromatcs and
Heteroaromatics Using Aluminum-Bases

Synthesis of 2-iodobenzoic acitert-butyl ester (114):
CO,tBu
X

=

Accordingto TP 6, the metalation otert-butyl benzoate 46a 356 mg, 2.0 mmol) was
completed using {BuU)N(iPr)JsAl-3LICI (107, 0.23 M solution in THF, 8.7 mL, 2.0 mmol)
within 3 h at -5 °C. The reaction mixture was cddie —15 °C, ZnGl(1.0m solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. 4 (635 mg, 2.5 mmol)
dissolved in THF (5 mL) was added dropwise and ihigture was stirred for 30 min
at -15 °C. The reaction mixture was quenched witmigture of sat. aq. NkC| solution
(50 mL) and ag. HCI (2«1, 10 mL) and extracted with diethyl ether (3 x 5D)mThe
combined organic layers were washed with aq. SaiS}; (2 m, 30 mL) and with brine
(40 mL) and dried over anhydrous Mgg&@ifter filtration, the solvents were evaporaied
vacua Purification by column chromatography (pentaretidyl ether = 25:1) furnished the
compoundlL14 (369 mg, 65%) as a yellowish oil.

Accordingto TP 6, the metalation otert-butyl benzoate 46a 356 mg, 2.0 mmol) was
completed using TM#AI-3LICI (108 0.30M solution in THF, 6.7 mL, 2.0 mmol) within 3 h
at -5 °C. The reaction mixture was cooled to —152QChL (1.0m solution in THF, 2.2 mL,
2.2 mmol) was added and the mixture was stirredfomin. b (635 mg, 2.5 mmol) dissolved
in THF (5 mL) was added dropwise and the mixture warred for 30 min at —15 °C. The
reaction mixture was quenched with a mixture of aqt NH,CI solution (50 mL) and ag. HCI
(2™, 10 mL) and extracted with diethyl ether (3 x 50)nThe combined organic layers were
washed with aq. Sat. N&0O3 (2 M, 30 mL) and with brine (40 mL) and dried over atifous
MgSQ,. After filtration, the solvents were evaporated vacuo Purification by column
chromatography (pentane/diethyl ether = 25:1) &hrad the compouniil4 (395 mg, 65%)
as a yellowish oll.

Accordingto TP 6, the metalation otert-butyl benzoate 46a 356 mg, 2.0 mmol) was
completed using ({zH26N)3Al-3LICI (1121, 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
3 h at -5 °C. The reaction mixture was cooled t6 2C, ZnC} (1.0m solution in THF,
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2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. 4 (635 mg, 2.5 mmol)
dissolved in THF (5 mL) was added dropwise and ii&ture was stirred for 30 min
at -15 °C. The reaction mixture was quenched witimigture of sat. aq. NkC| solution
(50 mL) and ag. HCI (2«1, 10 mL) and extracted with diethyl ether (3 x 50)mThe
combined organic layers were washed with aq. SaiS}; (2 M, 30 mL) and with brine
(40 mL) and dried over anhydrous Mg&@ifter filtration, the solvents were evaporated
vacua Purification by column chromatography (pentaretidjl ether = 25:1) furnished the
compoundl14 (432 mg, 71%) as a yellowish oil.

'H-NMR (300 MHz, CDCl3) 6: 7.72 (dd,J = 7.8, 1.7 Hz, 1 H), 7.70 (ddl = 7.8 Hz,
J=1.7 Hz, 1 H), 7.40 (ddl=7.8; 1.3 Hz, 1 H), 7.12 (td=7.8, 1.8 Hz, 1 H) 1.64 (s, 9 H).
3C-NMR (75 MHz, CDCls) §: 166.04, 141.21, 137.73, 132.23, 130.69, 128.8%4 82.91,
28.42.

MS (70 eV, El)m/z(%): 304 (5) [M], 290 (55) 248 (84), 230 (100), 203 (28), 121 (1%)4
(14), 76 (86), 69 (27), 59 (22).

IR (ATR) U (cm™): 2977, 2931, 1712, 1569, 1457, 1366, 1291, 12488, 1114, 1022, 847,
769.

HRMS (EI) for C11H;30,l (303.9960): 303.9887.

Synthesis of (4-chloro-phenyl)-(2-methoxyphenyl)maanone (115):
OMe O

saol

Accordingto TP 6, the metalation of anisold13 216 mg, 2.0 mmol) was completed using
[(tBu)N(iPr)]sAl-3LiCl (107, 0.23m solution in THF, 8.7 mL, 2.0 mmol) within 15 h28 °C.
The reaction mixture was cooled to —30 °C, Zn@lOm solution in THF, 2.2 mL, 2.2 mmol)
was added and the mixture was stirred for 15 miCK-2LiCl (1.0m solution in THF,
2.2 mL, 2.2 mmol) was added and the reaction méxtwas stirred for 20 min. Then, 4-
chlorobenzoyl chloride (460 mg, 2.5 mmol) was added30 °C. The resulting solution was
slowly warmed to 25 °C and stirred at this tempeeatfor 8 h. The reaction mixture was
guenched with a mixture of sat. aq. M} solution (50 mL) and ag. HCI (@, 10 mL) and
extracted with diethyl ether (3 x 50 mL). The condad organic layers were washed with ag.
NH; solution (2m, 30 mL) and with brine (40 mL) and dried over atitous MgSQ. After
filtration, the solvents were evaporated vacuo Purification by column chromatography
(pentane/diethyl ether = 5:1) furnished the comploltb (314 mg, 64%) as a colourless solid.

232



Experimental Part: Directed Metalation Using Aluomm-Bases

Accordingto TP 6, the metalation of anisold 13 216 mg, 2.0 mmol) was completed using
TMP3AI-3LICI (108 0.3 M solution in THF, 6.7 mL, 2.0 mmol) within 11 h 25 °C. The
reaction mixture was cooled to —30 °C, Zn(.0M solution in THF, 2.2 mL, 2.2 mmol) was
added and the mixture was stirred for 15 min. C®CNCI (1.0M solution in THF, 2.2 mL,
2.2 mmol) was added and the reaction mixture wiagdtfor 20 min. Then, 4-chlorobenzoyl
chloride (460 mg, 2.5 mmol) was added at —30 ° fHsulting solution was slowly warmed
to 25 °C and stirred at this temperature for 2 he Teaction mixture was quenched with a
mixture of sat. aq. NkCI solution (50 mL) and aq. HCI (2, 10 mL) and extracted with
diethyl ether (3 x 50 mL). The combined organicelaywere washed with aq. Nidolution
(2m, 30 mL) and with brine (40 mL) and dried over atitous MgSQ. After filtration, the
solvents were evaporatéa vacuo Purification by column chromatography (pentaretfuyl
ether = 5:1) furnished the compouht5 (365 mg, 74%) as a colourless solid.

Accordingto TP 6, the metalation of anisold13 216 mg, 2.0 mmol) was completed using
(C12H26N)3AI-3LICI (111; 0.3 M solution in THF, 6.7 mL, 2.0 mmol) within 9 h & 2C. The
reaction mixture was cooled to —30 °C, Zn.0m solution in THF, 2.2 mmol) was added
and the mixture was stirred for 15 min. CuCN-2Li@lOmM solution in THF, 2.2 mL,
2.2 mmol) was added and the reaction mixture wiagdgtfor 20 min. Then, 4-chlorobenzoyl
chloride (460 mg, 2.5 mmol) was added at —30 ° fHsulting solution was slowly warmed
to 25 °C and stirred at this temperature for 2 he Teaction mixture was quenched with a
mixture of sat. aq. NkCI solution (50 mL) and aq. HCI (2, 10 mL) and extracted with
diethyl ether (3 x 50 mL). The combined organicel@ywere washed with aq. Midolution
(2m, 30 mL) and with brine (40 mL) and dried over atitous MgSQ. After filtration, the
solvents were evaporatéa vacuo Purification by column chromatography (pentaretfuyl
ether = 5:1) furnished the compouht (390 mg, 79%) as a colourless solid.

m.p.: 80.9-83.2 °C.

'H-NMR (600 MHz, CDCls3) 6: 7.73 (dddJ=8.9, 2.3, 2.1 Hz, 2 H), 7.47 (d}8.6, 1.9 Hz

1 H), 7.39 (dddJ=8.8, 2.4, 2.1 Hz, 2 H), 7.35 (d&;7.4, 1.4 Hz, 1 H), 7.05 (3=7.5 Hz, 1 H),
6.98 (d,J=8.3 Hz, 1 H), 3.71 (s, 3 H).

3C-NMR (150 MHz, CDCls) 6: 195.21, 157.28, 139.24, 136.24, 132.20, 131.29,.64,
128.51, 128.31, 120.63, 111.42, 55.54.

MS (70 eV, El)m/z(%): 248 (14), 246 (35) [K], 231 (10), 229 (19), 211 (28), 141 (22), 139
(80), 135 (100), 121 (33), 113 (11), 111 (36), 943877 (22), 75 (15), 69 (13), 57 (13).
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IR (ATR) 7 (cmi%): 2974, 2935, 2837, 1659, 1627, 1599, 1584, 13@86, 1464, 1451,
1431, 1398, 1365, 1303, 1294, 1263, 1241, 1185711759, 1151, 1109, 1085, 1071, 1046,
1022, 1013, 972, 959, 940, 923, 859, 846, 830, 768, 751, 740, 703, 683, 654, 628, 607,
600, 593, 581, 560, 554.

HRMS (EI) for C14H1:CIO; (246.0448): 246.0450.

Synthesis of 2-(4-chlorophenyl)-5-(2-methylallyl)-B,4-oxadiazole (125)

Cl
\Wi::)\j(o
-
Me
Accordingto TP 6, the metalation of 2-(4-chlorophenyl)-1,3,4-oxadi@ (124 362 mg,
2.0 mmol) was completed using16826N)3Al-3LICI (111 0.30M solution in THF, 4.7 mL,
1.4 mmol) within 30 min at —45 °C. Zn{({1.0m solution in THF, 2.2 mL, 2.2 mmol) was
added and the mixture was stirred for 15 min. C®LNCI (1.0M solution in THF, 0.5 mL,
0.5 mmol), followed by the addition of 2-methylydliromide (340 mg, 2.5 mmol) and the
resulting solution was stirred for 1 h at —45 °@eTreaction mixture was quenched with a
mixture of sat. aq. Nkl solution (50 mL) and aq. HCI (2, 10 mL) and extracted with
diethyl ether (3 x 50 mL). The combined organiclsywere washed with brine (40 mL) and
dried over anhydrous MgSO After filtration, the solvents were evaporatéd vacuo
Purification by column chromatography (pentanehdieether = 3:1) furnished the compound
125(347 mg, 74%) as a colourless solid.
m.p.: 82.5-84.3 °C.
'H-NMR (300 MHz, CDCls) d: 7.95 (d,J=8.7 Hz, 2 H), 7.45 (dJ=8.7 Hz, 2 H), 4.97 (d,
J=1.2 Hz, 1 H), 4.92 (d}=1.1 Hz, 1 H), 3.63 (s, 2 H), 1.83 (s, 3 H).
3C-NMR (75 MHz, CDCls) 6: 164.88, 164.19, 138.18, 137.82, 129.34, 128.22.3D,
115.01, 34.00, 22.12.
MS (70 eV, El)m/z(%): 239 (30), 235 (16), 234 (100) [M 233 (28), 219 (20), 196 (18),
194 (70), 140 (11), 139 (33), 137 (13), 111 (23).
IR (ATR) U (cmil): 2918, 1654, 1603, 1586, 1566, 1547, 1482, 14@60, 1449, 1424
1408, 1380, 1335, 1303, 1277, 1266, 1255, 12290,11869, 1114, 1092, 1043, 1025, 1005,
965, 913, 899, 846, 828, 806, 791, 768, 760, 73D, 712, 707, 694, 662, 646, 636, 630, 624,
612.
HRMS (EI) for C;,H1;CIN,O (234.0560): 234.0553.
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Synthesis of 2-(4-chlorobenzoyl)-benzoic acigrt-butyl ester (127a):

O CO,tBu
T 7
= =

Cl
Accordingto TP 6, the metalation otert-butyl benzoate 46a 356 mg, 2.0 mmol) was
completed using TM#AI-3LiCl (108 0.30m solution in THF, 6.7 mL, 2.0 mmol) within 3 h
at -5 °C. The reaction mixture was cooled to —30 2QChL (1.0m solution in THF, 2.2 mL,
2.2 mmol) was added and the mixture was stirred$omin. CuCN-2LiCl (1.01 solution in
THF, 2.2 mL, 2.2 mmol) was added and the reactiodure was stirred for 20 min. Then, 4-
chlorobenzoyl chloride (460 mg, 2.5 mmol) was added30 °C. The resulting solution was
slowly warmed to 25 °C and stirred at this tempeeatfor 2 h. The reaction mixture was
guenched with a mixture of sat. aq. M} solution (50 mL) and ag. HCI (@, 10 mL) and
extracted with diethyl ether (3 x 50 mL). The conda organic layers were washed with ag.
NH; solution (2m, 30 mL) and with brine (40 mL) and dried over atitous MgSQ. After
filtration, the solvents were evaporated vacuo Purification by column chromatography
(pentane/diethyl ether = 7:1) furnished the compidl27a(475 mg, 75%) as a colourless oil.

Accordingto TP 6, the metalation otert-butyl benzoate 46a 356 mg, 2.0 mmol) was
completed using ({zH26N)3Al-3LICI (111, 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
3 h at -5 °C. The reaction mixture was cooled t® <8, ZnC} (1.0m solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. CuUCN-2LiCl (1.
solution in THF, 2.2 mL, 2.2 mmol) was added and tkaction mixture was stirred for
20 min. Then, 4-chlorobenzoyl chloride (460 mg, @2mol) was added at —30 °C. The
resulting solution was slowly warmed to 25 °C atided at this temperature for 2 h. The
reaction mixture was quenched with a mixture of aqt NH,CI solution (50 mL) and ag. HCI
(2 m, 10 mL) and extracted with diethyl ether (3 x 50)nThe combined organic layers were
washed with ag. Nkisolution (2m, 30 mL) and with brine (40 mL) and dried over aditous
MgSQO. After filtration, the solvents were evaporated vacuo Purification by column
chromatography (pentane/diethyl ether = 7:1) furedsthe compound27a (513 mg, 81%)
as a colourless oll.

'H-NMR (600 MHz, CDCls) 6: 7.99 (dd J=7.6, 1.4 Hz, 1 H), 7.67-7.72 (m, 2 H), 7.52-7.59
(m, 2 H), 7.37-7.40 (m, 2 H), 7.31 (d£7.5, 1.3 Hz, 1 H), 1.25 (s, 9 H).

3C-NMR (150 MHz, CDCls) ¢: 195.51, 164.94, 140.50, 139.47, 135.65, 131.8D,98,
130.86, 130.04, 129.64, 128.72, 127.38, 82.66,127.5
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MS (70 eV, E)m/z(%): 316 (3) [M], 262 (10), 261 (28), 260 (20), 245 (22), 244 ()3
(79), 182 (12), 181 (100), 152 (28), 149 (17), {38), 111 (13), 57 (43).

IR (ATR) 7 (cm): 3002, 2977, 2932, 1710, 1673, 1585, 1573, 14787, 1445, 1399,
1393, 1367, 1298, 1288, 1257, 1171, 1151, 11259,10835, 1013, 960, 930, 885, 864, 843,
801, 776, 746, 737, 708, 685, 674, 653, 646, 6238, 617, 600, 582.

HRMS (EI) for C1gH17CIO3 (316.0866): 316.0865.

Synthesis of 3'-methylbiphenyl-2-carboxylic acidert-butyl ester (127b):

O CO,tBuU
A ®

Accordingto TP 6, the metalation otert-butyl benzoate 46a 356 mg, 2.0 mmol) was
completed using TM#AI-3LiCl (108 0.30m solution in THF, 6.7 mL, 2.0 mmol) within 3 h
at -5 °C. The reaction mixture was cooled to —302QChL (1.0m solution in THF, 2.2 mL,
2.2 mmol) was added and the mixture was stirredfomin. Pd(dba)(56 mg, 5 mol-%) and
P(o-furyl)s (46 mg, 10 mol-%) dissolved in THF (4 mL) wereriieansferredria cannula to
the reaction mixture, followed by the addition efo8lotoluene (438 mg, 2.2 mmol) dissolved
in THF (2 mL). The resulting solution was warme®®°C and stirred at 25 °C for 12 h. The
reaction mixture was quenched with a mixture of aqt NH,CI solution (50 mL) and ag. HCI
(2 m, 10 mL) and extracted with diethyl ether (3 x 50)mMThe combined organic layers were
washed with brine (40 mL) and dried over anhydrMgSQO,. After filtration, the solvents
were evaporateth vacuo Purification by column chromatography (pentaretityl ether =
50:1) furnished the compourd@7b (425 mg, 79%) as a colourless oil.

Accordingto TP 6, the metalation otert-butyl benzoate 46a 356 mg, 2.0 mmol) was
completed using (GH26N)sAI-3LICI (111, 0.30Mm solution in THF, 6.7 mL, 2 mmol) within
3 h at -5 °C. The reaction mixture was cooled t® <8, ZnC} (1.0m solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. Pd(dba)(56 mg,

5 mol-%) and Ri-furyl); (46 mg, 10 mol-%) dissolved in THF (4 mL) werertheansferred
via cannula to the reaction mixture, followed by thadition of 3-iodotoluene (438 mg,
2.2 mmol) dissolved in THF (2 mL). The resultindudmn was warmed to 25 °C and stirred
at 25 °C for 12 h. The reaction mixture was quedchdéh a mixture of sat. aq. NEI
solution (50 mL) and ag. HCI (@, 10 mL) and extracted with diethyl ether (3 x 50)nThe
combined organic layers were washed with brinend() and dried over anhydrous MgaO
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After filtration, the solvents were evaporateith vacuo Purification by column
chromatography (pentane/diethyl ether = 50:1) &hvad the compount27b (413 mg, 77%)
as a colourless oll.

'H-NMR (400 MHz, CDCl3) 8: 7.75 (dd,J=7.7, 1.4 Hz, 1 H), 7.46 (td=7.5, 1.5 Hz, 1 H),
7.37 (td,J=7.6, 1.4 Hz, 1 H), 7.26-7.34 (m, 2 H), 7.11-7.17, @ H), 2.37 (s, 3 H), 1.25 (s,
9 H).

3C-NMR (100 MHz, CDCls) ¢: 168.21, 142.10, 141.75, 137.33, 133.09, 130.3D,3D,
129.46, 129.44, 127.93, 127.68, 126.96, 125.5948P7.55, 21.35.

MS (70 eV, E)m/z(%): 268 (7) [M], 213 (17), 212 (100), 211 (25), 195 (53), 194)(1B5
(26), 152 (17), 58 (11), 57 (189.

IR (ATR) U (cmib): 2976, 1704, 1598, 1476, 1446, 1392, 1366, 12986, 1172, 1126,
1102, 1092, 1050, 1036, 882, 872, 846, 790, 753, 782, 700, 662, 624, 586, 574, 568.
HRMS (El) for C1gH2002 (268.1463): 268.1451.

Synthesis of 2-(thiophene-2-carbonyl)benzonitrilel27c)
CN O

S

|
Accordingto TP 6, the metalation of benzonitrild26g 206 mg, 2.0 mmol) was completed
using TMRAI-3LICI (108 0.30m solution in THF, 6.7 mL, 2.0 mmol) within 4 h atG-°C.
The reaction mixture was cooled to —30 °C, Zn@lOm solution in THF, 2.2 mL, 2.2 mmol)
was added and the mixture was stirred for 15 minen] CuCN-2LiCl (1.8 solution in THF,
2.2 mL, 2.2 mmol) was added and the reaction mextas stirred for 20 min. Subsequently,
2-thiophene acid chloride (365 mg, 2.5 mmol) wadeadat —30 °C. The resulting solution
was slowly warmed to 25 °C and stirred at this terafure for 5 h. The reaction mixture was
guenched with a mixture of sat. aq. M}H solution (50 mL) and ag. HCI (@, 10 mL) and
extracted with diethyl ether (3 x 50 mL). The conda organic layers were washed with ag.
NH; solution (2m, 30 mL) and with brine (40 mL) and dried over atitous MgSQ. After
filtration, the solvents were evaporated vacuo Purification by column chromatography
(pentane/diethyl ether = 2:1) furnished the compgolLa7c (296 mg, 70%) as a yellowish

solid.

Accordingto TP 6, the metalation of benzonitrild26g 206 mg, 2.0 mmol) was completed

using (GzH2eN)3Al-3LICI (111, 0.30 M solution in THF, 6.7 mL, 2.0 mmol) within 4 h

at -10 °C. The reaction mixture was cooled to -G02nC} (1.0m solution in THF, 2.2 mL,
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2.2 mmol) was added and the mixture was stirred1formin. Then, CuCN-2LIiCl (1.Q
solution in THF, 2.2 mL, 2.2 mmol) was added and tkaction mixture was stirred for
20 min. Subsequently, 2-thiophene acid chlorides (3@, 2.5 mmol) was added at —30 °C.
The resulting solution was slowly warmed to 25 ¥ atirred at this temperature for 5 h. The
reaction mixture was quenched with a mixture of agt NH,CI solution (50 mL) and aq. HCI
(2m, 10 mL) and extracted with diethyl ether (3 x 50)nThe combined organic layers were
washed with ag. Nkisolution (2m, 30 mL) and with brine (40 mL) and dried over aditous
MgSQ,. After filtration, the solvents were evaporated vacuo Purification by column
chromatography (pentane/diethyl ether = 2:1) furetsthe compounti27¢(302 mg, 71%) as
a yellowish solid.

m.p.: 88.5-90.7 °C.

'H-NMR (300 MHz, CDCls) 6: 7.75-7.85 (m, 3 H), 7.62-7.73 (m, 2 H), 7.52 (dd3.9,
1.2 Hz, 1 H), 7.17 (dd}=5.0, 3.8 Hz, 1 H).

3C-NMR (75 MHz, CDCls) 6: 185.37, 142.67, 141.66, 136.16, 135.99, 134.22.15,
131.28, 129.27, 128.35, 111.63.

MS (70 eV, El)m/z(%): 214 (14), 213 (100) [M, 212 (26), 186 (10), 185 (80), 171 (60),
130 (22).

IR (ATR) 7 (cm?): 2232, 1640, 1588, 1570, 1514, 1484, 1412, 13380, 1288, 1276,
1266, 1230, 1190, 1166, 1152, 1120, 1094, 10763,10d36, 1006, 964, 918, 894, 882, 860,
844, 790, 758, 742, 720, 710, 684, 668, 644, 6@6, 5

HRMS (EI) for C1o,H/NOS (213.0248): 213.0227.

Synthesis of 2-(2-cyanobenzyl)acrylic acid ethyl & (127d)
CN

Accordingto TP 6, the metalation of benzonitrildZ6g 206 mg, 2.0 mmol) was completed
using (G2H26N)sAI-3LICI (111 0.30 M solution in THF, 6.7 mL, 2.0 mmol) within 4 h
at -10 °C. The reaction mixture was cooled to -G02nC} (1.0m solution in THF, 2.2 mL,
2.2 mmol) was added and the mixture was stirredfomin. CuCN-2LiCl (1.8 solution in
THF, 0.5mL, 0.5 mmol) was added, followed by theldidon of ethyl 2-
(bromomethyl)acrylate (483 mg, 2.5 mmol) and thsuliing solution was stirred for 1 h
at -30 °C. The reaction mixture was quenched witimigture of sat. ag. NkC| solution
(50 mL) and ag. HCI (2«1, 10 mL) and extracted with diethyl ether (3 x 50)mThe
combined organic layers were washed with aqgNelution (2m, 30 mL) and with brine
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(40 mL) and dried over anhydrous Mgg&@ifter filtration, the solvents were evaporaied
vacua Purification by column chromatography (pentaretityl ether = 9:1) furnished the
compoundl27d (297 mg, 69%) as a colourless oil.

'H-NMR (400 MHz, CDCl3) d: 7.56-7.64 (m, 1 H), 7.52-7.57 (m, 1 H), 7.28-7(8¥, 2 H),
6.29-6.33 (m, 1 H), 5.52-5.58 (m, 1 H), 4.17 {g,7.1 Hz, 2 H), 3.85 (s, 2 H), 1.24 {(t,
J=7.2 Hz, 3 H).

3C-NMR (100 MHz, CDCls) ¢: 166.14, 142.56, 138.10, 132.84, 132.67, 130.23,4B,
126.98, 117.85, 112.93, 60.92, 36.47, 14.04.

MS (70 eV, El)m/z(%): 215 (5) [M], 187 (16), 170 (16), 169 (15), 142 (31), 141 (10A6
(13), 115 (17).

IR (ATR) 7 (cm?): 2984, 2950, 2908, 2226, 1712, 1634, 1600, 14866, 1448, 1434,
1406, 1368, 1328, 1302, 1276, 1254, 1198, 11783,11394, 1024, 952, 930, 874, 858, 840,
816, 760, 718, 680, 668, 648, 624, 604, 560.

HRMS (EI) for C13H13NO; (215.0946): 215.0926.

Synthesis of (1tert-butylnaphthalen-2-yl)phenylmethanone (127e):
tBuO,C O

SO

Accordingto TP 6, the metalation ofert-butyl 1-naphthanoatel26l; 456 mg, 2.0 mmol)
was completed using TMRI-3LiCl (108 0.30m solution in THF, 6.7 mL, 2.0 mmol) within
6 h at =5 °C. The reaction mixture was cooled t6 23, ZnC} (1.0m solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. CuCN-2LiCl (1.&
solution in THF, 2.2 mL, 2.2 mmol) was added and tkaction mixture was stirred for
20 min. Then, benzoyl chloride (354 mg, 2.5 mmoBswadded at —30 °C. The resulting
solution was slowly warmed to 25 °C and stirredhéd temperature for 12 h. The reaction
mixture was quenched with a mixture of sat. ag4Gl-solution (50 mL) and aq. HCI (1,

10 mL), extracted with diethyl ether (3 x 50 mL)dadried over anhydrous MgSQOAfter
filtration, the solvents were evaporated vacuo Purification by column chromatography
(pentane/diethyl ether = 8:1) furnished the compoLa7e (518 mg, 78%) as a colourless

solid.

Accordingto TP 6, the metalation ofert-butyl 1-naphthanoatel26b; 456 mg, 2.0 mmol)

was completed using (@H26N)3Al-3LICI (111, 0.30m solution in THF, 6.7 mL, 2.0 mmol)

within 5 h at -5 °C. The reaction mixture was cddie —30 °C, ZnGl(1.0m solution in THF,
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2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. CuUCN-2LiCl (1.
solution in THF, 2.2 mL, 2.2 mmol) was added and tkaction mixture was stirred for
20 min. Then, benzoyl chloride (354 mg, 2.5 mmoBswadded at —30 °C. The resulting
solution was slowly warmed to 25 °C and stirredhéd temperature for 12 h. The reaction
mixture was quenched with a mixture of sat. aq4GlHsolution (50 mL) and aq. HCI (1,

10 mL), extracted with diethyl ether (3 x 50 mL)dadried over anhydrous MgSQOAfter
filtration, the solvents were evaporated vacuo Purification by column chromatography
(pentane/diethyl ether = 8:1) furnished the compoLa7e (505 mg, 76%) as a colourless
solid.

m.p.: 141.2-142.5 °C.

'H-NMR (600 MHz, CDCls) : 8.40 (d,J=8.6 Hz, 1 H), 7.98 (dJ=8.1 Hz, 1 H), 7.91 (d,
J=7.2 Hz, 1 H), 7.85 (d}=7.2 Hz, 2 H), 7.56-7.64 (m, 3 H), 7.42-7.49 (nH)3 1.32 (s, 9 H).
¥C-.NMR (150 MHz, CDCls) 6: 196.76, 166.34, 137.15, 137.09, 134.15, 133.24,04,
130.35, 130.17, 129.99, 128.50, 128.29, 127.95482726.06, 124.39, 83.06, 27.49.

MS (70 eV, EI)m/z(%): 332 (34), [M], 277 (18), 276 (93), 260 (12), 259 (57), 233 (32
(100), 231 (60), 230 (10), 203 (15), 202 (59), 202), 200 (16), 199 (61), 155 (28), 127 (11),
126 (11), 105 (65), 77 (34), 57 (34).

IR (ATR) v (cm?): 2974, 1722, 1670, 1594, 1578, 1568, 1504, 14@@8, 1428, 1392,
1378, 1366, 1314, 1304, 1284, 1244, 1170, 1154211376, 1064, 1048, 1036, 1024, 1000,
982, 964, 952, 938, 924, 878, 868, 852, 840, 828, 894, 752, 720, 698, 686, 670, 652, 616,
598, 574, 554.

HRMS (El) for C22H2003 (332.1412): 332.1409.

Synthesis of ltert-butyl-2-(2-methoxyphenyl)naphthalene (127f):

Accordingto TP 6, the metalation ofert-butyl 1-naphthanoatel26k; 456 mg, 2.0 mmol)
was completed using (&126N)3Al-3LICI (111, 0.30 M solution in THF, 7 mL, 2.0 mmol)
within 5 h at -5 °C. The reaction mixture was cddie —30 °C, ZnGl(1.0M solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. Pd(dba)(56 mg,

5 mol-%) and Ry-furyl); (46 mg, 10 mol-%) dissolved in THF (4 mL) wererihteansferred
via cannula to the reaction mixture, followed by thadidon of 2-iodoanisole (515 mg,

2.2 mmol). The resulting solution was warmed to°@5and stirred at 25 °C for 12 h. The
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reaction mixture was quenched with a mixture of agt NH,CI solution (50 mL) and aq. HCI
(2 m, 10 mL) and extracted with diethyl ether (3 x 50)mThe combined organic layers were
washed with brine (40 mL) and dried over anhydrMgSQO,. After filtration, the solvents
were evaporateth vacuo Purification by column chromatography (pentaretityl ether =
20:1) furnished the compourd@7f (529 mg, 79%) as a colourless oil.

'H-NMR (600 MHz, CDCls) d: 8.08 (d,J=9.1 Hz, 1 H), 7.87 (}=8.1 Hz, 2 H), 7.48-7.55 (m,
2 H), 7.42 (dJ=8.6 Hz, 1 H), 7.34-7.38 (m, 1 H), 7.26 (&1.4 Hz, 1 H), 6.96-7.02 (m, 2 H),
3.75 (s, 3H), 1.25 (s, 9 H).

¥C-.NMR (150 MHz, CDCls) ¢: 167.89, 156.77, 134.88, 132.53, 131.91, 131.86,15,
130.00, 129.01, 128.75, 128.33, 128.05, 126.95,0124.25.16, 120.31, 110.75, 81.48, 55.56,
27.64.

MS (70 eV, El)m/z(%): 334 (24), 279 (12), 278 (59), 261 (17), 248)( 247 (100), 246 (40),
219 (11), 218 (36), 203 (16), 202 (16), 189 (18K 123).

IR (ATR) v (cm?): 3058, 2976, 2932, 2836, 1712, 1602, 1582, 14964, 1434, 1392,
1380, 1366, 1346, 1280, 1244, 1234, 1162, 11340,108348, 1026, 1008, 966, 952, 934, 914,
892, 868, 846, 822, 804, 788, 750, 694, 668, 630, 598, 582, 566.

HRMS (EI) for CzH 2,03 (334.1569): 334.1567.

Synthesis of 2-benzoyl-6-chlorobenzoic acieért-butyl ester (1279):

O CO,t-Bu

N Cl

7

Accordingto TP 6, the metalation ofert-butyl 2-chlorobenzoatel6¢ 425 mg, 2.0 mmol)
was completed using (@H26N)3Al-3LICI (111, 0.30m solution in THF, 6.7 mL, 2.0 mmol)
within 7 h at —45 °C. The reaction mixture was eagbto —60 °C, ZnGl(1.0m solution in
THF, 2.2 mL, 2.2 mmol) was added and the mixtures wtirred for 15 min. CuCN-2LiCl
(2.0 M solution in THF, 2.2 mL, 2.2 mmol) was addead the reaction mixture was stirred
for 20 min. Then, benzoyl chloride (350 mg, 2.5 ninveas added at —60 °C. The resulting
solution was slowly warmed to 25 °C and stirredhaés temperature for 10 h. The reaction
mixture was quenched with a mixture of sat. ag4GlHsolution (50 mL) and aq. HCI (1,
10 mL) and extracted with diethyl ether (3 x 50 mIje combined organic layers were
washed with ag. Nkisolution (2m, 30 mL) and with brine (40 mL) and dried over aditous
MgSQ,. After filtration, the solvents were evaporated vacuo Purification by column
chromatography (pentane/diethyl ether = 8:1) fureisthe compound27g (474 mg, 75%)
as a colourless solid.
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m.p.: 67.1 °C.

'H-NMR (400 MHz, CDCls) d: 7.77-7.80 (m, 2 H), 7.53-7.60 (m, 2 H), 7.43-7(4¥ 2 H),
7.32-7.40 (m, 2 H), 1.35 (s, 9 H).

3C-NMR (100 MHz, CDCls) 6: 194.96, 164.37, 139.77, 136.60, 133.37, 132.32,21,
130.12, 129.98, 129.88, 128.46, 127.16, 83.42,627.5

MS (70 eV, El)m/z(%): 316 (1) [M], 263 (10), 261 (30), 245 (31), 244 (15), 243 (1AB1
(47), 152 (15), 105 (43), 77 (22), 57 (34).

IR (ATR) U (cm?): 3076, 2984, 2936, 1710, 1662, 1594, 1560, 144&0, 1432, 1392,
1368, 1318, 1298, 1286, 1258, 1200, 1176, 11440,11078, 1060, 1036, 1000, 982, 956,
934, 920, 862, 842, 818, 786, 772, 746, 736, 798, 668, 652, 616, 602, 578, 570, 556.
HRMS (EI) for C18H1/ClIO3 (316.0866): 316.0864.

Synthesis of 2-(4-chlorobenzoyl)-4-methoxybenzoicia tert-butyl ester (127h):

(@] COZtBU
T T
cl = =
OMe

Accordingto TP 6, the metalation atert-butyl 4-methoxybenzoatd 26d; 416 mg, 2.0 mmol)
was completed using (@H26N)3Al-3LICI (111, 0.30m solution in THF, 6.7 mL, 2.0 mmol)
within 10 h at -5 °C. The reaction mixture was eagbto —30 °C, ZnGl(1.0m solution in
THF, 2.2 mL, 2.2 mmol) was added and the mixtures wtirred for 15 min. CuCN-2LiCl
(12.0m solution in THF, 2.2 mL, 2.2 mmol) was added amel teaction mixture was stirred for
20 min. Then, 4-chlorobenzoyl chloride (438 mg, ®®ol) was added at —3C. The
resulting solution was slowly warmed to 25 °C atided at this temperature for 10 h. The
reaction mixture was quenched with a mixture of agt NH,CI solution (50 mL) and aq. HCI
(2m, 10 mL) and extracted with diethyl ether (3 x 50)nThe combined organic layers were
washed with ag. Nkisolution (2m, 30 mL) and with brine (40 mL) and dried over aditous
MgSQ,. After filtration, the solvents were evaporated vacuo Purification by column
chromatography (pentane/diethyl ether = 10:1) &hvad the compount27h (395 mg, 57%)
as a colourless oll.

'H-NMR (300 MHz, CDCls) §: 7.98 (d,J=8.7 Hz, 1 H), 7.71 (dddl=8.7, 2.5, 2.3 Hz, 2 H),
7.39 (ddd,J=9.0, 2.3, 2.2 Hz, 2 H), 7.02 (dd:8.7, 2.6 Hz, 1 H), 6.78 (d=2.6 Hz, 1 H),
3.85 (s, 3 H), 1.24 (s, 9 H).

13C-NMR (75 MHz, CDCIl3) o: 195.25, 164.59, 162.55, 142.71, 139.55, 135.92.3b,
130.89, 128.76, 122.91, 114.99, 112.44, 82.27 662.6.65.
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MS (70 eV, El)m/z (%): 346 (23) [M], 292 (30), 291 (20), 290 (100), 275 (26), 274)(12
276 (69), 246 (18), 212 (16), 211 (73), 179 (7@)0 B32), 139 (12), 139 (87), 135 (27), 134
(54), 111 (21), 58 (10), 57 (32), 44 (41).

IR (ATR) 7 (cmi%): 3076, 2986, 2974, 2936, 2862, 2846, 1700, 18686, 1586, 1570,
1498, 1484, 1468, 1454, 1406, 1394, 1368, 1326812878, 1264, 1236, 1168, 1134, 1078,
1020, 1010, 966, 876, 864, 854, 840, 824, 784, 768, 714, 684, 668, 640, 626, 604, 574,
566.

HRMS (EI) for C1gH14ClO4 (346.0972): 346.0964.

Synthesis of 2',5'-difluorobiphenyl-4-carboxylic aad ethyl ester (127i):

CO,Et
L

F
Accordingto TP 6, the metalation of 1,4-difluorobenzent26e 228 mg, 2.0 mmol) was
completed using ({zH26N)3Al-3LICI (111, 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
2 h at —40 °C. Then, Zng(1.0m solution in THF, 2.2 mL, 2.2 mmol) was added ahe t
mixture was stirred for 15 min. Pd(db&%»6 mg, 5 mol-%) and B{furyl)s (46 mg, 10 mol-%)
dissolved in THF (4 mL) were then transfersed cannula to the reaction mixture, followed
by the addition of ethyl 4-iodobenzoate (607 mg, 2imol) dissolved in THF (2 mL). The
resulting solution was warmed to 25 °C and wasestiat 25 °C for 3 h. The reaction mixture
was quenched with a mixture of sat. aq.48Hsolution (50 mL) and ag. HCI (@, 10 mL)
and extracted with diethyl ether (3 x 50 mL). Tlenbined organic layers were washed with
brine (40 mL) and dried over anhydrous MgS#ixter filtration, the solvents were evaporated
in vacuo Purification by column chromatography (pentaretfdjl ether = 80:1) furnished the
compoundl27i (413 mg, 79%) as a colourless solid.

m.p.: 48.7-49.6 °C.

'H-NMR (600 MHz, CDCls) 6: 8.11 (d,J=8.1 Hz, 2 H), 7.59 (dd]=8.1, 1.4 Hz, 2 H), 7.10-
7.17 (m, 2 H), 7.03 (tdl=8.2, 3.6 Hz, 1 H), 4.40 (§=7.2 Hz, 2 H), 1.41 (t}=7.2 Hz, 3 H).
13C-NMR (150 MHz, CDCls) 6: 166.21, 158.03 (ddlce=242, 2.7 Hz), 158.68 (dder=219,
2.4 Hz), 139.10 (dJc=1.6 Hz), 130.11, 129.75, 129.35 (ds=7.9 Hz), 129.25 (d,
Jc=7.9 Hz), 128.83 (dJce=3.5 Hz), 117.48-115.89 (m), 61.10, 14.33.

MS (70 eV, El)m/z (%): 262 (40) [M], 234 (27), 218 (15), 217 (100), 189 (32), 188)(35
169 (11), 58 (27), 44 (15), 43 (67).
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IR (ATR) 7 (cmi%): 2998, 2990, 1712, 1668, 1610, 1592, 1570, 13484, 1482, 1466,
1442, 1400, 1382, 1370, 1318, 1304, 1276, 12462,1PP82, 1126, 1118, 1100, 1036, 1020,
934, 900, 888, 872, 860, 850, 814, 780, 758, 726, 898, 668, 656, 634, 614, 596, 574, 568,
556.

HRMS (EI) for C1sH12F>0, (262.0805): 262.0803.

Synthesis of 2,6-difluoro-3'-nitrobiphenyl (127j):

L 0
e
F

Accordingto TP 6, the metalation of 1,3-difluorobenzent00d 228 mg, 2.0 mmol) was
completed using ({zH26N)3Al-3LICI (111, 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
1.5 h at =40 °C. The reaction mixture was cooled360 °C, ZnC] (1.0Mm solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. Pd(dba)(56 mg,
5 mol-%) and Rg-furyl); (46 mg, 10 mol-%) dissolved in THF (4 mL) wereriiteansferred
via cannula to the reaction mixture, followed by tlleliion of 3-iodo-nitrobenzene (548 mg,
2.2 mmol) dissolved in THF (2 mL). The resultindumn was warmed to 25 °C and was
stirred at 25 °C for 0.5 h. The reaction mixtureswg@enched with a mixture of sat. ag. JH
solution (50 mL) and aqg. HCI (2, 10 mL) and extracted with diethyl ether (3 x 50)nThe
combined organic layers were washed with brinend() and dried over anhydrous MgaO
After filtration, the solvents were evaporateith vacuo Purification by column
chromatography (pentane/diethyl ether = 40:1) &irad the compounti27j (398 mg, 88%)
as a colourless solid.

m.p.: 119.5-120.9 °C.

'H-NMR (400 MHz, CDCls) 6: 8.36 (d,J=1.2 Hz, 1 H), 8.26 (ddd}=8.3, 2.3, 1.2 Hz, 1 H),
7.80 (dt,J=7.8, 1.3 Hz, 1 H), 7.63 (8=8.0 Hz, 1 H), 7.37 (tt)=8.5, 6.3 Hz, 1 H), 7.03 (m,
2 H).

3C-NMR (100 MHz, CDCls) 6: 159.42 (d,Jce=252 Hz), 159.39 (dJc=1.6 Hz), 148.24,
136.39 (t,Jcr=252 Hz), 130.87, 130.23 (0c=10.5 Hz), 129.24, 125.43 (8c=2.3 Hz),
123.14, 116.13 (dlc,=18 Hz), 112.08-111.82 (m).

MS (70 eV, El)m/z(%): 235 (100) [M], 190 (14), 189 (97), 188 (95), 177 (18), 94 (@)
(12).
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IR (ATR) ¥ (cni): 1626, 1590, 1572, 1528, 1492, 1468, 1426, 13308, 1280, 1268,
1224, 1102, 1090, 1072, 1034, 996, 988, 940, 908, 806, 782, 742, 718, 708, 682, 658,
588, 578, 564.

HRMS (EI) for C1oH7FNO, (235.0445): 235.0444.

Synthesis of 2'-chloro-2,3-difluorobiphenyl (127k):
F

Accordingto TP 6, the metalation of 1,2-difluorobenzent26f, 228 mg, 2.0 mmol) was
completed using ({zH26N)3Al-3LICI (111, 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
3 h at —40 °C. The reaction mixture was cooled 30 2C, ZnC} (1.0M solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. Pd(dba)(56 mg,

5 mol-%) and Ri-furyl); (46 mg, 10 mol-%) dissolved in THF (4 mL) werertheansferred
via cannula to the reaction mixture, followed by thadifon of 2-iodo-chlorobenzene
(548 mg, 2.2 mmol) dissolved in THF (2 mL). Theulésg solution was warmed to 25 °C
and was stirred at 25 °C for 1 h. The reaction arxtvas quenched with a mixture of sat. aqg.
NH4CI solution (50 mL) and aq. HCI (2, 10 mL) and extracted with diethyl ether (3 x
50 mL). The combined organic layers were washed witine (40 mL) and dried over
anhydrous MgS@ After filtration, the solvents were evaporat@dvacuo Purification by
column chromatography (pentane/diethyl ether = 1DO@urnished the compound27k
(399 mg, 89%) as a colourless solid.

m.p.: 50.1-50.9 °C.

'H-NMR (400 MHz, CDCls) §: 7.48-7.51 (m, 1 H), 7.31-7.37 (m, 3 H), 7.11-7(82 2 H),
7.04-7.08 (m, 1 H).

¥C-.NMR (100 MHz, CDCls) 6: 150.35 (dd,Jcr=248, 12.8 Hz), 147.45 (ddlc=248,
12.8 Hz), 140.25, 133.73 (d¢=2.4 Hz), 131.51 (dJc=1.1 Hz), 129.73, 129.67, 129.22 (t,
Jc=7.0 Hz), 126.70, 126.30-126.24 (m), 123.78-1236H 116.90 (ddJc=17, 1.0 Hz).

MS (70 eV, El)m/z(%): 226 (35), 225 (14), 224 (100) [M 189 (24), 188 (46), 169 (10), 97
(12), 91 (11), 85 (10), 71 (14), 69 (12), 57 (23).

IR (ATR) 7 (cm?): 1934, 1626, 1588, 1566, 1494, 1476, 1458, 14320, 1388, 1336,
1314, 1264, 1218, 1194, 1166, 1128, 1110, 10585,10430, 1006, 996, 984, 950, 898, 870,
820, 790, 758, 736, 726, 710, 658, 614, 592, 580, 5
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HRMS (EI) for C1oH-CIF, (224.0204): 224.0190.

Synthesis of 2,5-dichloro-4'-methylbiphenyl (1271):
Me

cl ¢
X

Cl
Accordingto TP 6, the metalation of 1,4-dichlorobenzeri2¢g 294 mg, 2.0 mmol) was
completed using (GH26N)3Al-3LICI (111; 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
3 h at =60 °C. ZnGI(1.0m solution in THF, 2.2 mmol) was added and the nixtwas
stirred for 15 min. Pd(dba}56 mg, 5 mol-%) and B{furyl)s (46 mg, 10 mol-%) dissolved in
THF (4 mL) were then transferreda cannula to the reaction mixture, followed by the
addition of 4-iodotoluene (480 mg, 2.2 mmol) dissal in THF (2 mL). The resulting
solution was warmed to 25 °C and was stirred af@53or 2 h. The reaction mixture was
guenched with a mixture of sat. aq. M} solution (50 mL) and ag. HCI (@, 10 mL) and
extracted with diethyl ether (3 x 50 mL). The condad organic layers were washed with
brine (40 mL) and dried over anhydrous MgS#ixter filtration, the solvents were evaporated
in vacuo Purification by column chromatography (pentangnished the compoun#i27]
(403 mg, 85%) as a colourless oil.
'H-NMR (400 MHz, CDCls) §: 7.38 (d,J=8.6 Hz, 1 H), 7.29-7.34 (m, 3 H), 7.21-7.26 (m,
3 H), 2.41 (s, 3 H).
3C-.NMR (100 MHz, CDCls) 6: 141.95, 137.96, 135.31, 132.50, 131.14, 130.96,88,
129.11, 128.90, 128.22, 21.25.
MS (70 eV, El)m/z(%): 238 (60), 237 (20), 236 (100) [M 201 (23), 166 (73), 165 (85),
164 (13), 163 (13), 111 (15), 97 (25), 91 (16),(85), 83 (22), 82 (18), 81 (14), 71 (32), 57
(49).
IR (ATR) 7 (cm?): 3026, 2924, 1906, 1882, 1614, 1586, 1554, 13474, 1456, 1406,
1378, 1308, 1286, 1242, 1184, 1134, 1110, 1096),10048, 1028, 1012, 962, 948, 886, 832,
810, 778, 726, 708, 678, 668, 642, 582, 568.
HRMS (EI) for C13H10Cl» (236.0160): 236.0157.
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Synthesis of 2,6-dichloro-2'-methoxybiphenyl (127m)

AN

MeO =

Cl_~ Cl

<

Accordingto TP 6, the metalation of 1,3-dichlorobenzeri@éh 294 mg, 2.0 mmol) was
completed using (GH26N)3Al-3LICI (111; 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
4.5 h at —60 °C. ZnG1.0m solution in THF, 2.2 mL, 2.2 mmol) was added amel mixture
was stirred for 15 min. Pd(dbkaj56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%)
dissolved in THF (4 mL) were then transfersgd cannula to the reaction mixture, followed
by the addition of 2-iodoanisole (514 mg, 2.2 mnt§solved in THF (2 mL). The resulting
solution was warmed to 25 °C and was stirred af@3or 2 h. The reaction mixture was
guenched with a mixture of sat. aq. M}H solution (50 mL) and ag. HCI (@, 10 mL) and
extracted with diethyl ether (3 x 50 mL). The condad organic layers were washed with
brine (40 mL) and dried over anhydrous MgS#ixter filtration, the solvents were evaporated
in vacuo Purification by column chromatography (pentaretityl ether = 200:1) furnished
the compound.27m (396 mg, 78%) as a colourless oil.

'H-NMR (400 MHz, CDCls) 8: 7.40-7.44 (m, 1 H), 7.38 (d=8.2 Hz, 2 H), 7.21 (ddI=8.4,
7.6 Hz, 1 H), 7.11-7.14 (m, 1 H), 7.00-7.07 (m, 2 B178 (s, 3 H).

¥C-.NMR (100 MHz, CDCls) 6: 156.66, 136.70, 135.54, 130.74, 129.86, 128.97,78,
126.09, 120.48, 111.20, 55.79.

MS (70 eV, El)m/z (%): 254 (40), 252 (67) [N, 217 (26), 204 (28), 203 (11), 202 (100),
182 (32), 139 (14).

IR (ATR) U (cm?): 2938, 2836, 1602, 1584, 1556, 1500, 1458, 14378, 1292, 1260,
1234, 1190, 1162, 1152, 1134, 1122, 1100, 10783,10d26, 1002, 968, 886, 850, 802, 784,
778, 750, 726, 678, 668, 658, 636, 586, 570, 562.

HRMS (EI) for C13H10CI>0 (252.0109): 252.0099.

Synthesis of 2,3-dichloro-3'-methylbiphenyl (127n)
Cl

Cl
‘Me
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Accordingto TP 6, the metalation of 1,2-dichlorobenzerii; 294 mg, 2.0 mmol) was
completed using ({zH26N)3Al-3LICI (111, 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
4.5 h at —60 °C. ZnGl1.0m solution in THF, 2.2 mL, 2.2 mmol) was added amel mixture
was stirred for 15 min. Pd(dka)j56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%)
dissolved in THF (4 mL) were then transferngd cannula to the reaction mixture, followed
by the addition of 3-iodotoluene (480 mg, 2.2 mnw$solved in THF (2 mL). The resulting
solution was warmed to 25 °C and was stirred at@3or 2 h. The reaction mixture was
guenched with a mixture of sat. aq. M}H solution (50 mL) and ag. HCI (@, 10 mL) and
extracted with diethyl ether (3 x 50 mL). The conmdd organic layers were washed with
brine (40 mL) and dried over anhydrous MgS#ixter filtration, the solvents were evaporated
in vacuo Purification by column chromatography (pentanghished the compounti27n
(385 mg, 81%) as a colourless oil.

'H-NMR (400 MHz, CDCls) 6: 7.44 (dd,J=6.0, 3.6 Hz, 1 H), 7.31 (d=7.8 Hz, 1 H), 7.18-
7.24 (m, 5 H), 2.40 (s, 3 H).

3C-NMR (100 MHz, CDCls) 6: 143.00, 139.24, 137.77, 133.50, 131.10, 129.29.44
129.28, 128.65, 127.98, 127.03, 126.31, 21.44.

MS (70 eV, El)m/z(%): 240 (11), 239 (11), 238 (64), 237 (21), 236Q) [M'], 135 (10),
201 (22), 167 (10), 166 (68), 165 (82), 164 (1883 (12), 82 (17), 57 (11).

IR (ATR) 7 (cm?): 3056, 3024, 2920, 1608, 1582, 1556, 1450, 14386, 1204, 1184,
1154, 1116, 1096, 1062, 1042, 1000, 880, 794, 736, 734, 718, 702, 668, 642, 624, 614,
594, 568.

HRMS (EI) for C13H10Cl, (236.0160): 236.0151.

Synthesis of (4-chlorophenyl)-(2-fluorophenyl)methaone (1270):

F O
Q.

Accordingto TP 6, the metalation of fluorobenzent26j; 192 mg, 2.0 mmol) was completed
using (G2H26N)sAI-3LICI (111 0.30 M solution in THF, 6.7 mL, 2.0 mmol) within 3 h
at -10 °C. The reaction mixture was cooled to —8) ZnCL (1.0m solution in THF,
2.2 mmol) was added and the mixture was stirredlfomin. CuCN-2LiCl (1.0 solution in
THF, 2.2 mL, 2.2 mmol) was added and the reactiodure was stirred for 20 min. Then, 4-
chlorobenzoyl chloride (460 mg, 2.5 mmol) was added30 °C. The resulting solution was

slowly warmed to 25 °C and stirred at this tempeeatfor 12 h. The reaction mixture was
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guenched with a mixture of sat. aq. M}H solution (50 mL) and ag. HCI (@, 10 mL) and
extracted with diethyl ether (3 x 50 mL). The condd organic layers were washed with
brine (40 mL) and dried over anhydrous MgS#ixter filtration, the solvents were evaporated
in vacuo Purification by column chromatography (pentaretidjl ether = 30:1) furnished the
compoundl270(313 mg, 67%) as a colourless oil.

'H-NMR (600 MHz, CDCls) §: 7.77 (dd J=8.6, 1.2 Hz, 2 H), 7.52-7.56 (m, 2 H), 7.44 (ddd,
J=8.8, 2.3, 2.1 Hz, 2 H), 7.27 (t&7.5, 1.0 Hz, 1 H), 7.16 (8=8.9 Hz, 1 H).

3C-NMR (150 MHz, CDCls) : 192.19, 160.00 (d,Jcr=252 Hz), 139.91, 135.75, 133.37 (d,
33c=8.4 Hz), 131.13 (djece=1.3 Hz), 130.73 (d"Jcr=2.7 Hz), 128.82, 126.55 (8lc=15 Hz),
125.44 (d*Jce=3.7 HZ), 116.33 (FJc=22 Hz).

MS (70 eV, EI)m/z(%): 236 (12), 234 (36) [K], 228 (18), 199 (32), 170 (14), 141 (37), 139
(100), 123 (44), 111 (32), 97 (12), 95 (14), 83)(B3 (11), 74 (23), 59 (37).

IR (ATR) U (cm?): 2927, 1662, 1610, 1587, 1572, 1481, 1450, 14302, 1293, 1283,
1267, 1250, 1217, 1176, 1159, 1146, 1100, 10893,10314, 981, 952, 928, 844, 823, 813,
772,752,742, 722,701, 676, 649, 629, 612, 683, 576, 569.

HRMS (ElI) for C13HgCIFO (234.0248): 234.0235.

Synthesis of 1-methoxy-2-(phenylthio)benzen@29a):
OMe

(j/sph

Accordingto TP 6, the metalation of anisold 15 216 mg, 2.0 mmol) was completed using
(C12H26N)3AI-3LICIH (111; 0.30M solution in THF, 6.7 mL, 2.0 mmol) within 9 h ab 2C.
PhSSGPh (1.12 mg, 4.4 mmol) was added and the reactigture was stirred for 12 h. The
reaction mixture was quenched with a mixture of aqt NH,CI solution (50 mL) and ag. HCI
(2™, 10 mL) and extracted with diethyl ether (3 x 50)nThe combined organic layers were
washed with brine (40 mL) and dried over anhydrMgSQO,. After filtration, the solvents
were evaporateth vacuo Purification by column chromatography (pentaretityl ether =
35:1) furnished the compouri@9a(390 mg, 65%) as a colourless oil.
'H-NMR (600 MHz, CDCls) 6: 7.34 (dt,J=8.3, 1.7 Hz, 2 H), 7.30 (td=6.6, 1.8 Hz, 2 H),
7.22-7.26 (m, 2 H), 7.08 (dd=7.9, 1.7 Hz, 1 H), 6.85-6.91 (m, 2 H), 3.86 (${)3
3C-NMR (150 MHz, CDCls) ¢: 157.28, 134.46, 131.58, 131.45, 129.11, 128.20,08B,
124.06, 121.21, 110.83, 55.86.
MS (70 eV, El)m/z(%): 217 (16), 216 (100), 171 (10), 168 (13), 129), 97 (12), 91 (13),
83 (14), 81 (11), 74 (11), 71 (14), 69 (18), 59)(11
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IR (ATR) 7 (cmi®): 3057, 3002, 2934, 2834, 1713, 1577, 1474, 14@47, 1438, 1431,
1293, 1273, 1239, 1180, 1161, 1130, 1084, 10641,10d22, 999, 919, 899, 896, 846, 798,
791, 739, 705, 689, 680, 637, 626, 616, 608, 538, 5

HRMS (EI) for C1sH1,0S (216.0609): 216.0596.

Synthesis of (5-chloro-2-methoxyphenyl)-(4-chloropgnyl)methanone (129b):
OMe O

I I Cl

Cl
According to TP 6, the metalation of 4-chloroanisold02g 285 mg, 2.0 mmol) was
completed using (GH26N)3Al-3LICI (111; 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
4 h at 25 °C. The reaction mixture was cooled t6 =3, ZnC} (1.0m solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. CuUCN-2LiCl (1.&
solution in THF, 2.2 mL, 2.2 mmol) was added and tkaction mixture was stirred for
20 min. Then, 4-chlorobenzoyl chloride (460 mg, @&Mmol) was added at —30 °C. The
resulting solution was slowly warmed to 25 °C atided at this temperature for 12 h. The
reaction mixture was quenched with a mixture of aqt NH,CI solution (50 mL) and ag. HCI
(2 m, 10 mL) and extracted with diethyl ether (3 x 50)nThe combined organic layers were
washed with brine (40 mL) and dried over anhydrMgSQO,. After filtration, the solvents
were evaporateth vacuo Purification by column chromatography (pentaretityl ether =
15:1) furnished the compourd@9b (480 mg, 85%) as a colourless solid.
m.p.: 88.0-89.7 °C.
'H-NMR (600 MHz, CDCl3) d: 7.68-7.72 (m, 2 H), 7.36-7.40 (m, 3 H), 7.28-7(80Q 1 H),
6.90 (d,J=8.8 Hz, 1 H), 3.67 (s, 3 H).
13C-NMR (150 MHz, CDCls) 6: 193.46, 155.68, 139.57, 135.50, 131.65, 130.99.51,
129.09, 128.59, 125.73, 112.76, 55.81.
MS (70 eV, El)m/z(%): 284 (10), 282 (45), 281 (13), 280 (64), 263)( 263 (25), 247 (10),
227 (10), 209 (11), 171 (27), 169 (98), 157 (28K 180), 141 (32), 139 (100), 126 823), 113
(23), 111 (76), 76 (11), 75 (30).
IR (ATR) U (cm'): 3086, 3070, 3056, 3008, 2935, 2892, 2833, 11856, 1633, 1598,
1584, 1566, 1483, 1466, 1451, 1443, 1404, 1397618304, 1294, 1273, 1262, 1242, 1177,
1160, 1137, 1125, 1111, 1091, 1016, 977, 954, 938, 899, 887, 852, 819, 772, 745, 733,
698, 687, 667, 641, 632, 604, 573.
HRMS (El) for C14H10CI>0, (280.0058): 280.0047.
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Synthesis of 5'-chloro-2'-methoxybiphenyl-4-carbortrile (129c):
CN

OMe =
X

Cl
According to TP 6, the metalation of 4-chloroanisold02g 285 mg, 2.0 mmol) was
completed using ({zH26N)3Al-3LICI (111, 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
4 h at 25 °C. The reaction mixture was cooled t6 <3, ZnC} (1.0m solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. Pd(dba)(56 mg,
5 mol-%) and Ri-furyl); (46 mg, 10 mol-%) dissolved in THF (4 mL) werertheansferred
via cannula to the reaction mixture, followed by tliglition of 4-iodobenzonitrile (504 mg,
2.2 mmol) dissolved in THF (2 mL). The resultingxtoire was warmed to 25 °C and was
stirred at 25 °C for 12 h. The reaction mixture \yaenched with a mixture of sat. aq. MXH
solution (50 mL) and ag. HCI (@, 10 mL) and extracted with diethyl ether (3 x 50)nThe
combined organic layers were washed with brinendQ and dried over anhydrous Mg&O
After filtration, the solvents were evaporateith vacuo Purification by column
chromatography (pentane/diethyl ether = 4:1) furegsthe compounti29¢ (380 mg, 82%) as
a colourless solid.
m.p.: 110.0-111.3 °C.
'H-NMR (400 MHz, CDCls) 6: 7.66-7.71 (m, 2 H), 7.57-7.61 (m, 2 H), 7.32 (dd8.8,
2.6 Hz, 1 H), 7.26 (dJ=2.6 Hz, 1 H), 6.92 (d]=8.8 Hz, 1 H), 3.80 (s, 3 H).
3C-.NMR (100 MHz, CDCls) §: 154.98, 141.95, 131.85, 130.27, 130.12, 129.28.35,
125.99, 118.89, 112.66, 111.06, 55.90.
MS (70 eV, El)m/z(%): 245 (38), 243 (100) [M, 228 (20), 194 (12), 193 (91), 164 (21).
IR (ATR) 7 (cmi'): 3006, 2984, 2956, 2846, 2360, 2228, 1714, 16688, 1512, 1484,
1456, 1442, 1416, 1390, 1368, 1312, 1268, 12380,11842, 1102, 1034, 1022, 968, 948,
936, 926, 878, 858, 838, 824, 802, 776, 740, 724, 662, 644, 586, 574.
HRMS (EI) for C14H;0CINO (243.0451): 243.0438.

Synthesis of 5'-bromo-2'-methoxybiphenyl-4-carbonitle (129d):

CN
OMe O

Br
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According to TP 6, the metalation of 4-bromoanisold0@¢ 374 mg, 2.0 mmol) was
completed using ({zH26N)3AIl-3LICI (1121, 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
5 h at 25 °C. The reaction mixture was cooled t0 23, ZnC} (1.0M solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. Pd(dba)(56 mg,
5 mol-%) and Ri-furyl); (46 mg, 10 mol-%) dissolved in THF (4 mL) werertheansferred
via cannula to the reaction mixture, followed by tligision of 4-iodobenzonitrile (504 mg,
2.2 mmol) dissolved in THF (2 mL). The resultingxtoire was warmed to 25 °C and was
stirred at 25 °C for 12 h. The reaction mixture \yasnched with a mixture of sat. aq. MXH
solution (50 mL) and ag. HCI (@, 10 mL) and extracted with diethyl ether (3 x 50)nThe
combined organic layers were washed with brinend() and dried over anhydrous MgaO
After filtration, the solvents were evaporateith vacuo Purification by column
chromatography (pentane/diethyl ether = 4:1) fureidsthe compound29d (444 mg, 77%)
as a colourless solid.

m.p.: 114.0-116.1 °C.

'H-NMR (400 MHz, CDCls) 6: 7.68 (d,J=8.6 Hz, 2 H), 7.59 (dJ=8.6 Hz, 2 H), 7.46 (dd,
J=8.8, 2.6 Hz, 1 H), 7.40 (d=2.4 Hz, 1 H), 6.87 (d]=8.6 Hz, 1 H), 3.79 (s, 3 H).

3C-.NMR (100 MHz, CDCls) 6: 155.44, 141.80, 133.04, 132.34, 131.81, 130.30,1D,
118.87, 113.15, 113.08, 111.01, 55.81.

MS (70 eV, El)m/z(%): 289 (49), 287 (50) [N, 194 (17), 193 (100), 164 (21).

IR (ATR) U (cml): 2224, 1606, 1486, 1474, 1461, 1436, 1385, 14268, 1239, 1229,
1177, 1140, 1112, 1092, 1078, 1027, 1017, 974, 959, 905, 847, 840, 827, 814, 776, 746,
734, 726, 710, 702, 688, 659, 646, 638, 624, 602, 6

HRMS (EI) for C14H;0BrNO (286.9946): 286.9940.

Synthesis of 2-(5-iodo-2-methoxybenzyl)acrylic acidthyl ester (129¢)
OMe

CO,Et
|
Accordingto TP 6, the metalation of 4-iodoanisol228g 468 mg, 2.0 mmol) was completed
using (GzH2eN)3AI-3LICI (111, 0.30 M solution in THF, 6.7 mL, 2.0 mmol) within 8 h at
25 °C. The reaction mixture was cooled to 0 °C, Bn@.0M solution in THF, 2.2 mL,
2.2 mmol) was added and the mixture was stirredfomin. CuCN-2LiCl (1. solution in
THF, 0.5 mL, 0.5 mmol), followed by the additionethyl 2-(bromomethyl)acrylate (483 mg,

2.5 mmol) and the resulting solution was stirred Xoh at 0 °C. The reaction mixture was
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guenched with a mixture of sat. aq. MH solution (40 mL) and aq. HCI (2, 5 mL) and
extracted with diethyl ether (3 x 50 mL). The condad organic layers were washed with ag.
NH; solution (2m, 30 mL) and with brine (40 mL) and dried over aditous MgSQ. After
filtration, the solvents were evaporated vacuo Purification by column chromatography
(pentane/diethyl ether = 40:1) furnished the conmgdiP9e(512 mg, 73%) as a colourless oil.
'H-NMR (400 MHz, CDCls) 8: 7.52 (dd,J=8.6, 2.3 Hz, 1 H), 7.37 (d=2.3 Hz, 1 H), 6.82
(d, J=8.6 Hz, 1 H), 6.10 (d}=1.4 Hz, 1 H), 5.41 (q)=1.5 Hz, 1 H), 4.12 (q)=7.2 Hz, 2 H),
3.73 (s, 3 H), 3.48 (s, 2 H), 1.1907.1 Hz, 3 H).

¥C-NMR (100 MHz, CDCls) ¢: 166.01, 157.04, 138.35, 137.98, 136.23, 129.24,02,
113.59, 82.85, 60.37, 55.48, 31.02, 13.98.

MS (70 eV, El)m/z (%): 347 (16), 346 (100), [M, 324 (19), 315 (39), 309 (14), 300 (15),
287 (23), 272 (49), 257 (48), 233 (11), 174 (226 114), 145 (15), 131 (24), 115 (13), 103
(11).

IR (ATR) v (cm?): 2976, 2936, 2904, 2836, 1712, 1631, 1587, 14862, 1440, 1397,
1367, 1301, 1275, 1245, 1198, 1173, 1132, 11196,1926, 880, 852, 804, 754, 733, 725,
688, 670, 659, 653, 647, 636, 625, 616, 608.

HRMS (EI) for C13H;15103 (346.0066): 346.0058.

Synthesis of (4-chlorophenyl)-[2-methoxy-4,®is-(trifluoromethyl)phenyljmethanone
(229f):
OMe O

FsC~ ‘ :CF3" ~Cl

Accordingto TP 6, the metalation of 3,bis-trifluoromethylanisole 128k, 520 mg, 2 mmol)
was completed using (@H26N)3Al-3LICI (111, 0.30m solution in THF, 6.7 mL, 2.0 mmol)
within 1 h at 25 °C. The reaction mixture was cddie —30 °C, ZnGl(1.0M solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. CuCN-2LiCl (1.
solution in THF, 2.2 mL, 2.2 mmol) was added and tkaction mixture was stirred for
20 min. Then, 4-chlorobenzoyl chloride (460 mg, @&mol) was added at —30 °C. The
resulting solution was slowly warmed to 25 °C atidexdd at this temperature for 2 h. The
reaction mixture was quenched with a mixture of aqt NH,CI solution (50 mL) and ag. HCI
(2m, 10 mL) and extracted with diethyl ether (3 x 50)nThe combined organic layers were
washed with ag. Nkisolution (2m, 30 mL) and with brine (40 mL) and dried over atitous

MgSOQ.. After filtration, the solvent was evaporatedvacuo The crude product was purified
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by column chromatography (pentane/diethyl ethel9:)to givel29f (633 mg, 83%) as a
colourless solid.

m.p.: 107.2 °C.

'H-NMR (400 MHz, DMSO) &: 7.86 (s, 1 H), 7.79 (s, 1 H), 7.74 (dd&9.0, 2.4, 2.2 Hz,

2 H), 7.60 (dddJ=9.0, 2.3, 2.2 Hz, 2 H), 3.83 (s, 3 H).

13C-NMR (100 MHz, DMSO) §: 191.39, 157.44, 139.49, 134.30 {g=2.0 Hz), 132.12 (q,
?Jcr=32 Hz), 130.69, 129.96, 129.34, 128.20 1@:=33 Hz), 122.94 (q,Jc=273 Hz),
122.58 (qJc=273 Hz), 114.97, (m), 113.44, 57.19.

MS (70 eV, El)m/z(%): 384 (10), 382 (30) [N, 270 (63), 256 (23), 250 (12), 141 (35), 139
(100), 111 (23).

IR (ATR) U (cm™): 1684, 1623, 1483, 1462, 1429, 1401, 1368, 13085, 1249, 1202, 188,
1157, 1122, 1101, 1041, 1033, 1014, 929, 889, 88a, 858, 841, 770, 760, 727, 688, 676,
650, 610, 605.

HRMS (EI) for C16HoCIFsO, (382.0195): 382.0191.

Synthesis of (2,5-dimethoxyphenyl)phenylmethanond299g)
O OMe

OMe
Accordingto TP 6, the metalation of 1,4-dimethoxybenzed@&c 276 mg, 2.0 mmol) was
completed using ({zH26N)3Al-3LICI (111, 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
15 h at 25 °C. The reaction mixture was cooled 30 2C, ZnC} (1.0m solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. CuUCN-2LiCl (1.
solution in THF, 2.2 mL, 2.2 mmol) was added and tkaction mixture was stirred for
20 min. Then, benzoyl chloride (350 mg, 2.5 mmoBswadded at —30 °C. The resulting
solution was slowly warmed to 25 °C and stirredhéd temperature for 12 h. The reaction
mixture was quenched with a mixture of sat. aq4GlHsolution (50 mL) and aq. HCI (1,
10 mL) and extracted with diethyl ether (3 x 50 mLChe combined organic layers were
washed with ag. Nkisolution (2m, 30 mL) and with brine (40 mL) and dried over atilous
MgSQO,. After filtration, the solvents were evaporated vacuo Purification by column
chromatography (pentane/diethyl ether = 9:1) fureésthe compound29g (325 mg, 75%)
as a yellowish oil.
'H-NMR (300 MHz, CDCl3) 6: 7.81 (dd,J=8.5, 1.2 Hz, 2 H), 7.51-7.58 (m, 1 H), 7.42 (t,
J=7.5 Hz, 2 H), 6.97-7.03 (m, 1 H), 6.90-6.94 (nHY 3.78 (s, 3 H), 3.65 (s, 3 H).
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3C-NMR (75 MHz, CDCly) 6: 196.10, 153.47, 151.47, 137.62, 132.95, 129.99.51,
128.20, 117.32, 114.43, 113.09, 56.33, 55.84.

MS (70 eV, El)m/z(%): 243 (19), 242 (100) [f, 227 (18), 225 (24), 184 (14), 165 (64),
151 (63), 105 (41), 77 (51), 51 (14).

IR (ATR) 7 (cm): 3092, 3056, 2918, 2850, 2836, 1660, 1630, 145896, 1580, 1558,
1522, 1494, 1464, 1448, 1410, 1348, 1326, 13040,12842, 1220, 1176, 1144, 1136, 1114,
1100, 1090, 1074, 1066, 1044, 1020, 1002, 966, 92Q, 902, 884, 838, 814, 758, 732, 702,
686, 668, 642, 626, 598, 572.

HRMS (El) for C1sH 1403 (242.0943): 242.0936.

Synthesis of (2,5-dimethoxyphenyl)furan-2-ylmethanee (129h)
O OMe

Me
According to TP 6, the metalation of 4-methylanisold28d 244 mg, 2.0 mmol) was
completed using ({zH26N)3Al-3LICI (111, 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
6 h at 25 °C. The reaction mixture was cooled t0 2@, ZnC} (1.0M solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. CuCN-2LiCl (1.0
solution in THF, 2.2 mL, 2.2 mmol) was added and tkaction mixture was stirred for
20 min. Then, 2-furoyl chloride (327 mg, 2.5 mmelas added at —30 °C. The resulting
solution was slowly warmed to 25 °C and stirredhéd temperature for 12 h. The reaction
mixture was quenched with a mixture of sat. ag4GlHsolution (50 mL) and aq. HCI (1,
10 mL) and extracted with diethyl ether (3 x 50 mLChe combined organic layers were
washed with ag. Nkisolution (2m, 30 mL) and with brine (40 mL) and dried over atilous
MgSQO.. After filtration, the solvents were evaporated vacuo Purification by column
chromatography (pentane/diethyl ether = 5:1) furetsthe compound29h (325 mg, 75%)
as a yellow oil.
'H-NMR (300 MHz, CDCls) §: 7.62 (d,J=1.7 Hz, 1 H), 7.21 (t}=2.4 Hz, 2 H), 7.02 (d,
J=3.4 Hz, 1 H), 6.88 (dJ=8.3 Hz, 1 H), 6.51 (dd]=3.4, 1.7 Hz, 1 H), 3.76 (s, 3 H), 2.30 (s,
3 H).
¥C-NMR (75 MHz, CDCls) J: 183.20, 155.38, 153.05, 146.98, 132.59, 129.8%.65,
127.80, 120.21, 112.12, 111.64, 55.88, 20.30.
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MS (70 eV, El)m/z (%): 217 (15), 216 (100) [k}, 200 (10), 199 (72), 188 (18), 187 (69),
185 (10), 171 (30), 149 (73), 145 (16), 135 (484 {11), 128 (12), 119 (20), 115 (15), 106
(17), 105 (11), 95 (42), 91 (43), 89 (10), 78 (I&),(14).

IR (ATR) 7 (cmi%): 2984, 2910, 1716, 1652, 1610, 1556, 1496, 14864, 1444, 1408,
1388, 1364, 1350, 1328, 1314, 1272, 1186, 11666,11826, 1102, 1060, 1040, 1016, 970,
924, 918, 882, 858, 840, 826, 810, 772, 750, 7Q0, 872, 654, 638, 612, 590, 574.

HRMS (EI) for C13H1,03 (216.0786): 216.0773.

Synthesis of (4-chlorophenyl)-(2-ethoxyphenyl)methreone (129i):
OEt O

QL

Accordingto TP 6, the metalation of phenetol&28e 244 mg, 2.0 mmol) was completed
using (G2H2eN)3AI-3LICI (111, 0.30M solution in THF, 6.7 mL, 20 mmol) within 10 h at
25 °C. The reaction mixture was cooled to —30 °6@CE (1.0m solution in THF, 2.2 mL,
2.2 mmol) was added and the mixture was stirredlsomin. CuCN-2LiCl (1.0 solution in
THF, 2.2 mL, 2.2 mmol) was added and the reactiotiure was stirred for 20 min. Then, 4-
chlorobenzoyl chloride (438 mg, 2.5 mmol) was added30 °C. The resulting solution was
slowly warmed to 25 °C and stirred at this tempemtfor 2 h. The reaction mixture was
guenched with a mixture of sat. aq. M}H solution (50 mL) and ag. HCI (@, 10 mL) and
extracted with diethyl ether (3 x 50 mL). The condd organic layers were washed with ag.
NH; solution (2v, 30 mL) and with brine (40 mL) and dried over aditous MgSQ. After
filtration, the solvents were evaporated vacuo Purification by column chromatography
(pentane/diethyl ether = 19:1) furnished the conmadilP9i (445 mg, 85%) as a colourless oil.
'H-NMR (300 MHz, CDCls) 6: 7.71 (ddd,)=8.9, 2.3, 2.2 Hz, 2 H), 7.36-7.48 (m, 4 H), 6.99-
7.06 (m, 1 H), 6.94 (dI=8.5 Hz, 1 H), 3.94 (q)=6.9 Hz, 2 H), 1.08 (J=6.9 Hz, 3 H).
¥C-NMR (75 MHz, CDCls) J: 195.49, 156.76, 138.90, 136.72, 132.28, 130.23.75,
128.55, 128.34, 120.62, 112.36, 63.97, 14.28.

MS (70 eV, El)m/z(%): 262 (10), 261 (22), 260 (25) [W 242 (10), 233 (12), 231 (29), 225
(15), 197 (20), 181 (20), 149 (14), 139 (35), 120Q), 120 (13), 111 (20), 73 (17).

IR (ATR) U (cm?): 2980, 1658, 1598, 1586, 1486, 1474, 1448, 13368, 1304, 1294,
1236, 1174, 1162, 1152, 1118, 1088, 1040, 1014, 930, 916, 844, 802, 752, 744, 730, 682,
660, 628, 606, 578, 556.

HRMS (EI) for C15H13CIO, (260.0604): 260.0585.
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Synthesis of (3-chlorophenyl)-(2-trifluoromethoxyplenyl)methanone (129j)
OCF4

o)

CI
Accordingto TP 6, the metalation of trifluoromethoxybenzerd8f, 324 mg, 2.0 mmol) was
completed using ({zH26N)3Al-3LICI (1121, 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
3 h at 0 °C. The reaction mixture was cooled to 230ZnC} (1.0M solution in THF, 2.2 mL,
2.2 mmol) was added and the mixture was stirredlfomin. CuCN-2LiCl (1.01 solution in
THF, 2.2 mL, 2.2 mmol) was added and the reactiaxture was stirred for 20 min. Then,
3-chlorobenzoyl chloride (438 mg, 2.5 mmol) was etlét —30 °C. The resulting solution
was slowly warmed to 25 °C and stirred at this terafure for 2 h. The reaction mixture was
guenched with a mixture of sat. aq. M}H solution (50 mL) and ag. HCI (@, 10 mL) and
extracted with diethyl ether (3 x 50 mL). The conda organic layers were washed with ag.
NH; solution (2m, 30 mL) and with brine (40 mL) and dried over atitous MgSQ. After
filtration, the solvents were evaporated vacuo Purification by column chromatography
(pentane/diethyl ether = 19:1) furnished the conmgldl29j (486 mg, 81%) as a colourless oil.
'H-NMR (300 MHz, CDCls) 8: 7.76 (t,J=1.9 Hz, 1 H), 7.54-7.65 (m, 3 H), 7.48-7.52 (m,
1 H), 7.42-7.45 (m, 1 H), 7.34-7.40 (m, 2 H).
3C-NMR (75 MHz, CDCl3) §: 192.51, 146.34 (qJcr=2.1 Hz), 138.56, 134.84, 133.43,
132.39, 130.17, 129.81, 129.53, 127.92, 126.91,.2RXq, Jc=1.3 Hz), 121.16 (q,
1Jc=259 Hz).
MS (70 eV, El)m/z(%): 302 (21), 301 (14), 300 (59) [} 190 (11), 189 (88), 141 (30), 139
(100), 123 (24), 111 (37), 95 (31), 75 (26).
IR (ATR) U (cm?): 1674, 1606, 1592, 1572, 1488, 1470, 1450, 14284, 1248, 1204,
1160, 1104, 1076, 1042, 1000, 962, 954, 944, 998, 806, 768, 754, 726, 702, 686, 674,
640, 624, 598, 586, 568, 560.
HRMS (EI) for C14HsCIF30, (300.0165): 300.0167.

Synthesis of (3-methoxynaphthalen-2-yl)phenylmethame (129k)

OMe
CCc
¢}
Accordingto TP 6, the metalation of 2-methoxynaphthaled28g 316 mg, 2.0 mmol) was
completed using (GH26N)3Al-3LICI (111; 0.30M solution in THF, 6.7 mL, 2.0 mmol) within

9 h at 25 °C. The reaction mixture was cooled t0 2@, ZnC} (1.0M solution in THF,
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2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. CUCN-2LiCl (1.®
solution in THF, 2.2 mL, 2.2 mmol) was added and tkaction mixture was stirred for
20 min. Then, benzoyl chloride (350 mg, 2.5 mmoBswadded at —30 °C. The resulting
solution was slowly warmed to 25 °C and stirredhés temperature for 12 h. The reaction
mixture was quenched with a mixture of sat. aq4GlHsolution (40 mL) and aq. HCI (&,

5 mL) and extracted with diethyl ether (3 x 50 mIhe combined organic layers were
washed with aq. Ngisolution (2m, 30 mL) and with brine (40 mL) and dried over atifous
MgSQ,. After filtration, the solvents were evaporated vacuo Purification by column
chromatography (pentane/diethyl ether = 10:1) &hrad the compount29k (410 mg, 78%)
as a yellowish solid.

m.p.: 68.6 °C.

'H-NMR (600 MHz, CDCls) &: 7.89 (d,J=7.2 Hz, 2 H), 7.88 (s, 1 H), 7.80 (88.6 Hz,
2H), 7.57 (t,J=7.4 Hz, 1 H), 7.53 (t)=7.6 Hz, 1 H), 7.45 (t)=7.9 Hz, 2 H), 7.40 (t,
J=7.4 Hz, 1 H), 7.27 (s, 1 H), 3.84 (s, 3 H).

3C-NMR (150 MHz, CDCls) ¢: 195.93, 154.94, 137.62, 135.26, 133.01, 130.26,81,
129.50, 128.25, 128.18, 127.85, 127.61, 126.54,3¥2406.07, 55.49.

MS (70 eV, EI)m/z(%): 263 (21), 262 (95) [N, 245 (17), 244 (10), 186 (13), 185 (81), 172
(11), 171 (100), 142 (11), 127 (39), 114 (12), (8B), 77 (42), 44 (14).

IR (ATR) U (cm'): 3078, 3032, 3008, 2960, 2944, 2834, 1658, 16536, 1578, 1540,
1500, 1466, 1450, 1430, 1384, 1370, 1358, 13322,19750, 1230, 1216, 1192, 1174, 1142,
1098, 1074, 1020, 980, 950, 940, 906, 890, 860, 886, 786, 760, 746, 734, 718, 702, 686,
672, 632, 622, 588, 564, 554.

HRMS (EI) for C18H140, (262.0994): 262.0986.

Synthesis of (7-bromo-3-methoxynaphthalen-2-yl)phgimethanone (129l)

OMe
Ph
Br

0
According to TP 6, the metalation of 6-bromo-2-methoxynaphthaled@8fy 468 mg,
2.0 mmol) was completed using16826N)3Al-3LICI (111 0.30M solution in THF, 6.7 mL,
2.0 mmol) within 8 h at 25 °C. The reaction mixtweas cooled to —30 °C, ZnC(1.0m
solution in THF, 2.2 mL, 2.2 mmol) was added and thixture was stirred for 15 min.
CuCN-2LIiClI (1.0m solution in THF, 2.2 mL, 2.2 mmol) was added anel teaction mixture
was stirred for 20 min. Then, benzoyl chloride (38§, 2.5 mmol) was added at —30 °C. The
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resulting solution was slowly warmed to 25 °C atided at this temperature for 12 h. The
reaction mixture was quenched with a mixture of aqt NH,CI solution (40 mL) and ag. HCI
(2 M, 5 mL) and extracted with diethyl ether (3 x 50)mLhe combined organic layers were
washed with aq. Nkisolution (2m, 30 mL) and with brine (40 mL) and dried over atifous
MgSQ,. After filtration, the solvents were evaporatad vacuo Purification by column
chromatography (pentane/diethyl ether = 10:1) &lrad the compounti29l (525 mg, 77%)
as a yellowish solid.

m.p.: 108.8-109.5 °C.

'H-NMR (600 MHz, CDCls3) §: 7.94 (d,J=1.9 Hz, 1 H), 7.82 (dJ=7.2 Hz, 2 H), 7.71 (s,
1 H), 7.66 (dJ=9.1 Hz, 1 H), 7.55-7.59 (m, 2 H), 7.43J&7.9 Hz, 2 H), 7.19 (s, 1 H), 3.83
(s, 3H)

¥C-.NMR (150 MHz, CDCls) ¢: 195.56, 155.33, 137.40, 133.75, 133.31, 131.38,%,
130.24, 129.91, 129.03, 128.43, 128.36, 128.25,981106.15, 55.68.

MS (70 eV, El)m/z(%): 342 (81), 340 (85) [N, 265 (38), 263 (38), 251 (81), 249 (83), 126
(31), 111 (23), 105 (53), 99 (20), 97 (40), 95 (&Y (41), 83 (36), 82 (21), 81 (27), 77 (42),
71 (66), 70 (23), 69 (54), 57 (100), 55 (42).

IR (ATR) U (cml): 2974, 2938, 1662, 1622, 1588, 1580, 1490, 14388, 1410, 1384,
1360, 1314, 1302, 1252, 1208, 1174, 1160, 11446,11090, 1062, 1026, 1018, 944, 918,
898, 866, 848, 820, 804, 796, 754, 734, 692, 638, 670.

HRMS (EI) for C18H13BrO, (340.0099): 340.0092.

Synthesis of (2-methoxypyridin-3-yl)thiophen-2-yIméhanone (129m)
0

| \/ \ S/

N~ OMe
According to TP 6, the metalation of 2-methoxypyridind28i; 324 mg, 2.0 mmol) was
completed using TM#AI-3LICl (108 0.30m solution in THF, 6.7 mL, 2.0 mmol) within 3.5
h at 25 °C. The reaction mixture was cooled to 230ZnC} (1.0M solution in THF, 2.2 mL,
2.2 mmol) was added and the mixture was stirredfomin. CuCN-2LiCl (1. solution in
THF, 2.2 mL, 2.2 mmol) was added and the reactiodure was stirred for 20 min. Then, 2-
thiophene acid chloride (365 mg, 2.5 mmol) was ddate-30 °C. The resulting solution was
slowly warmed to 25 °C and stirred at this tempemtfor 2 h. The reaction mixture was
guenched with a sat. ag. NaHg®polution (50 mL) and extracted with diethyl etl{Br x

50 mL). The combined organic layers were washedt agt. NH solution (2m, 30 mL) and
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with brine (40 mL) and dried over anhydrous MgS@ifter filtration, the solvents were
evaporatedn vacuo Purification by column chromatography (pentaretuyl ether = 4:1)
furnished the compount29m (355 mg, 81%) as a yellowish solid.

According to TP 6, the metalation of 2-methoxypyridind28i; 324 mg, 2.0 mmol) was
completed using ({zH26N)3Al-3LICI (111, 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
3 h at 25 °C. The reaction mixture was cooled t0 23, ZnC} (1.0M solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. CuCN-2LiCl (1.0
solution in THF, 2.2 mL, 2.2 mmol) was added and tkaction mixture was stirred for
20 min. Then, 2-thiophene acid chloride (365 md r@mol) was added at —30 °C. The
resulting solution was slowly warmed to 25 °C atidexdd at this temperature for 2 h. The
reaction mixture was quenched with a sat. aq. Nap€xution (50 mL) and extracted with
diethyl ether (5 x 50 mL). The combined organicelaywere washed with aq. Nidolution
(2m, 30 mL) and with brine (40 mL) and dried over atitous MgSQ. After filtration, the
solvents were evaporatéa vacuo Purification by column chromatography (pentaretfuyl
ether = 4:1) furnished the compout29m (373 mg, 85%) as a yellowish solid.

m.p.: 64.1-65.0 °C.

'H-NMR (600 MHz, CDCls3) §: 8.30 (dd,J=5.2, 1.9 Hz, 1 H), 7.70-7.75 (m, 2 H), 7.47 (d,
J=3.8 Hz, 1 H), 7.09-7.13 (m, 1 H), 6.98 (d&7.2, 5.2 Hz, 1 H), 3.94 (s, 3 H).

¥C-.NMR (150 MHz, CDCls) ¢: 186.33, 160.80, 149.10, 144.17, 138.30, 135.35,02,
128.10, 122.61, 116.24, 53.82.

MS (70 eV, El)m/z (%): 219 (51) [M], 218 (10), 188 (13), 186 (14), 136 (21), 122 (400
111 (100), 97 (12), 78 (18), 45 (23).

IR (ATR) U (cm?): 3096, 1632, 1600, 1584, 1576, 1540, 1516, 14@D8, 1398, 1352,
1306, 1294, 1256, 1234, 1178, 1148, 1104, 1074410846, 1012, 982, 960, 888, 852, 826,
800, 776, 760, 738, 726, 696, 668, 652, 608, 560, 5

HRMS (EI) for C1;H9NO,S (219.0354): 219.0339.

Synthesis of 4-(2-methoxypyridin-3-yl)benzonitrile(129n)
CN

‘ X
N/ OMe
Accordingto TP 6, the metalation of 2-methoxypyridind28ip; 324 mg, 2.0 mmol) was

completed using (GH26N)3Al-3LICI (111; 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
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3 h at 25 °C. The reaction mixture was cooled t0 2@, ZnC} (1.0M solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. Pd(dba)(56 mg,

5 mol-%) and Ry-furyl); (46 mg, 10 mol-%) dissolved in THF (4 mL) wererihteansferred
via cannula to the reaction mixture, followed by tligiion of 4-iodobenzonitrile (504 mg,
2.2 mmol) dissolved in THF (2 mL). The resultingxtoire was warmed to 25 °C and was
stirred at 25 °C for 12 h. The reaction mixture wasnched with a sat. aq. NaHE€»lution
(50 mL) and extracted with diethyl ether (5 x 50)mLhe combined organic layers were
washed with brine (40 mL) and dried over anhydrMgSQO,. After filtration, the solvents
were evaporateth vacuo Purification by column chromatography (pentaretityl ether =
4:1) furnished the compouri®9n (344 mg, 82%) as a yellowish solid.

m.p.: 124.7 °C.

'H-NMR (600 MHz, CDCl3) §: 8.21 (dd,J=5.2, 1.9 Hz, 1 H), 7.65-7.71 (m, 4 H), 7.61 (dd,
J=7.6,1.9 Hz, 1 H), 7.01 (dd5=7.4, 5.0 Hz, 1 H), 3.98 (s, 3 H).

3C-NMR (150 MHz, CDCls) ¢: 160.58, 147.01, 141.51, 138.63, 131.98, 129.82.7D,
118.86, 117.24, 111.13, 53.72.

MS (70 eV, El)m/z(%): 210 (60) [M], 209 (100), 193 (20), 191 (15), 181 (14), 179)(30
146 (31), 140 (12), 132 (11), 131 (77), 103 (39)(P29, 77 (26), 58 (28), 43 (18).

IR (ATR) 7 (cmi?): 3062, 3024, 2998, 2956, 2902, 2224, 1734, 18866, 1582, 1462,
1450, 1444, 1412, 1396, 1340, 1312, 1290, 12504,19204, 1184, 1174, 1156, 1112, 1078,
1016, 1000, 984, 972, 946, 914, 892, 854, 828, 788, 742, 730, 704, 684, 668, 650, 610,
592, 574, 564.

HRMS (EI) for C13H10N20 (210.0793): 210.0786.

Synthesis of (6-chloro-2-methoxypyridin-3-yl)-(2-clorophenyl)methanone (1290)
o cl

AN

=

CI” "N~ “OMe
Accordingto TP 6, the metalation of 6-chloro-2-methoxypyridin28j; 283 mg, 2.0 mmol)
was completed using (&H26N)sAl-3LICI (111, 0.30M solution in THF, 6.7 mL, 2.0 mmol)
within 3.5 h at 0 °C. The reaction mixture was eabto —30 °C, ZnGI(1.0m solution in
THF, 2.2 mL, 2.2 mmol) was added and the mixtures wtirred for 15 min. CuCN-2LiCl
(2.0m solution in THF, 2.2 mL, 2.2 mmol) was added amel teaction mixture was stirred for
20 min. Then, 2-chlorobenzoyl chloride (460 mg, Rmol) was added at —30 °C. The

resulting solution was slowly warmed to 25 °C atidexdd at this temperature for 4 h. The
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reaction mixture was quenched with a sat. aq. Nap€xution (50 mL) and extracted with
diethyl ether (5 x 50 mL). The combined organicelaywere washed with aq. Nidolution
(2m, 30 mL) and with brine (40 mL) and dried over atitous MgSQ. After filtration, the
solvents were evaporatéd vacuo Purification by column chromatography (pentaretfuyl
ether = 14:1) furnished the compout@2Po (507 mg, 90%) as a colourless oil.

'H-NMR (300 MHz, CDCls) 6: 7.95 (d,J=8.0 Hz, 1 H), 7.31-7.44 (m, 4 H), 7.01 (d,
J=8.0 Hz, 1 H), 3.80 (s, 3 H).

¥C-.NMR (75 MHz, CDCls) §: 192.27, 161.68, 152.71, 142.72, 139.35, 131.59,.31,
129.76, 129.48, 126.83, 120.03, 116.94, 54.57.

MS (70 eV, El)m/z(%): 283 (28), 282 (14), 281 (47) [M 248 (14), 246 (34), 172 (37), 170
(100), 156 (25), 141 (16), 139 (48), 111 (19), (DP), 73 (21), 57 (13).

IR (ATR) U (cml): 2954, 1656, 1574, 1558, 1462, 1432, 1422, 13280, 1272, 1264,
1160, 1134, 1094, 1054, 1010, 930, 888, 828, 786, 742, 706, 686, 642, 618.

HRMS (EI) for C13HCI,NO, (281.0010): 280.9999.

Synthesis of 2-triisopropylsilanylbenzothiazole (13a):

S
@: )—TIPS
N

A dry and argon flushed 100-mL Schlenk-Tube, egedbpvith a magnetic stirring bar was
charged with a solution of the benzothiazole (20ah®.68 g) in dry THF (20 mL) and then
cooled to =70 °C. A freshly prepared LDA solutidnv(in THF/h-hexane, 20 mL, 20.0 mmol)
was added dropwise and the reaction mixture wa®dtfor 0.5 h at this temperature. Then,
TIPSCI (30 mmol, 5.8 g) was added and the reacatiotiure was stirred for 2 h at =78 °C.
The reaction mixture was quenched with a sat. dadyQ\ solution (50 mL), extracted with
diethyl ether (3 x 50 mL) and dried over anhydrMgSO,. After filtration, the solvents were
evaporatedn vacuo Purification by column chromatography (pentaretfdyl ether = 200:1)
furnished the compountB0a(5.00 g, 86%) slightly yellow oil.

'H-NMR (400 MHz, DMSO) ¢: 8.16 (d,J=8.0 Hz, 2 H), 7.45-7.55 (m, 2 H), 1.47 (#15.0,
7.5Hz, 3H), 1.13 (dJ=7.4 Hz, 18 H).

13C-NMR (100 MHz, DMSO) §: 171.74, 155.26, 135.13, 125.92, 125.38, 123.03,95,
18.26, 11.05.

MS (70 eV, El)m/z (%): 291 (26), [M], 250 (22), 249 (77), 248 (100), 220 (20), 207)(16
206 (33), 192 (18), 178 (23), 164 (11), 162 (91 151).
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IR (ATR) 7 (cni): 2942, 2892, 2864, 1464, 1456, 1426, 1316, 12926, 1256, 1248,
1072, 1014, 994, 918, 880, 824, 804, 756, 728, 638, 646, 602, 580, 574, 556.
HRMS (EI) for C16H2sNSSi(291.1477): 291.1475.

Synthesis of 2-triethylsilanylbenzothiazole (130b):

s
@[ )—SiEty
N

A dry and argon flushed 100-mL Schlenk-Tube, egedbpvith a magnetic stirring bar was
charged with a solution of the benzothiazole (20ahr®.68 g) in dry THF (20 mL) and then
cooled to O °C. Freshly titrated TMPMQgCI-LIiCl fLin THF, 22 mL, 22.0 mmol) was added
dropwise and the reaction mixture was stirred fdr. Then, ESiCl (30 mmol, 4.5 g) was
added and the reaction mixture was stirred fora2 @ °C. The reaction mixture was quenched
with a sat. ag. NECI solution (50 mL), extracted with diethyl ethé ¥ 50 mL) and dried
over anhydrous MgSQ After filtration, the solvents were evaporatiedvacuo Purification
by column chromatography (ADs; pentane/diethyl ether = 100:1) furnished the coumal
130b(4.18 g, 84 %) slightly yellow oil.

'H-NMR (400 MHz, DMSO) ¢: 8.12 (d,J=7.8 Hz, 2 H), 7.46 (dd)=16.6, 7.9 Hz, 2 H),
0.76-1.08 (m, 15 H).

3C-NMR (100 MHz, DMSO0) §: 171.72, 155.51, 135.31, 125.92, 125.31, 122.92,01,
7.03, 3.13.

MS (70 eV, EI)m/z(%): 249 (4) [M], 222 (20), 221 (100), 220 (34), 192.900 (38), 13S),
137 (7).

IR (ATR) U (cml): 2940, 2884, 2861, 1462, 1457, 1423, 1314, 12903, 1258, 1247,
1072, 1013, 991, 919, 878, 827, 803, 759, 730, 688, 648, 600, 582, 575, 557.

HRMS (EI) for C13H19NSSi(249.1007): 249.0999.

Synthesis of (4-chlorophenyl)-(2-triisopropylsilanybenzothiazol-4-yl)methanone (132a):

S
O )—TIPS
N
S
Cl

According to TP 6, the metalation of 2-triisopropylsilanyl-benzotiaée (130g 216 mg,
2.0 mmol) was completed using1826N)3Al-3LICI (111 0.30M solution in THF, 6.7 mL,
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2.0 mmol) within 12 h at 25 °C. The reaction mietwas cooled to —10 °C, ZnJ(1.0m
solution in THF, 2.2 mL, 2.2 mmol) was added and thixture was stirred for 15 min.
CuCN-2LIiClI (1.0m solution in THF, 2.2 mL, 2.2 mmol) was added anel teaction mixture
was stirred for 20 min. Then, 4-chlorobenzoyl clder (438 mg, 2.5 mmol) was added
at -10 °C. The resulting solution was slowly warnte®5 °C and stirred at this temperature
for 7 h. The reaction mixture was quenched withiume of sat. ag. NkCI solution (50 mL)
and aqg. HCI (2w, 10 mL) and extracted with diethyl ether (3 x 50)mThe combined
organic layers were washed with aq. \d$dlution (2m, 30 mL) and with brine (40 mL) and
dried over anhydrous MgSO After filtration, the solvents were evaporatéd vacuo
Purification by column chromatography (pentanehdietether = 35:1) furnished the
compoundl32a(715 mg, 83%) as a yellow oil.

'H-NMR (400 MHz, DMSO) §: 8.44 (dd,J=8.0, 1.2 Hz, 1 H), 7.74-7.78 (m, 1 H), 7.60-7.69
(m, 3 H), 7.47-7.51 (m, 2 H), 1.18-1.28 (m, 3 HP®(d,J=7.4 Hz, 18 H).

3C-NMR (100 MHz, DMSO) §: 194.95, 173.54, 152.12, 137.80, 136.85, 135.8@,84,
131.15, 128.44, 126.11, 125.48, 125.30, 18.05,910.8

MS (70 eV, El)m/z(%): 429 (8) [M], 389 (23), 388 (47), 387 (55), 386 (100), 344 @2
(9), 258 (11), 150 (7).

IR (ATR) U (cm'): 2942, 2890, 2866, 1660, 1588, 1574, 1486, 14@36, 1398, 1390,
1368, 1306, 1286, 1238, 1204, 1174, 1160, 11466,11090, 1070, 1016, 1002, 986, 970,
936, 882, 852, 816, 792, 758, 744, 724, 680, 650.

HRMS (EI) for C,3H2sCINOSSI (429.1349): 429.1346.

Synthesis of 4m-tolyl-2-triethylsilanyl-benzothiazole (132b)

S
O )—SiEt;
N

l Me

According to TP 6, the metalation of 2-triethylsilanyl-benzothiazo(@30b; 499 mg,
2.0 mmol) was completed using1826N)3Al-3LICI (111, 0.30M solution in THF, 6.7 mL,
2.0 mmol) within 12 h at 25 °C. The reaction migwas cooled to —10 °C, ZnC(1.0m
solution in THF, 2.2 mL, 2.2 mmol) was added and thixture was stirred for 15 min.
Pd(dba) (56 mg, 5 mol-%) and B{furyl); (46 mg, 10 mol-%) dissolved in THF (4 mL) were
then transferreglia cannula to the reaction mixture, followed by tlielition of 3-iodotoluene
(480 mg, 2.2 mmol) dissolved in THF (2 mL). Theuldag solution was warmed to 25 °C
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and was stirred at 25 °C for 12 h. The reactiontinexwas quenched with a mixture of sat. aq.
NH4CI solution (50 mL) and aq. HCI (2, 10 mL) and extracted with diethyl ether (3 x
50 mL). The combined organic layers were washed witine (40 mL) and dried over
anhydrous MgS@ After filtration, the solvents were evaporatedvacuo Purification by
column chromatography (ADs; pentane/diethyl ether = 100:1) furnished the conmal132b
(564 mg, 81%) as a yellowish oil.

'H-NMR (400 MHz, CDCls) 6: 8.13 (ddJ=6.7, 1.1 Hz, 1 H), 7.82 (s, 1 H), 7.69 {&7.5 Hz,

1 H), 7.64 (ddJ=6.5, 1.1 Hz, 1 H), 7.54 (8=7.7 Hz, 1 H), 7.36 (1)=7.7 Hz, 1 H), 7.21 (d,
J=7.5Hz, 1 H), 2.37 (s, 3 H), 1.03 (m, 9 H), 0.88 6 H).

3C-NMR (100 MHz, CDCls) 6: 172.86, 152.70, 138.27, 136.95, 136.54, 135.80.46,
128.13, 127.95, 126.41, 125.66, 125.57, 121.1942717.05, 3.25.

MS (70 eV, El)m/z(%): 339 (8) [M], 213 (25), 311 (100), 310 (38), 283 (22), 255)(2b2
(27), 127 (10).

IR (ATR) v (cm?): 3056, 2952, 2934, 2910, 2874, 1606, 1588, 13480, 1456, 1412,
1378, 1314, 1302, 1284, 1236, 1210, 1180, 11585,10962, 1008, 984, 968, 948, 908, 898,
880, 868, 846, 800, 768, 754, 736, 720, 698, 654.

HRMS (EI) for C,oH2sNSSi(339.1477): 339.1470.

Synthesis of (4-chlorophenyl)phenoxathiin-4-ylmethaone (134):

S

Accordingto TP 6, the metalation of phenoxathiing33 400 mg, 2.0 mmol) was completed
using (G2H26N)3AI-3LICI (111, 0.30Mm solution in THF, 6.7 mL, 2.0 mmol) within 12 h at
25 °C. The reaction mixture was cooled to —10 °@CE (1.0m solution in THF, 2.2 mL,
2.2 mmol) was added and the mixture was stirredfomin. CuCN-2LiCl (1.0 solution in
THF, 2.2 mL, 2.2 mmol) was added and the reactiodure was stirred for 20 min. Then, 4-
chlorobenzoyl chloride (438 mg, 2.5 mmol) was added10 °C. The resulting solution was
slowly warmed to 25 °C and stirred at this tempemtfor 7 h. The reaction mixture was
guenched with a mixture of sat. aq. MH solution (50 mL) and aq. HCI (@, 10 mL) and
extracted with diethyl ether (3 x 50 mL). The conda organic layers were washed with ag.
NH; solution (2m, 30 mL) and with brine (40 mL) and dried over atitous MgSQ. After
filtration, the solvents were evaporated vacuo Purification by column chromatography
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(pentane/diethyl ether = 30:1) furnished the commaol34 (523 mg, 77%) as a yellowish
solid.

m.p.: 83.2-84.7 °C.

'H-NMR (400 MHz, DMSO) 6: 7.73 (ddd,J=8.9, 2.4, 2.2 Hz, 2 H), 7.57-7.61 (m, 2 H),
7.50-7.54 (m, 1 H), 7.34-7.37 (m, 1 H), 7.25-7.8Q 2 H), 7.07-7.12 (m, 2 H), 6.11-6.16 (m,
1 H).

C-NMR (100 MHz, DMSO) ¢: 193.12, 150.62, 148.72, 138.51, 135.88, 130.25,54,
129.01, 128.38, 128.30, 127.67, 127.11, 125.52,18921.22, 119.46, 117.21.

MS (70 eV, El)m/z(%): 340 (39), 339 (21), 338 (100) [M 227 (29), 199 (11), 171 (14),
141 (13), 139 (38), 111 (17), 44 (11).

IR (ATR) v (cm?): 3066, 1722, 1652, 1586, 1568, 1486, 1470, 14422, 1402, 1306,
1276, 1262, 1216, 1176, 1160, 1142, 1120, 11100,10972, 1032, 1016, 976, 962, 952, 930,
906, 870, 848, 834, 820, 798, 782, 746, 730, 728, 878, 654, 628, 604.

HRMS (EI) for C19H;CIO,S (338.0168): 338.0157.

Synthesis of 4-(2-trimethylsilanylbenzofuran-7-yl)lenzoic acid ethyl ester (136)

\ TMS
o

CO,Et
Accordingto TP 6, the metalation of 2-trimethylsilanyl-benzofurda8% 380 mg, 2.0 mmol)
was completed using (@H26N)3Al-3LICI (111, 0.30m solution in THF, 6.7 mL, 2.0 mmol)
within 8 h at 25 °C. The reaction mixture was cddie —10 °C, ZnGl(1.0M solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. Pd(dba)(56 mg,
5 mol-%) and Rg-furyl); (46 mg, 10 mol-%) dissolved in THF (4 mL) wereriiteansferred
via cannula to the reaction mixture, followed by tleliion of ethyl 4-iodobenzoate (607 mg,
2.2 mmol) dissolved in THF (2 mL). The resultindumn was warmed to 25 °C and was
stirred at 25 °C for 6 h. The reaction mixture wagnched with a mixture of sat. aq. MNH
solution (50 mL) and ag. HCI (2, 10 mL) and extracted with diethyl ether (3 x 50)nThe
combined organic layers were washed with brinendQ and dried over anhydrous Mg&O
After filtration, the solvents were evaporateith vacuo Purification by column
chromatography on alumina (pentane/diethyl ethet08:1) furnished the compouritB6
(564 mg, 81%) as a yellowish oil.
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'H-NMR (400 MHz, CDCls) o; 8.05-8.11 (m, 4 H), 7.69 (dl=7.6 Hz, 1 H), 7.60 (d,
J=7.4Hz, 1 H), 7.35 (tJ=7.6 Hz, 1 H), 7.27 (s, 1 H), 4.34 (&7.0 Hz, 2 H), 1.35 (1,
J=7.1 Hz, 3 H), 0.34 (s, 9 H).

13C-NMR (100 MHz, CDCls) 6: 165.44, 163.34, 154.40, 140.58, 129.50, 128.28,75,
128.24, 123.87, 123.33, 122.97, 121.63, 116.67,160.4.14, -1.93.

MS (70 eV, El)m/z(%): 339 (24), 338 (100) [f, 323 (27), 293 (12), 263 (14), 251 (23),
235 (33), 139 (23).

IR (ATR) 7 (cmi%): 2974, 2959, 2904, 1705, 1610, 1540, 1479, 14493, 1394, 1366,
1284, 1267, 1244, 1217, 1178, 1157, 1129, 109% 10856, 1026, 969, 937, 905, 840, 795,
762, 744, 696, 644, 635, 625, 621.

HRMS (EI) for CoH205Si (338.1338): 338.1333.

Synthesis of 7-(4-methoxyphenyl)-2,3-dihydrobenzofan (138)

L,

OMe
Accordingto TP 6, the metalation of 2,3-dihydro-benzofura87, 240 mg, 2.0 mmol) was
completed using (GH26N)3Al-3LICI (111; 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
12 h at 25 °C. The reaction mixture was cooled 16 =C, ZnC} (1.0m solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. Pd(dba)(56 mg,
5 mol-%) and Ry-furyl); (46 mg, 10 mol-%) dissolved in THF (4 mL) wererihteansferred
via cannula to the reaction mixture, followed by thadidon of 4-iodoanisole (514 mg,
2.2 mmol) dissolved in THF (2 mL). The resultingutmn was warmed to 25 °C and was
stirred at 25 °C for 2 h. The reaction mixture wagnched with a mixture of sat. aq. MH
solution (50 mL) and ag. HCI ({2, 10 mL) and extracted with diethyl ether (3 x 50)nThe
combined organic layers were washed with brinendQ and dried over anhydrous Mg&O
After filtration, the solvents were evaporateith vacuo Purification by column
chromatography (pentane/diethyl ether = 50:1) &hrad the compounti38 (385 mg, 85%)
as a colourless solid.
m.p.: 125.6-126.3 °C.
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'H-NMR (400 MHz, CDCls) 8: 7.63 (dddJ=9.3, 2.9, 2.6 Hz, 2 H), 7.20-7.26 (m, 1 H), 7.14
(dq, J=7.2, 1.2 Hz, 1 H), 6.89-6.98 (m, 3 H), 4.60X%8.8 Hz, 2 H), 3.83 (s, 3 H), 3.26 (i,
J=8.8 Hz, 2 H).

13C-NMR (100 MHz, CDCls) 6: 158.74, 156.97, 129.81, 129.42, 127.59, 127.23,3B,
123.26, 120.82, 113.81, 70.91, 55.29, 29.90.

MS (70 eV, El)m/z(%): 227 (15), 226 (100) [{, 212 (9), 211 (54), 183 (9), 153 (8).

IR (ATR) 7 (cm): 3026, 3016, 2970, 2928, 2916, 2900, 2838, 14684, 1572, 1514,
1506, 1470, 1452, 1436, 1404, 1326, 1304, 12722, 12200, 1176, 1146, 1110, 1092, 1062,
1030, 984, 968, 942, 894, 840, 826, 790, 770, 72Q, 668, 640, 612, 566.

HRMS (EI) for C1sH 140 (226.0994): 226.0980.

Synthesis of (4-chlorophenyl)-(2,3-dihydrobenzo[1]dioxin-5-yl)methanone (140a):

Cl
s
0
L)
Accordingto TP 6, the metalation of benzo[1,4]dioxan&3@g 272 mg, 2.0 mmol) was
completed using ({zH26N)3Al-3LICI (111, 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
12 h at 25 °C. The reaction mixture was cooled 16 =C, ZnC} (1.0m solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. CuCN-2LiCl (1.0
solution in THF, 2.2 mL, 2.2 mmol) was added and tkaction mixture was stirred for
20 min. Then, 4-chlorobenzoyl chloride (460 mg, @2Mmol) was added at —10 °C. The
resulting solution was slowly warmed to 25 °C atided at this temperature for 10 h. The
reaction mixture was quenched with a mixture of agt NH,CI solution (50 mL) and aq. HCI
(2™, 10 mL) and extracted with diethyl ether (3 x 50)nThe combined organic layers were
washed with ag. Nkisolution (2m, 30 mL) and with brine (40 mL) and dried over aditous
MgSQ,. After filtration, the solvents were evaporated vacuo Purification by column
chromatography (pentane/diethyl ether = 10:1) &hvad the compount40a (427 mg, 78%)
as a yellowish solid.
m.p.: 146.9-148.9 °C.
'H-NMR (400 MHz, DMSO) 6: 7.74 (ddd J=8.9, 2.5, 2.2 Hz, 2 H), 7.58 (ddd8.9, 2.5,
2.2 Hz, 2 H), 7.06 (dd}=8.0, 1.8 Hz, 1 H), 6.95 (§=7.7 Hz, 1 H), 6.89 (dd]=7.5, 1.7 Hz,
1 H), 4.22-4.29 (m, 2 H), 4.12-4.17 (m, 2 H).
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3C-NMR (100 MHz, DMSO) §: 193.59, 143.56, 141.31, 138.29, 135.58, 131.28,8D,
127.85, 121.07, 120.78, 119.50, 64.04, 63.87.

MS (70 eV, E)m/z(%): 276 (17), 274 (53) [N, 163 (100), 139 (26), 111 (14).

IR (ATR) 7 (cm): 2950, 1656, 1598, 1586, 1572, 1488, 1468, 14396, 1382, 1366,
1312, 1304, 1280, 1260, 1240, 1220, 1192, 11726,11510, 1088, 1042, 1014, 990, 954,
924, 894, 860, 834, 800, 790, 752, 732, 722, 668, 658, 628, 604, 580, 554.

HRMS (EI) for C1sH1,ClO5 (274.0397): 274.0394.

Synthesis of 4p-tolylbenzo[1,3]dioxole (140b):

Me
According to TP 6, the metalation of benzo[1,3]dioxol@é39b, 244 mg, 2.0 mmol) was
completed using (GH26N)3Al-3LICI (111; 0.30M solution in THF, 6.7 mL, 2.0 mmol) within
12 h at 25 °C. The reaction mixture was cooled 16 =C, ZnC} (1.0m solution in THF,
2.2 mL, 2.2 mmol) was added and the mixture wasestifor 15 min. Pd(dba)(56 mg,
5 mol-%) and Ri-furyl); (46 mg, 10 mol-%) dissolved in THF (4 mL) werertheansferred
via cannula to the reaction mixture, followed by thadidion of 4-iodotoluene (480 mg,
2.2 mmol) dissolved in THF (2 mL). The resultingutmn was warmed to 25 °C and was
stirred at 25 °C for 2 h. The reaction mixture wagnched with a mixture of sat. aq. MH
solution (50 mL) and aq. HCI (@, 5 mL) and extracted with diethyl ether (3 x 50)mLChe
combined organic layers were washed with brinen{ and dried over anhydrous Mg&O
After filtration, the solvents were evaporateith vacuo Purification by column
chromatography (pentane/diethyl ether = 50:1) &had the compounti40b (318 mg, 75%)
as a colourless solid.
m.p.: 95.9 -97.1 °C.
'H-NMR (400 MHz, CDCls) 6: 7.24-7.29 (m, 4 H), 6.81-6.91 (m, 2 H), 6.77 (dd7.6,
1.6 Hz, 1 H), 5.94 (s, 2 H), 2.27 (s, 3 H).
3C-NMR (100 MHz, CDCls) ¢: 147.17, 136.40, 135.85, 130.16, 129.89, 127.98,6D,
123.39, 121.47, 107.52, 100.57, 20.01.
MS (70 eV, El)m/z(%): 213 (14), 212 (100) [\, 211 (18), 181 (13), 169 (13), 165 (13),
153 (17), 152 (20), 141 (11), 135 (11), 105 (18)(¥2), 57 (20).
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IR (ATR) 7 (cmi%): 2914, 1590, 1498, 1472, 1436, 1380, 1360, 12200, 1252, 1202,
1186, 1158, 1130, 1120, 1086, 1056, 1024, 936, 836, 832, 798, 784, 760, 736, 724, 664,
628, 604.

HRMS (EI) for C14H 1,0, (212.0837): 212.0834.

Synthesis of 2-(2-phenylsulfanylethyl)acrylic acicthyl ester (142)

@SN
CO,Et

Accordingto TP 6, the metalation of thioanisold41; 248 mg, 2.0 mmol) was completed
using (G2H26N)3AI-3LICI (111; 0.30M solution in THF, 6.7 mL, 2.0 mmol) within 15 h at
25 °C. The reaction mixture was cooled to 0 °C, Bn@.0OM solution in THF, 2.2 mL,
2.2 mmol) was added and the mixture was stirredfomin. CuCN-2LiCl (1.0 solution in
THF, 0.5mL, 0.5 mmol) was added, followed by theldidon of ethyl 2-
(bromomethyl)acrylate (483 mg, 2.5 mmol) and th&uleng solution was stirred for 1 h at
0 °C. The reaction mixture was quenched with a mn&of sat. agq. NkCI solution (50 mL)
and ag. HCI (2w, 10 mL) and extracted with diethyl ether (3 x 50)mThe combined
organic layers were washed with aq. \ddlution (2m, 30 mL) and with brine (40 mL) and
dried over anhydrous MgSO After filtration, the solvents were evaporatéd vacuo
Purification by column chromatography (pentanehdietether = 30:1) furnished the
compoundsa (276 mg, 59%) as a yellowish oil.

'H-NMR (300 MHz, CDCl3) 8: 7.32-7.37 (m, 2 H), 7.25-7.31 (m, 2 H), 7.13-7(k§ 1 H),
6.22 (d,J=1.2 Hz, 1 H), 5.59 (q)=1.2 Hz, 1 H), 4.20 (q)=7.1 Hz, 2 H), 3.04-3.10 (m, 2 H),
2.63 (dddJ=8.1, 6.9, 1.2 Hz, 2 H), 1.29 (7.0 Hz, 3 H).

¥C-NMR (75 MHz, CDCls) J: 166.59, 138.64, 136.16, 129.06, 128.87, 126.5%5,.88,
60.76, 32.32, 32.24, 14.17.

MS (70 eV, Elym/z(%): 236 (15) [M], 127 (52), 123 (100), 110 (11), 99 (41), 81 (173,
(11), 45 (52).

IR (ATR) U (cm?): 3058, 2980, 2930, 1710, 1630, 1584, 1480, 14388, 1368, 1302,
1270, 1228, 1180, 1120, 1094, 1026, 980, 948, 868, 810, 738, 720, 690, 668, 658, 642,
606, 576, 568, 554.

HRMS (EI) for C13H1602S(236.0871): 236.0860.
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13.10 Directed Metalation of Aromatics and Heteroeomatics Using
TMP 3La-3MgCl,-5LiCl (143)

Synthesis of 3-methyl-1-(5-phenyl-1,3,4-oxadiazobd)but-2-en-1-one (149a):

T w
P

Accordingto TP 7, the metalation of 2-phenyl-1,3,4-oxadiazd@é& 458 mg, 2.0 mmol) was
completed using TMf2a-3MgCb-5LiCl (143 0.33Mm in THF, 2.2 mL, 0.72 mmol) within
0.5 h at —45 °C. Then, 3,3-dimethyl acryloyl chileri(260 mg, 2.2 mmol) was added, and the
resulting mixture was stirred for 2 h at —45 °CeTaction mixture was quenched with a sat.
ag. NH,CI solution (40 mL), extracted with diethyl ethé& X 50 mL). The combined organic
layers were washed with brine (30 mL) and driedr@aréhydrous MgS@ After filtration, the
solvent was evaporated vacuo The crude product was purified by column chrorgedphy
(pentane/diethyl ether = 4:1) to gitd9a (342 mg, 75%) as a yellowish solid. (Please note:
unstable in solution!)

m.p.: 64.7 °C.

'H-NMR (400 MHz, CDCl3) §: 8.01-8.03 (m, 2 H), 7.44-7.54 (m, 3 H), 6.11 (@#2.5,
1.3 Hz, 1 H), 1.90 (d}=1.3 Hz, 3 H), 1.80 (d}=1.3 Hz, 3 H).

3C-NMR (100 MHz, CDCls) ¢: 166.11, 165.57, 144.57, 132.12, 129.03, 127.23,3D,
120.02, 69.37, 27.07, 19.29.

MS (70 eV, El)m/z(%): 228 (87) [M], 227 (80), 211 (72), 200 (34), 160 (100), 147)(13
129 (11), 118 (12), 105 (29), 104 (23), 103 (3B)(®1), 83 (84), 82 (74), 77 (56), 55 (55).

IR (ATR) U (cm?): 3183, 3064, 2971, 2885, 1721, 1666, 1609, 13862, 1484, 1449,
1375, 1291, 1204, 1178, 1138, 1089, 1068, 10382,1920, 958, 926, 906, 779, 766, 734,
707, 688.

HRMS (ESI) for C13H12N20, (228.0899): 229.0973.

Synthesis of 4-phenyl-1-(5-phenyl-1,3,4-oxadiazoh®)cyclohexanol (149b):
OH

Ph o)
ht »—Q
N-N

Accordingto TP 7, the metalation of 2-phenyl-1,3,4-oxadiazd@é& 458 mg, 2.0 mmol) was
completed using TMfa-3MgCb-5LICI (143 0.33M in THF, 2.2 mL, 0.72 mmol) within

Ph
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0.5 h at —45 °C. Then, 4-phenyl cyclohexanone (8% 2.0 mmol) was added, and the
resulting mixture was stirred for 1 h at —45 °CeTaction mixture was quenched with a sat.
ag. NH,CI solution (40 mL), extracted with diethyl ethé& X 50 mL). The combined organic
layers were washed brine (30 mL) and dried overydrdus MgSQ. After filtration, the
solvent was evaporated vacuo The crude product was purified by column chrormgedphy
(pentane/diethyl ether = 1:2) to gi¥d9b (512 mg, 80%) as a yellowish solid.

m.p.: 122.0-124.2 °C.

'H-NMR (300 MHz, CDCl3) 8: 7.99-8.10 (m, 2 H), 7.43-7.55 (m, 3 H), 7.24-7(82 2 H),
7.14-7.21 (m, 3 H), 4.31 (br, 1 H), 2.71-2.80 ("H)R 2.63-2.69 (m, 1 H), 1.94-2.10 (m, 4 H),
1.62-1.78 (m, 2 H).

3C-NMR (75 MHz, CDCl3) 6: 168.64, 164.86, 145.56, 131.76, 128.92, 128.26,9426
126.69, 126.09, 123.48, 70.03, 42.86, 36.88, 30.75.

MS (70 eV, El)m/z(%): 320 (56) [M], 303 (15), 302 (53), 287 (15), 249 (33), 174 (100
160 (27), 156 (16), 147 (37), 146 (42), 145 (180 116), 119 (55), 118 (20), 117 (55), 115
(30), 108 (20), 105 (40), 104 (86), 103 (87), 99)(BO (16), 77 (43), 76 (24).

IR (ATR) U (cml): 3326, 2949, 2936, 1558, 1549, 1493, 1484, 14437, 1366, 1351,
1222, 1192, 1181, 1137, 1126, 1091, 1072, 10634,10206, 965, 927, 920, 904, 888, 872,
858, 836, 808, 802, 792, 776, 759, 746, 722, 782, 648, 631.

HRMS (EI) for Cy0H20N20, (320.1525): 320.1522.

Synthesis of 2,6-dibenzylidene-7'-fluorospiro[cycleexane-1,1'-isobenzofuran]-3'-one
(153a):

Accordingto TP 7, the metalation of methyl 3-fluorobenzoat®g 308 mg, 2.0 mmol) was
completed using TMfa-3MgCb-5LICI (143 0.33M in THF, 2.2 mL, 0.72 mmol) within
45 min at -5 °C. Then, 2,6-dibenzylidenecyclohexen(b50 mg, 2.0 mmol) was added, and
the resulting mixture was stirred for 1 h at -5 T@e reaction mixture was quenched with
brine (40 mL), extracted with diethyl ether (5 x Q). The combined organic layers were
washed with brine (30 mL) and dried over anhydrglgSO,. After filtration, the solvent was
evaporatedn vacuo The crude product was purified by column chrormgedphy (AbOs,

pentane/diethyl ether = 8:1) to gi¥83a(690 mg, 87%) as a colourless solid.
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m.p.: 133.5 °C.

'H-NMR (600 MHz, CDCls) &: 7.86 (d,J=7.4 Hz, 1 H), 7.66 (td]=7.9, 4.3 Hz, 1 H), 7.49 (t,
J=8.4 Hz, 1 H), 7.29-7.33 (m, 4 H), 7.21-7.25 ({2 7.13-7.18 (m, 4 H), 6.09 (s, 2 H), 3.03
(dt, J=14.5, 4.2 Hz, 2 H), 2.67-2.74 (m, 2 H), 1.94-1(89 1 H), 1.61 (m, 1 H).

3C-NMR (150 MHz, CDCls) 6: 167.73 (d*Jce=1.7 Hz), 157.20 (dJc=253 Hz), 137.95 (d,
Jer=1.1 Hz), 136.35, 134.35 (f]c=17 Hz), 132.24 (d?Jc=6.5 Hz), 130.41 (Jcr=3.3 Hz),
128.95, 128.11, 127.11, 126.75 (dr=1.1 Hz), 122.67 (dJcr=4.0 Hz), 121.09 (ZJcr=21
Hz), 94.18 (dJcr=4 Hz), 26.63, 25.73.

MS (70 eV, El)m/z(%): 397 (21), 396 (63) [, 353 (29), 352 (100), 324 (16), 323 (19),
309 (30), 307 (17), 292 (23), 275 (22), 274 (183 215), 261 (52), 259 (23), 247 (19), 246
(30), 245 (66), 233 (43), 221 (16), 220 (21), 188)( 115 (22), 105 (21), 91 (39).

IR (ATR) U (cm?): 3133, 3082, 1715, 1656, 1609, 1568, 1463, 14338, 1386, 1284,
1242, 1232, 1206, 1188, 1172, 1152, 1080, 10190,1903, 966, 931, 898, 882, 871, 846,
824, 796, 770, 758, 741, 684, 618.

HRMS (El) for Co7H21FO, (396.1526): 396.1519.

Synthesis of 3-fluoro-2-(furan-2-carbonyl)benzoic ed methyl ester (153b):

O CO,Me
o)

\ |
F

Accordingto TP 7, the metalation of methyl 3-fluorobenzoai®1g 308 mg, 2.0 mmol) was
completed using TMf2a-3MgCb-5LiCl (143 0.33Mm in THF, 2.2 mL, 0.72 mmol) within
45 min at -5 °C. Then, 2-furoyl chloride (287 mg2 2nmol) was added, and the resulting
mixture was stirred for 1 h at -5 °C. The reactiwirture was quenched with a sat. aq.,8H
solution (40 mL), extracted with diethyl ether (%8 mL). The combined organic layers were
washed with aq. Ng(2 m, 30 mL), brine (30 mL) and dried over anhydrousS@g After
filtration, the solvent was evaporatéd vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 4:1) teedi83b (425 mg, 85%) as a colourless
solid.

m.p.: 133.5 °C.

'H-NMR (600 MHz, CDCls) 6: 7.75 (dd J=7.8, 1.1 Hz, 1 H), 7.58 (dd=1.7, 0.8 Hz, 1 H),
7.51 (td,J=8.1, 5.5 Hz, 1 H), 7.33 (td=8.5, 1.1 Hz, 1 H), 7.03 (d=3.6 Hz, 1 H), 6.53 (dd,
J=3.6, 1.7 Hz, 1 H), 3.73 (s, 3 H).
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13C-NMR (150 MHz, CDCls) §: 179.68 (d2Jce=1.7 Hz), 165.09 (d}Jcr=3.3 Hz), 159.27 (d,
1Jcr=249 Hz), 152.77, 147.17, 131.03 {dcr=8.4 Hz), 130.75 (dJc=3.6 Hz), 128.27 (d,
2Jcr=20 Hz), 126.03 (d)c=3.3 Hz), 120.25 (fJc=22 Hz), 118.77, 112.48, 52.54.

MS (70 eV, El)m/z(%): 248 (83) [M], 220 (47), 219 (62), 217 (77), 205 (46), 181 (880
(25), 150 (23), 148 (28), 133 (33), 127 (32), 128)( 97 (29), 95 (100), 83 (33), 81 (25), 71
(27), 69 (55), 57 (63), 55 (59), 44 (49).

IR (ATR) U (cm'): 3133, 3082, 1715, 1656, 1609, 1568, 1463, 14838, 1386, 1284,
1242, 1232, 1206, 1188, 1172, 1152, 1080, 10190,1903, 966, 931, 898, 882, 871, 846,
824, 796, 770, 758, 741, 684, 618.

HRMS (EI) for C13HoFO, (248.0485):248.0476.

Synthesis of 7-fluoro-3-spiro[2-benzofuran-1,1'-cyclohexan]-3-one (153c):

Q
Q

F
Accordingto TP 7, the metalation of ethyl 3-fluorobenzoater;(336 mg, 2.0 mmol) was

completed using TMf2a-3MgCb-5LiCl (143 0.33Mm in THF, 2.2 mL, 0.72 mmol) within
0.5 h at 0 °C. Then, cyclohexanone (216 mg, 2.2 lrpeemixed with LaGJ-2LiCl (0.50m

in THF, 1.0 mL, 0.5 mmol) was added, and the resylinixture was stirred for 1 h at 0 °C.
The reaction mixture was quenched with sat. aq.Qltsolution (40 mL), extracted with
diethyl ether (5 x 50 mL). The combined organicelsywere washed with brine (30 mL) and
dried over anhydrous MgSQOAfter filtration, the solvent was evaporatedvacuo The crude
product was purified by column chromatography (peetdiethyl ether = 9:1) to givE53c
(360 mg, 82%) as a colourless solid.

m.p.: 160.0 °C.

'H-NMR (400 MHz, DMSO) ¢: 7.59-7.64 (m, 1 H), 7.52-7.58 (m, 1 H), 7.41-7(48 1 H),
2.06-2.11 (m, 2 H), 1.64-1.81 (m, 6 H), 1.29-1.5% 2 H).

13C-NMR (100 MHz, DMSO) 6: 167.32 (dJcr=1.5 Hz), 155.96 (d\Jce=250 Hz), 139.36 (d,
2Jcr=17 Hz), 131.37 (d3Jc=5.3 Hz), 128.08 (dJc=4.3 Hz), 123.23 (dcr=2.2 Hz),
120.88 (d2Jc=20 Hz), 85.02 (Jc=4.0 Hz), 34.16, 34.15, 23.90, 21.61.

MS (70 eV, El)m/z(%): 220 (26) [M], 177 (59), 165 (14), 164 (78), 127 (18), 123 (1B)4
(12), 111 (13), 97 (33), 84 (17), 83 (36), 82 (1A, (19), 77 (13), 71 (35), 70 (27), 69 (53),
57 (60), 56 (31), 55 (57), 44 (100).
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IR (ATR) 7 (cmi%): 2939, 2867, 2850, 1761, 1714, 1598, 1482, 14@B2, 1354, 1291,
1278, 1250, 1239, 1230, 1219, 1174, 1146, 11046,10056, 1036, 983, 916, 862, 834, 814,
780, 754, 704, 674, 649, 632, 611.

HRMS (EI) for C1sH15FO, (220.0900): 220.0882.

Synthesis of ethyl 2-(4-chlorobenzoyl)-3-fluorobermate (153d):
CO,Et

O
CI

Accordingto TP 7, the metalation of ethyl 3-fluorobenzoater,(336 mg, 2.0 mmol) was
completed using TMfa-3MgCb-5LICI (143 0.33m in THF, 2.2 mL, 0.72 mmol) within
0.5h at 0 °C. Then, 4-chlorobenzoyl chloride (38§, 2.2 mmol) was added, and the
resulting mixture was stirred for 1 h at 0 °C. Thaction mixture was quenched with a sat. aqg.
NH,4CI solution (40 mL), extracted with diethyl ethéy X 50 mL). The combined organic
layers were washed with ag. MKR M, 30 mL), brine (30 mL) and dried over anhydrous
MgSQ,. After filtration, the solvent was evaporatedvacuo The crude product was purified
by column chromatography (pentane/diethyl etherH % give153d (538 mg, 88%) as a
colourless solid.

m.p.: 133.1 °C °C.

'H-NMR (400 MHz, CDCl3) §: 7.95 (d,J=7.8 Hz, 1 H), 7.77 (dt, 2 H), 7.52-7.61 (m, 1 H),
7.45 (dt,J=8.9, 2.3, 2.1 Hz, 2 H), 7.38 (td:8.5, 1.2 Hz, 1 H), 4.19 (d=7.1 Hz, 2 H), 1.14
(t, JI=7.2 Hz, 3 H).

13C-NMR (100 MHz, CDCls) §: 194.44 (d3Jce=1.0 Hz), 164.54 (Jcr=3.6 Hz), 159.04 (d,
1Jc=248 Hz), 140.00, 135.44, 130.84 (@=3.4 Hz), 130.79 (d*Jc=8.0 Hz), 130.30,
129.06 (d2Jce=20 Hz), 126.29 (dJce=3.4 Hz), 120.29 (FfJc=22 Hz), 61.92, 13.70.

IR (ATR) U (cm?): 2996, 1713, 1674, 1585, 1477, 1451, 1401, 13@89, 1268, 1199,
1180, 1154, 1091, 1027, 965, 929, 847, 761, 748, G85.

MS (70 eV, El)m/z(%): 306 (41) [M], 261 (32), 195 (38), 167 (100), 141 (29), 139)(95
111 (28).

HRMS (El) for C16H1,CIFO3 (306.0459): 306.0461.

Synthesis of 6-fluoro-4'-triisopropylsilanyloxybiphenyl-2-carboxylic acid ethyl ester
(153e):
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TIPSO ‘c O,

=

F/\

Accordingto TP 7, the metalation of ethyl 3-fluorobenzoater,(336 mg, 2.0 mmol) was
completed using TMfa-3MgCb-5LICI (143 0.33m in THF, 2.2 mL, 0.72 mmol) within
0.5 h at 0 °C. (4-iodophenoxy)(triisopropyl)silaf@25 mg, 2.2 mmol) and Pd(P$h(58 mg,
2.5 mol-%) were added at 0 °C and the mixture wiaed for 2 h at 0 °C and 1 h at 25 °C.
The reaction mixture was quenched with a sat. dadyQ\ solution (40 mL), extracted with
diethyl ether (3 x 50 mL). The combined organicelsywere washed with brine (30 mL) and
dried over anhydrous MgSQOAfter filtration, the solvent was evaporatedvacuo The crude
product was purified by column chromatography (peatdiethyl ether = 30:1) to givil3e
(657 mg, 79%) as a colourless oil.

'H-NMR (300 MHz, CDCls) d: 7.48-7.52 (m, 1 H), 7.27-7.32 (m, 1 H), 7.17-7(1, 1 H),
7.08-7.13 (m, 2 H), 6.86 (ddd9.1, 2.8, 2.5 Hz, 2 H), 4.00 7.1 Hz, 2 H), 1.13-1.35 (m,
21 H), 0.94 (t)=7.1 Hz, 3 H).

3C-NMR (75 MHz, CDCls) 6: 168.02 (d,*Jc=3.6 Hz), 159.77 (d'Jcr=246 Hz), 155.83,
134.33 (d,Jcr=2.8 Hz), 130.46 (d*Jc=1.6 Hz), 129.25 (d2Jc=18 Hz), 128.31 (d,
33c=8.5 Hz), 126.51, 124.99 (d)cr=3.6 Hz), 119.36, 118.35 (d)c=24 Hz), 61.11, 17.91,
13.70, 12.70.

MS (70 eV, El)m/z(%): 417 (11), 416 (35) [N, 374 (25), 373 (91), 345 (30), 327 (16), 317
(14), 299 (26), 285 (14), 272 (17), 271 (100), 268), 257 (64), 144 (21), 136 (41), 129 (18).
IR (ATR) v (cm?): 2945, 2893, 2867, 1718, 1606, 1578, 1568, 13454, 1390, 1367,
1261, 1244, 1176, 1138, 1102, 1077, 1021, 997, 953, 882, 838, 808, 766, 753, 720, 681,
662, 646.

HRMS (EI) for Cp4H33FO3Si (416.2183): 416.2179.

Synthesis of 4-chloro-3,3-dicyclopropyl-B-isobenzofuran-1-one (153f):

O]
@]

Cl
Accordingto TP 7, the metalation of ethyl 3-chlorobenzoa®&'l§; 370 mg, 2.0 mmol) was
completed using TMfa-3MgCb-5LICI (143 0.33wM in THF, 2.2 mL, 0.72 mmol) within
3.5 h at 0 °C. Then, dicyclopropyl ketone (242 rag mmol), premixed with LaG2LiCl
(0.5M in THF, 1.0 mL, 0.5 mmol) was added, and the tesgimixture was stirred for 1 h at
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0 °C. The reaction mixture was quenched with sat.NeHCQ solution (40 mL), extracted
with diethyl ether (5 x 50 mL). The combined orgalaiyers were washed with brine (30 mL)
and dried over anhydrous MgaQAfter filtration, the solvent was evaporatiedvacuo The
crude product was purified by column chromatograffyO3;, pentane/diethyl ether = 9:1) to
give 153f (342 mg, 69%) as a colourless solid.

m.p.: 105.5 °C.

'H-NMR (400 MHz, DMSO) ¢: 7.88 (dd,J=7.8, 1.0 Hz, 1 H), 7.80 (dd=7.6, 1.0 Hz, 1 H),
7.63 (t,J=7.6 Hz, 1 H), 1.66-1.73 (m, 2 H), 0.63-0.73 (nH}% 0.27-0.35 (m, 2 H), -0.02-0.05
(m, 2 H).

3C-NMR (100 MHz, DMSO) §: 167.77, 149.80, 135.83, 131.47, 127.38, 127.22,20,
86.25, 15.46, 2.48, -0.48.

MS (70 eV, El)m/z(%): 248 (1), [M], 222 (33), 221 (14), 220 (100), 209 (22), 207)(6904
(12), 192 (38), 191 (14), 189 (18), 179 (10), 153)( 151 (15), 139 (12), 138 (11), 129 (21),
128 (17), 127 (12), 116 (18), 115 (36), 110 (1B)(¥8), 69 (12).

IR (ATR) U (cm'): 3394, 3089, 3009, 2926, 2855, 1798, 1760, 11842, 1606, 1584,
1458, 1423, 1376, 1325, 1265, 1213, 1197, 11764,118630, 1106, 1052, 1043, 1024, 1016,
1002, 991, 972, 930, 912, 880, 854, 828, 816, 883, 762, 702, 668, 616.

HRMS (EI) for C14H13CIO; (248.0604): 248.0602.

Synthesis of ethyl 6-chloro-4'-methoxybiphenyl-2-adoxylate (1539):

MeO
O CO,Et
cl g

Accordingto TP 7, the metalation of ethyl 3-chlorobenzoa®&'l§; 370 mg, 2.0 mmol) was
completed using TMf2a-3MgCb-5LiCl (143 0.33Mm in THF, 2.2 mL, 0.72 mmol) within
3.5h at 0 °C. Then, 4-iodoanisole (491 mg, 2.1 mrand Pd(PP%),; (58 mg, 2.5 mol-%)
were added at 0 °C and the mixture was stirre@forat 0 °C and 1 h at 25 °C. The reaction
mixture was quenched with a sat. aq. /8Hsolution (40 mL), extracted with diethyl ether
(3 x 50 mL). The combined organic layers were wedshih brine (30 mL) and dried over
anhydrous MgS@ After filtration, the solvent was evaporatedvacuo The crude product
was purified by column chromatography (pentanetgietther = 20:1) to givé53g(435 mg,
75%) as a colourless ail.

277



Experimental Part: Directed Metalation Using TM&-3MgCb-5LiCl

'H-NMR (600 MHz, CDCl3) &: 7.67 (dd,J=7.9, 1.3 Hz, 1 H), 7.58 (dd=8.0, 1.3 Hz, 1 H),
7.32 (,J=7.9 Hz, 1 H), 7.14-7.18 (m, 2 H), 6.92-6.96 (MHR 4.01 (q,J=7.2 Hz, 2 H), 3.84
(s, 3 H), 0.97 (t)=7.1 Hz, 3 H).

13C-NMR (150 MHz, CDCls) 6: 167.75, 159.09, 139.83, 134.81, 134.57, 132.88,34,
130.26, 128.10, 127.62, 113.25, 61.11, 55.20, 13.69

MS (70 eV, El)m/z(%): 292 (30), 291 (15), 290 (100) [M 262 (14), 247 (16), 245 (45),
211 (15), 210 (33), 139 (20).

IR (ATR) 7 (cmi%): 2981, 2960, 2936, 2906, 2837, 1717, 1612, 138d8, 1560, 1515,
1464, 1453, 1435, 1412, 1390, 1366, 1284, 1243211876, 1148, 1106, 1084, 1035, 1018,
1001, 892, 862, 830, 804, 763, 749, 736, 711, 636.

HRMS (EI) for C16H1sClO3 (290.0710): 290.0709.

Synthesis of ethyl 2-benzoyl-3-chlorobenzoate (69e)
CO,Et

Accordingto TP 7, the metalation of ethyl 3-chlorobenzoa®&'l§; 370 mg, 2.0 mmol) was
completed using TMf2a-3MgCb-5LiCl (143 0.33Mm in THF, 2.2 mL, 0.72 mmol) within
3.5h at 0°C. Then, benzoyl chloride (310 mg, éthol) was added, and the resulting
mixture was stirred for 1 h at 0 °C. The reactiontare was quenched with a sat. aq. /OH
solution (40 mL), extracted with diethyl ether (%8 mL). The combined organic layers were
washed with aq. Ng(2 m, 30 mL), brine (30 mL) and dried over anhydrousS@g After
filtration, the solvent was evaporatéd vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 7:1) te §&e (538 mg, 81%) as a colourless solid.
m.p.: 108.6-109.6 °C.

'H-NMR (300 MHz, CDCls) d: 8.08 (m, 1 H), 7.81 (m, 2 H), 7.44-7.68 (m, 5 H)17 (q,
J=7.1 Hz, 2 H), 1.10 (}=7.1 Hz, 3 H).

3C-NMR (75 MHz, CDCls) 6: 194.52, 164.82, 140.65, 136.91, 134.15, 133.63,.97,
130.89, 130.11, 129.24, 128.93, 62.09, 13.84.

MS (70 eV, El)m/z(%): 290 (19), 288 (43) [N, 242 (32), 211 (73), 211 (26), 185 (32), 183
(100), 152 (10), 151 (13), 105 (87), 77 (31).

IR (ATR) U (cm™): 1706, 1672, 1584, 1564, 1430, 1366, 1284, 12032, 1074, 1028, 928,
866, 764, 744, 734, 702, 652, 618.

HRMS (EI) for C16H13ClIO3(288.0553): 288.0569.
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Synthesis of methyl 3-chloro-2-(4-chlorobenzoyl)beroate (153h):
CO,Me

O
ReSe
Cl

Accordingto TP 7, the metalation of methyl 3-chlorobenzoatédg 342 mg, 2.0 mmol) was
completed using TMfa-3MgCb-5LICI (143 0.33m in THF, 2.2 mL, 0.72 mmol) within
3.5h at 0°C. Then, 3-chlorobenzoyl chloride (38§, 2.2 mmol) was added, and the
resulting mixture was stirred for 1 h at 0 °C. Tkaction mixture was quenched with a sat. aq.
NH4CI solution (40 mL), extracted with diethyl ethéy X 50 mL). The combined organic
layers were washed with aq. NKR2 m, 30 mL), brine (30 mL) and dried over anhydrous
MgSQ,. After filtration, the solvent was evaporatedvacuo The crude product was purified
by column chromatography (pentane/diethyl etherB ¥ give153h (517 mg, 84%) as a
colourless solid.

m.p.: 115.7 °C.

'H-NMR (300 MHz, CDCls) ¢: 8.03 (dd J=7.9, 1.2 Hz, 1 H), 7.77 (8=1.9 Hz, 1 H), 7.60-
7.67 (m, 2 H), 7.47-7.55 (m, 2 H), 7.38J%,7.9 Hz, 1 H), 3.73 (s, 3 H).

¥C-NMR (75 MHz, CDCls) §: 193.07, 164.91, 139.97, 138.12, 135.03, 134.B3.31,
131.70, 130.28, 130.21, 130.05, 128.94, 128.64.90262.62.

MS (70 eV, El)m/z (%): 310 (11), 308 (17) [M, 277 (12), 199 (34), 197 (100), 139 (31),
111 (14).

IR (ATR) U (cm?): 3092, 3065, 3008, 2951, 1716, 1675, 1641, 13851, 1429, 1291,
1278, 1255, 1207, 1188, 1149, 1114, 1076, 976, 8@D, 770, 734, 720, 681, 671, 650.
HRMS (EI) for C;5H0Cl203 (308.0007): 308.0008.

Synthesis of 3-bromo-2-ethoxyoxalylbenzoic acid eghester (153i):

O CO,Et

EtO,C

Br
Accordingto TP 7, the metalation of ethyl 3-bromobenzoat@d; 458 mg, 2.0 mmol) was
completed using TMfa-3MgCb-5LICI (143 0.33M in THF, 2.2 mL, 0.72 mmol) within
2.5 h at 25 °C. Then, the reaction mixture wasedabd 0 °C, ethyl oxalyl chloride (300 mg,
2.2 mmol) was added, and the resulting mixture stased for 2 h at 0 °C. The reaction
mixture was quenched with a sat. aq. /8Hsolution (40 mL), extracted with diethyl ether
(5 x 50 mL). The combined organic layers were wdshéh aq. NH (2 M, 30 mL), brine

(30 mL) and dried over anhydrous Mg&SQ@ifter filtration, the solvent was evaporated
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vacua The crude product was purified by column chrorgedphy (pentane/diethyl ether =
8:1) to givel53i (425 mg, 65%) as a colourless solid.

m.p.: 74.7 °C.

'H-NMR (300 MHz, CDCls) 6: 7.97 (dd J=7.9, 1.1 Hz, 1 H), 7.76 (dd=8.0, 0.7 Hz, 1 H),
7.37 (t,J=7.9 Hz, 1 H), 4.35 (@¢J=7.2 Hz, 2 H) 4.31 (J=7.2 Hz, 2 H), 1.33 (tJ=6.9 Hz,

3 H), 1.31 (tJ=6.9 Hz, 3 H).

3C-NMR (75 MHz, CDCls) 6: 185.95, 165.04, 158.83, 140.87, 136.97, 130.88.74,
128.68, 119.43, 62.68, 62.38, 13.90, 13.85.

MS (70 eV, ESI)m/z(%): 329 (46) [M+H], 270 (100), 186 (48).

IR (ATR) v (cm?): 3072, 3014, 2988, 2972, 2938, 2871, 1758, 11892, 1654, 1639,
1585, 1559, 1480, 1458, 1446, 1438, 1391, 1369%,1P258, 1202, 1161, 1109, 1093, 1074,
1011, 971, 894, 865, 835, 824, 764, 728, 714, 679.

HRMS (ESI) for C13H13BrO5 (327.9946): 329.0019.

Synthesis of 4-bromo-3-cyclohexyl-2-benzo[c]furan{BH)-one (153)):
O}'O\Q

ijfBr

Accordingto TP 7, the metalation of ethyl 3-bromobenzoat@d; 458 mg, 2.0 mmol) was

completed using TMf2a-3MgCb-5LiCl (143 0.33Mm in THF, 2.2 mL, 0.72 mmol) within

2.5 h at 25 °C. Then, the reaction mixture was etddb 0 °C, cyclohexane carbaldehyde

(246 mg, 2.2 mmol) was added, and the resultingtureéxwas stirred for 2 h at 0 °C. The

reaction mixture was quenched with a sat. aq. Nag€@ution (40 mL), extracted with

diethyl ether (5 x 50 mL). The combined organicelaywere washed brine (30 mL) and dried

over anhydrous MgSQ After filtration, the solvent was evaporated vacuo The crude

product was purified by column chromatography.@l pentane/diethyl ether = 6:1) to give

153ja (465 mg, 79%) as a colourless solid.

m.p.: 102.9-105.0 °C.

'H-NMR (400 MHz, CDCls) 6: 7.81 (d,J=7.0 Hz, 1 H), 7.76 (ddl=7.9, 0.9 Hz, 1 H), 7.38 (t,

J=7.7 Hz, 1 H), 5.35 (d]=2.3 Hz, 1 H), 2.47-2.55 (m, 1 H), 1.80-1.94 (nH) 1.60-1.66 (m,

2 H), 1.07-1.38 (m, 4 H), 0.76-0.89 (m, 2 H).

3C-NMR (100 MHz, CDCls) 6: 169.46, 147.64, 137.48, 130.66, 129.06, 124.4B,58,

85.76, 38.68, 30.41, 26.53, 23.88.
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MS (70 eV, El)m/z (%): 294 (2) [M], 213 (100), 212 (19), 211 (93), 83 (17), 75 (135,
(28), 41 (13).

IR (ATR) 7 (cm): 2924, 2855, 1759, 1679, 1456, 1450, 1343, 14284, 1176, 1124,
1070, 1050, 976, 957, 816, 790, 784, 766, 738, 656.

HRMS (EI) for C14H1sBrO, (294.0255): 294.0245.

Synthesis of methyl 3-bromo-2-(2-furoyl)benzoate g3Kk):
O COyMe

O

\
Br

Accordingto TP 7, the metalation of methyl 3-bromobenzodtdl(y 458 mg, 2.0 mmol) was
completed using TMf2a-3MgCb-5LiCI (143 0.33m in THF, 2.2 mL, 0.72 mmol) within 2 h
at 25 °C. Then, the reaction mixture was cooled €, 2-furoyl chloride (287 mg, 2.2 mmol)
was added, and the resulting mixture was stirred2fb at 0 °C. The reaction mixture was
guenched with a sat. aq. MEl solution (40 mL), extracted with diethyl ethérx 50 mL).
The combined organic layers were washed with ags (@M, 30 mL), brine (30 mL) and
dried over anhydrous MgSQOAfter filtration, the solvent was evaporatedvacuo The crude
product was purified by column chromatography (pesetdiethyl ether = 3:1) to givEb3k
(358 mg, 58%) as a colourless solid.

m.p.: 104.4 °C.

'H-NMR (400 MHz, DMSO) §: 8.02 (dd,J=7.9, 1.1 Hz, 1 H), 7.79 (dd=8.1, 1.1 Hz, 1 H),
7.57 (d,J=1.0 Hz, 1 H), 7.38 (t)=7.9 Hz, 1 H), 7.01 (dJ=3.4 Hz, 1 H), 6.52 (dd}J=3.6,
1.7 Hz, 1 H), 3.73 (s, 3 H).

13C-NMR (100 MHz, DMSO) §: 182.56, 164.86, 152.24, 146.99, 140.98, 137.38,4D,
130.37, 129.29, 120.45, 118.51, 112.47, 52.56.

MS (70 eV, El)m/z(%): 310 (47), 308 (46) [N, 282 (12), 281 (30), 280 (16), 279 (48), 277
(20), 267 (17), 265 (14), 243 (49), 241 (50), 118)( 95 (100), 75 (30), 74 (11).

IR (ATR) 7 (cm?): 3133, 3122, 3062, 2949, 2853, 1720, 1658, 13868, 1463, 1432,
1392, 1383, 1284, 1278, 1229, 1210, 1184, 11568,11@85, 1077, 1014, 971, 954, 871, 848,
774,763, 744, 727, 707, 681.

HRMS (EI) for C13HoBrO,4 (307.9684): 307.9682.
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Synthesis of 3-oxo-B-spiro[2-benzofuran-1,1'-cyclooctane]-7-carbonitrie (153I):

0
B O
ZcN
Accordingto TP 7, the metalation of ethyl 3-cyanobenzoaé&i( 350 mg, 2.0 mmol) was
completed using TMf2a-3MgCb-5LiCl (143 0.33Mm in THF, 2.2 mL, 0.72 mmol) within
1.25 h at 0 °C. Then, cyclooctanone (277 mg, 2.2ojmpremixed with LaG2LiCl (0.5Mm
in THF, 1.0 mL, 0.5 mmol) was added, and the resylmixture was stirred for 5 h at 0 °C.
The reaction mixture was quenched with sat. ag. Gafsolution (40 mL), extracted with
diethyl ether (5 x 50 mL). The combined organicelsywere washed with brine (30 mL) and
dried over anhydrous MgSQAfter filtration, the solvent was evaporatedvacuo The crude
product was purified by column chromatography.@l pentane/diethyl ether: GBI, =
300:100:1) to givel53l (332 mg, 74%) as a colourless solid. (Please natstable in
solution!)
m.p.:75.7 °C.
'H-NMR (400 MHz, THF) 6: 8.21-8.31 (m, 1 H), 7.59-7.93 (m, 2 H), 4.66 (@9.4, 2.7 Hz,
1H), 2.31-2.75 (m, 5 H), 1.73-2.01 (m, 3 H), 1.282L(m, 5 H).
¥C-.NMR (100 MHz, THF) &: 195.07, 136.82, 133.93, 133.25, 132.14, 130.38.37,
114.22, 62.27, 40.85, 36.75, 32.39, 29.56, 28.7612 26.54.
MS (70 eV, El)m/z(%): 255 (15) [M], 227 (16), 184 (18), 171 (13), 170 (12), 158 (119)6
(15), 145 (24), 130 (100), 102 (39), 82 (13).
IR (ATR) U (cm?): 2933, 2919, 2852, 2232, 1706, 1678, 1600, 14@15, 1429, 1412,
1365, 1352, 1343, 1332, 1323, 1317, 1291, 12791, 1P%45, 1230, 1201, 1185, 1175, 1159,
1146, 1116, 1103, 1085, 1064, 1037, 1000, 992, 978, 821, 792, 776, 749, 738, 687, 676,
656.
HRMS (El) for C16H1/NO, (255.1259): 255.1250.

Synthesis of ethyl 2-benzoyl-3-cyanobenzoate (69h):
CO,Et

O

Accordingto TP 7, the metalation of ethyl 3-cyanobenzoa&i( 350 mg, 2.0 mmol) was
completed using TMf2a-3MgCb-5LiCl (143 0.33Mm in THF, 2.2 mL, 0.72 mmol) within
1.25h at 0 °C. Then, benzoyl chloride (310 mg, 2&ol) was added, and the resulting
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mixture was stirred for 1 h at 0 °C. The reactiomtare was quenched with a sat. aqg. /&H
solution (40 mL), extracted with diethyl ether (%8 mL). The combined organic layers were
washed with ag. NK(2 m, 30 mL), brine (30 mL) and dried over anhydrousS{g After
filtration, the solvent was evaporatéd vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 4:1) t@ @h (474 mg, 85%) as a colourless solid.
m.p.: 138.4-140.6 °C.

'H-NMR (600 MHz, CDCls) 6: 8.34 (d,J=7.9 Hz, 1 H), 7.93 (dJ=7.9 Hz, 1 H), 7.75 (d,
J=7.5 Hz, 2 H), 7.69 (t)=7.9 Hz, 1 H), 7.60 (dJ=7.3 Hz, 1 H), 7.47 (1}=7.8 Hz, 2 H), 4.14
(9,J=7.2 Hz, 2 H), 1.06 (}=7.2 Hz, 3 H).

13C-NMR (150 MHz, CDCls) 6: 193.81, 164.22, 145.69, 136.82, 136.28, 134.64.20,
130.46, 129.65, 129.51, 129.08, 116.07, 111.94262.3.75.

MS (70 eV, El)m/z (%): 280 (9), 279 (46) [V, 235 (88), 234 (18), 206 (8), 174 (28), 105
(100), 77 (24).

IR (ATR) U (cm™): 1716, 1670, 1474, 1444, 1366, 1272, 1160, 1988, 923, 768, 707,
659.

HRMS (EI) for C17H13NO3 (279.0895): 279.0873.

Synthesis of 2-(3-chlorobenzoyl)-4-cyano-benzoicidcethyl ester (153m):
O CO,Et

ROA®

CN
Accordingto TP 7, the metalation of ethyl 4-cyanobenzoaé&i( 350 mg, 2.0 mmol) was
completed using TM§2a-3MgChb-5LICI (143 0.33m in THF, 2.2 mL, 0.72 mmol) within 3 h
at —25 °C. Then, the reaction mixture was cooled—4@ °C, 3-chlorobenzoyl chloride
(385 mg, 2.2 mmol) was added and the resulting unextvas stirred for 2 h at —40 °C. The
reaction mixture was quenched with a sat. agsQlldolution (40 mL), extracted with diethyl
ether (5 x 50 mL). The combined organic layers weashed with ag. NH(2 m, 30 mL),
brine (30 mL) and dried over anhydrous MgS@fter filtration, the solvent was evaporated
in vacuo The crude product was purified by column chrorgedphy (pentane/diethyl ether =
4:1) to givel53m (425 mg, 68%) as a colourless solid.
m.p.: 96.1 °C.
'H-NMR (300 MHz, CDCls) 6: 8.17 (d,J=8.3 Hz, 1 H), 7.86 (ddl=8.1, 1.6 Hz, 1 H), 7.71 (t,
J=1.8 Hz, 1 H), 7.65 (dJ=1.5 Hz, 1 H), 7.52-7.59 (m, 2 H), 7.3947.8 Hz, 1 H), 4.15 (q,
J=7.0 Hz, 2 H), 1.11 (1)=7.2 Hz, 3 H).
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13C-NMR (75 MHz, CDCl3) J: 193.55, 164.60, 142.18, 138.23, 135.57, 134.0343.66,
133.46, 131.45, 131.39, 130.49, 129.49, 127.87,301116.74, 62.86, 14.01.

MS (70 eV, El)m/z(%): 315 (12), 313 (33) [V, 270 (17), 269 (17), 268 (39), 202 (36), 177
(28), 174 (100), 141 (34), 138 (94), 11 (37), 76)(2

IR (ATR) 7 (cmi%): 3072, 2929, 2873, 2235, 1721, 1679, 1591, 13431, 1446, 1427,
1389, 1367, 1278, 1257, 1194, 1174, 1164, 1132410874, 1013, 992, 920, 911, 883, 861,
794, 749, 737, 703, 674, 649, 631.

HRMS (EI) for C17H1,CINO3 (313.0506): 313.0509.

Synthesis of 6-bromo-2-(dicyclohexylhydroxymethylB-fluorobenzonitrile (153n):

O\/OH ™
B

F

r

Accordingto TP 7, the metalation of 2-bromo-5-fluorobenzonitrig/¢, 400 mg, 2.0 mmol)
was completed using TMPa-3MgChb-5LICI (143 0.33 ™M in THF, 2.2 mL, 0.72 mmol)
within 0.5 h at —35 °C. Then, dicyclohexyl ketod2T mg, 2.2 mmol) was added, and the
resulting mixture was stirred for 2 h at =35 °C &nhd at —10 °C. The reaction mixture was
guenched with a sat. aq. MEl solution (40 mL), extracted with diethyl ethérx 50 mL).
The combined organic layers were washed brine (Bpand dried over anhydrous Mge0O
After filtration, the solvent was evaporatéd vacuo The crude product was purified by
column chromatography (pentane/diethyl ether = @alpive 153n (519 mg, 66%) as a
colourless solid.

m.p.: 140.8 °C.

'H-NMR (300 MHz, CDCls) d: 7.55 (dd,J=8.6, 4.1 Hz, 1 H), 7.07 (8=8.7 Hz, 1 H), 2.14-
2.22 (m, 2 H), 1.61-1.65 (m, 8 H), 0.97-1.38 (m,H)1.0.77-0.89 (m, 2 H).

3C-NMR (75 MHz, CDCls) d: 155.90 (d}Jcr=250 Hz), 136.76 (FJc=19 Hz), 134.87 (d,
33ce=6.6 Hz), 120.27 (dJcr=23 Hz), 113.44 (d*Jcr=3.3 Hz), 95.24, 41.76, 27.35, 27.30,
26.81, 26.47, 26.28, 26.13.

MS (70 eV, El)m/z(%): 395 (25), 393 (22) [M, 313 (55), 312 (100), 311 (55), 310 (96),
269 (21), 267 (22), 229 (51), 227 (56), 83 (16)(B5), 44 (14).

IR (ATR) U (cml): 2938, 2926, 2894, 2862, 2848, 1663, 1466, 14836, 1286, 1272,
1240, 1226, 1179, 1122, 1056, 1044, 996, 976, 833, 838, 815, 686, 667, 657, 630.
HRMS (EI) for C,oHsBrFNO (393.1104): 393.1091.
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Synthesis of 2-(cyclohexylhydroxymethyl)-3-methoxynzonitrile (1530):
CN OH

|

OMe
Accordingto TP 7, the metalation of 3-methoxybenzonitrile51g 266 mg, 2.0 mmol) was
completed using TMfa-3MgCb-5LICI (143 0.33m in THF, 2.2 mL, 0.72 mmol) within
1.5 h at 25 °C. Then, cyclohexane carbaldehyde (@¢6 2.2 mmol) was added, and the
resulting mixture was stirred for 2 h at 0 °C. Thaction mixture was quenched with a sat. aq.
NH4CI solution (40 mL), extracted with diethyl ethéy X 50 mL). The combined organic
layers were washed brine (30 mL) and dried overydrdus MgSQ. After filtration, the
solvent was evaporated vacuo The crude product was purified by column chrorgeaphy
(pentane/diethyl ether = 7:1) to gi¥830(363 mg, 74%) as a colourless solid.
m.p.: 108.2 °C.
'H-NMR (300 MHz, CDCls) §: 7.35-7.48 (m, 2 H), 6.97 (d=7.5 Hz, 1 H), 6.54 (br, 1 H),
5.40 (s, 1 H), 3.87 (s, 3 H), 2.11-2.18 (m, 1 HY5t1.83 (m, 2 H), 1.50-1.63 (m, 3 H), 0.88-
1.38 (m, 6 H).
¥C-NMR (75 MHz, CDCls) §: 154.23, 134.10, 130.29, 117.11, 115.65, 114.23.15,
55.48, 40.22, 30.42, 26.58, 26.12, 25.89, 24.55.
MS (70 eV, ESI)m/z(%): 246 (100) [M+H], 164 (26).
IR (ATR) U (cm'): 3295, 2968, 2938, 2920, 2853, 2363, 1760, 11879, 1656, 1604,
1492, 1464, 1448, 1439, 1379, 1363, 1354, 1329%,18473, 1234, 1223, 1210, 1189, 1182,
1169, 1105, 1092, 1074, 1058, 1022, 975, 955, 9@5, 879, 851, 841, 827, 812, 801, 788,
771, 747,724, 668, 641.
HRMS (ESI) for C1sH1oNO, (245.1416): 246.1488.

Synthesis of 2-(dicyclopropylhydroxymethyl)-4-fluoobenzonitrile (153p):
CN OH

AV
F
Accordingto TP 7, the metalation of 4-fluorobenzonitrilé4k; 242 mg, 2.0 mmol) was
completed using TMf2a-3MgCh-5LICl (143 0.33m in THF, 2.2 mL0.72 mmol) within 1 h
at 0 °C. Then, dicyclopropyl ketone (242 mg, 2.2 oijmivas added, and the resulting mixture

was stirred for 2 h at 0 °C. The reaction mixtuswgquenched with a sat. aq. MH solution

(40 mL), extracted with diethyl ether (5 x 50 mLhe combined organic layers were washed
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brine (30 mL) and dried over anhydrous MgS@ifter filtration, the solvent was evaporated
in vacuo The crude product was purified by column chrorgedphy (pentane/diethyl ether =
8:1) to givel53p (354 mg, 77%) as a colourless solid.

m.p.: 110.7 °C.

'H-NMR (600 MHz, CDCl3) §: 7.96 (dd,J=7.1, 2.2 Hz, 1 H), 7.54 (ddd=8.5, 4.3, 2.2 Hz,
1 H), 7.11 (ddJ=11.2, 8.4 Hz, 1 H), 1.68 (d=4.9 Hz, 1 H), 1.29-1.38 (m, 2 H), 0.61-0.69
(m, 2 H), 0.54 (ddd}=14.2, 8.8, 5.4 Hz, 2 H), 0.27-0.37 (m, 4 H).

13C-NMR (150 MHz, CDCls) §: 162.37 (d}Jc=257 Hz), 136.56 (dJc=14 Hz), 132.73 (d,
Je=10 Hz), 132.51 (Jcr=6.5 Hz), 118.52, 117.45 (8lc=26 Hz), 107.99 (dJcr=3.6 Hz),
72.77 19.31, 2.35, 0.08.

MS (70 eV, El)m/z(%): 231 (1) [M], 204 (11), 203 (100), 202 (10), 190 (80), 188)(1H1
(22), 149 (13), 148 (28), 147 (34), 134 (11), 126)( 69 (31).

IR (ATR) V (cm'l): 3461, 3005, 2241, 1585, 1485, 1464, 1422, 14333, 1300, 1260,
1240, 1212, 1180, 1142, 1134, 1117, 1099, 10545,10325, 1005, 984, 955, 948, 920, 905,
872, 843, 828, 816, 790, 729, 716, 675, 650, 623, 6

HRMS (El) for C14H14FNO (231.1059): 231.1064.

Synthesis of 2'-cyano-5'-fluorobiphenyl-4-carboxyk acid ethyl ester (153Q):

on o CORE
|

AN

=
Accordingto TP 7, the metalation of 4-fluorobenzonitril®&4k; 242 mg, 2.0 mmol) was
completed using TMf2a-3MgCb-5LICI (143 0.33M in THF, 2.2 mL0.72 mmol) within 1 h
at 0 °C. Ethyl 4-iodobenzoate (552 mg, 2.0 mmol) &d(PPk), (58 mg, 2.5 mol-%) were
added at 0 °C and the mixture was stirred for 1.8t10 °C. The reaction mixture was
guenched with a sat. aq. MEl solution (40 mL), extracted with diethyl eth& X 50 mL).
The combined organic layers were washed with b8 mL) and dried over anhydrous
MgSQ,. After filtration, the solvent was evaporatedvacuo The crude product was purified
by column chromatography (pentane/diethyl ethe=A)lto givel53q (393 mg, 73%) as a
colourless solid.

m.p.: 121.5 °C.
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Experimental Part: Directed Metalation Using TM&-3MgCb-5LiCl

'H-NMR (300 MHz, CDCls) §: 8.14 (dddJ=8.4, 1.7, 1.6 Hz, 2 H), 7.78 (d&7.0, 2.2 Hz,
1 H), 7.67 (dddJ=8.6, 4.5, 2.2 Hz, 1 H), 7.55-7.61 (m, 2 H), 7.2837(m, 1 H), 4.40 (q,
J=7.2 Hz, 2 H), 1.41 (}=7.2 Hz, 3 H).

3C-NMR (75 MHz, CDCls) 6: 165.97, 161.92 (dJce=259 Hz), 137.60 (d*Jc=1.7 Hz),
134.93 (d,"Jer=4.4 Hz), 133.73 (d%Jc=9.8 Hz), 130.73, 129.93, 129.87 {c=15 Hz),
128.85 (dJc=3.3 Hz), 117.76 (dJcp=24 Hz), 117.74, 10.15 (der=3.9 Hz), 61.20, 14.30.
MS (70 eV, El)m/z(%): 269 (6), [M], 241 (44), 225 (18), 224 (100), 196 (28), 195)(19

IR (ATR) U (cm?Y): 3110, 3066, 2983, 2939, 2230, 1705, 1668, 16684, 1568, 1485,
1464, 1443, 1420, 1389, 1375, 1366, 1319, 1273219522, 1190, 1174, 1101, 1037, 1015,
971, 953, 930, 880, 858, 824, 776, 751, 728, 795, 610.

HRMS (EI) for C16H1.FNO, (269.0852): 269.0865.

Synthesis of 4-chloroN,N-diethyl-2-(morpholin-4-ylcarbonyl)benzamide (153r)
CONEt,

o)
m*@
o

Cl
According to TP 7, the metalation of 4-chlorbkN-diethylbenzamide 102f 424 mg,
2.0 mmol) was completed using TMR-3MgCb-5LICI (143 0.33 M in THF, 2.2 mL,
0.72 mmol) within 2 h at 0 °C. Then, the reactiomtore was cooled to 0 °C and morphinoyl
chloride (300 mg, 2.0 mmol) was added, and theltiegumixture was stirred for 5 h at 0 °C.
The reaction mixture was quenched with a sat. dadyQ\ solution (40 mL), extracted with
EtOAc (5 x 50 mL). The combined organic layers weeshed with ag. N&(2 m, 30 mL),
brine (30 mL) and dried over anhydrous MgS@ifter filtration, the solvent was evaporated
in vacuo The crude product was purified by column chrorgedphy (pentane/EtOAc/CRI,
=100:100:1) to givd53r (408 mg, 63%) as a yellowish oil.
'H-NMR (300 MHz, CDCl3) §: 7.38 (dd,J=7.3, 2.2 Hz, 1 H), 7.26-7.28 (m, 1 H), 7.25 (d,
J=8.3 Hz, 1 H), 3.47-3.70 (m, 8 H), 3.18-3.33 (nH)}} 1.19 (t,J=7.1 Hz, 3 H), 1.08 (§J=7.1
Hz, 3 H).
¥C-NMR (75 MHz, CDCls) J: 168.44, 167.35, 135.60, 134.69, 133.77, 129.(7,.5P,
126.46, 66.64, 66.42, 47.88, 43.48, 42.18, 39.3@B11, 12.64.
MS (70 eV, El)m/z(%): 324 (13) [M], 323 (16), 254 (11), 252 (31), 240 (35), 239 (ZB8
(100), 237 (12), 224 (17), 212 (10), 208 (14), (¥2), 182 (16), 166 (19), 165 (18), 163 (47),
138 (27), 137 (13), 11 (13), 86 (16), 75 (11), 78)(
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Experimental Part: Directed Metalation Using TM&-3MgCb-5LiCl

IR (ATR) ¥ (cni): 3549, 3503, 2971, 2934, 2859, 1632, 1590, 13&®4, 1456, 1430,
1382, 1363, 1348, 1280, 1250, 1220, 1194, 11612,11100, 1070, 1021, 941, 908, 876, 844,
832, 791, 733, 617.

HRMS (EI) for C16H2:CIN,O; (324.1241): 324.1233.

Synthesis of 5-chloro-4'-cyanobiphenyl-2-carboxyliacid diethylamide (153s):

NC
O CONE,

Cl
According to TP 7, the metalation of 4-chlorbkN-diethylbenzamide 102f 424 mg,
2.0 mmol) was completed using TMR-3MgCb-5LICI (143 0.33 M in THF, 2.2 mL,
0.72 mmol) within 2 h at 0 °C. 4-lodobenzonitrit80 mg, 2.1 mmol) and Pd(PH§h(58 mg,
2.5 mol-%) were added at 0 °C and the mixture waeed for 1 h at O °C. The reaction
mixture was quenched with a sat. ag. /8Hsolution (40 mL), extracted with EtOAc (5 x
50 mL). The combined organic layers were washed witine (30 mL) and dried over
anhydrous MgS@ After filtration, the solvent was evaporatedvacuo The crude product
was purified by column chromatography (pentan€®KBEH,Cl, = 40:10:1) to givel53s(408
mg, 63%) as a yellowish oil.
'H-NMR (300 MHz, CDCls) §: 7.59-7.62 (m, 2 H), 7.50-55 (m, 2 H), 7.26-7.87, @ H),
3.53 (br, 2 H), 2.75 (br, 2 H), 0.85 7.0 Hz, 3 H), 0.73 ({}=7.2 Hz, 3 H).
3C-NMR (75 MHz, CDCl3) 6: 168.71, 142.95, 138.05, 134.91, 134.70, 132.7D.4P,
129.20, 128.68, 128.42, 118.34, 111.92, 42.38,738.3.45, 11.91.
MS (70 eV, El)m/z(%): 313 (21), 312 (26) [M, 311 (53), 242 (30), 241 (15), 240 (100),
178 (11), 177 (80), 176 (13), 150 (11).
IR (ATR) v (cm?): 3474, 3057, 2976, 2936, 2875, 2228, 1713, 18532, 1567, 1549,
1509, 1486, 1457, 1428, 1382, 1364, 1348, 13138,12350, 1220, 1190, 1180, 1102, 1084,
1071, 1032, 1016, 944, 877, 842, 819, 771, 752, G233, 655.
HRMS (EI) for C1gH;7CIN,O (312.1029): 312.1024.
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Experimental Part: Directed Metalation Using TM&-3MgCb-5LiCl

Synthesis of 4-chloro-3',4'-dihydro-2H,3H-spiro[furo[3,4-c]pyridine-1,1'-naphthalen]-3-
one (153r):

Accordingto TP 7, the metalation of ethyl 2-chloronicotina@¢ 370 mg, 2.0 mmol) was
completed using TMfa-3MgCb-5LICI (143 0.33m in THF, 2.2 mL, 0.72 mmol) within
0.75 h at =20 °C. Thentetralone (292 mg, 2.0 mmol) was added, and tkeltiag mixture
was stirred for 2 h at —20 °C. The reaction mixtwas quenched with a sat. aq. NaHCO
solution (40 mL), extracted with diethyl ether (%8 mL). The combined organic layers were
washed brine (30 mL) and dried over anhydrous Mg3er filtration, the solvent was
evaporatedn vacuo The crude product was purified by column chromgedaphy (ALOs,
pentane/diethyl ether = 1:1) to gi¥&3r (407 mg, 74%) as a yellowish solid.

m.p.: 202.5 °C.

'H-NMR (400 MHz, DMSO) ¢: 8.68 (d,J=5.1 Hz, 1 H), 7.62 (dJ=5.3 Hz, 1 H), 7.25-7.32
(m, 2 H), 7.05-7.10 (m, 1 H), 6.65 (@8.0 Hz, 1 H), 2.92-2.98 (m, 2 H), 2.28-2.37 (K}l
2.14-2.23 (m, 1 H), 1.88-2.09 (m, 2 H).

3C-NMR (100 MHz, DMSO) §: 165.65, 164.97, 154.35, 147.69, 138.36, 132.29,4D),
129.28, 127.94, 126.65, 119.66, 117.78, 85.10,33428.43, 19.11.

MS (70 eV, El)m/z(%): 287 (22), 285 (60) [N, 269 (36), 268 (53), 267 (99), 266 (100),
257 (15), 250 (26), 242 (12), 240 (27), 232 (1232(23), 230 (22), 229 (27), 222 (11), 213
(28), 207 (13), 206 (73), 205 (12), 204 (43), 208)( 202 (11), 194 (22), 193 (23), 178 (18),
177 (14), 166 820), 165 (14), 152 (11), 151 (13p (13), 88 (14).

IR (ATR) U (cm?): 2950, 2919, 2850, 1755, 1683, 1589, 1573, 143@2, 1436, 1426,
1401, 1274, 1252, 1225, 1202, 1190, 1162, 11333,11095, 1061, 1048, 1035, 998, 952,
925, 894, 882, 868, 857, 841, 826, 803, 768, 783, 711, 648, 617.

HRMS (EI) for C16H12CINO, (285.0557): 285.0551.

Synthesis of 2-chloro-4-(2,2-dimethyl-propionyl)-ngotinic acid ethyl ester (153u):

@)

‘«_COEt

—

N Cl
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Experimental Part: Directed Metalation Using TM&-3MgCb-5LiCl

Accordingto TP 7, the metalation of ethyl 2-chloronicotina@¢ 370 mg, 2.0 mmol) was
completed using TMfa-3MgCb-5LICI (143 0.33m in THF, 2.2 mL, 0.72 mmol) within
0.75 h at —20 °C. Then, 2,2-dimethylpropanoic amiagd(372 mg, 2.0 mmol) was added, and
the resulting mixture was stirred for 2 h at —20 T@e reaction mixture was quenched with a
sat. ag. NaHC®solution (40 mL), extracted with diethyl etherX%0 mL). The combined
organic layers were washed brine (30 mL) and dosgt anhydrous MgSQ After filtration,
the solvent was evaporatemh vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 6:1) te §»3u (458 mg, 85%) as a colourless oil.
'H-NMR (300 MHz, CDCls) d: 8.43 (d,J=4.9 Hz, 1 H), 7.20 (dJ=5.0 Hz, 1 H), 4.33 (q,
J=7.2 Hz, 2 H), 1.33 (t}=7.1 Hz, 3 H), 1.24 (s, 9 H).

3C-NMR (75 MHz, CDCls) 6: 209.04, 164.60, 150.73, 150.01, 140.08, 126.4®.14,
62.54, 44.49, 27.21, 13.81.

MS (70 eV, El)m/z(%): 269 (1) [M], 214 (11), 213 (22), 212 (25), 199 (13), 186 (3B4
(100), 127 (23), 113 (17), 97 (15), 83 (19), 71)(18

IR (ATR) v (cm?): 2977, 2938, 2908, 2874, 1727, 1696, 1574, 13339, 1463, 1449,
1394, 1380, 1364, 1271, 1222, 1185, 1127, 10975,106842, 999, 939, 854, 831, 796, 778,
744, 705, 644, 626.

HRMS (ESI) for C13H16CINO3 (269.0819): 270.0890.

Synthesis of 2-chloro-4-(1-hydroxycycloheptyl)-nidnonitrile (154v):

—OH
X CN

—

N~ ~Cl
Accordingto TP 7, the metalation of 2-chloro, 3-cyanopyridins{d 276 mg, 2.0 mmol)
was completed using TMPa-3MgChb-5LICI (143 0.33 ™M in THF, 2.2 mL, 0.72 mmol)
within 0.75 h at —30 °C. Then, cycloheptanone (224, 2.0 mmol) was added, and the
resulting mixture was stirred for 2 h at —30 °CeTreaction mixture was quenched with a sat.
ag. NaHCQ solution (40 mL), extracted with diethyl ether X550 mL). The combined
organic layers were washed brine (30 mL) and doil anhydrous MgSQ After filtration,
the solvent was evaporatemh vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 3:1) toedi%4v (455 mg, 71%) as a yellowish
solid.
m.p.: 105.9 °C.
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Experimental Part: Directed Metalation Using TM&-3MgCb-5LiCl

'H-NMR (400 MHz, DSMO) &: 8.68 (d,J=5.1 Hz, 1 H), 7.88 (dJ=5.1 Hz, 1 H), 2.02-2.09
(m, 2 H), 1.88-1.92 (m, 2 H), 1.62-1.74 (m, 9 H).

3C-NMR (100 MHz, DMSO) &: 167.26, 165.00, 154.10, 147.44, 118.21, 116.B5068
38.03, 28.14, 22.12.

MS (70 eV, E)m/z(%): 250 (3) [M], 233 (18), 222 (12), 206 (12), 196 (14), 195 (16)4
(41), 184 (19), 183 (32), 182 (44), 181 (100), {39).

IR (ATR) 7 (cm%): 3520, 3069, 2936, 2863, 2234, 1768, 1728, 13883, 1570, 1536,
1521, 1460, 1445, 1402, 1372, 1352, 1305, 1285612849, 1222, 1182, 1157, 1104, 1088,
1070, 1056, 1036, 1015, 994, 960, 920, 905, 863, 851, 820, 800, 736, 711, 702.

HRMS (EI) for C13H1sCIN,O (250.0873): 250.0861.

Synthesis of 2-benzothiazol-2-yl-1,7,7-trimethyl-laiyclo[2.2.1]heptan-2-ol (154w):
@is OH
/
N
e

Accordingto TP 7, the metalation of benzothiazolglf, 270 mg, 2.0 mmol) was completed
using TMRLa-3MgCb-5LiCl (143 0.33Mm in THF, 2.2 mL, 0.72 mmol) within 0.5 h at 0 °C.
Then, camphor (304 mg, 2.0 mmol) was added, ancethdting mixture was stirred for 1 h at
0 °C. The reaction mixture was quenched with a agt.NH,CI| solution (40 mL), extracted
with diethyl ether (5 x 50 mL). The combined orgalayers were washed brine (30 mL) and
dried over anhydrous MgSQOAfter filtration, the solvent was evaporatedvacuo The crude
product was purified by column chromatography (peatdiethyl ether = 4:1) to givib4w
(477 mg, 83%) as a yellowish solid.

m.p.: 88.8 °C.

'H-NMR (300 MHz, CDCls) 6: 7.99 (dd,J=7.7, 0.9 Hz, 1 H), 7.84 (m, 1 H), 7.32-7.47 (m,
2 H), 3.21 (s, 1 H), 2.46-2.53 (m, 1 H), 2.34-2(#48 1 H), 1.93 (t)=4.4 Hz, 1 H), 1.75 (ddd,
J=15.7, 12.1, 7.7 Hz, 1 H), 1.36-1.46 (m, 1 H), 11284 (m, 1 H), 1.23 (s, 3 H), 1.08 (s, 3 H),
1.02 (td,J=9.0, 4.6 Hz, 1 H), 0.92 (s, 3 H).

¥C-NMR (75 MHz, CDCls) §: 178.17, 152.77, 135.20, 125.78, 124.82, 122.91,.3b,
83.90, 54.38, 50.19, 46.53, 45.34, 30.88, 26.68521.00, 9.93.

MS (70 eV, El)m/z(%): 287 (48), [M], 179 (11), 178 (100), 177 (86), 149 (67), 136)(30
135 (17), 95 (26).
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Experimental Part: Directed Metalation Using TM&-3MgCb-5LiCl

IR (ATR) ¥ (cni): 3489, 3351, 2952, 2930, 2872, 1733, 1503, 14864, 1437, 1388,
1370, 1312, 1298, 1277, 1256, 1241, 1216, 11972,11859, 1146, 1131, 1116, 1100, 1069,
1014, 1003, 973, 962, 950, 913, 884, 863, 835, 788, 729, 706, 676, 658, 621, 611, 605.
HRMS (EI) for C17H»:NOS (287.1344): 287.1340.

Synthesis of 1-benzothiazol-2-yl-undec-10-en-1-0(k54x):

A
@is 0
/)
N
Accordingto TP 7, the metalation of benzothiazolglf, 270 mg, 2.0 mmol) was completed
using TMRLa-3MgCb-5LiCl (143 0.33Mm in THF, 2.2 mL, 0.72 mmol) within 0.5 h at 0 °C.
Then, 10-undecene acid chloride (376 mg, 2.0 mmwal added, and the resulting mixture
was stirred for 2 h at 0 °C. The reaction mixturswgquenched with a sat. aq. M}H solution
(40 mL), extracted with diethyl ether (5 x 50 mLhe combined organic layers were washed
with aq. NH (2 M, 30 mL), brine (30 mL) and dried over anhydrous3@g After filtration,
the solvent was evaporatemh vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 6:1) toedi®4x (463 mg, 77%) as a yellowish
solid.
m.p.: 49.7 °C.
'H-NMR (400 MHz, CDCls) d: 8.10-8.20 (m, 1 H), 7.90-8.00 (m, 1 H), 7.45-7(60Q 2 H),
5.72-5.85 (m, 1 H), 4.88-5.02 (m, 2 H), 3.17-3.88 2 H), 1.95-2.09 (m, 2 H), 1.74-1.88 (m,
2 H), 1.27-1.42 (m, 9 H).
13C-NMR (100 MHz, CDCls) 6: 195.57, 166.61, 153.57, 139.13, 137.23, 127.3B.8b,
125.35, 122.38, 114.10, 38.56, 33.75, 29.30, 2294.,6, 29.04, 28.87, 23.95.
MS (70 eV, El)m/z(%): 302 (13), 301 (52), [[, 273 (21), 232 (18), 230 (13), 104 (12), 202
(12), 190 (20), 189 (18), 188 (12), 178 (33), 132)( 176 (34), 163 (26), 162 (87), 149 (100),
136 (61), 135 (71), 134 (38), 108 (14), 69 (14)(63), 43 (17), 41 (59).
IR (ATR) 7 (cm?): 2918, 2850, 1688, 1640, 1551, 1486, 1468, 14260, 1379, 1360,
1315, 1290, 1249, 1215, 1189, 1161, 1083, 107041905, 946, 926, 902, 868, 846, 758,
730, 721, 704, 650.
HRMS (EI) for C1gH23NOS (301.1500): 301.1486.
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Experimental Part: Directed Metalation Using TM&-3MgCb-5LiCl

Synthesis of 1-(3-chlorophenyl)pentan-1-one (159):
@) Bu

Cl
Freshly titratechBuLi (2.56M; 1.2 mL, 3.0 mmol) was dissolved in dry THF (3 nat)-30 °C.
Then, ZnC} (1.0 M solution in THF, 1.5 mL, 1.5 mmol) was added ahd tixture was
stirred for 30 min at —30°C. Subsequently, LaflliCl (0.50M solution in THF, 1.0 mL,
1.0 mmol) was added, followed by 3-chlorobenzoylodde (553 mg, 3.0 mmol) and the
resulting mixture was stirred for 1 h at —30 °CeTkaction mixture was quenched with a sat.
ag. NH,Cl solution (40 mL), extracted with diethyl ethé& X 50 mL). The combined organic
layers were washed with brine (30 mL) and driedr @arédnydrous MgS@ After filtration, the
solvent was evaporated vacuo The crude product was purified by column chrorgeaphy
(pentane/diethyl ether = 9:1) to gi¥&9 (512 mg, 87%) as a colourless solid.

Freshly titratechBuLi (2.56M; 1.2 mL, 3.0 mmol) was dissolved in dry THF (3 nat)-30 °C.
Then, ZnC} (1.0 M solution in THF, 3.0 mL, 3.0 mmol) was added ahd tixture was
stirred for 30 min at —30°C. Subsequently, LagliCl (0.50m solution in THF, 1.0 mL,
1.0 mmol) was added, followed by 3-chlorobenzoylodde (553 mg, 3.0 mmol) and the
resulting mixture was stirred for 3 h at —30 °CeTkaction mixture was quenched with a sat.
ag. NH,CI solution (40 mL), extracted with diethyl ethé& X 50 mL). The combined organic
layers were washed with brine (30 mL) and driedr@aréhydrous MgS@ After filtration, the
solvent was evaporated vacuo The crude product was purified by column chrorgedphy
(pentane/diethyl ether = 9:1) to gi¥&9 (482 mg, 82%) as a colourless solid.

m.p.: 38.2-38.9 °C.

'H-NMR (400 MHz, CDCls3) d: 7.89 (t,J=1.9 Hz, 1 H), 7.79 (dt)=7.8, 1.3 Hz, 1 H), 7.48
(ddd,J=8.0, 2.1, 1.1 Hz, 1 H), 7.36 (7.8 Hz, 1 H), 2.87-2.93 (m, 2 H), 1.64-1.72 (mHR
1.33-1.43 (m, 2 H), 0.90-0.95 (m, 3 H).

13C-NMR (100 MHz, CDCls) 6: 199.00, 138.57, 134.80, 132.67, 129.81, 128.0B.04,
38.33, 26.20, 22.33, 13.83.

MS (70 eV, El)m/z(%): 196 (9) [M], 156 (25), 154 (64), 141 (31), 139 (100), 111)(27

IR (ATR) U (cm'): 3078, 2968, 2952, 2930, 2890, 2870, 2863, 11836, 1573, 1465,
1424, 1404, 1376, 1336, 1276, 1261, 1193, 11724,11105, 1080, 1066, 1036, 996, 902,
812, 781, 734, 705, 680.

HRMS (EI) for C1;H13CIO (196.0655): 196.0655.

293



Experimental Part: Directed Metalation Using TM&-3MgCb-5LiCl

Synthesis of 4-(3-chlorobenzoyl)benzoic acid ethgbkter (162):
0

g ‘ CO,Et

Cl
Ethyl 4-iodobenzoate (828 mg, 3.0 mmol) was dissdlv dry THF (5 mL) and cooled
to -30 °C. Freshly titratedPrMgCI-LiCl (1.35Mm; 2.2 mL, 3.0 mmol) was added —30 °C and
the mixture was stirred for 20 min. Then, ZpCl.0M solution in THF, 1.5 mL, 1.5 mmol)
was added and the mixture was further stirred for Bin at —30°C. Subsequently,
LaCl;-2LiCl (0.50 m solution in THF, 1.0 mL, 1.0 mmol) was added, doled by 3-
chlorobenzoyl chloride (553 mg, 3.0 mmol) and tesuitting mixture was warmed to 25 °C
and stirred for 12 h at 25 °C. The reaction mixturas quenched with a sat. agq. )H
solution (40 mL), extracted with diethyl ether (%8 mL). The combined organic layers were
washed with brine (30 mL) and dried over anhydrglgSO,. After filtration, the solvent was
evaporatedin vacuo The crude product was purified by column chrorgedphy
(pentane/diethyl ether = 7:1) to gi¥62 (734 mg, 85%) as a colourless solid.
m.p.: 78.1-80.2 °C.
'H-NMR (400 MHz, CDCls) : 8.10-8.15 (m, 2 H), 7.79 (ddd:8.4, 1.8, 1.6 Hz, 2 H), 7.74
(t, 3=1.9 Hz, 1 H), 7.63 (dt)=7.8, 1.3 Hz, 1 H), 7.54 (ddd=8.0, 2.2, 1.2 Hz, 1 H), 7.40 (t,
J=7.8 Hz, 1 H), 4.39 (q}=7.0 Hz, 2 H), 1.39 (t}=7.1 Hz, 3 H).
3C-NMR (100 MHz, CDCls) ¢: 194.43, 165.56, 140.37, 138.52, 134.68, 133.82.78,
129.82, 129.69, 129.61, 129.49, 128.05, 61.41,114.2
MS (70 eV, El)m/z(%): 209 (20), 289 (13), 288 (50) [W 260 (20), 245 (26), 244 (13), 243
(62), 180 (17), 178 (12), 177 (100), 152 (27), {®4), 149 (50), 141 (31), 139 (85), 121 (11),
113 (16), 111 (47), 104 (22), 77 (10), 76 (34)(ZB).
IR (ATR) U (cml): 2983, 2974, 2963, 2934, 2925, 1711, 1678, 18466, 1419, 1406,
1367, 1301, 1271, 1252, 1184, 1173, 1150, 1120111077, 1058, 1019, 961, 875, 760, 739,
722, 695.
HRMS (EI) for C16H13CIO3 (288.0553): 288.0546.
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Experimental Part: Directed Metalation Using TiWm-2MgCh-4LiCl

13.11 Directed Metalation of Aromatics and Heteroeomatics Using
TMP ,;Mn-2MgCl,-4LiCl (165)

Synthesis of phenyl(5-phenyl-1,3,4-oxadiazol-2-ylyathanol (166a):

Ph._o oH

[

Accordingto TP 8, the metalation of 2-phenyl-1,3,4-oxadiazd@é& 290 mg, 2.0 mmol) was
completed using TMMn-2MgCh-4LiCl (165 0.50wm in THF, 2.4 mL, 2.4 mmol) within
30 min at 0 °C. Then, PhCHO (254 mg. 2.4 mmol) wdded at 0 °C and the mixture was
stirred for another 1 h at 0 °C. The reaction nigtwas quenched with a sat. aq. /&H
solution (30 mL), extracted with diethyl ether (%8 mL) and dried over anhydrous MgsO
After filtration, the solvent was evaporatéd vacuo The crude product was purified by
column chromatography (pentane/diethyl ether = 1ol)give 166a (390 mg, 77%) as a
colourless solid.
m.p.: 154.7 °C.
'H-NMR (400 MHz, DMSO) 6: 7.90-7.99 (m, 2 H), 7.51-7.63 (m, 5 H), 7.31-7(42 3 H),
6.78 (d,J=5.3 Hz, 1 H), 6.09 (d]=5.3 Hz, 1 H).
3C-NMR (100 MHz, DMSO) §: 167.38, 164.18, 139.34, 132.04, 129.43, 128.28,14,
126.52, 126.46, 123.12, 66.43.
MS (70 eV, El)m/z(%): 253 (17), 252 (100) [\, 223 (10), 147 (24), 145 (33), 132 (11),
107 (40), 106 (13), 105 (89), 104 (17), 103 (149(21), 77 (56).
IR (ATR) U (cm): 3437, 3086, 3061, 1610, 1568, 1552, 1490, 14318, 1340, 1311,
1261, 1213, 1195, 1086, 1064, 1027, 1017, 1003, ®%7, 835, 821, 775, 741, 707, 701, 692,
683, 657, 646, 637, 626, 616, 610, 602.
HRMS (EI) for C15H12N20, (252.0899): 252.0893.

Synthesis of 2-ethyl-1-(5-phenyl-1,3,4-oxadiazolyd}butan-1-ol (166b):
PhYo OH
| /
N-
N
A\

Accordingto TP 8, the metalation of 2-phenyl-1,3,4-oxadiazd@é& 292 mg, 2.0 mmol) was
completed using TMMMn-2MgCh-4LiCl (165 0.50m in THF, 2.4 mL, 2.4 mmol) within
30 min at 0 °C. Then, 2-ethyl butanal (240 mg,®@ol) was added at O °C and the mixture

was stirred for another 1 h at 0 °C. The reactidxtume was quenched with a sat. aq. /gH
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solution (30 mL), extracted with diethyl ether (%8 mL) and dried over anhydrous Mg&SO
After filtration, the solvent was evaporatad vacuo The crude product was purified by
column chromatography (pentane/diethyl ether = 2a3pgive 166b (364 mg, 74%) as a
colourless solid.

m.p.: 79.3-80.4 °C.

'H-NMR (300 MHz, CDCls) d: 8.00-8.03 (m, 2 H), 7.43-7.54 (m, 3 H), 5.01 6.0 Hz,

1 H), 3.47 (br, 1 H), 1.80-1.88 (m, 1 H), 1.30-1(B8 4 H), 0.91 (t)=7.4 Hz, 3 H), 0.90 (t,
J=7.4 Hz, 3 H).

3C-NMR (75 MHz, CDCls) §: 167.83, 164.95, 131.79, 129.00, 126.93, 123.88% 45.68,
21.83,21.10, 11.30, 10.94.

MS (70 eV, El)m/z(%): 246 (3) [M], 177 (12), 176 (100), 174 (23), 105 (20), 104)(3D3
(18), 77 (20), 43 (17).

IR (ATR) U (cm?): 3304, 2962, 2937, 2924, 2876, 1609, 1590, 13653, 1490, 1465,
1453, 1374, 1353, 1331, 1317, 1293, 1270, 12326,11660, 1089, 1070, 1042, 1025, 1012,
991, 968, 959, 919, 862, 788, 777, 769, 754, 768, 839, 618.

HRMS (EI) for C14H18N20, (246.1368): 246.1367.

Synthesis of 2-(2-ethoxycarbonylallyl)-3-fluorobenaic acid ethyl ester (171a)
CO,Et
¢ COaEt
Accordingto TP 8, the metalation of ethyl 3-fluorobenzoater,(336 mg, 2.0 mmol) was
completed within 1 h at 25 °C using TM#n-2MgCb-4LiCI (165 0.50M in THF, 2.4 mL,
2.4 mmol). The reaction mixture was cooled to 0 fitgn CuCN-2LiCl (1.Qv solution in
THF, 0.1 mL, 0.1 mmol) and ethyl 2-(bromomethyl)date (483 mg, 2.5 mmol) were added
and stirred for 1 h at 0 °C. The reaction mixtugswuenched with a sat. aq. ) solution
(30 mL), extracted with diethyl ether (3 x 50 mldadried over anhydrous Mg3QAfter
filtration, the solvent was evaporatéd vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 12:1) ¥@ @ir1a(476 mg, 85%) as a colourless oll.
'H-NMR (400 MHz, CDCls) 6: 7.69 (d,J=7.8 Hz, 1 H), 7.29 (tdJ=7.9, 5.5 Hz, 1 H), 7.20
(ddd,J=9.5, 8.3, 1.4 Hz, 1 H), 6.15 (1.4 Hz, 1 H), 5.04 (dt}=1.8, 1.0 Hz, 1 H), 4.30 (q,
J=7.0 Hz, 2 H), 4.23 (qJ=7.2 Hz, 2 H), 4.01 (s, 2 H), 1.32 (7.2 Hz, 3 H), 1.29 (t,
J=7.2 Hz, 3 H).
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13C-NMR (100 MHz, CDCls) 6: 166.72, 166.49 (d'Jce=3.5 Hz), 161.46 (d'Jc=246 Hz),
138.87 (d,*Jc=1.0 Hz), 132.89 (d3Jc=3.8 Hz), 127.82 (d3Jc=8.8 Hz), 126.92 (d,
?Jcr=17 Hz), 126.83, 124.34, 118.81 (@c=23 Hz), 61.26, 60.79, 27.65 (cr=5.4 Hz),
14.16, 14.08.

MS (70 eV, El)m/z(%): 280 (5) [M], 235 (19), 234 (53), 207 (33), 206 (100), 179)(248
(67), 163 (40), 162 (43), 161 (37), 160 (11), 15%)( 149 (18), 135 (12), 134 (12), 133 (37).
IR (ATR) UV (cm?): 1713, 1635, 1611, 1580, 1458, 1406, 1367, 13261, 1217, 1172,
1129, 1095, 1074, 1025, 977, 942, 868, 845, 816, 730, 645, 637, 624, 615.

HRMS (EI) for C1sH17/FO,4 (280.1111): 280.1112.

Synthesis of 3-fluoro-2-octylbenzoic acid ethyl est (171b):
CO,Et

=
Accordingto TP 8, the metalation of ethyl 3-fluorobenzoater,(336 mg, 2.0 mmol) was
completed within 1 h at 25 °C using TMn-2MgCb-4LiCI (165 0.50M in THF, 2.4 mL,
2.4 mmol). The reaction mixture was cooled to Gteén CuCj-2LiCl (1.0m solution in THF,
0.1 mL, 0.1 mmol), followed by 1l-iodooctane (576,r@gd mmol) and the resulting mixture
was stirred for 12 h at 25 °C. The reaction mixtwas quenched with a mixture of sat. aq.
NH,4CI solution (40 mL) and 2 HCI (10 mL), extracted with diethyl ether (3 x &) and
dried over anhydrous MgSQOAfter filtration, the solvent was evaporatedvacuo The crude
product was purified by column chromatography (peatdiethyl ether = 100:1) to giu&1b
(420 mg, 75%) as a colourless liquid.

'H-NMR (400 MHz, CDCls3) d: 7.59-7.61 (m, 1 H), 7.12-7.21 (m, 2 H), 4.36 §g7.1 Hz,

2 H), 2.90-2.95 (m, 2 H), 1.52-1.60 (m, 3 H), 1(88=7.0 Hz, 3 H), 1.22-1.35 (m, 9 H), 0.88
(t, J=7.0 Hz, 3 H).

13C-NMR (100 MHz, CDCls) 6: 167.11 (d*Jce=3.7 Hz), 161.37 (dJc=244 Hz), 132.30 (d,
3Jc=4.6 Hz), 131.60 (d2Jc=17 Hz), 126.56 (d?Jcr=9.0 Hz), 125.93 (d;Jc=3.5 Hz),
118.44 (d,Jc=23 Hz), 61.11, 31.88, 30.70 (&~=1.0 Hz), 29.83, 29.42, 29.26, 26.01 (d,
Jc=4.0 Hz), 22.66, 14.25, 14.09.

MS (70 eV, El)m/z(%): 280 (25) [M], 236 (13), 235 (82), 182 (100), 167 (28), 164)(18
163 (30), 154 (32), 153 (55), 150 (18), 149 (69) {16), 136 (69), 135 (11), 109 (21).

IR (ATR) v (cm?): 2956, 2926, 2871, 2856, 1722, 1579, 1456, 13378, 1366, 1258,
1205, 1174, 1142, 1099, 1072, 1045, 1025, 955,838, 839, 816, 756, 723.
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HRMS (EI) for C17HsFO, (280.1839): 280.1837.

Synthesis of ethyl 3-cyano-2-cyclohex-2-en-1-ylbevete (171c)

AN l AN
=

E
Accordingto TP 8, the metalation of methyl 3-fluorobenzoai®1g 308 mg, 2.0 mmol) was
completed within 1.25 h at 25 °C using Thh-2MgCh-4LiCl (165 0.50Mm in THF, 2.4 mL,
2.4 mmol). Then, 1l-iodo-4-chlorobenzene (523 m¢g &imol) and Pd(PRJ (58 mg,
2.5 mol-%) were added at 25 °C and the mixture staged for 4 h at 25 °C. The reaction
mixture was quenched with a sat. aq. /8Hsolution (30 mL), extracted with diethyl ether
(3 x 50 mL) and dried over anhydrous MgS@fter filtration, the solvent was evaporated
vacua The crude product was purified by column chrorgedphy (pentane/diethyl ether =
10:1) to givel71c(422 mg, 80%) as a yellowish oil.

'H-NMR (300 MHz, CDCls) §: 7.67-7.72 (m, 1 H), 7.39-7.47 (m, 3 H), 7.23-7(8% 3 H),
3.66 (s, 3 H).

3C-NMR (75 MHz, CDCls) 6: 167.27 (d,*Jc=3.5 Hz), 159.65 (d'Jcr=246 Hz), 133.87,
132.96 (d,’Jc=2.5 Hz), 132.40, 130.58, 129.07 (dc=8.5 Hz), 128.88 (d3Jcr=17 Hz),
128.81, 126.61 (FJcr=3.5 Hz), 118.97 (FJc=23 Hz), 52.15.

MS (70 eV, El)m/z(%): 266 (18), 264 (54) [N, 235 (28), 234 (13), 233 (100), 170 (51), 85
(21).

IR (ATR) 7 (cm?): 3002, 2952, 2848, 1726, 1610, 1596, 1577, 14984, 1433, 1398,
1291, 1273, 1268, 1243, 1194, 1172, 1139, 1102),10921, 1006, 988, 918, 894, 829, 799,
764, 751, 720, 684, 632.

HRMS (El) for C14H10CIFO, (264.0353): 264.0345.

Synthesis of 3-chloro-2-cyanobenzoic acid ethyl est(171d)
CO,Et

CN

Cl
Accordingto TP 8, the metalation of ethyl 3-chlorobenzoa®&lf, 370 mg, 2.0 mmol) was
completed within 2 h at 25 °C using TM-2MgCb-4LiCI (165 0.50M in THF, 2.4 mL,
2.4 mmol). Then, TosCN (400 mg, 2.0 mmol) was adate?b °C and the mixture was stirred
for 12 h at 25 °C. The reaction mixture was quedohih a sat. aq. NiC| solution (30 mL),
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extracted with diethyl ether (3 x 50 mL) and drimeer anhydrous MgSQ After filtration,
the solvent was evaporatemh vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 10:1) e di71d (357 mg, 85%) as a colourless
solid.

m.p.: 96.5-97.3 °C

'H-NMR (300 MHz, CDCls) 6: 8.02 (dd,J=7.8, 1.2 Hz, 1 H), 7.68-7.73 (m, 1 H), 7.59 (t,
J=7.9 Hz, 1 H), 4.45 (q)=7.0 Hz, 2 H), 1.43 (}=7.2 Hz, 3 H).

3C-NMR (75 MHz, CDCls) J: 163.31, 139.34, 135.04, 133.49, 132.93, 129.24,.2D,
113.32, 62.70, 14.05.

MS (70 eV, El)m/z(%): 211 (10), 209 (33) [N, 183, (12), 164 (100), 137 (30), 100 (17).

IR (ATR) v (cm?): 3086, 3066, 2986, 2229, 1724, 1688, 1581, 13@B0, 1455, 1437,
1392, 1370, 1274, 1206, 1167, 1120, 1108, 10714,1928, 901, 868, 830, 802, 776, 762,
728, 710, 691, 684, 676, 668, 658, 644, 636, 628, 6

HRMS (EI) for C10HsCINO, (209.0244): 209.0245.

Synthesis of methyl 6-chloro-3'-(trifluoromethyl)biphenyl-2-carboxylate (171e)

O CO,Me
FsC O
cl

Accordingto TP 8, the metalation of methyl 3-chlorobenzoat®dc 340 mg, 2.0 mmol) was
completed within 2 h at 25 °C using TMn-2MgCb-4LiCI (165 0.50M in THF, 2.4 mL,
2.4 mmol). Then, 1-iodo-3-trifluoromethylbenzen8§5mg, 2.2 mmol) and Pd(P§h(58 mg,
2.5 mol-%) were added at 25 °C and the mixture steieed for 12 h at 25 °C. The reaction
mixture was quenched with a sat. aq. /8Hsolution (30 mL), extracted with diethyl ether
(3 x 50 mL) and dried over anhydrous MgsS@fter filtration, the solvent was evaporated
vacua The crude product was purified by column chrorgedphy (pentane/diethyl ether =
20:1) to givel71e(484 mg, 77%) as a yellowish oil.

'H-NMR (400 MHz, DMSO) ¢: 7.83 (dddJ=7.9, 5.8, 1.2 Hz, 2 H), 7.76 (&8.0 Hz, 1 H),
7.66 (t,J=7.7 Hz, 1 H), 7.58 (t}=8.0 Hz, 1 H), 7.50-7.54 (m, 2 H), 3.50 (s, 3 H).

3C-NMR (100 MHz, DMSO) 6: 166.27, 138.47, 138.17, 133.36, 133.05%@~=1.3 Hz)
133.03, 132.76, 129.84, 129.05, 128.73 (=31 Hz) 128.28, 126.86 (dJcr=272 Hz),
125.43 (q3Jcr=3.91 Hz), 124.41 (4J)ce=3.9 Hz), 52.10.

MS (70 eV, El)m/z (%): 316 (17), 314 (50) [N, 285 (36), 284 (17), 283 (100), 262 (12),
247 (17), 220 (34), 219 (15).
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IR (ATR) ¥ (cni): 2952, 1730, 1615, 1593, 1562, 1493, 1456, 14324, 1329, 1282,
1249, 1201, 1177, 1164, 1121, 1096, 1072, 102521901, 903, 847, 825, 802, 761, 744,
724, 701, 663, 647, 639, 628, 622, 618, 609.

HRMS (EI) for C1sH1CIF30, (314.0321): 314.0321.

Synthesis of (2-bromo-6-methylphenyl)cyclopropyl-mianone (171f)
O CO,Et

Br
Accordingto TP 8, the metalation of ethyl 3-bromobenzoat®{l; 458 mg, 2.0 mmol) was
completed within 2 h at 25 °C using TM#n-2MgCb-4LiCI (165 0.50M in THF, 2.4 mL,
2.4 mmol). The reaction mixture was cooled to —30Q then CuCN-2LiCl (1.& solution in
THF, 0.4 mL, 0.4 mmol) and cyclopropanecarbonybdlle (260 mg, 2.5 mmol) were added.
The mixture was allowed to warm to 25 °C and dfirfer 2 h. The reaction mixture was
guenched with a sat. ag. W&l solution (30 mL), extracted with diethyl ethé& X 50 mL)
and dried over anhydrous MgaQAfter filtration, the solvent was evaporatiedvacuo The
crude product was purified by column chromatograffgntane/diethyl ether = 6:1) to give
171f(518 mg, 79%) as a colourless oil.
'H-NMR (300 MHz, CDCls) 6: 7.97 (dd,J=7.9, 1.1 Hz, 1 H), 7.76 (dd=8.0, 1.2 Hz, 1 H),
7.30 (t,J=8.0 Hz, 1 H), 4.33 (q)=7.3 Hz, 2 H), 2.15-2.24 (m, 1 H), 1.39-1.45 (nHR 1.35
(t, J=7.2 Hz, 3 H), 1.11-1.17 (m, 2 H).
¥C-NMR (75 MHz, CDCls) J: 205.13, 164.80, 144.97, 136.95, 129.65, 129.55.3D,
118.66, 61.90, 22.87, 14.12, 13.55.
MS (70 eV, EI)m/z(%): 296 (9) [M], 257 (13), 255 (12), 253 (18), 252 (27), 251 (250
(27), 242 (17), 240 (16), 289 (89), 227 (100), 2pr9), 115 (34), 92 (12), 75 (36), 74 (11), 69
(36), 61 (12).
IR (ATR) U (cml): 2982, 2933, 2904, 1712, 1685, 1584, 1560, 13484, 1444, 1430,
1418, 1367, 1326, 1268, 1202, 1176, 1157, 11267,11077, 1062, 1033, 1026, 986, 977,
930, 898, 870, 818, 811, 789, 760, 740, 706, 668, 636, 629, 612, 602.
HRMS (EI) for C13H13BrO 3 (296.0048): 296.0045.
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Synthesis of 4-bromo-3-(4-methoxyphenyl)-2-benzofcjran-1(3H)-one (1719)

@)
0]

\QOMe

Br
Accordingto TP 8, the metalation of methyl 3-bromobenzodtsl(y 428 mg, 2.0 mmol) was
completed within 2 h at 25 °C using TMn-2MgCb-4LiCI (165 0.50M in THF, 2.4 mL,
2.4 mmol). Then, 4-methoxybenzaldehyde (326 mg,n@ol) was added and the mixture
was stirred for additional 2 h at 25 °C. The reattmixture was quenched with a sat. aq.
NH4CI solution (30 mL), extracted with diethyl eth& X 50 mL) and dried over anhydrous
MgSQ,. After filtration, the solvent was evaporatedvacuo The crude product was purified
by column chromatography (/Ds; pentane/diethyl ether = 3:1) to git€&1g(517 mg, 81%)
as a yellowish solid.
m.p.: 158.9 °C.
'H-NMR (400 MHz, DMSO) §: 7.93-8.01 (m, 2 H), 7.61 @=7.7 Hz, 1 H), 7.16 (ddd}=9.3,
2.9, 2.6 Hz, 2 H), 6.94 (ddds9.2, 2.9, 2.5 Hz, 2 H), 6.59 (s, 1 H), 3.75 (81)3
3C-NMR (100 MHz, DMSO) §: 168.59, 159.97, 148.02, 138.06, 131.87, 129.28,04,
126.34, 124.40, 117.14, 114.17, 82.51, 55.15.
MS (70 eV, El)m/z(%): 320 (31), 318 (41) [M, 196 (15), 195 (100), 180 (20), 152 (35),
151 (13), 135 (15), 75 (14).
IR (ATR) U (cm?): 3009, 2935, 2840, 1762, 1607, 1583, 1514, 14456, 1442, 1437,
1428, 1332, 1307, 1297, 1289, 1280, 1258, 12506,1PD95, 1180, 1174, 1166, 1138, 1124,
1110, 1066, 1043, 1027, 989, 966, 933, 891, 854, 832, 811, 785, 751, 720, 688, 678, 668,
660, 653, 648, 642, 634, 627, 618.
HRMS (EI) for C15H1:BrO3(317.9892): 317.9882.

Synthesis of 5-fluoro-4'-methylbiphenyl-2-carboxylc acid ethyl ester (171i):

Me
O CO,Et

F
Accordingto TP 8, the metalation of ethyl 4-fluorobenzoa&’§ 334 mg, 2.0 mmol) was
completed within 1.5 h at 25 °C using ThMMh-2MgCh-4LiCl (165 0.50Mm in THF, 2.4 mL,
2.4 mmol). Then, 4-iodotoluene (480 mg, 2.2 mmak d(PP¥, (58 mg, 2.5 mol-%) were

added at 25 °C and the mixture was stirred for 8t 125 °C. The reaction mixture was
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guenched with a sat. ag. WEl solution (30 mL), extracted with diethyl ethé& X 50 mL)
and dried over anhydrous MgaQAfter filtration, the solvent was evaporatiedvacuo The
crude product was purified by column chromatografgggntane/diethyl ether = 7:1) to give
171i (406 mg, 79%) as a colourless oil.

'H-NMR (400 MHz, CDCl3) §: 7.80-7.85 (m, 1 H), 7.15-7.20 (m, 4 H), 7.02-7(tQ 2 H),
4.10 (q,J=7.0 Hz, 2 H), 2.40 (s, 3 H), 1.04 §7.0 Hz, 3 H).

3C-NMR (100 MHz, CDCl3) d: 167.74, 163.88 (d'Jcr=252 Hz), 145.44 (d®Jc=8.6 Hz),
137.50 (d,4JCF=1.5 Hz), 137.36, 132.28, 132.18, 128.74, 128.118.02 127.23 (d,
3Jcr=2.9 Hz), 117.59 (FJcr=22 Hz), 113.86 (dJcr=22 Hz), 60.94, 21.16, 13.68.

MS (70 eV, El)m/z (%): 258 (48) [M], 230 (19), 229 (12), 214 (17), 213 (100), 199)(10
192 (14). 185 (11), 184 (10), 183 (30), 170 (285 131), 74 (17), 59 (27), 45 (20), 44 (14),
43 (11).

IR (ATR) V (cm'l): 2980, 2928, 2904, 2872, 1710, 1654, 1608, 19980, 1568, 1518,
1506, 1480, 1466, 1450, 1412, 1390, 1366, 12748,12882, 1154, 1094, 1034, 1016, 938,
932, 920, 900, 876, 854, 832, 816, 778, 770, 7@8, 892, 668, 648, 634, 618, 608, 586, 574,
560.

HRMS (El) for C16H1sFO, (258.1056): 258.1041.

Synthesis of ethyl 5-chloro-3'-methylbiphenyl-2-cdooxylate (171j)

m CO,Et

Me X
Cl

Accordingto TP 8, the metalation of ethyl 4-chlorobenzoa6&d€¢ 370 mg, 2.0 mmol) was
completed within 3 h at 25 °C using TM-2MgCb-4LiCI (165 0.50M in THF, 2.4 mL,
2.4 mmol). Then, 1-iodotoluene (480 mg, 2.2 mmal &d(PP¥)4 (58 mg, 2.5 mol-%) were
added at 25 °C and the mixture was stirred for &t 25 °C. The reaction mixture was
guenched with a sat. ag. WEl solution (30 mL), extracted with diethyl eth& X 50 mL)
and dried over anhydrous MgaQAfter filtration, the solvent was evaporatiedvacuo The
crude product was purified by column chromatografgentane/diethyl ether = 30:1) to give
171j (411 mg, 75%) as a yellowish oil.
'H-NMR (300 MHz, CDCl3) 8: 7.72-7.78 (m, 1 H), 7.33-7.38 (m, 2 H), 7.24-7(89 1 H),
7.16-7.18 (m, 1 H), 7.06-7.10 (m, 2 H), 4.08 {g,7.0 Hz, 2 H), 2.37 (s, 3 H), 0.99 (t,
J=7.0 Hz, 3 H).
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13C-NMR (75 MHz, CDCl3) o: 167.92, 144.34, 140.11, 137.69, 137.04, 131.B8.6D,
129.60, 128.90, 128.34, 127.98, 127.15, 125.39621.38, 13.62.

MS (70 eV, E)m/z(%): 276 (29), 275 (17), 274 (96) [M 246 (13), 245 (14), 231 (529, 230
(27), 229 (100), 217 (30), 215 (30), 166 (54), {BY).

IR (ATR) 7 (cmi%): 2981, 2925, 1713, 1607, 1590, 1560, 1465, 14884, 1364, 1276,
1241, 1190, 1172, 1131, 1100, 1047, 1017, 880, B34, 777, 760, 699, 687, 628, 605.
HRMS (EI) for C16H1sClO, (274.0761): 274.0754.

Synthesis of methyl 5-chloro-3'-methylbiphenyl-2-céboxylate (171Kk)

O CO,Me
<

Cl
Accordingto TP 8, the metalation of methyl 4-chlorobenzod#@d 341 mg, 2.0 mmol) was
completed within 3 h at 25 °C using TM®-2MgCb-4LiCI (165 0.50™ in THF, 2.4 mL,
2.4 mmol). Then, 3-iodotoluene (480 mg, 2.2 mmal &d(PP¥)4 (58 mg, 2.5 mol-%) were
added at 25 °C and the mixture was stirred for &t 25 °C. The reaction mixture was
guenched with a sat. ag. W&l solution (30 mL), extracted with diethyl ethé& X 50 mL)
and dried over anhydrous MgaQfter filtration, the solvent was evaporatedvacuo The
crude product was purified by column chromatografgggntane/diethyl ether = 20:1) to give
171k (417 mg, 80%) as a yellowish oil.
'H-NMR (400 MHz, CDCls) §: 7.75 (d,J=9.0 Hz, 1 H), 7.36 (dgl=4.4, 2.2 Hz, 2 H), 7.27 (t,
J=7.5Hz, 1 H), 7.16-7.19 (m, 1 H), 7.10-7.12 (nH)1 7.05-7.08 (m, 1 H), 3.63 (s, 3 H), 2.39
(s, 3 H).
3C-NMR (100 MHz, CDCls) ¢: 168.22, 144.43, 139.91, 137.80, 137.22, 131.3D,78,
129.08, 128.76, 128.46, 127.97, 127.15, 125.28%21.42.
MS (70 eV, El)m/z(%): 262 (19), 261 (16), 260 (62) [W 259 (15), 231 (32), 230 (16), 229
(100), 166 (35), 165 (38).
IR (ATR) 7 (cmb): 3027, 1719, 1606, 1590, 1559, 1469, 1432, 13283, 1276, 1242,
1189, 1130, 1102, 1048, 1015, 1000, 964, 881, 836, 790, 777, 759, 739, 714, 699, 687,
674, 668, 663, 661, 655, 648, 643, 638, 629, 620, 611, 608, 603.
HRMS (EI) for C15H13CIO, (260.0604): 260.0598.
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Synthesis of 2-benzoyl-4-chlorobenzoic acid ethyseer (69f):
O CO,Et

Cl
Accordingto TP 8, the metalation of ethyl 4-chlorobenzoa6&d€¢ 370 mg, 2.0 mmol) was
completed within 3 h at 25 °C using TM®-2MgCb-4LiCI (165 0.50™ in THF, 2.4 mL,
2.4 mmol). The reaction mixture was cooled to —30Q then CuCN-2LiCl (1.& solution in
THF, 0.4 mL, 0.4 mmol) and benzoyl chloride (336, g mmol) were added. The mixture
was allowed to warm to 25 °C and stirred for 3 he Teaction mixture was quenched with a
sat. aq. NHCI solution (30 mL), extracted with diethyl ethed X 50 mL) and dried over
anhydrous MgS@ After filtration, the solvent was evaporatedvacuo The crude product
was purified by column chromatography (pentaneiigieether = 6:1) to givé9f (479 mg,
83%) as a colourless solid.
m.p.: 78.9-80.9 °C.
'H-NMR (400 MHz, CDCls) d: 8.02 (d,J=8.4 Hz, 1 H), 7.77-7.73 (m, 2 H), 7.57-7.52 (m,
2H), 7.46-7.41 (m, 2 H), 7.36 (8:8.4 Hz, 1 H), 4.07 (¢)=7.1 Hz, 2 H), 1.04 (t)=7.1 Hz,
3 H).
3C-NMR (100 MHz, CDCls) 6: 195.54, 165.22, 143.44, 139.24, 136.85, 133.69,98,
129.89, 129.61, 128.89, 127.96, 127.82, 61.98,213.8
MS (70 eV, El)m/z(%): 288 (24) [M], 245 (16), 244 (15), 243 (35), 213 (11), 211 (3B3
(56), 152 (21), 105 (100), 77 (45), 57 (13).
IR (ATR) U (cm?): 2983, 2909, 1712, 1677, 1619, 1590, 1583, 13@@0, 1473, 1450,
1445, 1385, 1363, 1319, 1311, 1283, 1267, 1243711753, 1134, 1105, 1089, 1074, 1021,
1001, 979, 966, 954, 942, 899, 875, 860, 843, 808, 780, 770, 712, 698, 690, 643, 619,
609, 591, 585.
HRMS (EI) for C16H13CIO3 (288.0553): 288.0550.

Synthesis of 2-benzoyl-4-chlorobenzoic acid methgkter (101b):
O CO,Me

Cl
Accordingto TP 8, the metalation of methyl 4-chlorobenzoad&d 341 mg, 2.0 mmol) was
completed within 3 h at 25 °C using TM®-2MgCb-4LiCI (165 0.50™ in THF, 2.4 mL,
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2.4 mmol). The reaction mixture was cooled to —@0 then CuCN-2LiCl (1.& solution in
THF, 0.4 mL, 0.4 mmol) and benzoyl chloride (336, g mmol) were added. The mixture
was allowed to warm to 25 °C and stirred for 3 he Teaction mixture was quenched with a
sat. aq. NHCI solution (30 mL), extracted with diethyl ethed X 50 mL) and dried over
anhydrous MgS@ After filtration, the solvent was evaporatedvacuo The crude product
was purified by column chromatography (pentanetgie¢ther = 6:1) to givd01b (434 mg,
79%) as a colourless solid.

m.p.: 98.0 °C.

'H-NMR (400 MHz, CDCl3) §: 8.00 (d,J=8.4 Hz, 1 H), 7.72-7.75 (m, 2 H), 7.52-7.59 (m,
2 H), 7.42-7.46 (m, 2 H), 7.37 (&2.1 Hz, 1 H), 3.61 (s, 3 H).

3C-NMR (100 MHz, CDCls) 6: 195.35, 165.44, 143.31, 139.10, 136.55, 133.481.61,
129.72, 129.23, 128.63, 127.83, 127.38, 52.34.

MS (70 eV, El)m/z(%): 274 (26) [M], 243 (21), 197 (80), 152 (10), 105 (100), 77 (26)

IR (ATR) 7 (cm): 1717, 1668, 1595, 1585, 1564, 1452, 1434, 13837, 1280, 1272,
1257, 1181, 1157, 1142, 1104, 1074, 1026, 1001, 958 934, 929, 902, 860, 849, 834, 807,
786, 768, 711, 700, 693, 671, 660, 645, 634, 629, 620, 612, 608.

HRMS (EI) for C;5H1,CIO3 (274.0397): 274.0393.

Synthesis of 5-bromobiphenyl-2,4'-dicarboxylic acidliethyl ester (69i)

m CO,Et

FsC =

Br
Accordingto TP 8, the metalation of ethyl 4-bromobenzoa®@f( 458 mg, 2.0 mmol)was
completed within 3.5 h at 25 °C using ThMMh-2MgCh-4LiCl (165 0.50Mm in THF, 2.4 mL,
2.4 mmol). Then, 1-iodo-3-trifluoromethylbenzen®g5mg, 2.2 mmol) and Pd(PPh(58 mg,
2.5 mol-%) were added at 25 °C and the mixture stameed for 5 h at 25 °C. The reaction
mixture was quenched with a sat. aqg. J/8Hsolution (30 mL), extracted with diethyl ether
(3 x 50 mL) and dried over anhydrous MgsS@fter filtration, the solvent was evaporated
vacua The crude product was purified by column chrorgedphy (pentane/diethyl ether =
15:1) to give69i (582 mg, 78%) as a yellowish oil.
'H-NMR (600 MHz, CDCl3) §: 7.79 (d,J=8.3 Hz, 1 H), 7.63 (dJ=7.6 Hz, 1 H), 7.59 (dd,
J=8.3, 1.9 Hz, 1 H) 7.54-7.46 (m, 4 H), 4.06 g7.2 Hz, 2 H), 0.98 (t}=7.2 Hz, 3 H).
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¥C-NMR (150 MHz, CDCls) 6: 167.1, 142.9, 141.0, 133.5, 131.8, 131.6*0g;=1.3 Hz),
131.0, 130.4 (q,2JcF=32 Hz), 129.7, 128.5, 126.0, 125.2 {c=3.9 Hz), 124.3 (q,
33ck=3.9 Hz), 123.8 (qtJ..=272 Hz), 61.2, 13.5.

MS (70 eV, El)m/z(%): 374 (42), 372 (38) [K], 346 (26), 345 (11), 344 (25), 330 (17), 329
(94), 328 (16), 327 (100), 248 (38), 221 (11), 288), 219 (28), 201 (18), 170 (10), 43 (12).
IR (ATR) U (cmY): 2982, 1715, 1585, 1557, 1492, 1444, 1432, 13865, 1328, 1272,
1238, 1164, 1122, 1094, 1072, 1035, 1016, 905, 888, 834, 803, 778, 753, 701, 688, 657,
626, 615, 608, 591, 568, 560, 554.

HRMS (EI) for C16H1-BrF 30, (371.9973): 371.9955.

Synthesis of 5-bromo-4'-fluorobiphenyl-2-carboxylicacid ethyl ester (171l)

P\ | GOt

X

Br
Accordingto TP 8, the metalation of ethyl 4-bromobenzoa®@f( 458 mg, 2.0 mmol)was
completed within 3.5 h at 25 °C using ThMMh-2MgCh-4LiCl (165 0.50Mm in THF, 2.4 mL,
2.4 mmol). Then, 1-fluoro-4-iodobenzene (488 mg2 mamol) and Pd(PRJy (58 mg,
2.5 mol-%) were added at 25 °C and the mixture stased for 5 h at 25 °C. The reaction
mixture was quenched with a sat. aq. /8Hsolution (30 mL), extracted with diethyl ether
(3 x 50 mL) and dried over anhydrous MgS@®fter filtration, the solvent was evaporated
vacua The crude product was purified by column chrorgedphy (pentane/diethyl ether =
15:1) to givel711(582 mg, 72%) as a yellowish oil.
'H-NMR (400 MHz, CDCls) &: 7.71 (d,J=8.4 Hz, 1 H), 7.52-7.56 (m, 1 H), 7.49 (d,
J=1.9 Hz, 1 H), 7.22-7.27 (m, 2 H), 7.05-7.11 (mH®, 4.09 (q,J=7.1 Hz, 2 H), 1.04 (t,
J=7.1 Hz, 3 H).
3C-NMR (100 MHz, CDCls) 6: 167.59, 162.47 (d'Jcr=246 Hz), 143.35, 136.11, 133.63,
131.50, 130.45, 129.94 (Mcr=8.0 Hz), 129.85, 125.73, 115.03 {d:=22 Hz), 61.18, 13.71.
MS (70 eV, El)m/z(%): 324 (56), 323 (15), 322 (67) [M 296 (15), 295 (10), 294 (15), 280
(15), 279 (81), 278 (17), 277 (99), 199 (22), 188)( 171 (15), 170 (100), 169 (21), 168 (11),
85 (16), 57 (14), 44 (40), 43 (11).
IR (ATR) U (cm'): 3038, 2984, 2937, 1700, 1660, 1606, 1585, 13548, 1466, 1400,
1386, 1363, 1285, 1247, 1228, 1212, 1157, 11373,11093, 1080, 1025, 1015, 970, 960,
897, 863, 839, 830, 815, 780, 761, 723, 706, 688, 612.
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HRMS (EI) for C1sH1,BrFO, (322.0005): 321.9991.

Synthesis of methyl 4-bromo-2-(2-thienylcarbonyl)bezoate (171m)
(@] COzMe

Br
Accordingto TP 8, the metalation of methyl 4-bromobenzodtédag 428 mg, 2.0 mmol) was
completed within 3.5 h at 25 °C using ThMh-2MgCh-4LiCl (165 0.50Mm in THF, 2.4 mL,
2.4 mmol). The reaction mixture was cooled to —@0 then CuCN-2LiCl (1. solution in
THF, 0.4 mL, 0.4 mmol) and 2-thiophene acid chler{865 mg, 2.5 mmol) were added. The
mixture was allowed to warm to 25 °C and stirredZdn. The reaction mixture was quenched
with a sat. ag. NECI solution (30 mL), extracted with diethyl ethé& X 50 mL) and dried
over anhydrous MgSQ After filtration, the solvent was evaporated vacuo The crude
product was purified by column chromatography (peetdiethyl ether = 6:1) to givEr1lm
(518 mg, 79%) as a colourless solid.
m.p.: 98.9 °C.
'H-NMR (600 MHz, CDCl3) ¢6: 7.89 (d,J=8.1 Hz, 1 H), 7.67-7.72 (m, 2 H), 7.60 (d,
J=1.9 Hz, 1 H), 7.26 (d}=3.8 Hz, 1 H), 7.07 (ddl=4.8, 3.8 Hz, 1 H), 3.67 (s, 3 H).
3C-NMR (150 MHz, CDCls) ¢: 187.24, 165.55, 143.86, 142.61, 134.84, 134.82.97,
131.75, 130.65, 128.16, 127.81, 127.21, 52.44.
MS (70 eV, El)m/z(%): 327 (18), 326 (94), 325 (13), 324 (100)TM298 (22), 296 (23),
295 (61), 294 (18), 293 (78), 243 (50), 241 (6®3 150), 154 (13), 113 (14), 111 (96), 75
(34).
IR (ATR) U (cmib): 3094, 2954, 1771, 1722, 1647, 1584, 1559, 13%12, 1479, 1438,
1418, 1407, 1380, 1352, 1274, 1255, 1235, 1194511536, 1094, 1084, 1075, 1051, 956,
928, 905, 882, 852, 826, 790, 751, 727, 694, 649, 637, 630, 621, 617, 612, 608, 602.
HRMS (EI) for C13HoBrO3S (323.9456): 323.9455.

Synthesis of ethyl 2-(4-chlorobenzoyl)-6-cyclohex-én-1-yl-3-fluorobenzoate (174)

According to TP 8, the metalation of ethyl 2-(4-chlorobenzoyl)-3dtobenzoate 163b;
306 mg, 1.0 mmol) was completed within 2 h at 25u%thg TMRBMn-2MgCh-4LiCl (165
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0.50mM in THF, 2.4 mL, 2.4 mmol). The reaction mixture svaooled to 0 °C, then
CuCN-2LiClI (1.0m solution in THF, 0.1 mL, 0.1 mmol) and 3-bromooJaxene (391 mg,
2.4 mmol) were added and stirred for 1 h at 0 °e Teaction mixture was quenched with a
sat. aq. NHCI solution (30 mL), extracted with diethyl ethed X 50 mL) and dried over
anhydrous MgS@ After filtration, the solvent was evaporatedvacuo The crude product
was purified by column chromatography (pentaneigie¢ther = 9:1) to givd74 (286 mg,
74%) as a yellowish oil.

'H-NMR (400 MHz, DMSO) §: 7.87 (d,J=8.0 Hz, 1 H), 7.72 (ddd=9.0, 2.3, 2.2 Hz, 2 H),
7.61 (dddJ=9.0, 2.3, 2.2 Hz, 2 H), 7.52 (7.8 Hz, 1 H), 5.98 (ddd=9.9, 6.1, 3.6 Hz, 1 H),
5.64 (dd,J=10.2, 2.3 Hz, 1 H), 4.08 (d=7.1 Hz, 2 H), 3.74 (td)=4.9, 2.6 Hz, 1 H), 2.02-
2.10 (m, 2 H), 1.93-2.01 (m, 1 H), 1.58-1.65 (n)31.02 (t,J=7.0 Hz, 3 H).

13C-NMR (100 MHz, DMSO) 6: 190.98 (d3Jce=1.6 Hz), 163.91 (dfJc=3.1 Hz), 156.18 (d,
1Jcr=245 Hz), 138.76, 138.43 (dJc=15 Hz) 135.22, 130.44 (dJc=5.6 Hz), 130.31,
129.76, 129.19, 128.21 (dJer=21 Hz), 127.73 (d,Jcr=3.9 Hz), 127.32, 126.10 (d,
*Jcr=3.1 Hz), 61.46, 34.06 (A)c=1.9 Hz), 29.53, 24.21, 20.16, 13.48.

MS (70 eV, El)m/z (%): 388 (30), 387 (19), 386 (100) [M 341 (15), 247 (37), 140 (15),
138 (48), 111 (12).

IR (ATR) U (cm™): 2981, 2930, 2859 1779, 1718, 1681, 1587, 1538111446, 1423, 1399,
1367, 1283, 1184, 1164, 1132, 1090, 1025, 1012, 89, 891, 883, 842, 781, 741, 725, 684,
668, 662, 647, 642, 634, 630, 623, 618, 611, 601.

HRMS (EI) for C,,H2:CIFO3 (386.1085): 386.1085.

Synthesis of ethyl 3-cyano-2-cyclohex-2-en-1-ylbevete (177a)

CO,Et

NC
Accordingto TP 8, the metalation of ethyl 3-cyanobenzoa&i( 350 mg, 2.0 mmol) was
completed within 45 min at 0 °C using Th-2MgCh-4LiCl (165 0.50M in THF, 2.4 mL,
2.4 mmol). Then CuCN-2LiClI (1@ solution in THF, 0.1 mL, 0.1 mmol) and 3-
bromocyclohexene (391 mg, 2.4 mmol) were addedséineéd for 1 h at 0 °C. The reaction
mixture was quenched with a sat. aqg. #/8Hsolution (30 mL), extracted with diethyl ether
(3 x 50 mL) and dried over anhydrous MgS@®fter filtration, the solvent was evaporated
vacua The crude product was purified by column chrorgedphy (pentane/diethyl ether =
15:1) to givel77a(449 mg, 88%) as a yellowish oil.
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'H-NMR (400 MHz, DMSO) §: 7.93 (ddJ=7.7, 1.5 Hz, 1 H), 7.79 (dd=7.8, 1.4 Hz, 1 H),
7.50 (t,J=7.8 Hz, 1 H), 5.87 (dg}=10.1, 3.3 Hz, 1 H), 5.49 (dd=10.1, 1.7 Hz, 1 H), 4.20-
4.33 (m, 2 H), 3.97-4.02 (m, 1 H), 1.84-2.07 (mH)5 1.55-1.63 (m, 1 H), 1.28 (#=7.1 Hz,

3 H).

3C-NMR (100 MHz, DMSO) §: 167.11, 146.93, 136.64, 133.86, 133.05, 129.27,34,
127.02, 117.10, 112.38, 61.38, 40.38, 29.27, 22985, 13.78.

MS (70 eV, El)m/z(%): 255 (10) [M], 210 (20), 209 (100), 208 (32), 191 (22), 190)(14
181 (12), 180 (37), 153 (9).

IR (ATR) 7 (cm): 2980, 2934, 2865, 2226, 1719, 1684, 1580, 14456, 1443, 1391,
1367, 1280, 1254, 1176, 1139, 1130, 1112, 10509,1984, 919, 899, 877, 863, 848, 810,
789, 754, 741, 722, 694, 686, 632, 612, 607.

HRMS (EI) for C16H17NO; (255.1259): 255.1256.

Synthesis of 3-cyclohexyl-1-oxo-1,3-dihydro-2-benfjfuran-4-carbonitrile (177b)

@)
0]

CN
Accordingto TP 8, the metalation of ethyl 3-cyanobenzoa&i( 350 mg, 2.0 mmol) was
completed within 45 min at 0 °C using Th-2MgCh-4LiCl (165 0.50M in THF, 2.4 mL,
2.4 mmol). Then, cyclohexane carbaldehyde (2352rigmmol) was added and the resulting
mixture was stirred for 1 h at 0 °C. The reactiontare was quenched with a sat. aq. J&H
solution (30 mL), extracted with diethyl ether (%8 mL) and dried over anhydrous Mg&SO
After filtration, the solvent was evaporatéd vacuo The crude product was purified by
column chromatography (ADs; pentane/diethyl ether = 3:1) to gi¥&7b (366 mg, 76%) as a
colourless solid.
m.p.: 115.8 °C.
'H-NMR (400 MHz, DMSO) ¢: 8.29 (d,J=7.6 Hz, 1 H), 8.17 (dJ=7.6 Hz, 1 H), 7.80 (t,
J=7.7 Hz, 1 H), 5.87 (d}=2.3 Hz, 1 H), 2.21-2.30 (m, 1 H), 1.97 (d&12.6, 2.4 Hz, 1 H),
1.75-1.83 (m, 1 H), 1.59 (dd=8.1, 4.4 Hz, 2 H), 1.37-1.47 (m, 1 H), 1.25-1.3% @ H),
1.04-1.13 (m, 2 H), 0.71-0.82 (m, 2 H).
C-NMR (100 MHz, DMSO) ¢: 168.11, 150.80, 138.63, 130.50, 129.94, 127.28,65,
106.12, 84.10, 29.80, 25.89, 25.42, 25.14, 23.87.
MS (70 eV, El)m/z(%): 241 (4) [M], 160 (10), 159 (100), 83 (24), 55 (29).
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IR (ATR) v (cm™): 2923; 2854; 2233; 1759; 1685; 1608; 1596; 14B€53; 1376; 1347;
1313; 1286; 1262; 1235; 1179; 1168; 1145; 1098;71a®78; 1070; 1058; 999; 985; 966;
957; 929; 908; 898; 884; 856, 843; 822; 792; 77%3;7713; 696, 684; 676; 662, 645; 630;
617; 605.

HRMS (EI) for C15H15NO, (241.1103): 241.1098.

Synthesis of 5-cyano-4'-methoxy-biphenyl-2-carboxyd acid ethyl ester (177c)

MeO
O CO,Et

CN
Accordingto TP 8, the metalation of ethyl 4-cyanobenzoa®&j( 370 mg, 2.0 mmol) was
completed within 1.25 h at 0 °C using ThMh-2MgCh-4LiCl (165 0.50Mm in THF, 2.4 mL,
2.4 mmol). Then, 4-iodoanisole (480 mg, 2.1 mmal) &d(PP¥$), (58 mg, 2.5 mol-%) were
added at 0 °C and the mixture was stirred for 4 ® &C. The reaction mixture was quenched
with a sat. ag. NECI solution (30 mL), extracted with diethyl eth& X 50 mL) and dried
over anhydrous MgSQ After filtration, the solvent was evaporated vacuo The crude
product was purified by column chromatography (peetdiethyl ether = 6:1) to givVE/7c
(407 mg, 77%) as a colourless solid.
m.p.: 76.3 °C.
'H-NMR (400 MHz, CDCls) §: 7.79-7.85 (m, 1 H), 7.65 (s, 1 H), 7.64 (dd7.0, 1.6 Hz,
1 H), 7.22 (ddJ=9.3, 2.6 Hz, 2 H), 6.94 (dddr9.2, 2.9, 2.5 Hz, 2 H), 4.14 (7.1 Hz,
2 H), 3.84 (s, 3H), 1.06 (#=7.1 Hz, 3 H).
¥C-.NMR (100 MHz, CDCls) ¢: 167.61, 159.66, 142.67, 135.45, 134.01, 131.25,08,
129.39, 117.97, 114.59, 113.85, 61.61, 55.32, 13.73
MS (70 eV, EI)m/z(%): 282 (21), 281 (100) [, 253 (18), 237 (13) 236 (61), 193 (15), 165
(11), 164 (15).
IR (ATR) U (cm?): 2938, 2838, 2231, 1714, 1607, 1577, 1515, 14881, 1440, 1397,
1364, 1289, 1242, 1175, 1137, 1107, 1047, 10307,1902, 888, 856, 847, 839, 786, 738,
712, 688, 645, 628, 618, 606, 602.
HRMS (EI) for C17H1sNO3 (281.1052): 281.1039.
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Synthesis of 5-trifluoromethyl-4'-triisopropylsilanyloxy-biphenyl-2-carbonitrile (177d)
OTIPS

CN
X

CF;
Accordingto TP 8, the metalation of 4-trifluoromethyl-benzonitr{&75g 342 mg, 2.0 mmol)
was completed within 5 h at 25 °C using Tm-2MgCh-4LIiCl (165 0.50wm in THF,
2.4 mL, 2.4 mmol). Then, (4-iodophenoxy)(triisopyhpilane (825 mg, 2.2 mmol) and
Pd(PPh)s (58 mg, 2.5 mol-%) were added at 25 °C and theturéxwas stirred for 5 h at
25 °C. The reaction mixture was quenched with aaatNHCI solution (30 mL), extracted
with diethyl ether (3 x 50 mL) and dried over antors MgSQ. After filtration, the solvent
was evaporatedn vacuo The crude product was purified by column chromgeaphy
(pentane/diethyl ether = 50:1) to gi¥é7d (494 mg, 59%) as a yellowish oil.
'H-NMR (400 MHz, CDCls) d: 7.85-7.87 (m, 1 H), 7.74-7.77 (m, 1 H), 7.62-7(66 1 H),
7.45 (ddd,J=9.2, 2.9, 2.5 Hz, 2 H), 7.00 (ddd9.2, 2.9, 2.5 Hz, 2 H), 1.24-1.33 (m, 3 H),
1.09-1.14 (m, 18 H).
3C-NMR (100 MHz, CDCls) &: 157.44, 146.16, 134.51 (§Jcr=32 Hz), 134.33, 129.97,
129.28, 126.74 (?Jc=3.8 Hz), 123.59 (°Jc=3.8 Hz), 120.37, 116.18 (&Jcr=272 Hz),
109.99, 17.89, 12.67.
MS (70 eV, El)m/z(%): 419 (7) [M], 377 (17), 376 (72), 348 (30), 321 (18), 320 (1@D6
(48), 290 (10), 160 (19).
IR (ATR) U (cml): 2948, 2893, 2868, 2231, 1606, 1516, 1489, 144423, 1402, 1391,
1333, 1273, 1256, 1173, 1134, 1107, 1074, 1034, 995, 882, 838, 817, 746, 725, 677, 661,
646, 638, 634, 624.
HRMS (El) for CaaH,gFsNOSI (419.1892): 419.1893.

Synthesis of 2-cyclohex-2-en-1-ylterephthalonitril¢177e)

CN

CN
Accordingto TP 8, the metalation of phthalonitrilé8g 256 mg, 2.0 mmol) was completed
within 3.5 h at 0 °C using TM®In-2MgCb-4LiCl (165 0.50Mm in THF, 2.4 mL, 2.4 mmol).
Then, CuCN-2LiCl (1.1 solution in THF, 0.1 mL, 0.1 mmol) and 3-bromoajexene
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(391 mg, 2.4 mmol) were added and stirred for 1tH0 &C. The reaction mixture was
guenched with a sat. ag. W&l solution (30 mL), extracted with diethyl ethé& X 50 mL)
and dried over anhydrous MgaQAfter filtration, the solvent was evaporatiedvacuo The
crude product was purified by column chromatograffgntane/diethyl ether = 9:1) to give
177e(325 mg, 78%) as a colourless solid.

m.p.: 110.8 °C.

'H-NMR (300 MHz, CDCls) 6: 7.72 (d,J=7.9 Hz, 1 H), 7.66 (dJ=1.5 Hz, 1 H), 7.58 (dd,
J=7.9, 1.5 Hz, 1 H), 6.03-6.12 (m, 1 H), 5.54-6.68 ( H), 3.84-3.93 (m, 1 H), 2.09-2.20 (m,
3 H), 1.60-1.72 (m, 2 H), 1.44-1.57 (m, 1 H).

3C-NMR (75 MHz, CDCl3) ¢: 151.59, 133.40, 132.07, 131.57, 129.88, 126.2§,.30,
116.41, 116.29, 116.28, 39.74, 31.24, 24.61, 20.33.

MS (70 eV, El)m/z(%): 209 (10), 208 (67) [N, 207 (100), 193 (35), 192 (20), 191 (26),
190 (20), 180 (24), 179 (31), 167 (13), 165 (1B3 115), 152 (12), 141 (10), 140 (16), 54
7).

IR (ATR) v (cm?): 3033, 2929, 2858, 2837, 2228, 1605, 1554, 14838, 1436, 1406,
1339, 1294, 1261, 1191, 1159, 1138, 1074, 10420,1900, 936, 917, 898, 868, 835, 824,
775, 749, 741, 724, 700, 675, 656, 641, 637, 638, 615, 609, 603.

HRMS (EI) for C14H;2N, (208.1000): 208.0990.

Synthesis of 6'-cyano-2'-fluorobiphenyl-4-carboxyk acid ethyl ester (69q)

CO,Et
I
L

Accordingto TP 8, the metalation of 3-fluorobenzonitriléql; 242 mg, 2.0 mmol) was
completed within 1.5 h at 0 °C using ThMM-2MgCh-4LiCl (165 0.50m in THF, 2.4 mL,
2.4 mmol). Then, ethyl 4-iodobenzoate (607 mg,r@rol) and Pd(PRJy (58 mg, 2.5 mol-%)
were added at 0 °C and the mixture was slowly wdrtee25 °C and stirred for 8 h. The
reaction mixture was quenched with a sat. ags@lHolution (30 mL), extracted with diethyl
ether (3 x 50 mL) and dried over anhydrous MgS@fter filtration, the solvent was
evaporatedin vacuo The crude product was purified by column chrorgedphy
(pentane/diethyl ether = 8:1) to gi66q (420 mg, 78%) as a colourless solid.

m.p.: 104.5-106.1 °C.

'H-NMR (300 MHz, CDCls) d: 8.16-8.19 (m, 2 H), 7.54-7.61 (m, 3 H), 7.38-7(80 2 H),
4.40 (9,J=7.2 Hz, 2 H), 1.40 (1)}=7.3 Hz, 3 H).
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3C-NMR (75 MHz, CDCls) 6: 165.96, 159.35 (d'Jc=250 Hz), 135.69, 132.15 (d,
2Jc=19 Hz), 131.20, 130.10 (dJ)cr=8.8 Hz), 129.84 (d%Jcr=1.8 Hz), 129.75, 129.52 (d,
3Jc=4.8 Hz), 120.83 (d%Jc=23 Hz), 116.94 (d;Jc=4.3 Hz), 114.06 (dJc=4.3 Hz),
61.18, 14.30.

MS (70 eV, El)m/z(%): 269 (22) [M], 240 (33), 224 (13), 223 (100), 197 (16), 196)(28
195 (16), 169 (13).

IR (ATR) U (cml): 2960, 2232, 1723, 1714, 1612, 1578, 1464, 148D8, 1368, 1296,
1271, 1257, 1190, 1176, 1159, 1104, 1082, 10335,10007, 979, 967, 957, 915, 888, 861,
798, 770, 730, 700, 633, 602.

HRMS (EI) for C16H1FNO; (269.0852): 269.0840.

Synthesis of 6'-cyano-2'-fluoro-biphenyl-4-carboxyt acid ethyl ester (177f)
CN O

Ph

=
According to TP 8, the metalation of 4-fluorobenzonitril&dk; 242 mg, 2.0 mmol) was
completed within 1.5 h at 0 °C using Th-2MgCb-4LiCl (165 0.5M in THF, 2.4 mL,
2.4 mmol). The reaction mixture was cooled to —@Q then CuCN-2LiCl (1.& solution in
THF, 0.4 mL, 0.4 mmol) and benzoyl chloride (336, g mmol) were added. The mixture
was allowed to warm to 0 °C and stirred for 6 he Thaction mixture was quenched with a
sat. aq. NHCI solution (30 mL), extracted with diethyl ethed X 50 mL) and dried over
anhydrous MgS@ After filtration, the solvent was evaporatedvacuo The crude product
was purified by column chromatography (pentaneigietther = 4:1) to givd77f (369 mg,
82%) as a colourless solid.

m.p.: 77.8-88.9 °C.

'H-NMR (300 MHz, CDCl3) 8: 7.87-7.77 (m, 4 H), 7.67-7.62 (m, 1 H), 7.52-7(k¥, 2 H),
7.30 (t,J=8.8 Hz, 1 H).

13C-NMR (75 MHz, CDCls) 6: 190.8, 161.4 (d'Jcr=245 Hz), 136.6 (d*Jcr=9.8 Hz), 136.3,
135.5 (d,*Jcr=4.6 Hz), 134.2, 129.8 (d=0.8 Hz), 128.8, 117.9 (d)c=23.5 Hz), 117.2,
109.2 (dJc=3.9 Hz).

MS (70 eV, El)m/z (%): 225 (29) [M], 148 (14), 105 (100), 77 (30), 74 (16), 59 (249,
(15).
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IR (ATR) 7 (cmi’): 3348, 3103, 1066, 1049, 2921, 2229, 1963, 19083, 1652, 1637,
1597, 1578, 1533, 1484, 1449, 1404, 1363, 13162,18980, 1230, 1198, 1178, 1134, 1106,
1072, 1024, 1000, 974, 922, 881, 853, 830, 807, 728, 714, 696, 672, 645, 623.

HRMS (EI) for C 14HsFNO: (225.0590): 225.0589

Synthesis of 3-bromo-6-fluoro-2-(2-methylprop-2-ert-yl)benzonitrile (1779)
CN
MeWF
Br
Accordingto TP 8, the metalation of 5-bromo-2-fluorobenzonitrilerbl; 400 mg, 2.0 mmol)
was completed within 0.5 h at 0 °C using T#-2MgCh-4LiCl (165 0.50wm in THF,
2.4 mL, 2.4 mmol). Then CuCN-2LIiCl (& in THF, 0.1 mL, 0.1 mmol) and 2-methyl allyl
bromide (300 mg, 2.4 mmol) were added and stiroed.th at 0 °C. The reaction mixture was
guenched with a sat. ag. WEl solution (30 mL), extracted with diethyl eth& X 50 mL)
and dried over anhydrous MgaQAfter filtration, the solvent was evaporatiedvacuo The
crude product was purified by column chromatografgentane/diethyl ether = 60:1) to give
1779(421 mg, 83%) as a colourless oil.
'H-NMR (300 MHz, CDCls) §: 7.58 (dddJ=11.8, 5.6, 2.5 Hz, 2 H), 4.90 (s, 1 H), 4.70 (s,
1 H), 3.34 (s, 2 H), 1.71 (s, 3 H).
3C-NMR (75 MHz, CDCl3) &: 160.59 (d,'Jcr=259 Hz), 141.49, 138.79(d)c=5.4 Hz),
133.60, 130.52 (dfJer=17 Hz), 116.75 (d>Jer=4.1 Hz), 113.88 (d°Jc=0.8 Hz), 112.77,
103.14 (d?Jc=18 Hz), 36.46, 22.09.
MS (70 eV, El)m/z(%): 253 (12) [M], 175 (15), 174 (100), 160 (11), 159 (63), 158 [(H4
(16), 147 (17), 134 (20), 133 (17), 59 (12).
IR (ATR) U (cm): 3082, 2239, 1653, 1573, 1466, 1447, 1405, 13261, 1243, 1228,
1211, 1022, 897, 873, 862, 822, 755, 746, 722, 888, 676, 664, 654, 637, 633, 627, 624,
620, 616, 611, 602.
HRMS (EI) for C1;HoBrFN (252.9902): 252.9894.

Synthesis of 6-bromo-3-fluoro-2-(3-methyl-but-2-enybenzonitrile (69t)
CN
)\/jij/e’r
F
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Accordingto TP 8, the metalation of 5-bromo-2-fluorobenzonitrig/¢, 400 mg, 2.0 mmol)
was completed within 0.5 h at 0 °C using T#-2MgCh-4LiCl (165 0.50wm in THF,
2.4 mL, 2.4 mmol). Then CuCN-2LiCI (I solution in THF, 0.1 mL, 0.1 mmol) and 1-
bromo-3-methyl-but-2-ene (360 mg, 2.4 mmol) werdeatland stirred for 1 h at 0 °C. The
reaction mixture was quenched with a sat. ags@lHdolution (30 mL), extracted with diethyl
ether (3 x 50 mL) and dried over anhydrous MgS@fter filtration, the solvent was
evaporatedin vacuo The crude product was purified by column chrorgeaphy
(pentane/diethyl ether = 75:1) to gig8t (493 mg, 92%) as a colourless solid.

m.p.: 47.8-49.6 °C.

'H-NMR (300 MHz, CDCls) d: 7.00-7.6 (m, 1 H), 6.72-6.77 (m, 1 H), 4.92-4(&9 1 H),
2.84 (dJ=7.4 Hz, 2 H), 1.50 (dJ=1.1 Hz, 3 H), 1.37 (s, 3 H).

3C-NMR (75 MHz, CDCl3) 6: 160.53 (d,"Jce=257 Hz), 137.56 (2Jc=5.6 Hz), 135.20,
133.05, 132.02 (d2Jcr=16 Hz), 119.41, 116.73 (fJc=4.2 Hz), 112.77, 103.44 (d,
2Jc=18Hz), 27.03 (dWJc=2.2 Hz), 25.51, 17.50.

MS (70 eV, El)m/z(%): 269 (24), 267 (25), [k, 251 (14), 249 (15), 187 (20), 173 (13), 172
(100), 171 (18), 157 (14), 133 (11), 55 (14).

IR (ATR) U (cml): 3088, 3032, 2977, 2928, 2857, 2237, 1732, 18633, 1484, 1463,
1452, 1436, 1402, 1377, 1350, 1287, 1261, 12449,1P075, 1152, 1117, 1101, 1094, 1074,
1011, 985, 967, 898, 862, 838, 774, 734, 721.

HRMS (El) for C1,H1:BrFN (267.0059): 267.0047.

Synthesis of 3-bromo-2-(4-chlorobenzoyl)-4-fluorobezonitrile (177h)
CN O

IBrI Cl

=
Accordingto TP 8, the metalation of 3-bromo-4-fluorobenzonitriler6G 400 mg, 2.0 mmol)
was completed within 0.5 h at 0 °C using T 2MgCh-4LiCl (165 0.50wm in THF,
2.4 mL, 2.4 mmol). The reaction mixture was cooted-30 °C, then CuCN-2LiCI (110
solution in THF, 0.4 mL, 0.4 mmol) and 4-chlorobeylizchloride (420 mg, 2.4 mmol) were
added. The mixture was allowed to warm to 25 °C stirded for 12 h. The reaction mixture
was quenched with a sat. aq. M solution (30 mL), extracted with diethyl eth&x 50 mL)
and dried over anhydrous MgaQAfter filtration, the solvent was evaporatiedvacuo The
crude product was purified by column chromatografggntane/diethyl ether = 9:1) to give
177h (550 mg, 81%) as a colourless solid.
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m.p.: 158.8-160.3 °C.

'H-NMR (400 MHz, CDCls) 6: 8.04 (dd,J=5.8, 1.9 Hz, 1 H), 7.76 (dd=5.8, 1.9 Hz, 1 H),
7.72 (dddJ=8.8, 2.3, 2.1 Hz, 2 H), 7.49 (ddi£8.8, 2.3, 2.1 Hz, 2 H).

13C-NMR (100 MHz, CDCls) J: 188.54 (d Jc=1.2 Hz), 158.70 (d*Jcr=261 Hz), 141.26,
139.51 (d,Jc=1.9 Hz), 134.08, 133.49 (FfJc=3.4 Hz), 131.07, 129.34, 128.89 (d,
2Jc=18 Hz), 115.77, 111.67 (8)c=23 Hz), 110.41.

MS (70 eV, El)m/z(%): 339 (25), 337 (20) [N, 141 (29), 139 (100), 111 (17).

IR (ATR) U (cmY): 2232, 1742, 1680, 1632, 1598, 1572, 1468, 14449, 1390, 1368,
1318, 1302, 1285, 1276, 1243, 1215, 1196, 1160],11029, 967, 953, 935, 916, 904, 880,
859, 840, 818, 810, 749, 729, 699.

HRMS (El) for C14H¢BrCIFNO (336.9305): 336.9318.

Synthesis of ethyl 5-bromo-2-(trifluoromethoxy)bennate (177i)

OCF5
CO,Et

Br
Accordingto TP 8, the metalation of 1-bromo-4-trifluoromethoxybene€175d 480 mg,
2.0 mmol) was completed within 10 h at 25 °C usingP.Mn-2MgChb-4LiCl (165 0.50M in
THF, 2.4 mL, 2.4 mmol). Then, the mixture was cdote 0 °C and ethyl cyanoformate
(240 mg, 2.4 mmol) was added. After warming to Z5 the mixture was stirred for
additional 4 h. The reaction mixture was quench&tl & sat. ag. NkCl solution (30 mL),
extracted with diethyl ether (3 x 50 mL) and drimeer anhydrous MgSQ After filtration,
the solvent was evaporateth vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 40:1) W@ i/ 7i (480 mg, 77%) as a colourless oil.
'H-NMR (400 MHz, CDCls) d: 8.07 (d,J=2.7 Hz, 1 H), 7.66 (dd]=8.8, 2.5 Hz, 1 H), 7.20
(dd,J=9.4, 1.9 Hz, 1 H), 4.39 (§=7.1 Hz, 2 H), 1.38 (J=7.1 Hz, 3 H).
¥*C-NMR (100 MHz, CDCls) d: 163.32, 146.62 (dfJcr=1.3 Hz), 136.24, 134.85, 127.01,
124.34 (dJcr=1.2 Hz), 121.42 (qiJcr=272 Hz), 120.32, 62.05, 14.01.
MS (70 eV, El)m/z (%): 314 (27), 312 (24) [N, 286 (54), 284 (52), 270 (13), 269 (100),
268 (18), 267 (94), 233 (19), 203 (22), 201 (3¥p 25), 173 (35), 111 (10), 97 (10), 94 (25),
85 (10), 83 (11), 63 (11).
IR (ATR) 7 (cm): 1737, 1721, 1597, 1482, 1405, 1389, 1366, 12248, 1209, 1160,
1092, 1033, 1016, 924, 902, 881, 841, 810, 782, 628, 652, 620, 616, 611, 601.
HRMS (EI) for C10HgBrF 303 (311.9609): 311.9599.
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Synthesis of (4-chlorophenyl)-(2-methoxy-4,6is-trifluoromethylphenyl)methanone
(129f):
OMe O

FsC~ ‘ :CF3" “Cl

According to TP 8, the metalation of 3,bis-trifluoromethyl-anisole 128y 520 mg,
2.0 mmol) was completed using TWN-2MgCh-4LiCl (165 0.50 M in THF, 2.4 mL,
2.4 mmol) within 2 h at 25 °C. The reaction mixtuvas cooled to —30 °C, then CuCN-2LiCl
(2.0m solution in THF, 0.4 mL, 0.4 mmol) and 4-chlorobewl chloride (420 mg, 2.4 mmol)
were added. The mixture was allowed to warm to @5ahd stirred for 3 h. The reaction
mixture was quenched with a sat. aqg. J8Hsolution (30 mL), extracted with diethyl ether
(3 x 50 mL) and dried over anhydrous MgS@fter filtration, the solvent was evaporated
vacua The crude product was purified by column chrorgedphy (pentane/diethyl ether =
19:1) to givel29f (643 mg, 84%) as a colourless solid.

m.p.: 107.2 °C.

'H-NMR (400 MHz, DMSO) 6: 7.86 (s, 1 H), 7.79 (s, 1 H), 7.74 (dd&9.0, 2.4, 2.2 Hz,
2 H), 7.60 (dddJ=9.0, 2.3, 2.2 Hz, 2 H), 3.83 (s, 3 H).

3C-NMR (100 MHz, DMSO) §: 191.39, 157.44, 139.49, 134.30 {g:=2.0 Hz), 132.12 (q,
2JcF=32 Hz), 130.69, 129.96, 129.34, 128.20 1@=33 Hz), 122.94 (q;Jc=273 Hz),
122.58 (qJc=273 Hz), 114.97, (m), 113.44, 57.19.

MS (70 eV, El)m/z(%): 384 (10), 382 (30) [N, 270 (63), 256 (23), 250 (12), 141 (35), 139
(100), 111 (23).

IR (ATR) U (cm™): 1684, 1623, 1483, 1462, 1429, 1401, 1368, 13285, 1249, 1202, 188,
1157, 1122, 1101, 1041, 1033, 1014, 929, 889,, 88Q, 858, 841, 770, 760, 727, 688, 676,
650, 610, 605.

HRMS (EI) for C16HoCIFs0, (382.0195): 382.0191.

Synthesis oftert-butyl 2-[2-(ethoxycarbonyl)prop-2-en-1-yl]-4-methxybenzoate (177Kk)
COZt-BU

CO,Et
OMe
Accordingto TP 8, the metalation dfert-butyl 4-methoxybenzoatd26d 416 mg, 2.0 mmol)
was completed within 30 h at 25 °C using TR -2MgCh-4LiCl (165 0.50M in THF,
2.4 mL, 2.4 mmol). The mixture was cooled to 0 GUCN-2LiCl (1.0m solution in THF,

317



Experimental Part: Directed Metalation Using TiWm-2MgCh-4LiCl

0.1 mL, 0.1 mmol) and ethyl 2-(bromomethyl)acryl&&3 mg, 2.4 mmol) were added and
then stirred for 2 h at 0 °C. The reaction mixtwmas quenched with a sat. aq. MH solution
(30 mL), extracted with diethyl ether (3 x 50 mlrjdadried over anhydrous MgQQAfter
filtration, the solvent was evaporatéd vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 20:1) W @i’ 7k (468 mg, 73%) as a colourless oil.
'H-NMR (300 MHz, CDCls) §: 7.85 (d,J=8.7 Hz, 1 H), 6.77 (dd]=8.7, 2.6 Hz, 1 H), 6.70
(d, J=2.8 Hz, 1 H), 6.19 (d}=1.2 Hz, 1 H), 5.18 (dJ=1.6 Hz, 1 H), 4.21 (q)=7.1 Hz, 2 H),
3.98 (s, 2 H), 3.80 (s, 3H), 1.51 (s, 9 H), 1.80%£7.1 Hz, 3 H).

¥C-NMR (75 MHz, CDCls) J: 167.06, 166.48, 161.90, 141.83, 140.32, 133.0%,.47,
124.44,116.78, 111.49, 80.80, 60.70, 55.28, 32886, 14.20.

MS (70 eV, El)m/z(%): 320 (2) [M], 264 (27), 247 (31), 246 (100), 219 (25), 218)(3D1
(45), 190 (43), 175 (30), 174 (97), 173 (24), 148)( 145 (11), 131 (12), 57 (16).

IR (ATR) U (cm?): 2979, 2971, 2932, 2906, 1708, 1631, 1604, 13498, 1457, 1392,
1367, 1322, 1248, 1165, 1124, 1085, 1032, 953, 854, 782, 749, 708, 683, 654, 647, 640,
632, 629, 618, 615, 611, 607, 604.

HRMS (EI) for C18H2405 (320.1624): 320.1624.

Synthesis of 1-(3,6-dibromo-2,1,3-benzothiadiazobd)-2,2-dimethylpropan-1-ol (180a)
?H Br

Br
Accordingto TP 8, the metalation of 3,6-dibromo-2,1,3-benzothiadiaz(178g 290 mg,
2.0 mmol) was completed within 2.5 h at 0 °C usingP,Mn-2MgCh-4LiCl (165 0.50M in
THF, 2.4 mL, 2.4 mmol). ThertBuCHO (206 mg. 2.4 mmol) was added at 0 °C and the
mixture was stirred for another 3 h at 0 °C. Thect®n mixture was quenched with a sat. aq.
NH4CI solution (30 mL), extracted with diethyl eth& X 50 mL) and dried over anhydrous
MgSOQ.. After filtration, the solvent was evaporatedvacuo The crude product was purified
by column chromatography (pentane/diethyl ethelOA)lto givel80a (596 mg, 78%) as a
yellowish solid.
m.p.: 149.7 °C.
'H-NMR (400 MHz, DMSO) §: 7.99 (s, 1 H), 5.94 (d]=4.5 Hz, 1 H), 4.91 (dJ=4.5 Hz,
1 H), 0.95 (s, 9 H).
13C-NMR (100 MHz, DMSO ¢: 152.65, 151.22, 145.11, 133.19, 113.19, 111.4083
37.18, 26.04.
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MS (70 eV, Elym/z(%): 377 (2) [M], 326 (97), 325 (22), 324 (96), 323 (22), 322 (BD1
(10), 244 (32), 242 (40), 216 (18), 214 (18), 5L

IR (ATR) 7 (cm): 3527, 2949, 2861, 1592, 1494, 1477, 1463, 13368, 1360, 1327,
1300, 1282, 1254, 1233, 1211, 1173, 1161, 10744,1998, 943, 938, 906, 891, 876, 840,
833, 806, 801, 787, 778, 765, 750, 744, 735, 738, 709, 695, 690, 681, 675, 671, 667, 661,
657, 647, 641, 636, 632, 622, 616, 611, 606, 601.

HRMS (EI) for C11H1,Br-N,0S (377.9037): 377.9037.

Synthesis of (3,6-dibromo-2,1,3-benzothiadiazol-3)yphenyl)methanone (180b)
@] Br

Ph -\

Br
Accordingto TP 8, the metalation of 3,6-dibromo-2,1,3-benzothiadiaz(178g 290 mg,
2.0 mmol) was completed within 2.5 h at 0 °C usifngP.Mn-2MgCh-4LiCl (165 0.50M in
THF, 2.4 mL, 2.4 mmol). Then, Zn£{1.0m solution in THF, 2.4 mL, 1.2 mmol) was added
at 0 °C and stirred for 20 min. Benzoyl chlorid8§3ng, 2.4 mmol) and Pd(P§h(58 mg,
2.5 mol-%) were added and the mixture was stirocedfh at 0 °C. The reaction mixture was
guenched with a sat. ag. WEl solution (30 mL), extracted with diethyl eth& X 50 mL)
and dried over anhydrous MgaQAfter filtration, the solvent was evaporatiedvacuo The
crude product was purified by column chromatografggntane/diethyl ether = 9:1) to give
180b (610 mg, 77%) as a yellowish solid.
m.p.: 155.5 °C.
'H-NMR (300 MHz, CDCls) J: 7.83-7.89 (m, 2 H), 7.79 (s, 1 H), 7.63-7.69 (IrH), 7.48-
7.55 (m, 2 H).
3C-NMR (75 MHz, CDCls) 6: 193.49, 152.88, 152.80, 141.58, 134.94, 134.32.34,
131.23, 129.04, 114.45, 111.61.
MS (70 eV, El)m/z(%): 400 (12), 398 (23), 396 (12) [W 321 (13), 319 (55), 318 (10), 317
(54), 238 (13), 105 (100), 77 (50), 51 (11).
IR (ATR) U (cm'): 3055, 2970, 1738, 1677, 1669, 1595, 1580, 14928, 1383, 1365,
1316, 1310, 1294, 1279, 1230, 1217, 1182, 11540,11@74, 1033, 1019, 1000, 982, 941,
919, 901, 892, 885, 876, 853, 839, 825, 803, 784, 741, 737, 719, 708, 696, 686, 667, 652,
647, 639, 630, 623, 615, 611, 606.
HRMS (EI) for C13HeBr,N-OS (395.8568): 395.8563.
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Synthesis of 1-(1-benzyl-Hi-imidazol-2-yl)-2-methyl-propan-1-ol (180c):
Ph

-

i
Accordingto TP 8, the metalation of 1-benzyHtimidazol @1 316 mg, 2.0 mmol) was
completed using TMMMn-2MgCh-4LiCl (165 0.50m in THF, 2.4 mL, 2.4 mmol) within
30 min at 0 °C. Then, isobutyraldehyde (173 mg, @mhol) was added at 0 °C and the
mixture was stirred for another 1 h at 0 °C. Thacti®n mixture was quenched with a sat. aq.
NH,4CI solution (30 mL), extracted with diethyl ethé& X 50 mL) and dried over anhydrous
MgSQ.. After filtration, the solvent was evaporatedvacuo The crude product was purified
by column chromatography (diethyl ether/fCHh= 9:1) to givel80c (377 mg, 82%) as a
colourless solid.
m.p.: 140.0 °C.
'H-NMR (400 MHz, DMSO) §: 7.24-7.35 (m, 3 H), 7.12-7.17 (m, 2 H), 7.03 d1.2 Hz,
1 H), 6.82 (dJ=1.2 Hz, 1 H), 5.29 (s, 1 H), 5.27 (s, 2 H), 4.1d,0=8.4, 6.3 Hz, 1 H), 2.02-
2.10 (m, 1 H), 0.95 (dI=6.7 Hz, 3 H), 0.61 (d]=6.7 Hz, 3 H).
3C-NMR (100 MHz, DMSO) §: 148.94, 137.95, 128.44, 127.32, 126.93, 126.25,56,
71.14, 48.36, 32.54, 19.25, 18.99.
MS (70 eV, El)m/z(%): 230 (4) [M], 188 (13), 187 (100), 92 (14), 91 (16), 65 (8).
IR (ATR) v (cm?): 3300, 3139, 3118, 1497, 1480, 1468, 1455, 143562, 1276, 1256,
1166, 1103, 1076, 1039, 944, 924, 854, 823, 765, 736, 711, 691, 677, 673, 669.
HRMS (EI) for C14H1gN20 (230.1419): 230.1414.

Synthesis of benzothiazol-2-yl-(3,4-dichlorophenyi)ethanol (180d):
S OH
L
N

Cl

Cl

Accordingto TP 8, the metalation of benzothiazollf; 270 mg, 2.0 mmol) was completed
using TMRMn-2MgCb-4LIiCl (165 0.50m in THF, 2.4 mL, 2.4 mmol) within 30 min at 0 °C.
Then, 3,4-dichlorobenzaldehyde (420 mg, 2.4 mmai} wdded at O °C and the mixture was
stirred for another 1 h at 0 °C. The reaction ntgtwas quenched with a sat. aq. /&H
solution (30 mL), extracted with diethyl ether (&8 mL) and dried over anhydrous Mg&SO
After filtration, the solvent was evaporatéd vacuo The crude product was purified by
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column chromatography (pentane/diethyl ether = ®1give 180d (544 mg, 88%) as a pale
yellow solid.

m.p.: 117.1 °C.

'H-NMR (400 MHz, CDCl3) 8: 7.95 (d,J=8.2 Hz, 1 H), 7.83 (dd]=8.0, 1.2 Hz, 1 H), 7.63
(d,J=2.0 Hz, 1 H), 7.40-7.48 (m, 2 H), 7.33-7.39 (nH 6.09 (s, 1 H), 4.08 (br, 1 H).
3C-NMR (100 MHz, CDCls) ¢: 173.77, 152.34, 140.86, 135.07, 132.96, 132.30,71,
128.61, 126.38, 125.95, 125.49, 123.09, 121.8®273.

MS (70 eV, El)m/z(%): 311 (31), 310 (12), 309 (47) [M 175 (12), 173 (15), 164 (13), 136
(66), 135 (100), 108 (21).

IR (ATR) U (cm'): 3302, 3060, 3025, 1579, 1766, 1509, 1494, 14338, 1398, 1314,
1178, 1157, 1119, 1110, 1069, 1048, 1039, 10273,10001, 903, 888, 855, 839, 785, 778,
760, 731, 699, 670, 610, 602.

HRMS (EI) for C14HoCI,NOS (308.9782): 308.9764.

Synthesis of 1-benzothiazol-2-yl-2-phenyl-propan-t (180e):
S OH
L~
N Ph
Me
Accordingto TP 8, the metalation of benzothiazolglf; 270 mg, 2.0 mmol) was completed
using TMRMn-2MgCb-4LiCl (165 0.50m in THF, 2.4 mL, 2.4 mmol) within 30 min at 0 °C.
Then, 2-phenylpropanal (280 mg, 2.0 mmol) was adute@d °C and the mixture was stirred
for another 1 h at 0 °C. The reaction mixture wasnghed with a sat. ag. MEl solution
(30 mL), extracted with diethyl ether (6 x 50 mldadried over anhydrous MgQQAfter
filtration, the solvent was evaporatéd vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 4:1) tee di80e (441 mg, 82%) as a pale yellow
solid.
m.p.: 129.1-130.7 °C.
'H-NMR (600 MHz, CDCls) 6: 7.93 (d,J=8.2 Hz, 1 H), 7.83 (d}=8.0 Hz, 1 H), 7.44-7.47
(m, 1 H), 7.30-7.38 (m, 5 H), 7.23-7.26 (m, 1 HBB(br 1 H), 5.19 (s, 1 H), 3.50-3.56 (m,
1 H), 1.34 (d,)=7.0 Hz, 3 H).
¥C-.NMR (150 MHz, CDCls) ¢: 175.02, 152.59, 142.75, 134.79, 128.53, 128.25,8D,
125.98, 124.86, 122.71, 121.68, 76.25, 46.08, 13.98
MS (70 eV, El)m/z(%): 269 (9) [M], 165 (28), 164 (100), 163 (14), 136 (23), 109)(1D6
(15), 105 (63), 91 (11), 90 (10), 77 (15).
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IR (ATR) 7 (cm): 3292, 3061, 3029, 2965, 1509, 1494, 1453, 14334, 1178, 1157,
1119, 1110, 1069, 1048, 1039, 1027, 1013, 1001, B&G, 760, 731, 699, 670, 610, 602.
HRMS (EI) for C16H1sNOS (269.0874): 269.0874.

Synthesis of benzoxazol-2-yl-(4-methoxyphenyl)methal (180f):
O OH
OO
\OMe
Accordingto TP 8, the metalation of benzoxazolél@g 236 mg, 2.0 mmol) was completed
using TMRMn-2MgCh-4LiCl (165 0.50M in THF, 2.4 mL, 2.4 mmol) within 1 h at 0 °C.
Then, 4-methoxy benzaldehyde (330 mg, 2.4 mmol) adeked at 0 °C and the mixture was
stirred for another 1 h at 0 °C. The reaction nmgtwas quenched with a sat. aq. /&H
solution (30 mL), extracted with diethyl ether (&8 mL) and dried over anhydrous MgsO
After filtration, the solvent was evaporatéu vacuo The crude product was purified by
column chromatography (pentane/diethyl ether = tbhlgive 180f (377 mg, 74%) as a pale
yellow solid.
m.p.: 95.7 °C.
'H-NMR (400 MHz, DMSO) ¢: 7.65-7.73 (m, 2 H), 7.41-7.46 (m, 2 H), 7.31-7(88 2 H),
6.90-6.95 (m, 2 H), 6.50-6.56 (@4.9 Hz, 1 H), 5.94 (d}=4.9 Hz, 1 H), 3.73 (s, 3 H).
3C-NMR (100 MHz, DMSO) §: 167.13, 158.96, 150.07, 140.40, 132.18, 127.26,1D,
124.44,119.77, 113.71, 110.84, 68.47, 55.06.
MS (70 eV, El)m/z(%): 256 (10), 255 (72) [M, 226 (17), 137 (100), 136 (26), 135 (27),
120 (11), 119 (11), 109 (15), 77 (10).
IR (ATR) U (cm): 3244, 2980, 2959, 1610, 1574, 1509, 1476, 14881, 1402, 1304,
1288, 1251, 1244, 1234, 1192, 1176, 1164, 11497117, 1028, 1002, 971, 936, 896, 863,
838, 834, 788, 760, 748, 727, 627.
HRMS (EI) for C15H13NO3 (255.0895): 255.0889.

Synthesis of (1-benzyl-H-benzimidazol-2-yl)(4-isopropylphenyl)methanol (186)

N OH
I
N

/

Ph
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Accordingto TP 8, the metalation of 1-benzyHtbenzimidazoleX78b; 416 mg, 2.0 mmol)
was completed within 0.5 h at 0 °C using T#-2MgCh-4LiCl (165 0.50wm in THF,
2.4 mL, 2.4 mmol). Then, 4-isopropylbenzaldehyd®5(8ng, 2.4 mmol) was added and the
mixture was stirred for 5 h. The reaction mixturaswguenched with a sat. aq. MH solution
(30 mL), extracted with diethyl ether (3 x 50 mljdadried over anhydrous MgQQAfter
filtration, the solvent was evaporatéd vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 1:1) teedi80g (598 mg, 84%) as a colourless
solid.

m.p.: 173.5 °C.

'H-NMR (400 MHz, DMSO) ¢: 7.61-7.63 (m, 1 H), 7.31 (d=7.8 Hz, 2 H), 7.09-7.20 (m,
8 H), 6.92-6.97 (m, 2 H), 6.53 (&5.1 Hz, 1 H), 6.11 (dJ=5.1 Hz, 1 H), 5.45-5.55 (m, 2 H),
2.83 (septJ=7.1 Hz, 1 H), 1.16 (s, 3 H), 1.15 (s, 3 H).

3C-NMR (100 MHz, DMSO) §: 155.56, 147.32, 141.96, 138.73, 136.73, 135.28,28,
127.13, 126.67, 126.03, 125.98, 122.22, 121.54,111910.67, 68.86, 46.80, 33.07, 23.84.
MS (70 eV, El)m/z(%): 357 (16), 356 (63) [K], 355 (11), 340 (23), 339 (14), 325 (10), 295
(13), 266 (17), 265 (92), 249 (18), 223 (52), 22Q)( 210 (19), 209 (98), 208 (23), 207 (35),
206 (17), 205 (13), 147 (23), 145 (14), 91 (100).

IR (ATR) V (Cm'l): 3152, 3134, 3091, 3063, 1606, 1511, 1497, 14485, 1414, 1352,
1331, 1314, 1297, 1288, 1259, 1245, 1227, 1197311854, 1060, 1050, 1031, 1020, 1016,
1002, 916, 889, 861, 854, 810, 782, 768, 761, 738, 714, 695, 683, 679, 668, 661, 657,
650, 643, 636, 626, 622, 614, 609, 604.

HRMS (EI) for Cz4H,4N20 (356.1889): 356.1883.

Synthesis of (E)-1-(3,6-dimethoxypyridazin-4-yl)-3-phenylprop-2-enrl-one (180h)
OMe O
N “ph
N_~
(‘)Me
Accordingto TP 8, the metalation of 3,6-dimethoxypyridazid®Qe 280 mg, 2.0 mmol) was
completed within 0.5 h at 0 °C using ThMM-2MgCh-4LiCl (165 0.50m in THF, 2.4 mL,
2.4 mmol). The reaction mixture was cooled to -80 then CuCN-2LiCl (1.& solution in
THF, 0.4 mL, 0.4 mmol) and 3-phenyl-acryloyl chitei(400 mg, 2.4 mmol) were added. The
mixture was allowed to warm to 0 °C and stirred2dn. The reaction mixture was quenched
with a sat. ag. NECI solution (30 mL), extracted with diethyl ethé& X 50 mL) and dried

over anhydrous MgSQ After filtration, the solvent was evaporated vacuo The crude
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product was purified by column chromatography (pesetdiethyl ether = 2:1) to givEB0h
(475 mg, 88%) as a yellow solid.

m.p.: 109.8 °C.

'H-NMR (300 MHz, CDCl3) d: 7.55-7.61 (m, 3 H), 7.38-7.44 (m, 3 H), 7.23Jd16.1 Hz,
1H), 7.11 (s, 1 H), 4.12 (s, 3 H), 4.08 (s, 3 H).

3C-NMR (75 MHz, CDCl3) ¢: 189.35, 162.58, 158.31, 146.69, 134.07, 131.44,.27,
129.05, 128.75, 124.73, 119.83, 55.13, 54.91.

MS (70 eV, El)m/z(%): 271 (11), 270 (72) [M, 269 (37), 242 (13), 131 (100), 117 (58),
103 (52), 77 (22).

IR (ATR) v (cm?): 3028, 2951, 1644, 1617, 1595, 1575, 1540, 14961, 1452, 1446,
1373, 1364, 1342, 1330, 1296, 1272, 1233, 12066,11953, 1132, 1080, 1072, 1017, 999,
972, 925, 895, 874, 848, 815, 781, 774, 765, 722, 887, 668, 654, 645, 640, 635, 628, 620,
616, 610, 608, 601.

HRMS (EI) for C15H14N203 (270.1004): 270.0997.

Synthesis of benzothiophene-2-carboxylic acid ethglster (180i):

S
)—CO,Et

According to TP 8, the metalation of benzothiophenélk; 268 mg, 2.0 mmol) was
completed using TM@Mn-2MgCh-4LICl (165 0.50M in THF, 2.4 mL, 2.4 mmol) within 2 h
at 25 °C. Then, ethyl cyanoformate (220 mg, 2.2 fhimwas added at 25 °C and the mixture
was stirred for another 5 h at 25 °C. The reaatnixture was quenched with a sat. aq.4/SH
solution (30 mL), extracted with diethyl ether (%8 mL) and dried over anhydrous MgsO
After filtration, the solvent was evaporatéd vacuo The crude product was purified by
column chromatography (pentane/diethyl ether = B@olgive 180i (392 mg, 95%) as a
yellow oil.

'H-NMR (300 MHz, CDCls) d: 8.05 (d,J=0.7 Hz, 1 H), 7.81-7.89 (m, 2 H), 7.36-7.47 (m,
2 H), 4.40 (qJ=7.1 Hz, 2 H), 1.41 (J=7.1 Hz, 3 H).

¥C-NMR (75 MHz, CDCls) J: 162.82, 142.15, 138.69, 133.83, 130.35, 126.85,.47,
124.84, 122.72, 61.57, 14.31.

MS (70 eV, El)m/z(%): 206 (58) [M], 178 (36), 162 (15), 161 (100), 134 (13), 133)(BD
(29).
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IR (ATR) 7 (cmi®): 3055, 2975, 2902, 1702, 1594, 1560, 1522, 14269, 1432, 1389,
1366, 1335, 1313, 1284, 1243, 1173, 1156, 11317,10054, 1014, 986, 942, 866, 845, 805,
754, 720, 685, 627, 615, 604.

HRMS (EI) for C11H100,S (206.0402): 206.0386.

Synthesis of benzofuran-2-yl-diphenyl-phosphane (08):

0

Accordingto TP 8, the metalation of benzofuragl(; 236 mg, 2.0 mmol) was completed
using TMRBMn-2MgCh-4LiCl (165 0.50m in THF, 2.4 mL, 2.4 mmol) within 2 h at 25 °C.
Then, chloro-diphenylphosphane (530 mg, 2.4 mma} wdded at 25 °C and the mixture
was stirred for another 5 h at 25 °C. The reaatnixture was quenched with a sat. aq.4/SH
solution (30 mL), extracted with diethyl ether (%8 mL) and dried over anhydrous Mg&SO
After filtration, the solvent was evaporatéd vacuo The crude product was purified by
column chromatography (pentane/diethyl ether = 10@ give 180j (498 mg, 82%) as a
yellow oil.

'H-NMR (300 MHz, CDCl3) d: 7.46-7.58 (m, 6 H), 7.35-7.40 (m, 6 H), 7.20-7(8Q 2 H),
6.88-6.90 (m, 1 H).

3C-NMR (75 MHz, CDCls) &: 158.13, 158.10, 156.67 (dJce=17 Hz), 135.02 (d,
3Jc=7.0 Hz), 133.69, 133.43, 132.52, 131.66'0d=12 Hz), 129.16, 128.64 (8)c=13 Hz),
128.61, 128.52, 127.94 (d)cp=5.2 Hz), 124.97, 122. 73, 121.07, 117.5¥%#~=19 Hz),
111.52.

MS (70 eV, El)m/z(%): 303 (19), 302 (100), 301 (23), 290 (11), 223), 224 (19), 194 (58),
185 (18), 183 (19), 178 (14), 165 (15), 108 (12).

IR (ATR) U (cmY): 1476, 1443, 1435, 1299, 1251, 1221, 1182, 11391, 1088, 1060,
1026, 999, 987, 921, 916, 887, 853, 849, 822, 790, 741, 725, 691, 668, 639, 613, 606.
HRMS (ElI) for C,H1sPO (302.0861): 302.0855.

Synthesis of ethyl 2-chloro-4-{4-[(triisopropylsilyf)oxy]phenyl}nicotinate (180Kk)

OTIPS

CO,Et
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Accordingto TP 8, the metalation of ethyl 2-chloronicotina@¢ 370 mg, 2.0 mmol) was
completed within 0.5 h at 0 °C using ThM-2MgCh-4LiCl (165 0.50m in THF, 2.4 mL,
2.4 mmol). Then, (4-iodophenoxy)(triisopropyl)séati825 mg, 2.2 mmol) and Pd(PRh
(58 mg, 2.5 mol-%) were added at 0 °C and the mexiuas stirred for 5 h at 0 °C. The
reaction mixture was quenched with a sat. ags@Hdolution (30 mL), extracted with diethyl
ether (3 x 50 mL) and dried over anhydrous MgS@fter filtration, the solvent was
evaporatedin vacuo The crude product was purified by column chrorgeaphy
(pentane/diethyl ether = 15:1) to gi¥80k (666 mg, 77%) as a yellowish oil.

'H-NMR (300 MHz, CDCls) 6: 8.41 (d,J=5.1 Hz, 1 H), 7.29 (ddd}=9.1, 2.4, 2.3 Hz, 3 H),
6.93 (dddJ=9.1, 2.9, 2.6 Hz, 2 H), 4.21 (&7.0 Hz, 2 H), 1.23-1.33 (m, 3 H), 1.06-1.16 (m,
21 H).

¥C-NMR (75 MHz, CDCls) J: 166.02, 157.32, 150.09, 149.56, 147.86, 129.28.(1,
122.97, 120.20, 62.03, 17.83, 13.72, 12.61.

MS (70 eV, El)m/z(%): 433 (23) [M], 393 (12), 392 (41), 391 (32), 390 (100), 364)(13
362 (30), 344 (12), 334 (25), 316 (16), 209 (1'B9 210), 288 (41), 276 (11), 274 (27), 252
(19), 238 (19), 145 (15), 144 (24), 137 (10), 103)( 75 (17), 59 (12).

IR (ATR) U (cml): 2944, 2892, 2867, 1735, 1605, 1578, 1533, 13452, 1389, 1379,
1362, 1264, 1214, 1196, 1174, 1131, 1106, 10645,10814, 997, 906, 882, 854, 834, 822,
780, 736, 687, 681, 661, 644, 623, 605.

HRMS (El) for C23H3,CINO3Si (433.1840): 433.1840.

Synthesis of 4-benzoyl-2-chloronicotinonitrile (180
O._Ph

“CN

| N~ >cl
Accordingto TP 8, the metalation of 2-chloronicotinonitril@%1d 278 mg, 2.0 mmol) was
completed within 0.75 h at 0 °C using ThMh-2MgCh-4LiCl (165 0.50Mm in THF, 2.4 mL,
2.4 mmol). The reaction mixture was cooled to —30 then CuCN-2LiCl (1. solution in
THF, 0.4 mL, 0.4 mmol) and benzoyl chloride (336, g mmol) were added. The mixture
was allowed to warm to 0 °C and stirred for 6 he Thaction mixture was quenched with a
sat. aq. NHCI solution (30 mL), extracted with diethyl ethed X 50 mL) and dried over
anhydrous MgS@ After filtration, the solvent was evaporatedvacuo The crude product
was purified by column chromatography (pentanefigie¢ther = 4:1) to givd.80I (345 mg,

71%) as a yellowish solid.
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m.p.: 109.7 °C.

'H-NMR (600 MHz, CDCl3) d: 8.71 (d,J=4.8 Hz, 1 H), 7.79 (dJ=8.1 Hz, 2 H), 7.70 (t,
J=7.6 Hz, 1 H), 7.54 (1)=7.9 Hz, 2 H), 7.43 (d]=4.8 Hz, 1 H).

3C-NMR (150 MHz, CDCls) 6: 190.72, 154.31, 152.39, 152.37, 135.21, 134.38,27,
129.16, 120.87, 112.72, 108.61.

MS (70 eV, El)m/z(%): 242 (9) [M], 214 (13), 207 (18), 105 (100), 77 (53), 51 (17).

IR (ATR) v (cm'): 2944, 2892, 2867, 1735, 1605, 1578, 1533, 13452, 1389, 1379,
1362, 1264, 1214, 1196, 1174, 1131, 1106, 10645,10614, 997, 906, 882, 854, 834, 822,
780, 736, 687, 681, 661, 644, 623, 605.

HRMS (EI) for C13H7CIN,O (242.0247): 242.0249.
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13.12 Directed Metalation of Aromatics Using lronBases

Synthesis of 3-fluoro-2-octylbenzoic acid ethyl est (171b) using 1-iodooctane:
CO,Et

=
Accordingto TP 9, the metalation of ethyl 3-fluorobenzoater,(336 mg, 2.0 mmol) was
completed using {TMRe} (190 0.50m in THF, 3.0 mL, 3.0 mmol) within 3 h. Then, 4-
fluorostyrene 186, 24 mg, 0.2 mmol) was added, followed by 1-iodaaet (576 mg,
2.4 mmol) and the resulting mixture was stirred onh at 25 °C. The reaction mixture was
guenched with a mixture of sat. aq. MH solution (40 mL) and HCI (&; 10 mL), extracted
with diethyl ether (3 x 50 mL) and dried over antois MgSQ. After filtration, the solvent
was evaporatedn vacuo The crude product was purified by column chrorgeaphy
(pentane/diethyl ether = 100:1) to giélb (459 mg, 82%) as a colourless liquid.

Accordingto TP 9, the metalation of ethyl 3-fluorobenzoater,(336 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCI (181, 0.50m in THF, 3.0 mL, 3.0 mmol) within 3 h.
Then, 4-fluorostyrenel@6, 24 mg, 0.2 mmol) was added, followed by 1-iodaaet (576 mg,
2.4 mmol) and the resulting mixture was stirred Ton at 25 °C. The reaction mixture was
guenched with a mixture of sat. aq. MH solution (40 mL) and HCI (&; 10 mL), extracted
with diethyl ether (3 x 50 mL) and dried over antois MgSQ. After filtration, the solvent
was evaporatedn vacuo The crude product was purified by column chrorgeaphy
(pentane/diethyl ether = 100:1) to gié1b (493 mg, 88%) as a colourless liquid.

'H-NMR (400 MHz, CDCl3) §: 7.59-7.61 (m, 1 H), 7.12-7.21 (m, 2 H), 4.36 §g7.1 Hz,

2 H), 2.90-2.95 (m, 2 H), 1.52-1.60 (m, 3 H), 1(88=7.0 Hz, 3 H), 1.22-1.35 (m, 9 H), 0.88
(t, J=7.0 Hz, 3 H).

13C-NMR (100 MHz, CDCls) 6: 167.11 (dJcr=3.7 Hz), 161.37 (dJce=244 Hz), 132.30 (d,
3Jc=4.6 Hz), 131.60 (d2Jcr=17 Hz), 126.56 (d2Jcr=9.0 Hz), 125.93 (d7Jc=3.5 Hz),
118.44 (d,"Jcr=23 Hz), 61.11, 31.88, 30.70 (d&=1.0 Hz), 29.83, 29.42, 29.26, 26.01 (d,
Jc=4.0 Hz), 22.66, 14.25, 14.09.

MS (70 eV, El)m/z(%): 280 (25) [M], 236 (13), 235 (82), 182 (100), 167 (28), 164)(18
163 (30), 154 (32), 153 (55), 150 (18), 149 (69)7 16), 136 (69), 135 (11), 109 (21).

IR (ATR) U (cml): 2956, 2926, 2871, 2856, 1722, 1579, 1456, 13378, 1366, 1258,
1205, 1174, 1142, 1099, 1072, 1045, 1025, 955,831, 839, 816, 756, 723.
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HRMS (EI) for C17HsFO, (280.1839): 280.1837.

Synthesis of 3-fluoro-2-octylbenzoic acid ethyl est (171b) using 1-bromooctane:
CO,Et

=
Accordingto TP 9, the metalation of ethyl 3-fluorobenzoate7;,( 336 mg, 2 mmol) was
completed using TMfFe-2MgC}-4LiCl (181, 0.50Mm in THF, 3.0 mL, 3.0 mmol) within 3 h.
Then, 4-fluorostyrene1B6 24 mg, 0.2 mmol) was added, followed by 1-brontape
(461 mg, 2.4 mmol) and the resulting mixture wagest for 20 h at 25 °C. The reaction
mixture was quenched with a mixture of sat. aq.sGlHsolution (40 mL) and HCI (21,

10 mL), extracted with diethyl ether (3 x 50 mL)dadried over anhydrous MgQOAfter
filtration, the solvent was evaporatéd vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 100:1)ive §71b (414 mg, 74%) as a colourless
liquid.

Synthesis of 3-fluoro-2-isopropylbenzoic acid ethydster (187a):
EtO,C

E
Accordingto TP 9, the metalation of ethyl 3-fluorobenzoater,(336 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCl (181, 0.50Mm in THF, 3.0 mL, 3.0 mmol) within 3 h.
Then, 4-fluorostyrenel@6 24 mg. 0:2 mmol) was added, followed by 2-bronopane
(295 mg, 2.4 mmol) and the resulting mixture wagest for 36 h at 25 °C. The reaction
mixture was quenched with a mixture of sat. aq.sGlHsolution (40 mL) and HCI (21,

10 mL), extracted with diethyl ether (3 x 50 mL)dadried over anhydrous MgQOAfter
filtration, the solvent was evaporatéd vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 100:1)ive $87a(294 mg, 70%) as a colourless
liquid.

'H-NMR (300 MHz, CDCls) §: 7.36 (dddJ=7.6, 1.5, 0.6 Hz, 1 H), 7.12-7.21 (m, 2 H), 4.35
(q,J=7.2 Hz, 2 H), 3.44-3.54 (m, 1 H), 1.38d7.0 Hz, 3 H), 1.35 (dJ=7.0 Hz, 3 H), 1.34
(d,J=7.0 Hz, 3 H).
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13C-NMR (75 MHz, CDCl3) &: 168.27 (d*Jce=4.0 Hz), 162.39 (d-Jcr=247 Hz), 134.98 (d,
2Jc=15 Hz), 133.57 (dJcr=6.6 Hz), 126.89 (dJc=9.0 Hz), 124.70 (d%Jc=3.5 Hz),
118.85 (d?Jc=24 Hz), 61.33, 29.05, 21.38, 21.32, 14.21.

MS (70 eV, El)m/z(%): 210 (25) [M], 167 (24), 165 (46), 164 (64), 163 (76), 150 (112)9
(100), 147 (18), 135 (52), 133 (15), 121 (22), {1%), 109 (25), 101 (29), 75 (15).

IR (ATR) UV (cm?): 2967, 2938, 2878, 1720, 1609, 1578, 1466, 14300, 1366, 1286,
1256, 1210, 1180, 1149, 1134, 1110, 1094, 10777,10821, 936, 929, 865, 810, 760, 744,
728.

HRMS (EI) for C1.H15FO, (210.1056): 210.1059.

Synthesis of 3-fluoro-2-cyclohexylbenzoic acid ethy ester (187b) wusing 2-
iodocyclohexane:

EtO,C

=
Accordingto TP 9, the metalation of ethyl 3-fluorobenzoater;(336 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCl (181, 0.50Mm in THF, 3.0 mL, 3.0 mmol) within 3 h.
Then, 4-fluorostyrenel@6 24 mg, 0.2 mmol) was added, followed by 2-ioddclexane
(504 mg, 2.4 mmol) and the resulting mixture wasext for 10 h at 25 °C. The reaction
mixture was quenched with a mixture of sat. aq.sGlHsolution (40 mL) and HCI (21,

10 mL), extracted with diethyl ether (3 x 50 mL)dadried over anhydrous MgQOAfter
filtration, the solvent was evaporatéd vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 100:1)ive 87b (415 mg, 83%) as a colourless
liquid.

'H-NMR (300 MHz, CDCls) d: 7.35 (dddJ=7.6, 1.5, 0.4 Hz, 1 H), 7.04-7.20 (m, 2 H), 4.36
(g,J=7.1 Hz, 2 H), 3.01-3.13 (m, 1 H), 1.68-1.93 (nH)7 1.39 (t,J=7.1 Hz, 3 H), 1.26-1.37
(m, 3 H).

13C-NMR (75 MHz, CDCls) d: 168.45 (d*Jc=3.9 Hz), 162.21 (d"Jc=248 Hz), 134.02 (d,
33c=6.8 Hz), 133.57 (d%Jc=15 Hz), 126.90 (d2Jcr=9.0 Hz), 124.76 (d*Jc=3.1 Hz),
118.88 (d,2Jci=24 Hz), 61.30, 40.07 (dic=2.0 Hz), 30.90 (dJcr=4.0 Hz), 27.04, 25.97,
14.24.

MS (70 eV, El)m/z(%): 250 (40) [M], 205 (94), 204 (100), 203 (29), 187 (38), 186)(99
185 (61), 176 (20), 175 (37), 165 (22), 163 (342 120), 159 (16), 153 (27), 149 (41), 147
(31), 133 (32), 109 (27), 83 (18), 71 (20), 69 (24)
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IR (ATR) UV (Cm'l): 2928, 2854, 1720, 1576, 1448, 1390, 1366, 122468, 1243, 1228,
1194, 1175, 1145, 1122, 1096, 1071, 1023, 1002, 8. 860, 834, 803, 754, 733.
HRMS (E|) for Cl5H19F02 (2501369) 250.1363.

Synthesis of 3-fluoro-2-cyclohexylbenzoic acid ethyester (187b) using 2-bromo-

cyclohexane:

EtO,C

=
Accordingto TP 9, the metalation of ethyl 3-fluorobenzoater,(336 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCI (181, 0.50m in THF, 3.0 mL, 3.0 mmol) within 3 h.
Then, 4-fluorostyrenel86, 24 mg, 0.2 mmol) was added, followed by 2-bronubalyexane
(391 mg, 2.4 mmol) and the resulting mixture wasest for 40 h at 25 °C. The reaction
mixture was quenched with a mixture of sat. aq.sGlHsolution (40 mL) and HCI (21;

10 mL), extracted with diethyl ether (3 x 50 mL)dadried over anhydrous MgQOAfter
filtration, the solvent was evaporatéd vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 100:1)ive 487b (300 mg, 60%) as a colourless
liquid.

Synthesis of 3-fluoro-2-benzylbenzoic acid ethyl &3 (187c):

CO,Et

Ph
=

Accordingto TP 9, the metalation of ethyl 3-fluorobenzoater;(336 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCI (181, 0.50m in THF, 3.0 mL, 3.0 mmol) within 3 h.
The reaction mixture was cooled to -5 °C, benzybritie (302 mg, 2.4 mmol) was added
and the resulting mixture was stirred for 2 h at°€5 The reaction mixture was quenched
with a mixture of sat. aq. Ni&l solution (40 mL) and HCI (21; 10 mL), extracted with
diethyl ether (3 x 50 mL) and dried over anhydrgSO,. After filtration, the solvent was
evaporatedin vacuo The crude product was purified by column chrorgedphy
(pentane/diethyl ether = 100:1) to gid@7c (455 mg, 88%) as a colourless liquid.
'H-NMR (400 MHz, CDCl3) §: 7.67 (m, 1 H), 7.12-7.29 (m, 7 H), 4.41 (&1.9 Hz, 2 H),
4.28 (q,J=7.1 Hz, 2 H), 1.28 (1)=7.1 Hz, 3 H).
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13C-NMR (100 MHz, CDCls) 6: 166.84 (d.*Jce=3.9 Hz), 161.50 (d'Jce=245 Hz), 140.01,
132.56 (d,3Jc=4.2 Hz), 129.16 (dJcr=17 Hz), 128.35 (d%Jcr=1.1 Hz), 128.20, 127.55,
127.46, 126.19 (¢Jc=3.5 Hz), 125.88, 118.85 (8lc=24 Hz), 61.23, 30.97, 14.12.

MS (70 eV, El)m/z(%): 258 (3) [M], 213 (31), 212 (100), 184 (12), 183 (41), 151)(B3
(13).

IR (ATR) U (cmY): 3064, 3030, 2983, 2938, 1718, 1604, 1496, 14391, 1367, 1259,
1216, 1182, 1172, 1159, 1132, 1112, 1096, 10755,1989, 912, 865, 843, 829, 798, 785,
755, 730, 720, 695.

HRMS (EI) for C16H15FO- (258.1056): 258.1052.

Synthesis of 2-(3-ethoxycarbonyl-propyl)-3-fluorobezoic acid ethyl ester (187d):
CO,Et
CO,Et
=
Accordingto TP 9, the metalation of ethyl 3-fluorobenzoater,(336 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCI (181, 0.50m in THF, 3.0 mL, 3.0 mmol) within 3 h.
Then, 4-fluorostyrenel@86, 24 mg, 0.2 mmol) was added, followed by 4-ioddyba acid
ethyl ester (581 mg, 2.4 mmol) and the resultingtane was stirred for 13 h at 25 °C. The
reaction mixture was quenched with a mixture of agt NHCI solution (40 mL) and HCI
(2m; 10 mL), extracted with diethyl ether (3 x 50 m&nd dried over anhydrous Mg&O
After filtration, the solvent was evaporatéd vacuo The crude product was purified by
column chromatography (pentane/diethyl ether = Jl@lgive 187d (451 mg, 80%) as a
colourless liquid.
'H-NMR (400 MHz, CDCls) d: 7.65 (dddJ=7.6, 1.5, 0.7 Hz, 1 H), 7.14-7.25 (m, 2 H), 4.35
(9,J=7.2 Hz, 2 H), 4.11 (q)=7.2 Hz, 2 H), 3.00 (ddd=9.6, 5.9, 2.2 Hz, 2 H), 2.33-2.39 (m,
2 H), 1.89-1.97 (m, 2 H), 1.38 (7.2 Hz, 3 H), 1.24 (1}=7.2 Hz, 3 H).
13C-NMR (100 MHz, CDCls) 6: 173.34, 162.66 (Jcr=3.9 Hz), 161.39 (dJc=245 Hz),
132.11 (d2Jc=4.2 Hz), 130.38 (dJc=17 Hz), 127.04 (Jc=8.8 Hz), 126.19 ($Jc=3.5
Hz), 118.67 (d*Jc=24 Hz), 61.18, 60.23, 34.08, 25.58 Jgs=1.2 Hz), 25.16 (d)c=4.2 Hz),
14.23, 14.21.
MS (70 eV, El)m/z(%): 282 (5) [M], 238 (10), 237 (75), 236 (100), 208 (33), 195)(2A®4
(45), 191 (36), 190 (38), 180 (13), 167 (53), 166)( 165 (19), 164 (18), 163 (59), 162 (22),
161 (12), 153 (29), 150 (12), 179 (79), 136 (18K 139),109 (20), 107 (11).
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IR (ATR) 7 (cmi%): 2982, 2940, 2908, 2887, 1719, 1611, 1579, 14581, 1368, 1320,
1259, 1174, 1154, 1129, 1096, 1059, 1023, 935, &85, 817, 757.
HRMS (EI) for C1sH1dFO, (282.1267): 282.1259.

Synthesis of 2-(diethoxyphosphorylmethyl)-3-fluorobnzoic acid ethyl ester (187e):
CO,Et

/7
P<

EtC OEt
E

Accordingto TP 9, the metalation of ethyl 3-fluorobenzoater;(336 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCl (181, 0.50Mm in THF, 3.0 mL, 3.0 mmol) within 3 h.
The reaction mixture was cooled to —10 °C, dietlopdomethyl phosphonate (333 mg,
2.4 mmol) was added and the resulting mixture wased for 2 h at —10 °C. The reaction
mixture was quenched with a mixture of sat. aq.sGlHsolution (40 mL) and HCI (21,

5 mL), extracted with EtOAc (3 x 50 mL) and drieceo anhydrous MgSp After filtration,
the solvent was evaporateth vacuo The crude product was purified by column
chromatography (pentane/EtOAc = 2:1) to gh8¥e(430 mg, 68%) as a yellow oil.

'H-NMR (400 MHz, CDCls) &: 7.69 (d,J=7.8 Hz, 1 H), 7.18-7.30 (m, 2 H), 4.36 (q,
J=7.1Hz, 2 H), 4.14-4.21 (m, 2 H), 3.98-4.05 (mH® 3.89 (d,J=1.8 Hz, 1 H), 3.83 (d,
J=1.9 Hz, 1 H), 1.39 (}=7.0 Hz, 3 H) 1.35 (t}=7.0 Hz, 3 H) 1.21 ()=7.0 Hz, 3 H).

13C-NMR (100 MHz, CDCls) J: 166.74 (dJ=3.9 Hz), 161.08 (dd]=245, 6.5 Hz), 132.59 (t,
J=3.0 Hz), 127.82 (ddJ=8.8, 3.8 Hz), 126.45 (t}=3.5 Hz), 126.19 (ddJ=17, 6.6 Hz),
118.67 (ddJ=24, 3.6 Hz), 63.45 (dI=6.5 Hz), 62.05 (dJ=6.5 Hz), 61.35, 23.08 (di=138,
4.6 Hz), 16.36 (dJ=5.7 Hz), 16.22 (d)=6.5 Hz), 14.16.

MS (70 eV, El)m/z (%): 318 (20) [M], 272 (29), 244 (27), 216 (100), 195 (10), 153)(19
136 (39) 108 (28).

IR (ATR) U (cm'): 3453, 2984, 2939, 1718, 1642, 1582, 1459, 13888, 1265, 1164,
1120, 1098, 1048, 1017, 951, 850, 839, 789, 754, 70

HRMS (ESI) for C14H20FOsP (318.1032): 319.1107.

Synthesis of 2-(6-chlorohexyl)-3-fluorobenzoic acidthyl ester (187f):

CO,Et
cl
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Accordingto TP 9, the metalation of ethyl 3-fluorobenzoater,(336 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCI (181, 0.50m in THF, 3.0 mL, 3.0 mmol) within 3 h.
Then, 4-fluorostyrenel@6 24 mg, 0.2 mmol) was added, followed by 1-chl6rmdo-
hexane (590 mg, 2.4 mmol) and the resulting mixtvess stirred for 13 h at 25 °C. The
reaction mixture was quenched with a mixture of agt NHCI solution (40 mL) and HCI
(2m; 10 mL), extracted with diethyl ether (3 x 50 m&nd dried over anhydrous Mg&O
After filtration, the solvent was evaporatéd vacuo The crude product was purified by
column chromatography (pentane/diethyl ether = 10@ give 187f (486 mg, 85%) as a
colourless liquid.

'H-NMR (300 MHz, CDCls) §: 7.56-7.65 (m, 1 H), 7.11-7.24 (m, 2 H), 4.35 Jg7.0 Hz,

2 H), 3.51 (tJ=6.8 Hz, 2 H), 2.94 (td}=7.8, 2.3 Hz, 2 H), 1.71-1.84 (m, 2 H), 1.55-1.64, (
2 H), 1.35-1.51 (m, 4 H), 1.38 (7.0 Hz, 3 H).

13C-NMR (75 MHz, CDCl3) &: 166.91 (d*Jce=3.6 Hz), 161.34 (d-Jcr=244 Hz), 132.14 (d,
3Jc=4.6 Hz), 131. 35 (d7Jc=17 Hz), 126.67 (d2Jc=8.8 Hz), 126.01 (dJc=3.3 Hz),
118.48 (d,2Jcr=24 Hz), 61.09, 45.05, 32.54, 30.35 {d:=1.0 Hz), 28.94, 26.64, 25.81 (d,
3Jc=4.1 Hz), 14.23.

MS (70 eV, El)m/z(%): 286 (34) [M], 243 (29), 242 (17), 241 (85), 240 (11), 205 (O3
(17), 195 (12), 185 (11), 183 (12), 182 (100), {87), 164 (13). 163 (27), 154 (33), 153 (99),
150 (23), 149 (89), 137 (19), 136 (57), 135 (1809 (32), 108 (13), 69 (14), 41 (12).

IR (ATR) U (cm?): 2935, 2860, 1720, 1579, 1456, 1391, 1366, 12284, 1173, 1144,
1087, 1070, 1023, 974, 929, 866, 840, 816, 756, 627, 651.

HRMS (EI) for C15H,0CIFO, (286.1136): 286.1137.

Synthesis of 3-fluoro-2-hex-5-enylbenzoic acid ethgster (1879):
CO,Et

=
Accordingto TP 9, the metalation of ethyl 3-fluorobenzoater;(336 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCI (181, 0.50m in THF, 3.0 mL, 3.0 mmol) within 3 h.
Then, 4-fluorostyrenel@6, 24 mg, 0.2 mmol) was added, followed by 6-ioda-fieene
(504 mg, 2.4 mmol) and the resulting mixture wagest for 10 h at 25 °C. The reaction
mixture was quenched with a mixture of sat. aq.sGlHsolution (40 mL) and HCI (21,
10 mL), extracted with diethyl ether (3 x 50 mL)dadried over anhydrous MgQOAfter

filtration, the solvent was evaporatéd vacuo The crude product was purified by column
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chromatography (pentane:/diethyl ether = 100:1gite 1879(384 mg, 77%) as a colourless
liquid.

'H-NMR (300 MHz, CDCls3) d: 7.57-7.64 (m, 1 H), 7.11-7.23 (m, 2 H), 5.74-5(87 1 H),
4.90-5.02 (m, 2 H), 4.36 (d=7.2 Hz, 2 H), 2.95 (td)=7.7, 2.3 Hz, 2 H), 2.04-2.12 (m, 2 H),
1.42-1.65 (m, 4 H), 1.38 (#=7.0 Hz, 3 H).

3C-NMR (75 MHz, CDCls) §: 166.98 (d,*Jcr=3.6 Hz), 161.36 (d'Jcr=244 Hz), 138.83,
132.22 (d,3Jce=4.6 Hz), 131.40 (d2Jcr=17 Hz), 126.63 (d2Jc=8.8 Hz), 125.98 (d,
33c=3.3 Hz), 118.46 (dJc=24 Hz), 114.30, 61.08, 33.58, 30.11, 29.00, 256d31c=4 Hz),
14.23.

MS (70 eV, El)m/z(%): 250 (19) [M], 205 (37), 204 (45), 194 (22), 167 (22), 166 (3%H5
(26), 163 (38), 162 (66), 153 (76), 149 (54), 188)( 135 (33), 109 (31), 108 (21), 99 (24),
97 (25), 85 (62), 83 (29), 71 (77), 69 (44), 57Q1.®6 (24), 55 (52), 43 (66).

IR (ATR) U (cm?): 3078, 2980, 2931, 2860, 1721, 1641, 1611, 13486, 1416, 1391,
1366, 1262, 1206, 1173, 1140, 1099, 1072, 1025, 9®38 910, 867, 839, 816, 755, 642, 632,
626.

HRMS (ElI) for C15H19FO, (250.1369): 250.1365.

Synthesis of 2-(6-chlorohexyl)-3-fluorobenzoic acithethyl ester (187h):

CO,Me

Cl
=

Accordingto TP 9, the metalation of methyl 3-fluorobenzoai®1g 308 mg, 2.0 mmol) was
completed using TMiFe-2MgC}-4LiCl (181, 0.50m in THF, 3.0 mL, 3.0 mmol) within 3.5
h. Then, 4-fluorostyrenel{ 24 mg, 0.2 mmol) was added, followed by 1-chl6fmdohexane
(590 mg, 2.4 mmol) and the resulting mixture wasext for 10 h at 25 °C. The reaction
mixture was quenched with a mixture of sat. aq.sGlHsolution (40 mL) and HCI (21;
10 mL), extracted with diethyl ether (3 x 50 mL)dadried over anhydrous MgQOAfter
filtration, the solvent was evaporatéd vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 80:1) te@ di87h (431 mg, 79%) as a colourless
liquid.
'H-NMR (300 MHz, CDCl3) 6: 7.60-7.64 (m, 1 H), 7.11-7.23 (m, 2 H), 3.8834{), 3.51 (t,
J=6.7 Hz, 2 H), 2.94 (dt]=7.8, 2.2 Hz, 2 H), 1.71-1.82 (m, 2 H), 1.38-1.61, 6 H).
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3C-NMR (75 MHz, CDCls) &: 167.18 (d*Jce=3.4 Hz), 160.88 (d-Jcr=246 Hz), 131.71 (d,
2Jcr=17 Hz), 131.60 (d3Jc=4.6 Hz), 126.66 (d’Jc=9.0 Hz), 126.10 (d/Jcr=3.3 Hz),
118.63 (d2Jc=24 Hz), 52.07, 45.03, 32.51, 30.27, 28.90, 2625874 (d.*Jcr=4.1 Hz).

MS (70 eV, El)m/z(%): 272 (18) [M], 243 (21), 241 (59), 227 (11), 205 (11), 199 (1B1
(21), 168 (74), 167 (41), 163 (23), 155 (14), 188)( 149 (100), 137 (53), 136 (77), 135 (15),
127 (18), 123 (13), 121 (11), 114 (14), 109 (508 {16), 101 (13), 97 (16), 95 (11), 85 (15),
83 (20), 81 (19), 71 (24), 70 (14), 69 (51), 67)(BI (43).

IR (ATR) U (cml): 2936, 2860, 1723, 1610, 1579, 1457, 1434, 12606, 1169, 1144,
1086, 1075, 1001, 888, 834, 813, 779, 755, 727, 650

HRMS (EI) for C14H1sCIFO, (272.0979): 272.0973.

Synthesis of 3-chloro-2-pentylbenzoic acid ethyl & (187i):
CO,Et

Cl

Accordingto TP 9, the metalation of ethyl 3-chlorobenzoa®&'l§; 370 mg, 2.0 mmol) was
completed using {TMEFe} (190 0.50M in THF, 3.0 mL, 3.0 mmol) within 36 h. Then, 4-
fluorostyrene 186, 24 mg, 0.2 mmol) was added, followed by 1-ioddpea (475 mg,
2.4 mmol) and the resulting mixture was stirred I@rh at 25 °C. The reaction mixture was
guenched with a mixture of sat. aq. )MH solution (40 mL) and HCI (&; 10 mL), extracted
with diethyl ether (3 x 50 mL) and dried over antois MgSQ. After filtration, the solvent
was evaporatedn vacuo The crude product was purified by column chromgeaphy

(pentane/diethyl ether = 60:1) to gi¥87i (372 mg, 73%) as a colourless liquid.

Accordingto TP 9, the metalation of ethyl 3-chlorobenzoa®&'l§; 370 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCl (181 0.50Mm in THF, 3.0 mL, 3.0 mmol) within 36 h.
Then, 4-fluorostyrene 186, 24 mg, 0.2 mmol) was added, followed by 1-ioddpea
(475 mg, 2.4 mmol) and the resulting mixture wagest for 12 h at 25 °C. The reaction
mixture was quenched with a mixture of sat. aq.sGlHsolution (40 mL) and HCI (21,

10 mL), extracted with diethyl ether (3 x 50 mL)dadried over anhydrous MgQOAfter
filtration, the solvent was evaporatéd vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 60:1) @ di87i (413 mg, 81%) as a colourless
liquid.
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'H-NMR (300 MHz, CDCl3) 6: 7.65 (dd,J=7.8, 1.3 Hz, 1 H), 7.47 (dd=7.8, 1.2 Hz, 1 H),
7.15 (t,J=7.8 Hz, 1 H), 4.36 (q)=7.1 Hz, 2 H), 2.96-3.04 (m, 2 H), 1.53-1.64 (mH)R 1.38

(t, J=7.2 Hz, 3 H), 1.32-1.40 (m, 4 H), 0.86-0.95 (nH)3

3C-NMR (75 MHz, CDCly) 6: 167.54, 141.30, 135.58, 132.88, 132.62, 128.56,.44,
61.24, 32.11, 30.89, 29.53, 22.45, 14.25, 14.04.

MS (70 eV, El)m/z (%): 254 (28) [M], 211 (37), 210 (18), 209 (100), 208 (12), 200)(13
198 (44), 183 (22), 179 (15), 171 (18), 170 (289 123), 167 (27), 166 (17), 165 (73), 154
(21), 153 (17), 152 (69), 125 (21), 115 (10), 89)(¥7 (17).

IR (ATR) 7 (cm): 2957, 2930, 2872, 2860, 1721, 1458, 1435, 13908, 1366, 1271,
1244, 1220, 1188, 1179, 1153, 1100, 1086, 1020, 54, 886, 862, 841, 822, 806, 787, 755,
729, 716.

HRMS (EI) for C14H14ClO> (254.1074): 254.1063.

Synthesis of 3-chloro-2-(5-cyano-5,5-dimethylpentydenzoic acid ethyl ester (187j):
CO,Et

ShRt:
Cl

Accordingto TP 9, the metalation of ethyl 3-chlorobenzoa®&lf, 370 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCl (181 0.50Mm in THF, 3.0 mL, 3.0 mmol) within 36 h.
Then, 4-fluorostyrenel86, 24 mg, 0.2 mmol) was added, followed by 6-iod®-@imethyl-
hexanenitrile (602 mg, 2.4 mmol) and the resultimgture was stirred for 12 h at 25 °C. The
reaction mixture was quenched with a mixture of agt NHCI solution (40 mL) and HCI
(2m; 10 mL), extracted with diethyl ether (3 x 50 m&and dried over anhydrous MgaO
After filtration, the solvent was evaporatéd vacuo The crude product was purified by
column chromatography (pentane/diethyl ether = Yl@olgive 187] (436 mg, 71%) as a
colourless liquid.

'H-NMR (300 MHz, CDCls) 6: 7.70 (dd J=7.0, 1.3 Hz, 1 H), 7.48 (dd=7.0, 1.3 Hz, 1 H),
7.17 (t,J=7.9 Hz, 1 H), 4.37 (q)=7.0 Hz, 2 H), 3.02-3.07 (m, 2 H), 1.52-1.69 (nH)% 1.39

(t, J=7.0 Hz, 3 H), 1.34 (s, 6 H).

¥C-NMR (75 MHz, CDCls) J: 167.26, 140.77, 135.59, 132.77, 132.67, 128.75.68B,
125.17, 61.30, 40.72, 32.39, 30.71, 29.60, 26.8G12 25.53, 14.26.

MS (70 eV, El)m/z(%): 307 (5) [M], 272 (43), 262 (32), 261 (17), 246 (49), 236 (1134
(63), 226 (21), 220 (18), 207 (21), 195 (18), 183)( 169 (41), 167 (33), 166 (20), 165 (100),
125 (18), 115 (24), 89 (25), 83 (17), 77 (23), 89)(
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IR (ATR) 7 (cmi®): 2978, 2939, 2864, 2234, 1719, 1590, 1568, 14835, 1391, 1366,
1274, 1248, 1224, 1200, 1173, 1156, 1101, 10825,10854, 1018, 944, 910, 888, 861, 828,
810, 788, 758, 735, 717, 700.

HRMS (EI) for C17H2,CINO, (307.1339): 307.1333.

Synthesis of 3-chloro-2-(5-cyano-5,5-dimethylpenfjdenzoic acid ethyl ester (187k):
CO,Et
OMe
O Cl O OMe
OMe
Accordingto TP 9, the metalation of ethyl 3-chlorobenzoa®&lf, 370 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCl (181 0.50Mm in THF, 3.0 mL, 3.0 mmol) within 36 h.
The reaction mixture was cooled to —-10 °C, 5-chiwethyl-1,2,3-trimethoxybenzene
(520 mg, 2.4 mmol) was added and the resulting uméxtvas stirred for 2 h at —10 °C. The
reaction mixture was quenched with a mixture of agt NHCI solution (40 mL) and HCI
(2m; 10 mL), extracted with diethyl ether (3 x 50 m&and dried over anhydrous MgaO
After filtration, the solvent was evaporatéd vacuo The crude product was purified by
column chromatography (pentane/EtOAc = 25:1) t@ di®&7k (455 mg, 68%) as a colourless
liquid.
'H-NMR (300 MHz, CDCls) 6: 7.74 (dd J=7.8, 1.3 Hz, 1 H), 7.57 (dd=8.1, 1.3 Hz, 1 H),
7.28 (t,J=7.8 Hz, 1 H), 6.37 (s, 2 H), 4.50 (s, 2 H), 4.80J7.1 Hz, 2 H), 3.81 (s, 3 H), 3.78
(s, 6 H), 1.30 (t)=7.1 Hz, 3 H).
¥C-NMR (75 MHz, CDCls) §: 167.35, 152.91, 138.34, 136.36, 136.20, 135.B3.72,
132.85, 128.66, 127.40, 105.63, 61.36, 60.75, 58960, 14.10.
MS (70 eV, El)m/z(%): 366 (35), 365 (24), 364 (100) [M 319 (15), 305 (13), 303 (34),
289 (22), 287 (61), 260 (32), 169 (19), 167 (62).
IR (ATR) U (cm?): 2956, 2933, 2830, 1708, 1588, 1507, 1458, 143@0, 1390, 1363,
1331, 1323, 1282, 1242, 1185, 1174, 1144, 11281 11079, 1048, 1016, 965, 943, 918, 880,
861, 840, 811, 783, 763, 750, 732, 720, 704, 698, 665.
HRMS (ESI) for C19H,;ClO5 (364.1078): 365.1152.

Synthesis of 3-chloro-2-propylbenzoic acid methylster (1871):
COZMe

Cl
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Accordingto TP 9, the metalation of methyl 3-chlorobenzoatédg 374 mg, 2.0 mmol) was
completed using {TMEFe} (190 0.50M in THF, 3.0 mL, 3.0 mmol) within 36 h. Then, 4-
fluorostyrene 186, 24 mg, 0.2 mmol) was added, followed by 1-iodogane (408 mg,
2.4 mmol) and the resulting mixture was stirred I@rh at 25 °C. The reaction mixture was
guenched with a mixture of sat. aq. )MH solution (40 mL) and HCI (&; 10 mL), extracted
with diethyl ether (3 x 50 mL) and dried over antors MgSQ. After filtration, the solvent
was evaporatedn vacuo The crude product was purified by column chrorgeaphy
(pentane/diethyl ether = 50:1) to gi¥871 (246 mg, 58%) as a colourless liquid.

Accordingto TP 9, the metalation of methyl 3-chlorobenzoa®dc 374 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCl (181, 0.50m in THF, 3.0 mL, 3.0 mmol) within 36 h.
Then, 4-fluorostyrene 186, 24 mg, 0.2 mmol) was added, followed by 1l-iodqanwe
(408 mg, 2.4 mmol) and the resulting mixture wagest for 12 h at 25 °C. The reaction
mixture was quenched with a mixture of sat. aq.sGlHsolution (40 mL) and HCI (21,
10 mL), extracted with diethyl ether (3 x 50 mL)dadried over anhydrous MgQOAfter
filtration, the solvent was evaporatéd vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 50:1) @ di87I (276 mg, 65%) as a colourless
liquid.

'H-NMR (300 MHz, CDCls) 6: 7.67 (dd,J=7.8, 1.4 Hz, 1 H), 7.48 (dd=8.0, 1.4 Hz, 1 H),
7.16 (t,J=7.9 Hz, 1 H), 3.89 (s, 3 H), 2.97-3.04 (m, 2 HpRABE1.68 (M, 2 H), 1.00 (=7.3
Hz, 3 H).

3C-NMR (75 MHz, CDCl3) ¢: 167.82, 141.41, 135.71, 132.81, 132.37, 128.6%.4D,
52.22, 32.75, 23.15, 14.29.

MS (70 eV, El)m/z(%): 212 (22) [M], 185 (10), 183 (50), 182 (13), 181 (100), 180)(12
167 (16), 165 (49), 153 (18), 125 (23), 115 (19)(B2).

IR (ATR) v (cm?): 2959, 2873, 1725, 1590, 1568, 1464, 1455, 14336, 1350, 1285,
1251, 1200, 1156, 1103, 1081, 1072, 975, 925, 838, 825, 806, 754, 718, 675.

HRMS (EI) for C13H13CIO, (212.0604): 212.0592.

Synthesis of 3-chloro-2-(4-methoxybenzyl)benzoic i@cmethyl ester (187m):
COZMe

i Cl II OMe
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Accordingto TP 9, the metalation of methyl 3-chlorobenzoatédg 340 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCl (181, 0.50m in THF, 3.0 mL, 3.0 mmol) within 36 h.
The reaction mixture was cooled to —10 °C, 4-meyhioenzyl chloride (377 mg, 2.4 mmol)
was added and the resulting mixture was stirre®fbrat —10 °C. The reaction mixture was
guenched with a mixture of sat. aq. MH solution (40 mL) and HCI (&; 10 mL), extracted
with diethyl ether (3 x 50 mL) and dried over antors MgSQ. After filtration, the solvent
was evaporatedn vacuo The crude product was purified by column chrorgeaphy
(pentane/EtOAc = 20:1) to givis87m (383 mg, 68%) as a yellow oil.

'H-NMR (300 MHz, CDCls) 6: 7.76 (dd J=7.8, 1.3 Hz, 1 H), 7.58 (dd=8.0, 1.4 Hz, 1 H),
7.27-7.31 (m, 1 H), 7.03-7.08 (m, 2 H), 6.79-6.88 2 H), 4.50 (s, 2 H), 3.84 (s, 3 H), 3.79 (s,
3 H).

¥C-NMR (75 MHz, CDCls) J: 167.68, 157.73, 139.27, 136.43, 133.05, 131.%3.2D,
128.84, 127.23, 113.68, 113.61, 55.15, 52.29, 34.81

MS (70 eV, El)m/z(%): 292 (14), 290 (39) [, 260 ( 36), 259 (24), 258 (100), 243 (13),
241 (11), 224 (19), 223 (65), 217 (15), 215 (435 125), 181 (10), 180 (10), 167 (15), 153
(12), 152 (39), 151 (12), 121 (36), 69 (12), 57)(16

IR (ATR) U (cml): 2950, 2930, 2836, 1719, 1609, 1583, 1511, 14886, 1420, 1301,
1280, 1246, 1200, 1179, 1145, 1105, 1080, 1033, 942, 923, 909, 846, 826, 816, 803, 771,
748, 724, 700.

HRMS (EI) for C16H15CIO3(290.0710): 290.0698.

Synthesis of 3-cyano-2-hexylbenzoic acid ethyl es{@87n):
CO,Et

CN

Accordingto TP 9, the metalation of ethyl 3-cyanobenzoaé&i( 370 mg, 2.0 mmol) was
completed using {TMEFe} (190 0.50M in THF, 3.0 mL, 3.0 mmol) within 18 h. Then, 4-
fluorostyrene 186, 24 mg, 0.2 mmol) was added, followed by l-iodarex (542 mg,
2.4 mmol) and the resulting mixture was stirred I0rh at 25 °C. The reaction mixture was
guenched with a mixture of sat. aq. MH solution (40 mL) and HCI (&; 10 mL), extracted
with diethyl ether (3 x 50 mL) and dried over antois MgSQ. After filtration, the solvent
was evaporatedn vacuo The crude product was purified by column chromgeaphy

(pentane/diethyl ether = 20:1) to gi¥87n (402 mg, 78%) as a colourless liquid.
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Accordingto TP 9, the metalation of ethyl 3-cyanobenzoa&i( 370 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCl (181, 0.50m in THF, 3.0 mL, 3.0 mmol) within 36 h.
Then, 4-fluorostyrenel@6, 24 mg, 0.2 mmol) was added, followed by 1-iodadrex (542 mg,
2.4 mmol) and the resulting mixture was stirred Ton at 25 °C. The reaction mixture was
guenched with a mixture of sat. aq. )MH solution (40 mL) and HCI (&; 10 mL), extracted
with diethyl ether (3 x 50 mL) and dried over antors MgSQ. After filtration, the solvent
was evaporatedn vacuo The crude product was purified by column chrorgeaphy
(pentane/diethyl ether = 20:1) to gi¥87n (419 mg, 81%) as a colourless liquid.

'H-NMR (300 MHz, CDCls) 6: 8.01 (dd J=7.9, 1.2 Hz, 1 H), 7.73 (dd=7.7, 1.4 Hz, 1 H),
7.33 (1,J=7.8 Hz, 1 H), 4.38 (q)=7.2 Hz, 2 H), 3.11-3.19 (m, 2 H), 1.58-1.68 (MHY 1.39

(t, J=7.2 Hz, 3 H), 1.28-1.49 (m, 6 H), 0.83-0.93 (M43

¥C-NMR (75 MHz, CDCls) J: 166.41, 148.04, 135.96, 134.55, 131.71, 126.26, 67,
114.67, 61.56, 32.73, 31.49, 31.46, 29.49, 22.5@11, 14.02.

MS (70 eV, El)m/z(%): 259 (10) [M], 230 (26), 216 (24), 214 (40), 203 (49), 189 (688
(29), 174 (45), 170 (23), 165 (23), 161 (43), 188)( 143 (31), 127 (31), 111 (26), 97 (51),
85 (36), 83 (58), 77 (23), 69 (50), 57 (100), 58)(&3 (71), 41 (52).

IR (ATR) U (cml): 2956, 2929, 2872, 2858, 2228, 1722, 1582, 14@14, 1391, 1378,
1367, 1265, 1251, 1203, 1175, 1143, 1098, 1023, &84, 761, 725.

HRMS (El) for C16H21NO, (259.1572): 259.1565.

Synthesis of 3-cyano-2-(3-cyanopropyl)benzoic acethyl ester (1870):
CO,Et
CN
CN
Accordingto TP 9, the metalation of ethyl 3-cyanobenzoa&i( 370 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCl (181, 0.50m in THF, 3.0 mL, 3.0 mmol) within 18 h.
Then, 4-fluorostyrenel@6 24 mg, 0.2 mmol) was added, followed by 4-iodgburitrile
(468 mg, 2.4 mmol) and the resulting mixture wasest for 2 h at 25 °C. The reaction
mixture was quenched with a mixture of sat. aq.sGlHsolution (40 mL) and HCI (21,
10 mL), extracted with diethyl ether (3 x 50 mL)dadried over anhydrous MgQOAfter
filtration, the solvent was evaporatéd vacuo The crude product was purified by column
chromatography (pentane/diethyl ether = 1:1) teedi870 (363 mg, 75%) as a colourless
liquid.
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'H-NMR (300 MHz, CDCl3) &: 8.12 (dd,J=8.0, 1.4 Hz, 1 H), 7.78 (dd=7.7, 1.4 Hz, 1 H),
7.42 (1,J=7.8 Hz, 1 H), 4.41 (q)=7.1 Hz, 2 H), 3.25-3.34 (m, 2 H), 2.50 §&7.3 Hz, 2 H),

2.00-2.13 (M, 2 H), 1.41 #=7.1 Hz, 3 H).

13C-NMR (75 MHz, CDCls) &: 165.75, 145.40, 136.25, 135.06, 131.62, 127.2B.97,

117.21, 114.90, 61.90, 31.68, 26.58, 17.20, 14.22.

MS (70 eV, El)m/z(%): 242 (5) [M], 197 (34), 196 (63), 174 (23), 157 (10), 156 (100

IR (ATR) 7 (cm): 2983, 2940, 2246, 2228, 1716, 1583, 1461, 14426, 1392, 1367,
1280, 1260, 1205, 1177, 1133, 1096, 1085, 10577,191l5, 864, 830, 817, 762.

HRMS (EI) for C14H14N;0, (242.1055): 242.1055.

Synthesis of 4-cyano-2-hexylbenzoic acid ethyl es{@87p):
CO,Et

CN
Accordingto TP 9, the metalation of ethyl 3-cyanobenzoa®&j( 370 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCl (181, 0.50m in THF, 3.0 mL, 3.0 mmol) within 36 h.
Then, 4-fluorostyrenel@6, 24 mg, 0.2 mmol) was added, followed by 1-iodadrex (542 mg,
2.4 mmol) and the resulting mixture was stirred Ton at 25 °C. The reaction mixture was
guenched with a mixture of sat. aq. MH solution (40 mL) and HCI (&; 10 mL), extracted
with diethyl ether (3 x 50 mL) and dried over antors MgSQ. After filtration, the solvent
was evaporatedn vacuo The crude product was purified by column chrorgeaphy
(pentane/diethyl ether = 20:1) to gi¥87p (370 mg, 70%) as a yellowish oil.
'H-NMR (300 MHz, CDCl3) 6: 7.92 (d,J=7.9 Hz, 1 H), 7.48-7.55 (m, 2 H), 4.38 (q,
J=7.1 Hz, 2 H), 2.87-2.97 (m, 2 H), 1.52-1.62 (nHY 1.39 (t,J=7.1 Hz, 3 H), 1.26-1.38 (m,
6 H), 0.83-0.93 (m, 3 H).
¥C-NMR (75 MHz, CDCls) J: 166.54, 145.29, 134.28, 134.25, 130.86, 129.1R.18,
115.03, 61.56, 34.01, 31.60, 31.44, 29.23, 22.520, 14.02.
MS (70 eV, El)m/z(%): 259 (42) [M], 214 (100), 189 (75), 173 (64), 170 (41), 161)(65
158 (25), 157 (30), 156 (85), 149 (31), 143 (43R 133), 116 (26), 115 (28), 83 (29), 81 (39),
71 (35), 69 (68), 57 (62), 55 (61), 44 (26), 43)(A1 (61).
IR (ATR) U (cml): 2957, 2928, 2871, 2858, 2233, 1723, 1607, 13@80, 1464, 1402,
1391, 1378, 1366, 1260, 1173, 1143, 1100, 10707,1849, 869, 842, 786, 725, 701.
HRMS (EI) for C16H2:NO, (259.1572): 259.1562.
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Synthesis of 4-cyano-2-(4,4,4-trifluorobutyl)benzai acid ethyl ester (187q):
CO,Et

CF3

CN
Accordingto TP 9, the metalation of ethyl 3-cyanobenzoa®&j( 370 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCl (181, 0.50m in THF, 3.0 mL, 3.0 mmol) within 36 h.
Then, 4-fluorostyrenel@6, 24 mg, 0.2 mmol) was added, followed by 1,1 fltioro-4-iodo-
butane (571 mg, 2.4 mmol) and the resulting mixtwaes stirred for 2 h at 25 °C. The
reaction mixture was quenched with a mixture of agt NHCI solution (40 mL) and HCI
(2m; 10 mL), extracted with diethyl ether (3 x 50 m&and dried over anhydrous MgaO
After filtration, the solvent was evaporatéd vacuo The crude product was purified by
column chromatography (pentane/diethyl ether = &dlpive 187q (370 mg, 65%) as a
yellowish oil.
'H-NMR (300 MHz, CDCl3) 6: 7.96 (d,J=8.1 Hz, 1 H), 7.53-7.59 (m, 2 H), 4.39 (q,
J=7.1 Hz, 2 H), 3.00-3.06 (m, 2 H), 2.08-2.24 (n{R 1.82-1.93 (m, 2 H), 1.40 @=7.1 Hz,
3 H).
3C-NMR (75 MHz, CDCls) J: 165.98, 143.66, 134.23, 133.98, 131.39, 129.28,9D (q,
YJer=272 Hz), 117.84, 115.56, 61.76, 33.47 {&=29 Hz), 32.92, 23.70 (4Jc=2.8 Hz),
14.16.
MS (70 eV, EI)m/z(%): 285 (48), [M], 257 (24), 240 (71), 239 (23), 238 (17), 174 (293
(100), 172 (25), 160 (31), 156 (71), 152 (38), 128), 127 (17), 116 (18), 97 (26), 85 (24),
83 (29), 71 (30), 69 (33), 57 (57), 55 (43), 43)(39
IR (ATR) 7 (cmi'): 2984, 2945, 2880, 2234, 1721, 1608, 1564, 14954, 1448, 1390,
1368, 1354, 1336, 1275, 1251, 1223, 1208, 11743,11701, 1077, 1011, 987, 943, 901, 868,
844, 788, 770, 702, 657.
HRMS (EI) for C14H14F3NO, (285.0977): 285.0976.

Synthesis of 3-fluoro-2-octylbenzonitrile (187r):
CN

@jl:\/\/\/\

Accordingto TP 9, the metalation of 3-fluorobenzonitril&ql; 242 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCI (181, 0.50m in THF, 3.0 mL, 3.0 mmol) within 9 h.
Then, 4-fluorostyrenel@6 24 mg, 0.2 mmol) was added, followed by 1-iodaoet (576 mg,
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2.4 mmol) and the resulting mixture was stirred I06rh at 25 °C. The reaction mixture was
guenched with a mixture of sat. aq. )MH solution (40 mL) and HCI (&; 10 mL), extracted
with diethyl ether (3 x 50 mL) and dried over antors MgSQ. After filtration, the solvent
was evaporatedn vacuo The crude product was purified by column chromgeaphy
(pentane/diethyl ether = 100:1) to gid@7r (373 mg, 80%) as a colourless liquid.

'H-NMR (400 MHz, CDCls) d: 7.39-7.43 (m, 1 H), 7.23-7.25 (m, 2 H), 2.82-2(88 2 H),
1.59-1.67 (m, 2 H), 1.23-1.41 (m, 10 H), 0.85-0(88 3 H).

13C-NMR (100 MHz, CDCls) §: 160.80 (d1Jce=248 Hz), 134.22 (dJc=19 Hz), 128.42 (d,
*Jc=3.8 Hz), 127.94 (d®Jc=8.8 Hz), 120.04 (d?Jcr=23 Hz), 115.05 (d!Jcr=4.2 Hz),
114.34 (d,Jcr=6.5 Hz), 31.81, 29.99 (dJc=1.1 Hz), 29.31, 29.24, 29.15, 28.99 (d,
Jc=1.5 Hz), 22.63, 14.08.

MS (70 eV, El)m/z(%): 233 (3) [M], 199 (12), 190 (11), 165 (33), 163 (14), 162 (46)8
(18), 135 (43), 134 (27), 127 (17), 125 (11), 128)( 120 (11), 113 (10), 111 (21), 107 (10),
105 (11), 99 (16), 97 (35), 95 (10), 91 (11), 88)(B4 (13), 83 (35), 82 (16), 81 (17), 77 (14),
71 (57), 70 (25), 69 (39), 68 (11), 67 (14), 57QL®6 (23), 55 (50), 44 (23), 43 (63).

IR (ATR) U (cml): 2956, 2926, 2856, 2232, 1576, 1462, 1378, 12382, 1162, 1114,
1067, 962, 919, 792, 732, 723, 673.

HRMS (EI) for C1sH0FN (233.1580): 233.1569.

Synthesis of 2-(5-cyano-5,5-dimethylpentyl)-3-fluabenzonitrile (187s):
CN

SORe
F

Accordingto TP 9, the metalation of 3-fluorobenzonitriléql; 242 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCI (181, 0.50m in THF, 3.0 mL, 3.0 mmol) within 9 h.
Then, 4-fluorostyrenel@6, 24 mg, 0.2 mmol) was added, followed by 6-iod®-@imethyl-
hexanenitrile (602 mg, 2.4 mmol) and the resultimgture was stirred for 8 h at 25 °C. The
reaction mixture was quenched with a mixture of agt NHCI solution (40 mL) and HCI
(2m; 10 mL), extracted with diethyl ether (3 x 50 m&nd dried over anhydrous Mg&O
After filtration, the solvent was evaporatéd vacuo The crude product was purified by
column chromatography (pentane/diethyl ether = Y1@lgive 187s (341 mg, 70%) as a
colourless solid.

m.p.: 73.0 °C.
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'H-NMR (300 MHz, CDCl3) §: 7.35-7.40 (m, 1 H), 7.20-7.30 (m, 2 H), 2.86 (17.6,
1.5 Hz, 2 H), 1.53-1.70 (m, 6 H), 1.31 (s, 6 H).

13C-NMR (75 MHz, CDCls) 6: 160.74 (d}Jce=248 Hz), 133.29 (fJc=19 Hz), 128.66 (d,
Jor=3.7 Hz), 128.28 (Jcr=8.8 Hz), 124.92, 120.16 (&]c=23 Hz), 116.87 (dlc=4.3 Hz),
114.25 (d,%Jc=6.3 Hz), 40.50, 32.25, 29.67 (@=1.1 Hz), 27.54 (dJc=2.3 Hz), 26.60,
24.83.

MS (70 eV, El)m/z(%): 244 (36) [M], 243 (10), 229 (34), 225 (29), 216 (18), 202 (£01
(10), 176 (18), 174 (15), 162 (20), 161 (14), 155)( 149 (40), 148 (47), 147 (21), 135 (27),
134 (100), 83 (11), 71 (23), 69 (11), 55 (12).

IR (ATR) v (cm?): 2977, 2939, 2867, 2232, 1574, 1464, 1253, 14248, 1205, 1194,
1164, 1122, 1073, 1062, 958, 934, 901, 832, 79B, 731, 692, 672.

HRMS (El) for C1sH17FN; (244.1376): 244.1374.

Synthesis of 4-fluoro-2-octylbenzonitrile (187t):
CN

=
Accordingto TP 9, the metalation of 4-fluorobenzonitril&4k; 242 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCl (181, 0.50m in THF, 3.0 mL, 3.0 mmol) within 18 h.
Then, 4-fluorostyrenel@6, 24 mg, 0.2 mmol) was added, followed by 1-iodaoet (576 mg,
2.4 mmol) and the resulting mixture was stirred Ton at 25 °C. The reaction mixture was
guenched with a mixture of sat. aq. MH solution (40 mL) and HCI (&; 10 mL), extracted
with diethyl ether (3 x 50 mL) and dried over antois MgSQ. After filtration, the solvent
was evaporatedn vacuo The crude product was purified by column chrorgeaphy
(pentane/diethyl ether = 100:1) to g7t (387 mg, 80%) as a colourless liquid.

'H-NMR (300 MHz, CDCl3) 8: 7.39-7.53 (m, 2 H), 7.03-7.14 (m, 1 H), 2.62-2(6% 2 H),
1.26-1.62 (m, 12 H), 0.85-0.89 (m, 3 H).

13C-NMR (75 MHz, CDCls) J: 163.53 (d}Jc=255 Hz), 134.85 (d?Jc=6.8 Hz), 131.85 (d,
3Jci=9.4 Hz), 131.70 (d,2Jc=17 Hz), 118.38, 116.49 (d%Jc=24 Hz), 108.22 (d,
*Jc=4.0 Hz), 31.81, 29.66 (dc=1.1 Hz), 29.27, 29.17, 29.15, 28.65 Jg:=1.5 Hz), 22.63,
14.07.

MS (70 eV, El)m/z(%): 233(14), [M], 165 (42), 162 (13), 149 (19), 148 (21), 136 (11135
(100), 134 (42), 120 (11), 107 (11), 97 (14), 88)(B3 (16), 77 (15), 71 (18), 70 (12), 69
(20), 57 (73), 55 (29), 44 (16), 43 (38), 41 (30).
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IR (ATR) ¥ (cnil): 2955, 2926, 2856, 2232, 1609, 1590, 1494, 14640, 1378, 1248,
1215, 1140, 1128, 1095, 895, 824, 787, 772, 73, 627.
HRMS (EI) for C1sH20FN (233.1580): 233.1571.

Synthesis of (2-cyano-5-fluorobenzyl)phosphonic atdiethyl ester (187u):
CN

4

P
Etg  OFt

=
Accordingto TP 9, the metalation of 4-fluorobenzonitrilé4k; 242 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCl (181 0.50Mm in THF, 3.0 mL, 3.0 mmol) within 18 h.
The reaction mixture was cooled to -10 °C, dietmdomethyl phosphonate (333 mg,
2.4 mmol) was added and the resulting mixture wased for 2 h at —10 °C. The reaction
mixture was quenched with a mixture of sat. aq.sGlHsolution (40 mL) and HCI (21;

5 mL), extracted with EtOAc (3 x 50 mL) and drieceo anhydrous MgSQ After filtration,
the solvent was evaporatemh vacuo The crude product was purified by column
chromatography (pentane/EtOAc = 1:1) to gh85u (390 mg, 72%) as a yellow oil.

'H-NMR (300 MHz, CDCl3) §: 7.71 (td,J=4.6, 2.4 Hz, 1 H), 7.54-7.62 (m, 1 H), 7.15-7.23
(m, 1 H), 4.05-4.21 (m, 4 H), 3.21 (@22 Hz, 2 H), 1.32 (m, 6 H).

13C-NMR (75 MHz, CDCls) d: 163.09 (dd,)=256, 7.1 Hz), 135.99 (8= 5.1 Hz), 133.04 (dd,
J=9.4, 3.4 Hz), 121.72 (ddi=17, 9.0 Hz), 117.79, 116.81 (dd24, 3.1 Hz), 108.68 (dd,
J=4.0, 3.4 Hz), 62.45 (d=6.7 Hz), 26. 18 (dd]=141, 2.9 Hz), 16.29 (d=6.0 Hz), 14.16.

MS (70 eV, EI)m/z(%): 271 (26) [M], 223 (25), 215 (10), 212 (12), 198 (10), 195 (187
(21), 135 (38), 134 (54), 124 (12), 109 (100), 129), 91 (15), 80 (34), 69 (11), 57 (12), 55
(12), 43 (21).

IR (ATR) 7 (cm?): 3465, 2985, 2929, 2232, 1610, 1591, 1498, 144892, 1370, 1249,
1228, 1211, 1162, 1095, 1047, 1018, 963, 855, B2D, 733, 709, 685.

HRMS (EI) for C1,H1sFNO3P (271.0774): 271.0767.

Synthesis of 2-decyl-1,3-difluorobenzene (187v):
F

@iCmHzl
F

Accordingto TP 9, the metalation of 1,3-difluorobenzent00d 228 mg, 2.0 mmol) was
completed using TMfFe-2MgC}-4LiCl (181, 0.50m in THF, 3.0 mL, 3.0 mmol) within 10 h.
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Then, 4-fluorostyrenel@6, 24 mg, 0.2 mmol) was added, followed by 1-iod@iex(536 mg,
2.0 mmol) and the resulting mixture was stirred I6rh at 25 °C. The reaction mixture was
guenched with a mixture of sat. aq. MH solution (40 mL) and HCI (&; 10 mL), extracted
with diethyl ether (3 x 50 mL) and dried over antois MgSQ. After filtration, the solvent
was evaporatedn vacuo The crude product was purified by column chromgeaphy
(pentane) to giva87v (391 mg, 77%) as a colourless liquid.

'H-NMR (300 MHz, CDCls) 6: 7.09 (tt,J=8.3, 6.5 Hz, 1 H), 6.74-6.87 (m, 2 H), 2.59-2.69
(m, 2 H), 1.48-1.62 (m, 2 H), 1.22-1.36 (m, 14 6182-0.93 (m, 3 H).

13C-NMR (75 MHz, CDCls) ¢: 161.60 (dd,Jc=246, 9.1 Hz), 126.93 (filce=10 Hz), 118.27
(t, Jcr=21 Hz), 110.86 (d)c=9 Hz), 110.85 (dJc=24 Hz), 31.89, 29.59, 29.55, 29.53, 29.36,
29.34, 29.31, 22.68, 22.27 §=2.3 Hz), 14.10.

MS (70 eV, El)m/z(%): 254 (53) [M], 141 (10), 128 (20), 127 (100), 123 (22), 122)(BB
(11), 97 (15), 85 (57), 83 (16), 71 (84), 70 (169,(18), 57 (93), 56 (14), 55 (27),43 (83).

IR (ATR) v (cm'): 2956, 2924, 2855, 1625, 1590, 1564, 1468, 13285, 1235, 1194,
1180, 1116, 1062, 993, 957, 779, 724, 689, 667.

HRMS (EI) for C1gH24F» (254.1846): 254.1832.

Synthesis of 3-fluoro,2-octylphenyN,N,N’,N’ -tetramethyldiamido-phosphate (189a):
F

(jcsHﬂ
OP(O)(NMe2)2

According to TP 9, the metalation of 3-fluoro-pheni;N,N’,N*-tetramethyldiamido-
phosphate 188g 492 mg, 2.0 mmol) was completed using TH#&2MgC}-4LiCl (181
0.50m in THF, 3.0 mL, 3.0 mmol) within 30 h. Then, 4dostyrene 186, 24 mg, 0.2 mmol)
was added, followed by 1-iodooctane (576 mg, 2.4othrand the resulting mixture was
stirred for 30 h at 25 °C. The reaction mixture wyasnched with a mixture of sat. aq. MH
solution (40 mL) and HCI (21; 10 mL), extracted with EtOAc (3 x 50 mL) and driever
anhydrous MgS@ After filtration, the solvent was evaporatedvacuo The crude product
was purified by column chromatography (EtOAc) teefl89a (608 mg, 85%) as a colourless
liquid.

'H-NMR (400 MHz, DMSO) §: 7.18-7.24 (m, 1 H), 7.03 (dd=8.4, 1.0 Hz, 1 H), 6.94 (t,
J=8.8 Hz, 1 H), 2.64 (s, 6 H), 2.62 (s, 6 H), 1.463L(m, 2 H), 1.20-1.31 (m, 12 H), 0.81-
0.86 (m, 3 H).
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13C-NMR (100 MHz, DMSO) 6 160.88 (dXJcr=243 Hz), 150.29 (dd =8.6, 5.8 Hz), 127.36
(ddJ =10, 1.1 Hz), 120.67 (d#i=19, 7.1 Hz), 115.08 ¢ =3.1 Hz), 110.58 (dd =23, 1.0 Hz),
36.15, 36.12, 31.16, 28.97, 28.89, 28.68, 28.57®@],*Jc=2.7 Hz), 22.00, 13.87.

MS (70 eV, El)m/z(%): 358 (48), [M], 326 (9), 288 (14), 273 (95), 228 (11), 135 (100)
IR (ATR) 7 (cm): 3459, 2925, 2855, 2812, 1615, 1587, 1464, 13388, 1261, 1223,
1180, 1113, 1065, 977, 854, 814, 783, 757, 727, 6B2.

HRMS (ESI) for C1gH3,FN,0,P (358.2185): 359.2261.

Synthesis of 3-dimethylsulfamoyloxy-2-hexylbenzoiacid ethyl ester (189b):
CO,Et

CeHis

OSO,NMe,
Accordingto TP 9, the metalation of 3-dimethylsulfamoyloxy-benzaid ethyl esterl@8b;
546 mg, 2.0 mmol) was completed using T 2MgC}-4LiCl (181, 0.50m in THF, 3.0
mL, 3.0 mmol) within 60 h. Then, 4-fluorostyren&86 24 mg, 0.2 mmol) was added,
followed by 1l-iodohexane (509 mg, 2.4 mmol) and résulting mixture was stirred for 30 h
at 25 °C. The reaction mixture was quenched withixture of sat. ag. NkCI solution (40
mL) and HCI (2v; 10 mL), extracted with EtOAc (3 x 50 mL) and driever anhydrous
MgSQ,. After filtration, the solvent was evaporatedvacuo The crude product was purified
by column chromatography (pentane/EtOAc 4:1) tedi®9b (471 mg, 66%) as a colourless
liquid.
'H-NMR (400 MHz, DMSO) §: 7.64 (dd,J=7.6, 1.4 Hz, 1 H), 7.52 (dd=8.2, 1.4 Hz, 1 H),
7.39 (d,J=7.8 Hz, 1 H), 4.31 (qJ=7.1 Hz, 2 H), 2.99 (s, 6 H), 2.87-2.92 (m, 2 H}}4t1.49
(m, 2 H), 1.30 (tJ=7.1 Hz, 3 H), 1.23-1.31 (m, 6 H), 0.82-0.86 (nH)3
3C-NMR (100 MHz, DMSO) §: 166.57, 148.42, 135.57, 132.69, 127.88, 127.22,65,
61.03, 38.20, 30.92, 30.02, 28.87, 26.34, 21.981133.77.
MS (70 eV, El)m/z(%): 357 (45) [M], 312 (69), 264 (18), 258 (21), 254 (26), 249 (248
(26), 222 (67), 219 (18), 203 (51), 191 (19), 169)( 160 (33), 151 (100), 147 (21), 133 (21),
133 (18), 108 (98), 107 (28), 91 (17), 77 (18)(B5), 45 (31) 44 (65).
IR (ATR) U (cml): 2957, 2929, 2857, 1720, 1602, 1576, 1451, 14B&9, 1261, 1249,
1202, 1182, 1161, 1140, 1096, 1055, 1025, 971, 832, 846, 823, 765, 745.
HRMS (EI) for C17H»7/NOsS (357.1610): 357.1598.

348



Experimental Part: Directed Metalation Using IroasBs

Synthesis of 2-(2-bromo-6-cyano-3-fluorobenzyl)actic acid ethyl ester (189c)
CN

g, COE

=
Accordingto TP 9, the metalation of 3-bromo-4-fluorobenzonitriler6G 400 mg, 2.0 mmol)
was completed within 2 h at 25 °C using TMB-2MgC}-4LiCI (181, 0.50m in THF, 3.0 mL,
3.0 mmol) within 2 h. Then, the reaction mixturesw@oled to 0 °C, CuCN-2LiCI (1.0
solution in THF, 0.1 mL, 0.1 mmol) and ethyl 2-(bromethyl)acrylate (463 mg, 2.4 mmol)
were added and stirred for 1 h at 0 °C. The reaatnixture was quenched with a mixture of
sat. aq. NBCI solution (40 mL) and HCI (21; 10 mL), extracted with diethyl ether (3 x
50 mL) and dried over anhydrous Mg&Q@\fter filtration, the solvent was evaporated
vacua The crude product was purified by column chrorgedphy (pentane/diethyl ether =
25:1) to givel89c(468 mg, 75%) as a colourless solid.
m.p.: 59.8-61.4 °C.
'H-NMR (300 MHz, CDCls) 6: 7.73 (dd,J=5.9, 2.1 Hz, 1 H), 7.50 (dd=6.2, 2.1 Hz, 1 H),
6.34 (s, 1 H), 5.59-5.65 (m, 1 H), 4.19 @&7.1 Hz, 2 H), 3.69 (s, 2 H), 1.27 (7.1 Hz,
3 H).
3C-NMR (75 MHz, CDCls) 6: 165.82, 160.21 (d}Jce=257 Hz), 136.84, 135.51 (d,
Jer=1.7 Hz), 134.21 (d3Jc=5.1 Hz), 129.47 (d2Jc=18 Hz), 127.95 (dJc=1.1 Hz),
116.75 (d,Jce=1.1 Hz), 110.45 (dJcr=24 Hz), 109.45 (d*Jcr=4.9 Hz), 61.18, 31.38 (d,
*Jc=2.2 Hz), 14.07.
MS (70 eV, EI)m/z(%): 313 (14), 311 (14) [K], 269 (12), 267 (13), 266 (12), 239 (17), 159
(37), 158 (29), 155 (12), 141 (14), 127 (16), 119)( 111 (16), 99 (29), 97 (28), 85 (62), 84
(12), 83 (28), 71 (94), 70 (16), 69 (31), 57 (1@H,(19), 55 (35), 43 (61), 41 (26).
IR (ATR) U (cm?): 3079, 2988, 2934, 2232, 1718, 1681, 1632, 13892, 1468, 1444,
1409, 1390, 1368, 1318, 1302, 1285, 1276, 12435,12196, 1160, 1111, 1029, 967, 953,
935, 916, 904, 880, 859, 840, 818, 810, 749, 729, 6
HRMS (El) for C13H1:BrFNO, (310.9957): 310.9957.
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