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A. Introduction

1. General Introduction

The birth of organic chemistry is considered toeénéeen in 1828, when Friedrich Wdhler
achieved the groundbreaking synthesis of urea atidthe development of the elementary
analysis by Justus von Liebig in the 19th centuynce then, organic chemistry has
undergone fundamental progress. Along this long araysome milestones worth mentioning,
like the development of nuclear magnetic resonapeetroscopy which proved to be a very
powerful analytical method for all organic chemjsgseatly increasing the possibilities in
determining organic structures and to understaedwfy organic reactions proceed in the
first place! Another important step was the first formationaoE-C bond with the synthesis
of acetic acid byKolbe in 1845% Only three years lateErankland managed to produce the
first organometallic reagent, diethyl zinc by tleaction of zinc dust with ethyl iodideThis
breakthrough discovery would soon emerge to a rposterful tool to form C-C and C-
heteroatom bonds in the next 150 years. Today anehardly speak about modern organic
chemistry without mentioning the methods and reastidiscovered bgrignard, Wittig or
Grubbs for instancé. The reason for the immense impact of organomesalli today’s
chemistry lies within the intensive need of newoatpemicals and materials as well as novel
pharmaceuticals for mankind. Due to the permankeanhges in environment and healthcare a
consistent development of new synthetic methodeésled which fulfill requirements for fast
adoption into the chemical community. This ledreturn, to a big influence on the evolution
of new techniques often implementing organometaléagents or catalysts. These new
reagents should meet standards which are at fasteg quite contrary: they are asked to be
highly reactive, highly selective and highly toletaowards sensitive functionalities and also
be as environmentally friendly as possible ands ¢joes without saying - economical at the
same timé&. Organometallic chemistry has the potential to nthese needs. For the last
decades, a large range of metals were applied mihetjc organic chemistry to solve

problems, the progress achieved is documentedéogdireral Nobel prizes which have been

1 p. J. HoreNuclear Magnetic Resonand®xford University Press: Oxford995

2K. C. Nicolaou, P. G. Bulger, D. Sarlakngew. Chem. Int. EQ005 44, 4442.

% a) E. Frankland,iebigs Ann. Chenl848-9 71, 171; b) E. Frankland. Chem. Sod.848-9 2, 263.

“K. C. Nicolaou, P. G. Bulger, D. Sarlatngew. Chem. Int. EQ005 44, 4490.

®a) B. M. TrostSciencel991, 254, 1471; b) B. M. TrostAngew. Chem. Int. EA995 34, 259; c) C.-J. Li, B.
M. Trost,Proc. Nat. Acad. ScR00§ 105 13197.
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awarded in this field. The still ongoing developmensures that nearly every metal in the
periodic table can be used for either the prepamatif (new) organometallics reagents or in
catalytic processés.

Since the reactivity of organometallics stronglpeieds on the character of the metal-carbon
bond, this provides many possibilities for tunirge tdesired organometallic reagents and
adjusting their chemical behaviour. Organolithiuompounds for instance show excellent
reactivity towards numerous electrophilelsut they exhibit a low selectivity and functional
group tolerance due to the ionic character of ifieum carbon bond. Reagents with a more
covalent character of the carbon-metal bond caolred in organozinc or organotin reagents.
These compounds offer a wider range of toleransartds susceptible groups, but, they are
often characterized by a lack of reactivity towaslsctrophiles. Organomagnesium and
organozinc reagents play a special role in thigecdnas they show a good reactivity when
intercepted with electrophiles, yet they possesshatsame time a remarkable tolerance
towards a broad range of functional groups. Theyaiao be easily transmetalated to access
other organometallic reagents. Therefore, thesgerda represent formidable and flexible
tools for organic synthesis, and have been appiechumerous industrial procesges.
Examples are the commercial production of Tamoxifemere a key step is the addition of
phenylmagnesium bromide to an intermediate ketdkiso the industrial synthesis of
Enalapril (), an ACE-inhibitor from Merck and the multikilogram synthesis of PDE4
Inhibitor KW-4490 @) use organomagnesium chemistry to generate theoplde for a
subsequent Diels-Alder reaction (Schemé&’1).

® (a)Handbook of Functionalized Organometalli€&s Knochel, Ed., Wiley-VCH: Weinheir2005 (b) Metal-
Catalyzed Cross-Coupling Reactio@sd ed., A. de Meijere, F. Diederich, Wiley-VCWeinheim,2004

" G. Wu, M. HuangChem. Rev2006 106, 2596.

8a) M. J. K. Harper, A. L. Walpol&Jature1966 212, 87; b) G. R. Bedford, D. N. Richardsdtature1966
212 733; c) D. W. Robertson, J. A. Katzenellenbogei®@rg. Chem1982 47, 2387; d) R. McCagud, Chem.
Soc., Perkin Trans. 1987 1011.

° A. A. Patchett, irChronicles of Drug Discoveryol. 3; D. Lednicer, Ed., ACS Books, Washingt®, 1993
125.

19 A, Yanagisawa, K. Nishimura, K. Ando, T. Nezu,Maki, S. Kato, W. Tamaki, E. Imai, S.-I. Mohfrg.
Process Res. De2010,14,1182.
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MgBr o
o) OMe
O — > Me,, NH
— g
—
OEt
o

OBt 2
EtOJ\H/ THF, -10 °C
o

NS0
“CO,H

Enalapril (1)

OMe OMe
o} o
j ZMgBr ]
B —
THF, 5 °C, 97% HO 0 NC S

CO,H
KW-4490 (2)

Scheme lindustrial synthesis of Enalapril)(and the PDE4 Inhibitor KW-449Q@);

In addition, organomagnesium reagents as wellas zinc counterparts find extensive use in
various kinds of cross-coupling reactidnsas for example in the synthesis of a proto-
oncogene serine/threonine-protein kinase (Pim-h)bitor 3 which has been patented by
Novartis in 2010 (Scheme ¥.The final step of the sequence is a Negishi ccospling
reaction, named after one of the three Nobel Riim@ing chemists of the same yéaand

both of these facts are clear tributes to therattants of modern organometallics chemistry.

[\

BocHN N HyN S.__N
0 G )
S N N7

N N/|

|
N SN Pd(dppf)Cl, N SN
| THF, 100 °C, |
~ —
N then TFA N

97%

Pim-1 inhibitor 3

Scheme 2Synthesis of the Pim-1 inhibit@r

1 For a review about cross-coupling reactions ialtegnthesis, see: K. C. Nicolaou, P. G. BulgerSBxlah,
Angew. Chem. Int. EQ005 44, 4442,

12 M. Burger, M. Lindvall,PCT Int. Appl. WC0100261212010Q

'3 Nobel Prize press releag810
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2. Halogen-Metal Exchange Reactions

Since the initial preparation of an organomagnesaampound by Victor Grignarcth 1901}
which was so trailblazing that he was awarded thbd\ Prize already in 1913, wide range
of synthetic improvements have been accomplisheet, Yhe most convenient and also
economically most advantageous method for the pa¢ipa of these reagents is still the oxidative
insertion of elemental magnesium into a carbongeobond. Although the detailed mechanism
of the insertion is not clear, and accordings@rstandUngvary“remains rich in speculation and
short on discriminating fact, a disturbing statas What may be the most-often-used nontrivial
reaction”, a single electron transfer is generatigepted®

A better understanding of the behaviour of organgmaaium reagents in etheral solutions
was achieved with the discovery of the Schleglilibrium® Depending on the temperature,
the solvent used, the counterions and also addiiike 1,4-dioxane or crown ethéfsthe
equilibrium can be shifted from the monoalkyl magjoen to the dialkyl magnesium species.
A problem of the direct magnesium insertionhis induction period, which greatly depends on
the amount of moisture present in the reaction, taedsurface of the magnesium which is
generally passivated by a magnesium oxide or magmesydroxide layer. This requires the
removal of these coatings by addition of Grignamlagent, 1,2-dibromoethane or
diisobutylaluminium hydride, the latter being usied process chemistry. That and the
exothermic conditions of the insertion process,esgy limiting the functional group
tolerance, are the major drawbacks of this metfiod.

The work of Rieke on highly reactive magnesium, prepared by the tieaocof lithium
naphthalenide with magnesium chloride, opened wy perspectives in organometallic
chemistry'® Now it was possible to perform magnesium insestiimo carbon-halogen bonds
of compounds also bearing other sensitive functibes. The latest progress was reported by
Knochelwith the utilization of LiCl in combination with ngmesium, which allowed for low

V. Grignard,Ann. Chim1901, 24, 433.

15a) H. M. WalborskyAcc. Chem. Re499Q 23, 286; b) J. F. Garsfcc. Chem. Re4991, 24, 95; c) H. R.
Rogers, C. L. Hill, Y. Fujiwara, R. J. Rogers, H.Mitchell, G. M. Whitesides]. Am. Chem. So&98Q 102,
217; d) J. F. Garst, i@rignard ReagentH. G. Richey Jr., Ed, Wiley, Chiceste0Q 185; e) M. S. Kharash,
O. Reinmuth, irGrignard Reactions of Nonmetallic Substand&®ntice-Hall, New York1954 f) C.
Hamdouchi, H. M. Walborsky, iHandbook of Grignard-Reagents. S. Silverman, P. E. Rakita, Eds, Marcel
Dekker, New York1995 145; g) K. Oshima, iMain Group Metals in Organic Synthesi. Yamamoto, K.
Oshima, Eds, Wiley-VCH, Weinheirg004

®W. Schlenk, W. Schlenk JChem. Ber1929 62, 920.

" A. Krasovskiy, B. F. Straub, P. Knochéhgew. Chem. Int. EQO0§ 45, 159.

8 U. Tilstam, H. WeinmanrQrg. Process Res. De2002, 6, 906.

93) R. D. RiekeSciencel 989 246, 1260; b) R. D. Rieke, M. V. Hansohetrahedronl 997, 53, 1925: c) J.
Lee, R. Velarde-Ortiz, A. Guijarro, J. R. Wurst,[R.Rieke,J. Org. Chem200(Q 65, 5428.
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reaction temperatures during the preparation ofiouar aryl and hetaryl magnesium
derivatives, therefore tolerating a broad varidtfuactional groups (Scheme %).

A Mg, LiCl A E* A
FG:—/\'—HaI — > FG:—/\'—MgHaI-LiCI — FG:—/\—E
kx/) THF, -20 to 25 °C kx/) kx/)
10min-3h
X =CH,N
Hal = Cl, Br
0
JO\H \\ ©/COQM6 ©/0M6
Br | )
>Ph < Xr¥
)@ (T, o 1
PivO OBoc NC Cl N
86% 95% 83% 84%

Scheme 3LiCl-facilitated Mg insertion and subsequent eleptiilic reactions.

A more convenient way for the preparation of orgaagnesium compounds with high
functional group tolerance, avoiding many of theeM$ of the direct insertion, are halogen-
metal exchange reactions. The driving force of tieigction class is the formation of an
organometallic reagent of higher stability (Sp 3,8p > SBaryi > SPprim > SPsed.”- Based on
the preliminary work ofPrévost? andVillieras,?® Knocheldemonstrated the potential of the
ilodine-magnesium exchange on substrates bearirgitigerfunctionalities in 1998 (Scheme
4)_24

iPrvigCl
or
AN PhMgClI EN E* X
FG:—/\—I e FG:—/\—MgCI — FG:—/\—E
kx/ THF, -50 to 25 °C kx/) '\X/)
5min-1h
X=CH,N, 0, S
j)\H NO, OH NO,
g T T
EtO,C EtO,C
CN
89% 87% 90% 74%

Scheme 41-Mg exchange and subsequent electrophilic reastio

20F. M. Piller, P. Appukkuttan, A. Gavryushin, M. Ife P. KnochelAngew. Chem. Int. EQ008 47, 6802.
21D, Hauk, S. Lang, A. Murs@rg. Process Res. De2006 10, 733.

22 C. PrévostBull. Soc. Chim. Fr1931 49, 1372.

3 a) J. Villiéras Bull. Chem. Soc. F1967, 5, 1520; b) J. Villiéras, B. Kirschleger, R. Tarhguvi. Rambaud,
Bull. Chem. Soc. Fi1986 24, 470.

4 a) L. Boymond, M. Rottlander, G. Cahiez, P. KnochAgigew. Chem. Int. EA998 37, 1701; b) I.
Sapountzis, P. Knoche\ngew. Chem. Int. EQ002 41, 1610.
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By applying this protocol, a wide range of polyftinoalized organomagnesium reagents
were prepared. The method was further improvedbyatdition of one equivalent of LiCl to
the exchange reageri®rMgCl, since this resulted in the formation of @ganomagnesium
species with the formal compositiaPrMgCl-LiCl. Interestingly, this reagent shows a
remarkably higher reactivity, also making the Br-Mgchange now generally possible,
whereas bromides were an unreactive substrate wfisshen (Scheme 5¥.

SN iPrMgCI-LiCl E* N
FG:—/\'—Br _PIECIHE - N JMgelLicl  ——— FG+/\—E
kx/) THF, -50 - 25 °C k 2 kx/)

30 - 60 min
X=CH,N,O,S

I
N\‘N
OTos

CO,Et
85% 83% 88% 80%

Scheme 5Br-Mg exchange and subsequent electrophilic reasti

The assumed “ate” like intermediat®f this “Turbo-Grignard”, which leads to deaggrega

of the organometal species, is proposed to be nssile for the higher solubility and at the
same time enhanced reactivity of the Grignaagent (Scheme 6). Using this new exchange
reagent, a broad range of aromatic and heteroaiornedmides were converted into the

corresponding magnesium reagefits.

cl
Ll _aucl Lo °oxy @
Mg Mg Mg Li = 2 Mg Li
i cl Nl
4

Scheme 6Effect of LiCl on Grignard reagents.

The increased reactivity does not limit the funeéib group tolerance though, but some
electron-rich aromatics still resisted to underge Br-Mg exchange. This problem was

solved with the development of exchange reagentsheftype RMg: LiCl.*’

Quantum
chemical model calculations on the halogen-magnesxchange showed that the reaction

becomes more likely when the exchange reagents Gitaracter is increased. This-Mg

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

%® For selected examples of Br-Mg exchange, see: H, ReKnochelChem. Comn2006 726; b) C.-Y. Liu, P.
Knochel,Org. Lett.2005 7, 2543; c) N. Boudet, P. Knoch€yg. Lett.2006 8, 3737; d) F. Kopp, A.
Krasovskiy, P. KnochelChem. Commur2004 2288.
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reagents of type RMgLICl could complete the exchange on substrates evtiteMgCI-LiCl

had previously failed’

Analogously to the magnesium reagents, organozampounds can be prepared via Zn
insertion into halide bonds, either in the formzirfic dust’ (previously typically activated
with 1,2-dibromoethane and TMSéd) Rieke ziné® or with the addition of LiC° With these
methods it is possible to prepare a wide varietyeoisitively functionalized aryl-, benzyl- and
alkyl zinc reagents. Also iodine-zinc exchange tieas are known, leading directly to these
very stable, mild and nevertheless reactive orgataliic reagents!

For a long time it was thought that this exchangaction requires high reactivity of the
metalating reagent, so predominantly organolithiwand Grignard reagents have been used
for this transformation. However, in 198®arada and Oku resolved the mild reactivity of
zincates by using gem-dihaloalkane derivativesigisijhactivated halogen substrates, and the
first halogen-zinc exchange reaction ofZRLi was reported? Since this pioneering work,
the applicability of the halogen-zinc exchange tieachas been greatly extended, in regard to
both substrates and reagefitsh 1997 Kondd®* and, more recentlyJchiyamathoroughly
investigated the ligands in zincates and theirct$fen the exchange reaction, and so highly
chemoselective halogen—zinc exchange reactionsamnatic rings have been develop@dn
these interconversion reactions, bulky zincate dergs are vitally important for good

reactivity and chemoselectivity and a ligand li&e-propyl ortert-butyl is more favorable for

?"(a) T. N. Majid, P. KnochelTetrahedron Lett199Q 31, 4413; (b) H. P. Knoess, M. T. Furlong, M. J.
Rozema, P. Knochel, Org. Chem1991 56, 5974, (c) P. Knochel, C. Janakirafigtrahedronl993 49, 29; (d)
T. M. Stevenson, B. Prasad, J. Citineni, P. Knachefrahedron Lett1996 37, 8375.

%8 (a) M. GaudemaBull. Soc. Chim. Fr1962 5, 974; (b) E. ErdikTetrahedrorl987 43, 2203

% (a) R. D. RiekeSciencel989 246, 1260; (b) M. V. Hanson, R. D. Riek&, Org. Chem1991, 56, 1445; (c)

R. D. Rieke, P. T.-J. Li, T. P. Burns, S. T. UhmQrg. Chem1981, 46, 4323; (d) M. V. Hanson, R. D. Rieke,
J. Am. Chem. So#&995 117, 1445; (e) R. D: Rieke, M. V. Hansofetrahedronl 997, 53, 1925.

%0a) A. Krasovskiy, V. Malakhov, A. Gavryushin, Pn#chel, Angew. Chem. Int. EQ006 45, 6040; b) A.
Metzger, M. A. Schade, P. Knoch€lrg. Lett.2008 10, 1107; c) A. Metzger, M. A. Schade, G. Manolikgkes
Knochel,Chem. Asian 2008 3, 1678; d) F. M. Piller, A. Metzger, M. A. Schadi,A. Haag, A. Gavryushin,
P. KnochelChem. Eur. J2009 15, 7192.

31 a) J. Furukawa, N. Kawabata, J. Nishimdratrahedron Lett1966 7, 3353; b) M. J. Rozema, A. Sidduri, P.
Knochel,J. Org. Chem1992 57, 1956; c) M. J. Rozema, C. Eisenberg, H. Lutjghstwald, K. Belyk, P.
Knochel, Tetrahedron Lett1993 34, 3115; d) I. Klement, P. Knochel, K. Chau, G. @ahietrahedron Lett.
1994 35, 1177; e) Y. Kondo, N. Takazawa, C. Yamazaki, 8ké&8notal. Org. Chem1994 59, 4717; f) S.
Vettel, A. Vaupel, P. Knochel,. Org. Chem1996 61, 7473.

%23) T. Harada, K. Hattori, T. Katsuhira, A. ORietrahedron Lett1989 30, 6035 b) T. Harada, Y. Kotani, T.
Katsuhira, A. OkuTetrahedron Lett1991, 32, 1573.

%M. Uchiyama, M. Koike, M. Kameda, Y. Kondo, T. Sahoto,J. Am. Chem. Sot996 118, 8733.

3 M. Uchiyama, S. Furumoto, M. Saito, Y. Kondo, Bk&motgJ. Am. Chem. Sot997, 119, 11425.

%a) Y. Kondo, T. Komine, M. Fujinami, M. Uchiyanig, Sakamoto). Comb. Chenl999 1, 123; b) M.
Uchiyama, T. Miyoshi, Y. Kajihara, T. Sakamoto,@tani, T. Ohwada, Y. Kondd, Am. Chem. So2002

124, 8514; ¢) M. Uchiyama, T. Furuyama, M. KobayashiMatsumoto, K. Tanaka. Am. Chem. So2006
128 8204; d) M. Uchiyama, Y. Kobayashi, T. FuruyafBaNakamura, Y. Kajihara, T. Miyoshi, T. Sakamoto,
Y. Kondo, K. Morokuma,J. Am. Chem. So2008 130, 472.



2. Halogen-Metal Exchange Reactions 18

metalation than ethyl on-butyl3® As also the choice of substrates is relevant is th

transformation, only alkenyl halid€sand aryl halide$ have generally been employed in this
exchange reaction. When alkyl halides are usedgsirat! side reactions such as nucleophilic
substitution, proton abstraction or reduction omwzaly occur.

Another more practical way for the preparation ity reactive organozincs is the iodine-

zinc exchange reaction using diethylzinc, whichd&$o functionalized zinc reagents of the

type5 (Scheme 7).

Etzzn
2 FGRCH,) ——————>  (FG-RCH,),Zn
Cul cat.

5

Scheme 7Cu-catalyzed iodine-zinc exchange reaction on akigldes.

The main advantage here, compared to transmetadtiom organomagnesium or especially
organolithium compounds, consists of the functiogaup tolerance. However, the use of
this method is confined to iodide compounds asceuaraterial and has to be performed with
Et,Zn*® oriPr,Zn, since bromides and chlorides prove to be utis&aunder these conditions.
Furthermore, it can only be utilized for the pregieom of primary and secondary dialkyl zinc
compounds and fails in the case of aromatic iodid@simproved protocol was reported in
2004 consisting of a Li(acac) catalyzed iodine-2rchange using aryl iodides angZR (R

= Et, iPr, Scheme 8Y This new reaction provides access to functiondlizéarylzinc
reagents. The proposed reaction mechanism stattist@ formation of a mixed aryl-alkyl
zinc reagen6, which enters the catalytic cycle to form a ziecat type7. This is transmuted
into the bisarylzin@ by reaction with another equivalent of the arglide and can be trapped

with various electrophilic species.

% L. Micouin, P. KnochelSynlett1997, 327.

37a) T. Harada, D. Hara, T. Katsuhira, A. OKefrahedron Lett1988 29, 3821; b) T. Harada, T. Katsuhira, D.
Hara, Y. Kotani, A. OkuJ. Org. Chem1993 58, 4897.

%3a) Y. Kondo, N. Takazawa, C. Yamazaki, T. Sakamht®rg. Chem1994 59, 4717; b) M. Uchiyama, M.
Kameda, O. Mishima, N. Yokoyama, M. Koike, Y. Kondo Sakamoto). Am. Chem. So&998 120, 4934.
%9F. F. Kneisel, M. Dochnahl, P. Knoch&hgew. Chem. Int. E@004 43, 1017.

“OH. Naka, K. Ito, M. Ueno, K. Kobayashi, Y. Konddew J. Chen201Q 34, 1700.
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Rzzn
i) @ R = Et, iPr
Li

o, R
Li(acac) acac—zn~

7

< R e
Ve W L)
8
+ Rl
NO, 0
‘ \N ’\/
@L \@LOAC OAc
CO,Et OMe
71% 75% 84% 60%

Scheme 8Li-catalyzed iodine-zinc exchange reaction on agldes.

3. Other Metal Exchange Reactions

If one is looking for drawbacks in halogen-metatlgange reactions, despite their excellent
functional group tolerance, they would certainlyntien the necessity of a reactive C-X bond
(X = ClI, Br, 1) in the molecule to be transformédthis can be problematic as many organic
bromides and especially iodides suffer from dehetadgion reactions due to their thermal or
photoinstability. To avoid these difficulties theeuof non-halogenated source compounds for
the exchange reaction has been the target of divevestigations. The first S-Mg exchange
was reported b¥Knocheland allowed the preparation of functionalized lyinanagnesium
reagent$! These organomagnesium reagents are of speciaéshtor their high reactivity
and versatile synthetic applications. They are emattedious to prepare by magnesium

insertion into benzylic bromides, because of siamlpcts from the Wurtz homocoupling and

“LA. H. Stoll, A. Krasovskiy, P. Knochel, Rngew. Chem. Int. E006 45, 606.
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the difficult activation of the magnesiuthin Knochels protocol, the initial step is an I-Mg
exchange reaction usin@rMgCl, which leads to a magnesiated speie¥his compound
underwent the S-Mg exchange together with a cyttimareaction after the addition of
tBuOLi, furnishing the benzylic magnesium reag&ft(Scheme 9). The formation of this
cyclic dibenzothiophene is the responsible drivimige in the S-Mg exchange and therefore

in the generation of the new organometallic species

A S O iPrMgClI . tBuOLl X MgCl I
+

FG:— >  FG FGy— S
Pz | THF, -50 to -15 °C CIMg -20 °C,20h Pz O
1.5h
O removal of iPrl 10
and solvent
l E+
X
FG~ E
P
OMe
Br. / _Ph Me 7/ _CcHex .._-tBu FsC _Ph
T A i «
OH OH OH OH
Br
89% 81% 95% 89%

Scheme 9:S-Mg exchange and subsequent electrophilic reztio

Another possible substitute for halogenated orgarsaitable for exchange reaction for the
generation of organomagnesium reagents, are sdéexirhe fundamental work was reported
by Satohabout ten years ago, where he demonstrated siéfaragnesium exchanges @n
chloro-substituted vinylic sulfoxides, resulting wnylic Grignard reagents of typé&l
(Scheme 10§® Until then, such exchanges had been used for thpapation of chiral

molecules and only been reported using highly readithium reagents, therefore severely

423) T. R. van den Ancker, C. L. Rast@rganometallicsl995 14, 584; b) T. Alonso, S. Harvey, P. C. Junk, C.
L. Raston, B. Skelton, A. H. Whit@rganometallicsl987, 6, 2110; c) H. Appler , L. W. Gross, B. Mayer , W.
P. Neumann]. Organomet. Chem985 291, 9; d) J. Scholz, K.-H. Thield, Organomet. Chem986 314, 7;

e) R. D. RiekeAcc. Chem. Re4977 10, 301; f) S. Harvey, C. L. Rastoh, Chem. Soc. Chem. Commuf88
652; g) L. M. Engelhardt, S. Harvey, C. L. RastAnH. White,J. Organomet. Chem 988 341, 39; h) T. M.
Nicoletti, C. L. Raston, M. V. Sarger®t, Chem. Soc. Chem. Commufi9Q 133; i) H. J. R. de Boer, O. S.
Akkerman, F. Bickelhaupt]. Organomet. Chemi 987 321, 291; j) T. R. van den Ancker, S. Harvey, C. L.
Raston,J. Organomet. Cheml995 502, 35; k) S. Harvey, P. C. Junk, C. L. Raston, G8gl. Org. Chem.

1988 53, 3134.

“3T. Satoh, K. Takano, H. Someya, K. MatsuBetrahedron Lett1995 36, 7097; For leading references see: T.
Satoh, K. Takano, H. Ota, H. Someya, K. Matsuday &nakawa;Tetrahedronl998 54, 5557; For a review,
see:T. SatohChem. Soc. Re2007 36, 1561.
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limiting the functional group tolerandé. Also known is the related reaction of
organomagnesium reagents with sulfinates Bpderserf® which gives access to

diastereomerically pure sulfoxides.

0, HO
Ph. S—Tol EtMgCl Ph. MgCl  EicHo Ph>:2—\M
— > — _— e
PH ¢l THF,-7810-50°C ~ py ¢l PH Gl

5 min

1 44%

Scheme 10Sulfoxide-magnesium exchange @chloro vinyl sulfoxides.

The reactions utilizing magnesium exchange reageets further explored bgatol® and
also Hoffmann*” who reported the generation of magnesium carbsenofdtype12 by a
sulfoxide-magnesium exchange performed on chirahloro-sulfoxides under inversighof
the configuration at the sulphur, while the confajion of the carbon atom remained
unaffected (Scheme 11). The organomagnesium reaffeam this exchange reaction could
be used for the reaction with benzaldehyde to geéeecoholl3 with a second chiral center

and transferring the enantiomeric purity.

Ph/\c‘:/l SpTol m’ PhAC‘:/I gCl + Et-SpTol
12; 93%, 97% ee o
PhCHO oh oh
Me,AICI Cl
13: 70%

Scheme 11Sulfoxide-magnesium exchange on chiradhloro alkyl sulfoxides.

The groups offapozziandNasofurther exploited the sulfoxide-magnesium exchafogehe

enantioselective preparation of dialkyl sulfoxid&stype 14 starting from chiral sulfoxides

4 a) D. Guillaneux, H. B. Kagad, Org. Chem1995 60, 2502; b) H. B. Kagan, T. O. LuukasTransition
Metals for Organic Syntheshd. Beller, C. Bolm, Eds., Wiley-VCH, Weinheir@p04 479; c) R. J. Kloetzing, P.
Knochel, Tetrahedron: Asymn2006 17, 116.

5 a) K. K. AndersenTetrahedron Lett1962 3, 93; b) K. K. Andersen, W. Gaffield, N. E. Papanéu, J. W.
Foley, R. I. Perkins]). Am. Chem. Sot964 86,5637.

46 3) T. Satoh, D. Taguchi, C. Suzuki, S. FujisaWetrahedror2001, 57, 493; b) T. Satoh, K. Akit&Chem.
Pharm. Bull.2003 51, 181; c) T. Satoh, M. Miura, K. Sakai, Y. Yokoyariatrahedror2006 62, 4253; d) S.
Sugiyama, H. Shimizu, T. Satohetrahedron Lett2006 47, 8771; e) T. SatolChem. Soc. Re2007, 36, 1561.
47a) R. W. Hoffmann, B. Hélzer, O. Knopff, K. Harnmfsygew. Chem. Int. E@00Q 39, 3072; b) B. Holzer, R.
W. Hoffmann,Chem. Commur2003 732; c) R. W. Hoffman&€hem. Soc. Re2003 32, 225.

“8 Seee.g M. Annunziata, M. Capozzi, C. Cardellicchio, Fage, P.Tortorella). Org. Chem200Q 65, 2843.
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which had been prepared using the Andersen sudfig@theme 12% A similar approach had
been used byockard in 1971, albeit employing lithium reagents in agk excess to

accomplish the exchang®.

MgBr
(0] (0] o
A4 C10H21MgCI A4 EtMgC' Y

SN - e S . A— S
/©/ OMenthyI THF, -30 °C, H21C10 \©\ THF, -30 °C, Et C10H21 +
Br 1.5h Br 1.5h

14: 95%, >98% ee

Br

Scheme 12Preparation of dialkyl sulfoxides.

Most of these studies focused on the preparatiamiodl sulfoxides for chiral target products
in general, rather disregarding the Grignard retgegenerated during the sulfoxide-
magnesium exchange. Recen®gtohreported a preparative utilization of the sulfigybup
in the synthesis of functionalized furatisAfter cyclization, the 2-furyl sulfidd5 is oxidized
to the sulfoxide withmCPBA, and an exchange reaction witArMgCl furnishes the
heterocyclic Grignard specid$ which can be reacted with benzoyl chloride to\alithe
furan 17 (Scheme 13). The method suffers from the low cdiblity of functional groups

tolerated on the furan scaffold and the excessagents used.

0 Me Nal (5 equiv.) o 1) mCPBA o
Clo,  TFAA(5. equiv) Ph 9 SPh “(13equiv),0°c |PP @ MgCl
P MeCN, 25°C, 2) iPrMgCl g
eCN, 25 °C, IPrivig Mée Me
Me  S(O)Ph 16 h Me  Me (3.0 equiv.), -78 °C

16

15: 72%
PhCOCI
(5.0 equiv.)
-78 °C
to 25 °C

o)
\ /) Ph

Scheme 13Synthesis of a tetrasubstituted futiaf

A further interesting behaviour of sulfoxides wassdribed byOae and Furukawa when

treating hetaryl sulfoxides with organometallic geats>? Benzyl sulfoxide18 reacts with

“9M. A. M. Capozzi, C. Cardellicchio, F. Naso, V.$®0,J. Org. Chem2002 67, 7289; For a review, see: M.
A. M. Capozzi, C. Cardellicchio, F. Nadeur. J. Org. Chem2004 9, 1845.

% a) J. P. Lockard, C. W. Schroeck, C. R. JohnSgnthesid 973 485.

> T, Miyagawa, T. Satoletrahedron Lett2007, 48, 4849.

23, Oae, T. Kawai, N. Furukawggtrahedron Lett1984 25, 69; b) S. OaePhosphorus and Sulfi986 27,
13.
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various magnesium or lithium compounds (PhMgBr, &8yl MeMgBr, nBuLi) exclusively

to the 2-benzyl-substituted pyridird®, according to the so called ligand coupling remacti
(Scheme 14, eq. 1). Furthermore, when 2-(phenyisdipyridine (20) reacted with an aryl
Grignard, the 2-(2-methoxyphenyl)pyridin1f was obtained in high yield (eq. 2). Then
again, the alkyl sulfoxid22 would undergo a reaction with PhMgBr, and furnish 2,2'-
bipyridine @3, eq. 3). This last reaction pathway is assumdaktan initial ligand exchange
to form the 2-pyridyl Grignard reagent, which insabsequent step attacks the original

sulfoxide prior to ligand coupling.

:
a PhMgBr
Nop S - AN eq. 1

| THF, 25 °C, |
15 min

18 19: 98%

OMe

(”)
N 8 MgBr N
| \ - | A eq. 2
¥z THF, 25 °C, = OMe

/

15 min
20
Q
N S
0 e e
Pz THF, 25 °C,
15 min
22 23:79%

Scheme 141iigand coupling and ligand exchange on 2-pyridsulfoxides.

4. Metalation Reactions

Besides metal insertion and heteroatom-metal exgghathe third major pathway for the
preparation of organometallics is the direct méi@maof hydrocarbons using organometal
(RMet) or metal amide (fR.N-Met) bases® The main advantage of this method, as with the
sulfoxide-magnesium exchange, is in contrast toptie@iously presented ones (insertion and
halogen-exchange reactions), the lack of a obligat@logen-carbon bond being present.
Thus, a more or less activated hydrogen-carbon hendirectly transformed into the

corresponding metal species.

%3 For an early overview about metalation using oafjéfiium compounds, see: J. M. Mallan, R. L. BeBbem.
Rev.1969 69, 693 and references therein; For reviews, sel. &chlosserAngew. Chem. Int. EQ005 44,
380; b) R. E. Mulvey, F. Mongin, M. Uchiyama, Y. Kao,Angew. Chem. Int. E@007, 46, 3802.
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A special case of these metalations, discoveredpiexdently byGilmar™* and Wittig® in
1939/40 on anisole usingBuli, is the directedorthoimetalation (@M). Later on it was
intensively investigated bRobertsandCurtin®® as well aBeakand Sniecku¥, making use
of lithium bases and what would later be known asglex-induced proximity effect
(CIPE)>® They described thedM concept as the regioselective functionalizatibaromatic
systems, given that a directing metalation group@) is present in the molecule. For a
successful deprotonation to occur, the DMG musilexhwo contradicting properties, for
being a good coordinating site for the organometalgent and at the same time a poor
electrophilic site for an attack by this strongédas the formed organometallic intermediates.
A heteroatom is therefore almost an obligatory congmt of an efficient DMG. These groups
can hence be amides, carbamides, sulfonamidess,esi@nides, phosphorous-containing
substituents, sulfoxides or sulfones and act ag pewerful directing groups, contrary to e.g.
ethers or amines.

The mode of function of these directing groups ®mplexation of the metalating agent and
therefore conducting the corresponding base towdrelclosest activated proton, which is
generally inortho{osition to the directing group (Scheme 15). Ttsailteng lithiated species
24 is furthermore stabilized by coordination to thel®.>°

0 sBui Ho 0 E* E O
o — Bt ———> Bt ——> Et
N""" THF, TMEDA, N - BuH N N
Et -78°C Et Et Et

24

Scheme 150rtholithiation of aromatic system using a DMG.

Additional properties can by found in directing gps, for example steric hindrance, charge

deactivation or even the combination of both effedthe rate of the deprotonation of the

**H. Gilman, R. L. Bebh]. Am. Chem. So939 61, 109.

%5 G. Wittig, G. FuhrmannChem. Ber194Q 73, 1197.

*®J. D. Roberts, D. Y. Curtid, Am. Chem. Sot946 68, 356.

*" For an overview, see: a) V. SnieckGhem. Rev199Q 90, 879; b) M. C. Whisler, S. MacNeil, P. Beak, V.
SnieckusAngew. Chem. Int. EQ004 43, 2206; c) P. Beak, A. I. Meyer&cc. Chem. Re4986 19, 356; d) E.
Anctil, V. SnieckusThe Directed ortho Metalation-Cross-Coupling Nex@gnthetic Methodology for Aryl-Aryl
and Aryl-Heteroatom-Aryl Bond@ Metal-Catalyzed Cross-Coupling Reactip@ad ed. F. Diederich, A. de
Meijere, Eds., Wiley-VCH, Weinhein2004 761; e) C. G. Hartung, V. Snieckd$)e Directed ortho Metalation
Reacton. A Point of Departure for new Syntheticrdaitic Chemistryin Modern Arene Chemistryp. Astruc,
Ed., Wiley-VCH, New York2002 330.

8 a) P. Beak, A. I. Meyer#cc. Chem. Re4986 19, 356; b) G. KlumppRecl. Trav. Chim. Pays-B4986

105, 1.

*9a) J. D. Roberts, D. Y. Curtid, Am. Chem. Sot946 68,1658; b) A. A. Morton,J. Am. Chem. Sot947,

69, 969.
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substrate is also greatly influenced by substitwéfgcts, in particular electron-withdrawing
groups (EWG) are able to control the behaviouthefdompounds to be metalated during the
actual reaction.

There can be cases of substrates with a confliduigstitution pattern, when the directing
effect of a DMG overrules that of weaker second, areif two groups with comparable
directing abilities are present leading to a desgdaegioselectivity in the metalation process.
The DoM concept has also found numerous applicationshm preparation of natural
products, for example in the total synthesis of &apramine. BiaryR5, which is accessible
by sequential cross-coupling amdtho-metalation chemistry, gives lactor® after acid-
catalyzed cyclization (Scheme 16).

o} o}
| - CONEL ) LDA @ squ) | N | N
equiv.), 0 NMe
N Z>conet, THF, 010 25°C N - . N
OMe 2) HOAC, reflux O OMe > O OMe

25 26: 82% Eupolauramine
7 steps, 42%

Scheme 16DoM chemistry in the total synthesis of Eupolauramine

Obviously, the use of lithium reagents very muchité the presence of functional groups and
sensitive structures in the molecules to be metdladuring the last century, based on the
original discoveries byleunier® various other groups demonstrated the feasililitthese
metalations when mediated by much milder Mg-amidseeb (the later on called “Hauser-
Bases”). WhileHausef' himself was relying on diethyl- and diisopropylaminagnesium
bromide, Eatorf> and later onMulze® employed the sterically hindered 2,2,6,6-
tetramethylpiperidine (tmp) as amine in their reagempMgClI, tmpMgBr and also trsidg.
Yet, these reagents tended to form aggregatesasital classic Grignard reagents, which
greatly lowered their reactivity and therefore thpiactical use. As a consequence, large
excesses of metalating agent as well as electmphil to be used in order to cope with these
problems. A big step forward was hence the devetoprof the highly reactive Mg-amide
bases of type ®R:NMgX-LIiCl (27 and28, Scheme 17). The foundation of this improvement
was the observation that the addition of just omeivalent of LiCl resulted in the formation

0. Meunier,C. R. Hebd. Seances Acad. 36003 136, 758.

®13a) C. R. Hauser, H. G. Walkek, Am. Chem. Sot947, 69, 295: b) C. R. Hauser, F. C. Frostig Am. Chem.
So0c.1949 71, 1350.

®2p. E. Eaton, C.-H. Lee, Y. Xiong, Am. Chem. So&989 111, 8016.

8 W. Schlecker, A. Huth, E. Ottow, J. Mulzét Org. Chem1995 60, 8414.



4. Metalation Reactions 26

of much more active, deaggregated exchange rea@f@nt®o-Grignard” e.giPrMgCI-LiCl,
see above) and that the same concept could bdemats onto the amide bases (therefore

called “Turbo-Hauser-Bases™.

Me Me Me Me
/k /k iPrMgCI-LiClI /k /k MGQMe iPrMgCI-LiCl _ Me>(\/I<Me

Me™ N Me 1k 25°c 2448n M N Me  Mem N" Me 1 25°c,244gn Mem N Me
MgCI-LiCl MgCI-LiCl
27:ca. 06 M 28:ca.1.5M

Scheme 17Preparation of Mg-amide bases (Turbo-Hauser-Bases)

The recent determination of the metalated amide/stal structure proved that LiCl achieves
complete deaggregation and is therefore able tm farmonomeric species of the amide
base®® These bases can easily be prepared from the porneisig amines by treatment with
iIPrMgCI-LICI and are able to deprotonate many aromatics retdroaromatics using only
around 1.1 equivalents. The hereby generated ongagioesium reagents can be reacted with

a broad range of electrophiles (Scheme®38).

A tmpMgCI-LiCl (28) X E* X
FG:—/\—H - FG+/\—MgCI-LiCI — FG:—/\—E
“y? THF, -50 to 25 °C “x? “y?

0.5-24 h
X=CH,N,0, S

F CN
LCOE D o Q P
\ N pn CI:[N j/
/\ o N

P cl o.
o N P(NMe;),
Me,Si” SiMe, o} s~ ¢l
/
cl
65% 89% 74% 84% 77%

Scheme 18Magnesiation reactions using tmpMgiGCl (28).

The concept of these Turbo-Bases was significanifyroved with the development of bis-
amide bases, such as thy- 2LiCl (29), prepared from tmpLi and Mg&{Scheme 199’
With this new mixed Li/Mg base, also less electpmor and therefore less activated

aromatics can be metalated, due to its enhancetvigawhile still maintaining an excellent

% A. Krasovskiy, V. Krasovskaya, P. Knochahgew. Chem. Int. EQ006 45, 2958.

% p. Garcia-Alvarez, D. V. Graham, E. Hevia, A. Rniiedy, J. Klett, R. E. Mulvey, C. T. O'Hara, S.
WeatherstoneAngew. Chem. Int. E@008 47, 8079.

% Selected examples, see: a) A. H. Stoll, P. Knocheg. Lett.2008 10, 113; b) F. M. Piller, P. KnocheDrg.
Lett 2009 11, 445; cM. Mosrin, T. Bresse©rg. Lett.2009,11, 3406, d) C. J. Rohbogner, S. Wirth, P.
Knochel,Org. Lett.201Q 12, 1984; e) M. Jaric, B. A. Haag, A. Unsinn, K. Kgh#osoff, P. KnochelAngew.
Chem. Int. Ed201Q 49, 5451.

®7G. C. Clososki, C. J. Rohbogner, P. KnocAsigew. Chem. Int. E@007, 46, 7681.
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functional group tolerance, also on larger sc&lé®y combining this magnesium base with
the strong tetramethylphosphorodiamidate directyngup, a range of phenol derivatives

could be metalated, which facilitated accessaim metadifunctionalized aromatic¥.

MeMe MeMe
MgCl
2 N—Li o - N7¥Mg-2LiC|
THF,0°C,0.5h 5
MeMe MeMe
29:ca.0.7M
COBU 1) Base (1.1 equiv.) COtBu
THF, 25°C, 1 h I
2) Ip, THF,
0-25°C, 1h
using Base 28: 7%
using Base 29: 80%
Br O Il
CO,Et EtO,C._~ CO2E B o1 o PNMey),
\_CO,BU | P(NMe,), b¢
Py /
CN CO,Et
Cl
69% (90 mmol) 73% 80% 79%

Scheme 19Preparation, reactivity and use of giiy-2LiCl (29).

Still some substrates bearing extremely sensitreemgs (e. g. nitro, aldehyde) and also some
heterocycles are excluded from a magnesiation thalbase28 and29. For metalating those
compounds, more sensitive bases, namely tmp2a@t related to the bis-amide magnesium,
tmp,Zn-2MgCl-2LiCl,”* have been developed. These highly reactive ancthabelective
bases are able to achieve zincation of variousearamd heteroarenes. Finally, also other
metal amide bases have been synthesized addrélssidgferent demands for metalating and
quenching reactions with a wide palette of suit@iolpounds and electrophil&s.

% 3. H. Wunderlich, C. J. Rohbogner, A. Unsinn, RoghelOrg. Process Res. De2010,14, 339.

%9 C. J. Rohbogner, G. C. Clososki, P. Knocheigew. Chem. Int. EQ008 47, 1503.

M. Mosrin, P. KnochelOrg. Lett.11,2009,1837.

'S, H. Wunderlich, P. KnocheAngew. Chem. Int. E@007, 46, 7685.

2 For the preparation of Al-, Mn-, Fe-, La- and Znide bases see: a) S. H. Wunderlich, P. Knodkedew.
Chem. Int. EJ2009 48, 1501; b) S. H. Wunderlich, M. Kienle, P. Knoch&®hgew. Chem. Int. E@009 48,
7256; c) S. H. Wunderlich, P. Knochélngew. Chem. Int. E@009 48, 9717; d) S. H. Wunderlich, P. Knochel,
Chem. Eur. J201Q 16, 3304; €) M. Jeganmohan, P. Knochaigew. Chen01Q 122, 8699.
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5. Cross-Coupling Reactions of Organometallics witlunsaturated Thioethers

The cross-coupling reaction of unsaturated thiasthad also thiols is known since the work
of Wenkert® andTake{*in 1979. They used Grignard reagents with tramsithetal catalysis
for turning a carbon-sulfur bond into a carbon-carbond, representing an attractive variant
of this type of very important bond formatién.

Based on these pioneering resufsikuyamd® and especiallyLiebeskind’ were able to
extremely extend the application scope of this ssasupling reaction, turning it into a
general ketone synthesis in 2000. With this methago functionalized thioesters lik# and
31 could be converted into the corresponding ket@#and33. WhereFukuyamarelied on
zinc reagents with palladium catalysis (Scheme=B0,1),Liebeskindemployed boronic acids
and combined a Pd catalyst with stoichiometric am®wf copper 2-thiophene carboxylate
(CuTC,34).

o} EtZnl (1.5 equiv.) o}
PdCl,(PPhs), (5 mol%)
Cl Cl
SEt > Et eq. 1
THF, 25°C, 1 h

30 32: 76%

O,N B(OH),
\©/ 1.1 equiv.
o Pd(dba), (1 mol%) 0o

PR tfp (3 mol%) NO
H,3C S-pTol >  H,C 2 eq.2
= THF, 50 °C, 18 h 2

s 0
31 E/)—/{ 1.6 equiv. 33: 79%
oc

u
34

Scheme 20Synthesis of ketones from thioestersHukuyamaleq. 1) and.iebeskind(eq. 2).

3 a) E. Wenkert, T. W. Ferreira, E. L. Michelotti, Chem. Soc.,Chem. Commii79 637; b) E. Wenkert, T.
W. Ferreira,J. Chem. Soc., Chem. Commi@82 840; c) E. Wenkert, M. E. Shepard, A. T. McPh&ilChem.
Soc., Chem. Commut986 1390; d) E. Wenkert, D. Chianelli, Chem. Soc., Chem. Commu891, 627.

" a) H. Okamura, M. Miura, H. Takéietrahedron Lett1979 20, 43; b) H. Takei, M. Miura, H. Sugimura, H.
OkamuraChem. Lett1979 8, 1447.

"5 For reviews, see: a) S. R. Dubbaka, P. Vofyejew. Chem. Int. EQ005 44, 7674; b) H. Prokopcova, C. O.
Kappe,Angew. Chem. Int. EQO09 48, 2276; also see: H. Prokopcova, C. O. Kappgew. Chem. Int. Ed.
2008 47, 3674.

®H. Tokuyama, S. Yokoshima, T. Yamashita, T. Fukngarletrahedron Lett1998 39, 3189;

"a) J. Srogl, G. D. Allred, L. S. Liebeskind,Am. Chem. Sot997,119,12376; b) L. S. Liebeskind, J. Srog|,
J. Am. Chem. So2000,122,11260; c) C. Savarin, J. Srog|, L. S. Liebeskiady. Lett.200Q 2, 3229; d) C. L.
Kusturin, L. S. Liebeskind, W. L. Neumarn@rg. Lett.2002 4, 983; e) J. M. Villalobos, J. Srogl, L. S.
Liebeskind,J. Am. Chem. So2007,129,15734; f) L. S. Liebeskind, H. Yang, H. lAngew. Chem. Int. Ed.
2009 48, 1417;9) Y. Yu, L. S. Liebeskind, Org. Chem2004 69, 3554.
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In further studiesl.iebeskindalso used organostannaffesnd later, in 2005, organoinditifn
compounds as nucleophiles for the coupling witbehters to directly synthesize ketones. A
major modification of this reaction was achievedcergly when for the first time
heteroaromatic thioethers could be employed in #dcatalyzed cross-coupling with
organostannan&sand above all organoboronic acfdsfurnishing various heterocycles in
good yields (Scheme 21). A key feature of this roétls the requirement of stoichiometric
amounts of a Ctcarboxylate species as a metal cofactor, whilenCu sources such as
halides have no effect. Two copper reagents pronest suitable for this purpose, namely
copper(l) thiophene-2-carboxylate (CuT84) and copper(l) 3-methylsalicylate (CuMeSal,
35), both are commercially available, cheap and iredbt air stablé’*

(HO)ZB\©:O>
1.1 equiv. 0
O S

Pd(dba), (4 mol%) ~NO Cus
@NO? tfp (16 mol%) | L/
“ g, CuTC (1.3 equiv.) N 34: copper(l)
N SpTd THF, 50 °C, 18 h o> thiophene-2-
carboxylate

(CuTC)

87%

BusS OCI 1.1 i 1

uzSn .1 equiv.

N Cu0)1\©/Me
N N

[ j\ Pd(PPh3),4 (5 mol%) [ _

> N

N/ SPh CuMeSal (2.2 equiv.) 35: copper(l) 3-

THF, 50 °C, 18 h Cl methylsalicylate

(CuMeSal)

93%

Scheme 21Desulfitative C-C coupling with boronic acids aganostannanes (Liebeskind-Srogl reaction).

A mechanistic explanation for this unprecedented’-datalyzed and Cumediated
desulfitative cross-coupling is shown in Scheme®22nhen the Clbound thiol ester
undergoes oxidative addition to the’Rzhtalyst, the Cecarboxylate serves a dual role in
transition. It polarizes the Pd-S bond by coordarapf CU to the sulfur center, and on the
other hand activates the trivalent boron centesufin coordination of the carboxylate group
to the boron atom at the same time. Whereas itréldéional Suzuki-Miyaura cross-coupling

8 R. Wittenberg, J. Srogl, M. Egi, L. S. Liebeskif@tg. Lett.2003 5, 3033.

"9B. W. Fausett, L. S. Liebeskindl, Org. Chem2005 70, 4851.

80M. Egi, L. S. LiebeskindQrg. Lett.2003 5, 801.

8a) L. S. Liebeskind, J. Srod@drg. Lett.2002 4, 979; b) S. Oumouch, M. Bourotte, M. Schmitt, .J.-J
Bourguignon,Synthesi®005 25; ¢) A. Aguilar-Aguilar, E. Pena-Cabrefarg. Lett.2007, 9, 4163; d) A.
Lengar, C. O. Kapp&rg. Lett.2004 6, 771; e) H. Prokopcova, C. O. KapgeOrg. Chem2007, 72, 4440; f)
W. van Rossom, W. Maes, L. Kishore, M. Ovaere,dn Weervelt, W. DehaeQrg. Lett.2008 10, 585; g) K.
Itami, D. Yamazaki, J. Yoshidd, Am. Chem. So2004 126, 15396; h) C. Kusturin, L. S. Liebeskind, H.
Rahman, K. Sample, B. Schweitzer, J. Srogl, W. éuidannQrg. Lett.2003 5, 4349.
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reaction a base is essential for the reaction twrd¢ here the nonbasic conditions of the
unique P&Cu-mediated coupling protocol tolerate base-sensiteeting materials and also
products. This fact combined with the observed digkactivity of boronic acids compared to

boronate§led to the proposal of the hydrogen-bridged tercamplex36.

“pd™ . Cu 0

R1( Na "
et
R3-B(OH)2/( R2 \i;uSRZ
CuTC

PdL, L, oL R3-MgX or R3-ZnX L, oL
R.SR2 ——> Pd. > Pd. —> R'R®
-L, R “gR2 effective transmetalation R TR . PdL,

- R?S-MgX or R2S-ZnX

RS-B(OI-R
no Cu salt

no transmetalation

Scheme 22Mechanism of the Cumediated PYcatalyzed cross-coupling of boronic acids andsmaetalation

of organomagnesium or organozinc compounds.

Even in the presence of bromides, which are actieetrophiles for the Suzuki cross-
coupling, selective desulfitative C-C couplings da@ performed in the absence of an
additional base. This method is now generally reteito as Liebeskind-Srogl reaction. The
reason for the success of this protocol with orgasgnesium or organozinc reagents as
nucleophiles is an efficient transmetalation stemtermediate87, promoted by the possible
formation of an “ate” intermediate due to the highctivity of Grignard reagents. In the case
of organozinc compounds the explanation can byddarthe polarization of the palladium-
sulfur bond due to the known thiophilicity of th@®Z cation. Also other transition metals are
known to be active catalysts for cross-couplingplaing sulfides, like the Ni-catalyzed cross-
couplings of organomagnesium reagents with vinyfides,”*""**and the cross-coupling of
alkenyl sulfides with Grignard reagents using Fealgais, representing a pathway to

functionalized styrené$.

8 N. Miyaura, A. SuzukiChem. Rev1995 95, 2457.
8 K. Itami, S. Higashi, M. Mineno, J. Yoshidarg. Lett.2005 7, 1219.
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6. Objectives

Multifunctional aromatics with unusual substitutipattern are compounds still difficult to
come by with standard methods. Therefore the firsfect of this work consisted of the idea
to establish a new route to 1,2,4-trisubstitutemivaatic compounds. The synthetic sequence
should be general and the reagents used compatitiiea broad range of functionalities. A
sulfoxide moiety was the ideal centerpiece of #trategy, acting as a metalating directing
group, leading t@ortho-metalated sulfoxidesyhich can be reacted with electrophiles in step 1
to furnish products of typ88. Secondly, the sulfoxide group should also besitarce of a
new organometallic reagent generated through axsdi-metal exchange reaction in step 2
(Scheme 23). This metal speci&*can then be reacted with a second electrophilaerigad

the desired trisubstituted arenes of tyfi® The starting sulfoxidell could therefore be

considered as a synthon for the bisanionic spd@es

Ar__O Ar___O 2
T\S, ~g* E

1) Base E' 1) RM E’
B ——————
2)E! 2)E?
FG FG FG
41 38 40
M
1 ©
E Q
FG FG
39 42

Scheme 23General approach to 1,2,4-trisubstituted areifes

Heterocycles are aromatic structures of central om@mce in many biologically and
pharmaceutically active molecules. So the furtheretbpment of this chemistry opened up
the second project, in which the two-step synthesimg the diverse properties of the
sulfoxide group was to be exploited towards thetlsysis of 1,2-difunctionalized 5-

membered heterocycldd (Scheme 24).
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-- - 1 . 1
Sy 1) Base S E 1) RM P E
WA T L,
x” “S(O)Ar 2 ' X~ S(O)Ar 2 2 X
x=0.8 .

Scheme 24General approach to 1,2-disubstituted heterocykles

We also aimed for disubstituted pyridines, inclgdian application of the previously

mentioned ligand exchange reaction of 2-pyridinyfoxides.

Due to the results of the heterocyclic sulfoxideeraistry, and the facile introduction of
thioether-groups to heterocycles, advantageous awedpto halogen substituents, a third
project was derived. This evolved into the transitimetal-catalyzed cross-coupling of
methylthio-substituted N-heterocycle$2) with functionalized organozinc reagents, leading

to various heterocyclic compounds of tyf#(Scheme 25).

FG— » FG
KX)\SMe Pd or Ni catalysis

fy RZnHal-LiCl %Y
| -
N I\\x
42 43
X=N

Y=CH,N,O,S

R = aryl, hetaryl, benzyl, alkyl

Hal =Cl, Br, |

Scheme 25Pd- or Ni-catalyzed cross-coupling reactions oétatyclic thioethers with functionalized

organozinc compounds.

Based on this chemistry, a further extension ofntie¢hod towards methylthio-substituted
alkyenest4 as electrophiles was envisioned, to furrbghsubstituted acetylenes of typb
(Scheme 26).

R?ZnHal-LiCl
R'—=—sMe > R'——R?
Pd or Ni catalysis
44 45

R', R2 = aryl, hetaryl, alkyl
Scheme 26Pd- or Ni-catalyzed cross-coupling reactions oftmithio-substituted alkynes with functionalized

organozinc compounds.

The possibility of employing other classes of otigahioethers for these cross-coupling

reactions was also investigated.
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Since zinc reagents are among the organometadimgents with the best stability and the
highest functional group tolerance, the fourth ¢copomprised the development of a new
protocol for a direct chlorine-zinc exchange reattiThis transformation would lead from
cheap and broadly available organic chloridésdirectly to the corresponding organozinc
reagents of typd7, which can be further reacted with various elgatitic reactions to gain
functionalized product48 (Scheme 27).

ArZnX or Ar,Zn E*
R-CI » R-ZnX —_— R-E

catalyst
46 47 48

R = aryl, hetaryl, alkyl

Scheme 27Chlorine-zinc exchange reaction on organic chksid
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B. Results and Discussion

1. Preparation of 1,2,4-Trisubstituted Arenes via DM and Sulfoxide-Magnesium

Exchange

1.1 Synthetic Strategy

As described in part A of this work, a multituderefigents for executing a directedho-
metalation (@M) on aromatic systems are known, as well as ongeallics capable of
performing the sulfoxide-metal exchange. Thoughowasplan for synthesizing trisubstituted
arenes involved the best possible tolerance oftiumal groups and a minimal excess of
organometallic reagents used, an optimization stuaty to be undertaken. In this we also
investigated the best substrates for achieving tegioselectivity in both steps of the reaction
sequence and focused on a very economical and mi@mieaccess to the starting materials.
Therefore, we had to find an organic substituehoRaryl sulfoxide49 which would not be
deprotonated in the first step of the syntheses, the directed metalation, leading via the
magnesium reageri0, to the desired sulfoxidé1l and not the alternative compoub@
(Scheme 28). Furthermore, this substitueheRo had to lead to a selective cleavage of the
two carbon-sulfur bonds in the second step of aguence, so that the sulfoxide-metal
exchange (triggered by?’RgCl) would only result in the functionalized arydtallic reagent
53, avoiding wrong exchange leading to the side pcoBd The Grignard reagent would then
be quenched in a second electrophilic reactiomighing the 1,2,4-trisubstituted arenes of

type55.
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MgCIO E'

MgCl
base /’ RZMgCI/'
FG E\' FG Q
FG
FG

0 E’

FG

55

E1
I
S.
51
% R2MgClI
R', R2 = alkyl, aryl
E! 0
S.
/©/ R® + RimgCI
54

Scheme 28Tentative synthesis of 1,2,4-trisubstituted aré&steand possible side reactions.

52

After extensive experimentatidfi, we managed to solve both of these problems by
introducing donor substituents at tpara-position of the R group of49. Two different
moieties, dimethylamino and methoxy, proved to lee most suitable in terms of efficiently
controlling the selectivity of both reaction ste@s well as being easily accessible from

commercially available materials.

1.2 Preparation of Diaryl Sulfoxides

We planned for a straightforward classic routehe diaryl sulfoxides via oxidation of an
intermediate sulfide, prepared fropara-substituted arylmagnesium reagents. Both of these
steps should be convenient to run at multigramescahitially we focused on the preparation
of the N,N-dimethylamino-substituted sulfoxidet9a,bb which could be accessed by the
reaction of functionalized organomagnesium reagewmfs type 56°>%° with 4-
(dimethylamino)phenyl thiocyanatésf MesNCeH.SCN; THF, -20 °C to 25°C, 1 Hf
followed bymCPBA oxidation (CHCI,, -20 °C, 2 h, 1.1 equifjin 64-69% vyield (method 1,
Scheme 29). The thiocyandd@ can easily be prepared in large quantities (50@Mmfrom

8 For experimental details, see: Ph.D. thesis Gari$3. Rauhut, LMU Munich, 2008.

% P. Knochel, W. Dohle, N. Gommermann, F. F. KneiseKopp, T. Korn, I. Sapountzis, V.-V. VAngew.,
Chem. Int. Ed2003 42, 4302.

8 H. Jendralla, L. CherSynthesid99Q 827.

87S. A. Lang, T. L. Fields, R. G. Wilkinson, S. MaKg, Y. J. LinEur. Pat. Appl1984 38.
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N,N-dimethylaniline, bromine and ammonium thiocyarf4t&he following oxidation of the
crude sulfide and the purification of the sulfoxiteing contaminated with starting material
and also the diaryl sulfone turned out to be tresbime, especially on multigram batches.
Hence, we investigated an alternative method, @&vgidn oxidative step, and eventually a
more direct approach was found in the reactioruntfionalized Grignard reagents of typ@
with 4-methoxybenzenesulfinyl chlorid®g8 MeOGH4S(O)CI; THF, -20 °C to 25 °C, 1 h,
method 2) affording the desired 4-methoxy-subsiusulfoxides49c-ein 70-91% yield®
Here, the sulfoxide-donating reage®b® can easily be prepared in equally large scales
(500 mmol and more) from anisole ang@j in thionyl chloride as solvent and used without

purification >

o MezN@SCN
A AR
Osg-Ar MgX-LiCl Meo—Qsom OsgAr

THF,-20°Cto 25 °C 58
2) mCPBA, -20 °C THF, -20 °C to 25 °C

FG FG
method 1 method 2
49a,b 56 49d-e
(@]
II ISI
tBuO,C
49a: 69% 49b: 64% 49¢: 90%

I I
S S.
/©/ Ar, /©/ Ar, FG=F, Cl, CO,tBu, CN
NC F AI"1 = pCGH4NMe2

Ar? = pCgH,OMe
49d: 70% 49e: 91%

Scheme 29Preparation of starting sulfoxidd® from functionalized arylmagnesium reagebs

1.30rtho-Metalation of Diaryl Sulfoxides

With these sulfoxides as starting compounds at hangractical base for the directed
metalation had to be found. For reasons of comiisatikvith the functional groups (FG = F,
Cl, CO:tBu, CN) a hard lithium base was out of questionuibed out that tmpMgCl- Li€t
(28, tmp = 2,2,6,6-tetramethylpiperidinyl, 1.1 equiwas able to achieve a full magnesiation
in theortho-position of the electron-deficient arene in onfyrin at -30 °C. This reagent can

|25

easily be prepared by mixing tmpH aRfMgClI- LiCI* at room temperature in THF and is

8 R. Q. Brewster, W. Schroed@rg. Synth1943 19, 79.
8P, C. Unangst, D. T. Connor, S. R. Stahleteterocycl. Chen1987, 24, 817.
% M. Peyronneau, N. Roques, S. Mazieres, C. Le Réymlett2003 631.
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stable at room temperature (slight loss of activitgr 6 months). The reaction was monitored
using GC by quenching aliquots with iodine or albfomide with tridecane as internal

standard. Using this convenient and efficient protave were able to perform the directed
metalation on the starting sulfoxide¥® and functionalize the resulting arylmagnesium

reagents with a variety of different electrophi{sheme 30).

Ar\s/,O 1) tmpMgCI-LiCl (28; 1.1 equiv.), Ar\S//O
THF, -30 °C, 20 min E'!
2) E' (1.2 equiv.)
e FG
49 51

| ""e>(j<“"e
tmpMgCI-LiCl: FG =F, CI, CO,tBu, CN

Me~™ 'N° "Me
| Ar = pCGH4NMe2Y

MgCI-LiCl pCoH,OMe
28

Scheme 30Directedortho-magnesiation leading to disubstituted sulfoxifés

Thus, the sulfoxidel9a (FG = F) was deprotonated with tmpMgCI-LiCl at 8D within

20 min and the organomagnesium species reacted tesiyi cyanide, which furnished
sulfoxide 51a bearing a cyano group iartho-position in 79% vyield (Table 1, entry 1).
Alternatively, the organomagnesium reagent wasstreatalated to the corresponding zinc
reagent (using 1.0 equiv. of a 1.0 M solution ofCEnin THF) and subjected to a Pd-
catalyzed (Pd(PRJy, 2 mol%) cross-couplirid with 4-iodobenzonitrile, giving the expected
sulfoxide 51b in 94% vyield (entry 2). Similarly, the arylzincagent derived fromd9a
underwent Negishi-type cross-coupling reactionshwit-iodoanisole or 4-broml;N-
dimethylaniline in the presence of 2 mol% Pd(®Phfurnishing the ortho-substituted
sulfoxides51c and51d in 84-93% vyield (entries 3 and 4). By quenching thagnesiated
derivative of49awith iodine, followed by a cross-coupling with Bgnylethynylzinc chloride
or 1-pentynylzinc chloride, we obtained the proditdte,fin 74-94% yield (entries 5 and 6).
The sulfoxide49b (FG = CIl) was metalated with tmpMgCI-LiCl at -30 within 20 min
applying the same procedure as above. After traraatimg to the organozinc species, a
Palladium-catalyzed cross-coupling with iodobenzeare 4-iodobenzonitrile led to the
corresponding sulfoxideS1g,h in 92-97% vyield (entries 7 and 8). The organomamme
species resulting from the reaction4$b with tmpMgCI- LiCl could also be quenched with

iodine and cross-coupled with 2-phenylethynylzildodde or 2-trimethylsilylzinc chloride,

1 a) E. Negishi, L. F. Valente, M. Kobayashi, Am. Chem. So&98Q 102, 3298: b) E. NegishAcc. Chem.
Res.1982 15, 340; ¢) E. Negishi, M. Quian, F. Zeng, L. Ana&aP. BabinskiOrg. Lett.2003 5, 1597; d) X.
Zeng, M. Quian, Q. Hu, E. Negisifingew. Chem., Int. E@004 43, 2259.
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giving sulfoxides51i,j in 88-91% vyield (entries 9 and 10). Due to theuratof the
magnesium base and the low temperatures usedgpldrarice towards sensitive functional
group is very high, and the metalation of sulfoxifc bearing an ester function occurred
smoothly at -30 °C within 20 min. By adding iodiffe2 equiv.) we could obtain thetho-
iodo-sulfoxide and submit it to Negishi-type crassipling reactions as crude material after
an aqueous workup. Hence, after the reaction wiphéhylethynylzinc chloride or 2-
trimethylsilylzinc chloride we were able to isoldtee diaryl sulfoxideblk and51l in 61-
68% vyield (entries 11 and 12). Also the presencea oitrile function on the primary ring
(49d, FG = CN) did not interfere with the reaction ctiwhs for the deprotonation step. After
a transmetalation (Zn€in THF) the organozinc species was used in a Ralyz&d cross-
coupling reaction with 4-iodobenzonitrile or 4-idibarobenzene and allowed the isolation of
the disubstituted benzonitril@dm,nin 71-88% vyield (entries 13 and 14).

Table 1: Directed metalation of starting sulfoxidd9a-d with tmpMgCILICl (28) and electrophilic reaction
leading to sulfoxideS1a-n

Entry Sulfoxide Electrophile Product, yield [%6]
1] CN 9
S\ S\
1 O A TosCN A
F F
49a 5la 79
CN
z s
0
2 49a i
<
! F
51b; 94°
OMe
OMe

3 49a ©

NMe, O
0
4 49a © O Siar
Br F

la%a
p=o
z
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S, Se, 4
v /©/ Ar Phi Ar
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49b 51g 97°
CN
: .
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Ph
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Ph
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CN
Lo 3
S\
> I @
NC O ~Ar2
49d I NG
51m 89
F

F g
14 49d © g
o
NC

|
51ln 71

% Yield of isolated analytically pure produbtAfter transmetalation (ZngtL.0 M in THF). Ar* = pCsH.NMey;
Ar? = pCsH,OMe

1.4 Sulfoxide-Magnesium Exchange on Diaryl Sulfoxigs

Having prepared a broad variety of difunctionalizedfoxides, we focused on step 2 of the
synthesis, i.e. the sulfoxide-magnesium exchangeeShe sulfoxide group is stable in the
presence of arylmagnesium reagents at low tempestuwvhich made the deprotonation
reaction with tmpMgCI-LiCl Z8) possible in the first place, we looked at moractize
Grignard reagents to perform the exchange. Agdimuim reagents were out of question
because of their low tolerance towards the rangeidtional groups already established in
the starting sulfoxides and further expanded whth functionalization of step 1. Experiments
with different alkylmagnesium reagents, monitoregl duenching reaction aliquots with

° to be the most

ilodine and determining the reaction progress by B@aledPrMgCl-LiC
efficient exchange reagent. Using the so calledBiotGrignard” we were able to achieve full
conversion of the bisaryl sulfoxide®a-eat -50 °C within 15-60 min in THF, leaving the
other functionalities unharmed. 1.10 EquivalentdPoMgCl- LiCl were sufficient to complete
the sulfoxide-magnesium exchange, but the iodolgs®ved a considerable amount (up to

35%) of protonated speci&f alongside with the desired aryliodi@e (Scheme 31).

R | H
@\ o 1 IPMgCILICI (1.1 equiv.), 0,
s” THF, -50 °C + + ,S@R
iPr
FG FG

2) |, (excess)
FG 60 59
FG = CI, F, CO,tBu, CN 65-90% 10-35%
R = NMe, OMe
49a-e ’

Scheme 31Sulfoxide-magnesium exchange reaction on bisaffdsides49.



B. Results and Discussion 41

Despite numerous experiments undertaken to fincdstlece of the proton, including the use
of various deuterated solvents, deuterated exchesagents and working under extremely
anaerobic conditions, we could not identify itsgari®* To find a workaround, we tried a
multitude of different solvents and solvent mixsr&Vhile all replacements for THF and all
mixtures with cosolvents (€D, CH.Cl,, MTBE, NMP, DMPU, CPME) either led to an
increase in side products formed, or to stalledhamge reactions, we discovered that
changing the solvent to 2-methyl-THF reduced thegrgage of protonated and therefore lost
aryl species to about 10-20%. This observationueto assume that the side reaction occurs
during the exchange reaction and is most likelgdacal process. By performing this reaction
in 2-Me-THF and using only 0.8 equivalents of aleghile for the quenching reaction, we
were able to develop a convenient and efficientthstic protocol for preparing the
trisubstituted aromatics of tyfb, 63-65Scheme 32).

1) tmpMgCI-LiCl (28; 1) iPrMgCI-LiCl (1.1 equiv.),
Arsg20 1.1 equiv.), THF, Arsg-0 2-Me-THF, -50 °C, E2
-30 °C, 20 min E? 5minto2h E’
2) E' (1.2 equiv.) 2) E2 (0.8 equiv.)
FG FG e
49a-d 51a-n 55:FG=F
Ar = pCgH,NMe, 63: FG =Cl
pCeH,OMe 64: FG = CO,tBu

65: FG=CN

Scheme 32Final conditions for the two-step protocol foratited metalation and sulfoxide-magnesium
exchange reaction leading to 1,2,4-trisubstitutethesss, 63-65

1.4.1 Sulfoxide-Magnesium Exchange opara-Fluoro-Diaryl Sulfoxides

Applying this procedure, sulfoxidBla could be exchanged witiiPrMgCI-LiCl at -50 °C
within 5 min. The functionalized Grignard reagenaswtransmetalated to the organozinc
species (ZnGl1.0 M in THF) and subjected to Pd-catalyzed camsling reactions with
ethyl 4-iodobenzoate or ethyl 5-bromofuran-2-casihate, leading to the disubstituted
benzonitrile derivative$5a and55b in 72-78% yield (Table 2, entries 1 and 2,). Wiitle
cyano group attached to the secondary aromatic thegsulfoxide-magnesium exchange was
completed at -50 °C within 1 h and quenching thermediate Grignard reagent with DMF
furnished, after agueous workup, the functionaliredzaldehyd®&5cin 76% yield (Table 2,
entry 3). Alternatively, the magnesium species ltegufrom the exchange reaction could be
transmetalated into an organozinc reagent (usirgj>Zh0 M in THF) and used in a Negishi-
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type cross-coupling reaction with 4-iodobenzoretrdr 4-iodo ethyl benzoate, leading to

terphenylsh5d,ein 75-76% yield (entries 4 and 5). The sulfoxidagmesium exchange could

also be performed on electron-rich-substitutedosidfes51c,d (0 °C, 1 h) and by performing

cross-coupling reactions or directly reacting thegnmesium organyl with DMF, we obtained
the trisubstituted arendsbf-h in 72-86% vyield (entries 6-8). With the 2-alkyrsbstituted
bisaryl sulfoxides51etheiPrMgCl- LiCl-triggered exchange step took place5&t *C within

5 min. Trapping with DMF or ethyl chloroformiateenfiorming a cross-coupling reaction

(after transmetalation with Zngin THF) with aryl iodides or an allylation reaati¢ed to the

polyfunctionalized arylacetylen&si-m in 67-94% vyield (entries 9-13).

Table 2: Sulfoxide-magnesium exchange on sulfoxidela-e and electrophilic reaction leading to 1,2,4-
trisubstituted arenesba-m

Entry Sulfoxide Electrophile Product, yield [%0]
WS J
F F
Sla ! 55a 78
CO,Et ™ N coe
o
2 Sla o}
F
Br 55h: 72
CN CN
J, g
3 O g\Ar1 DMF CHO
F F
51b 55c 76
CN
y o
CN
4 51b O
| L
550 75°
CN
CO,Et O
CO,Et
5 51b O
L
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NMez
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7 O S DMF
F
51d
CN
8 51d ©
I
Ph
[,
9 SN DMF
F
51e
10 5le CICOEt
CN
11 5l1e ©
|
CO,Et
12 51e
I
Pr
[,

13 g\AH BT/W(COZEt

F
51f

o
=
©

-
(@)
P4

o
z 3%
Kes)
oS

-n. .
(@)
I
]

4
o1

5 o1

$Q
N
©

-
(@]
z

55h; 72
Ph

CHO

ﬂC%

55i: 94
Ph

CO,Et

“(%

55j: 67

(@]
®)
N

m

55I: 84°
Pr

CO,Et

3"

F
55m: 71

2 Yield of isolated analytically pure produbtAfter transmetalation (ZngiL.0 M in THF).© Ar* = pCsHsNMe,.
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We have applied this sequence to the preparatitimedbiological active sulfidB5n, which is
a serotonin reuptake inhibitdf. Thus, the sulfoxide49a (FG = F) was metalated with
tmpMgCI-LiClI 28, 1.1 equiv.) at -30°C within 20 min. Quenching tife resulting
magnesium species with thiosulfon&tkled to the expected sulfideloin 82% yield. This
sulfoxide was treated wittPrMgCI- LiCl at -50 °C, furnishing the correspondimggnesium
intermediate within 3 h, which reacted cleanly wiitle iminium sal62 to give the serotonin
reuptake inhibitob5nin 82% yield (Scheme 33).

cl
Osg-Ar 1) tmpMgCI-LiCI sg-A" 1) iPrMgCI-LICI NMe,
(28; 1.1 equiv.), (1.1 equiv.),
-30 °C, 20 min Q _ -50°C,3h h S
2 ¢ 2) HyC= vale2
F (61; 1.2 equiv.), CFaCOS°>
25°C,2h (62; 0.7 equiv.),
25°C, 3 h
49a SSO-Ph 510: 82% 55n: 82%

Ar' = pCeH4NMez

Scheme 33Two-step preparation of the serotonin reuptakéitdr 55n.

1.4.2 Sulfoxide-Magnesium Exchange opara-Chloro-Diaryl Sulfoxides

When used on sulfoxides bearing a chlorine on thengry ring 61g-, FG = Cl), the
exchange protocol worked equally well as previowsgcribed. Thus, the reaction %ifg
with iPrMgCI-LiCl at -50 °C was completed within 1 h, afoflowed after transmetalation
with ZnCh by a cross-coupling with 4-iodobenzonitrile, fugimed the terpheny3ain 93%
yield (Table 3, entry 1). Alternativly, we chosehgt4-iodobenzoate for the Pd-catalyzed
cross-coupling and isolated the terphe®@db in 89% vyield (entry 2). The sulfoxide-
magnesium exchange could also be performed onxstdéfé1h bearing a cyano group on the
secondary aromatic ring at -50 °C within 1 h anérghing the arylmagnesium derivative
with DMF led to benzaldehyd@3c in 74% yield (entry 3). A copper-catalyzed allybat
reaction with ethyl 2-(bromomethyl)acrylate gavehsnyl 63d in 48% vyield, while a Pd-
catalyzed cross-coupling with 4-iodobenzonitrile ethyl 4-iodobenzoate furnished the
disubstituted chlorobenzen&Se,f in 81-90% vyield (entries 4-6). In the case of aly
substituted sulfoxidéli, the sulfoxide-magnesium exchange took place @t’€sin only

5 min and the functionalized benzaldehy®g could be obtained in 93% yield after trapping

927. Polivka, K. Dobrovsk, A. Silhankova, K. Sindel®. Mickova, V. Valenta, I. KrejcPCT Int. Appl. WO
97173251997
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with DMF (entry 7). Instead of directly functionzlng the arylmagnesium reagent, we
transmetalated with Znghnd utilized a Pd-catalyzed cross-coupling wittodanisole, 1-
iodo-3-(trifluoromethyl)benzene or ethyl 5-bromarticate to produce the terphenylic
products63h-j in 59-73% vyield (entries 8-10). The exchange ieaawith iPrMgCl- LiCl at -

50 °C performed equally fast and selective on sud® 51j bearing the TMS-protected
acetylene, and after 5 min of stirring, we smoothbbtained the corresponding magnesium
reagent. This reacted with DMF, ethyl 2-(bromomgtugrylate (20 mol% CuCN-2LiCl
present) or ethyl 4-iodobenzoate (after transmidalavith ZnCh and in the presence of 2%
Pd(PPBh),) to furnish a range of polyfunctional compour@ik-m in 84-89% vyield (entries
11-13).

Table 3: Sulfoxide-magnesium exchange on sulfoxifizg-j and electrophilic reaction leading to 1,2,4-
trisubstituted arene&3a-m

Entry Sulfoxide Electrophile Product, yield [#0]
Ph O CN Ph CN
S\ 1 O
1 L @
cl o
519 ! 63a 93

2 519 © O
Cl

I 63b: 89
CN CN
BN ®
3 I DMF
O S CHO
Cl Cl
51h 63c 74
CN
4 51h Br/\”/002Et :/\”/COZB
pe
63d: 48
CN
z .
CN
. sth )
| ¢
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™S

I
/éj/\H/CCbEt
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63l: 87
™S
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2 Yield of isolated analytically pure produbtAfter transmetalation (ZngiL.0 M in THF).© Ar* = pCsHsNMe,.
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1.4.2 Sulfoxide-Magnesium Exchange opara-Ester and para-Cyano Diaryl Sulfoxides

As mentioned before, the sulfoxide-magnesium exglaprotocol is compatible with a
variety of other sensitive functional groups, suah an ester or a nitrile. Thus, bisaryl
sulfoxide51k (FG = CQtBu) underwent a smooth exchange reaction wWitMgCl- LiCl (-

50 °C, 5 min, 2-Me-THF) and quenching with DMF fisimed the aldehyd@4ain 71% vyield
(Table 4, entry 1). The intermediate arylmagnesaampound derived frorblk can also be
trapped with 3,4-dichlorobenzaldehyde, leadingh® $econdary alcoh@4b in 84% yield
(entry 2). Similarly, the TMS-acetylene-substitutealfoxide 511 underwent the exchange
reaction (-50 °C, 5 min, 2-Me-THF) and reacted dguavell with DMF or 3,4-
dichlorobenzaldehyde, or in a Pd-catalyzed crosgpiong with 4-iodobenzonitrile after
transmetalation to zinc. So we were able to furrish 3,4-disubstituted benzoai®éc-ein
77-82% vyield (entries 3-5). The 4-sulfinyl-benzdetderivate51m underwent the exchange
reaction very rapidly, and after 5 min at -50 °@e arylmagnesium species formed reacted
with DMF or 3,4-dichlorobenzaldehyde. This leadthe 4-cyanobenzaldehydba and the
secondary alcohd5b in 72% and 88% vyield, respectively (entries 6 &hdSulfoxide51n,
bearing a nitrile group on the primary (sulfoxideabing) as well as on the secondary
aromatic ring, could readily be exchanged wimMgClI-LiCl (=50 °C, 5 min, 2-Me-THF),
transmetalated with Zng€hnd cross-coupled with 4-iodobenzonitrile, yietgdthetris-cyano-
terphenyl65cin 64% yield (entry 8).

Table 4: Sulfoxide-magnesium exchange on sulfoxidslk-n and electrophilic reaction leading to 1,2,4-
trisubstituted arened4a-e, 65a-c

Entry Sulfoxide Electrophile Product, yield [%0]
Ph Ph
[ fl
1 S\ar2 DMF CHO
tBuO,C tBuO,C
51k 64a 71

Ph

I on

OHC Cl
2 51k @[ c
o ¢
tBuO,C o

64b: 84



1.3 Ortho-Metalation of Diaryl Sulfoxides 48

TMS TMS
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3 Sia DMF CHO
tBuO,C tBuO,C
51l 64c 78

OHC cl OH
4 51| @[ cl
c T O
fBUO,C cl

64d: 82
TMS
CN || CN
5 51l © O O
| tBquC
64e 77
F F
U, ®
6 O i, DMF O o
NC NC
51m 65a 72
F
o o ()
OH
7 s OO
NC Cl
65b: 88
CN CN
O 7 C
CN
; i O 0
9 @
NG ' NG
51n 65¢c 64°

2 Yield of isolated analytically pure produbtAfter transmetalation (ZngiL.0 M in THF).© Ar? = pCsH,OMe.

1.5 Large Scale Preparation of 1,2,4-Trisubstituted\renes using the Two-Step Protocol

To demonstrate the synthetic advantage of the dpedltwo-step protocol (step 1 being the
metalation using tmpMgCI-LiCI2Q) directed by the sulfoxide group, and step 2 beirey
sulfoxide-magnesium exchange usiiRyMgCI-LiCl) we aimed for a large scale synthesis
using our method. Thus, sulfoxid®e (FG = F) was magnesiated with tmpMgClI- Li@Bf -

30 °C, 20 min, THF) on a 40 mmol scale and trappéd iodine. The resulting aryl iodide



B. Results and Discussion

49

then underwent a smooth Negishi cross-couplingti@aevith TMS-acetylenezinc chloride
(Pd(PPB)4 2 mol%) and furnished sulfoxidg6 in 86% yield (eq. 1, Scheme 34). Treattty
with iPrMgCI-LiCl (-50 °C, 5 min, 2-Me-THF) on a 34 mmalcale and subsequent

transmetalation (Znglin THF) and cross-coupling with ethyl 4-iodobenzoabtained

trisubstituted benzen@7 in 86% vyield. Alternatively49e could be deprotonated using the

same conditions as above and

the magnesiated spetapped with 9-(4-

chlorophenyl)benzene thiosulfona&l) to give diaryl thioethe68 in 87% vyield (eq. 2). By

reacting68 with the exchange reageirMgCl- LiCl (-50 °C, 15 min, 33 mmol scale, 2-Me-

THF) and quenching with 3,4-dichlorobenzaldehyde hlenzylic alcohob9 was isolated in

49% yield.

1) tmpMgCI-LiCl (28;

1.1 equiv.), THF,
-30 °C, 20 min

49 —>
2) 1, (1.2 equiv.)

3) TMS—=-2ZnCI-LiCI,

Pd(PPhj),
(2 mol%)

1) tmpMgCI-LiCl (28,

1.1 equiv.), THF,
-30 °C, 20 min
49e —  »
2) «cl

SSO,Ph
(61; 1.2 equiv.)

Ar? = pCgH,OMe

T™MS

-

(@]

“Ar2

66: 86%

40 mmol scale

L
S O

S

“Ar2

68: 87%

40 mmol scale

1) iPrMgCI-LiCI

(1.1 equiv.), THF,

-50 °C, 5 min
B — .

2) ZnCl, (1.2 equiv.)

3 co,kt

(1.2 equiv.),
Pd(PPh3), (2 mol%)

1) iPrMgCI-LiCl
(1.1 equiv.), THF,
-50 °C, 15 min
B
2) ]

ﬁj ’
CHO
(1.2 equiv.)

T™MS

Il O CO,Et

eq. 1
L
67: 86%
34 mmol scale
Cl
\©\S OH
eq. 2

jepes
F Cl

69: 49%

33 mmol scale

Scheme 341iarge-scale preparation of 1,2,4-trisubstitutezhas67 and69.
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2. Preparation of Functionalized 5-Membered Heterogcles via DbM and Sulfoxide-

Magnesium Exchange

2.1 Synthetic Strategy and Preparation of Hetaryl 8Slfoxides

The achieved promising results and the broad scop#®ding the possibility to perform
multigram reactions, got us interested in lookiogffirther synthetic applications of this very
versatile two-step protocol. Substituted furanspzZiodurans and thiophenes are important
heterocycles that are found in a wide variety ofurd compounds and pharmaceutical
molecules® They are also building blocks for the elaboratioh organic material’
Derivatization of such heterocycles in positionyntetalation is well establishédHowever,
the functionalization of position 3 by directed alation is much less explored and therefore
we picked this substrate family as a host for tbdozide moiety. Ideally, after a 2,3-
disubstitution, a full functionalization of thiophe would offer the perfect possibility to
demonstrate the scope of our procedure. Preliminayperiments with 2-((4-
methoxyphenyl)sulfinyl)thiophener@) showed that while the scaffold principally suasr
requirements, the 5-position of the thiophene asaoidic. Even lowering the temperature to -
78 °C resulted in a mixture of the 3- and 5-magatesi compoundgl and 72 after addition

of tmpMgCI-LiCl 28; Scheme 35).

9 tmpMgCI-LiCl 9 9
28; 1.1 equiv.
S Ssa 4>( quiv. S-S, S~ Ssae
\ | \ | CiMg A |
-78 °C, THF
MgCl
70 71 72

Ar? = pCqH,OMe

Scheme 35Mixture of hetarylmagnesium regioisomers obtaifredh treating70 with tmpMgCl- LiCl 28).

The simplest and most versatile way for protectpagition 5 from deprotonation was by

installing a TMS group at this point, which coulatdr be removed for further synthetic

% X. L. Hou, Z. Yang, H. N. C. Wong, iRrogress in Heterocyclic Chemistrgd. G. W. Gribble and T. L.
Gilchrist, Pergamon, Oxfor@003 15, 167; B. A. Keay, P.W. Dibble, i6omprehensive Heterocyclic
Chemistry 1] ed. A. R. Katritzky, C.W. Rees, E. F. V. Scriv&tsevier, Oxford]1997, 2, 395.

%a) H. N. C. Wong, P. Yu and C.-Y. YicRure Appl. Chem1999 71, 1041; b) H.-K. Lee, K.-F. Chan, C.-W.
Hui, H.-K.Yim, X.-W. Wu, H. N. C. WongPure Appl. Chem2005 77, 139.

%a) 0. Mendoza, M. Tackd, Organomet. Chen2006 691, 1110; b) M. S. Shanmugham, J. D. Whiteem.
Commun2004 44; c) D. J. Chadwick, C. Willbgd, Chem. Soc., Perkin Trans.1B77, 887; d) J. T. Pinhey, E.
G. Roche,J. Chem. Soc., Perkin Trans.1088 2415.
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purposes. By treating thiophene wmBuLi (0 °C, 2 h, THF), followed by reaction with
TMSCI, we prepared 2-trimethylsilylthiophengé3f (Scheme 36). Further deprotonation with
nBuLi (0 °C to 25 °C, 15 min, THF) led to the 2-thydlithium which was quenched with 4-
methoxybenzenesulfinyl chloride5g), resulting in the desired TMS-protected thienyl
sulfoxide 74 in 85% vyield. Another heterocyclic sulfoxide  (2+(
methoxyphenyl)sulfinyl)benzofurary5) could be obtained with the same procedure from

benzofuran in 47% yield.

1) nBuLi, THF, 0 °C

S 1) nBuli, THF, S .25 °C. 16 mi o &
0°C,2h 0 , 15 min N
T e ™ - e
2) TMSCI 2) Ar2SOCI (58)
73 74a: 85%
o}
2 = H °
Ar? = pCgH,OMe o. 1 nBuli, THF,OIC o. 8. 2
@J to 25 °C, 15 min @j A
2) Ar2SOCI (58)
74b: 47%

Scheme 36 Synthesis of 5-membered heterocyclic sulfoxidés,h

Initial experiments with these two sulfoxides shdwery promising results and proved that
we could apply the previously developed two-steptqool without any significant change.
The deprotonation using tmpMgCI-LiC2& 1.1 equiv.) at -30 °C led to a single product
which could be functionalized with different elexhiles, to obtain products of typéb
(Scheme 37). Also the sulfoxide-magnesium exchgmgéormed equally well as on the
previous aromatic systems, selectively furnishing 2-magnesiated heterocycle which was
suitable for various functionalization reactionsthwielectrophiles £ which yielded 2,3-

disubstituted thiophenes and benzofurans of #pe

9 1) tmpMgCI-LiCl (28; 1.1 equiv.), fe} 1) iPrMgCI-LiCI (1.1 equiv.),
_ o : 1] N . _ ° ~ : 2
) X S\Arz THF, -30 °C, 20 min . X S\Arz 2-Me-THF, -50 °C, 5-60 m|n= ] X E
N\ <\/\’( A\
2) E' (1.2 equiv.) E, 2) E2 (0.8 equiv.) E!
74a,b 75a-f: 43-89% 76a-j: 67-97%
X=0,S

Ar? = pCqH,OMe

Scheme 37:Two-step functionalization protocol on 5-membeheterocyclic sulfoxideg4a,h
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2.2 Ortho-Metalation and Sulfoxide-Magnesium Exchange on 5-kmbered Hetaryl
Sulfoxides

Hence, 2-thienyl sulfoxidé4a could be selectively metalated with tmpMgCI- LI -
30 °C, 20 min, THF) in position 3. The resultingtdrecyclic magnesium reagent was
transmetalated (using ZnCin THF) and cross-coupled with 4-iodobenzonituising Pd
catalysis, leading to the thiophene derivatik®a in 89% yield (Table 5, entry 1). With
iPrMgCI-LiCl, the sulfoxide moiety was exchangedO(°*®&, 1 h, 2-Me-THF) and the
organometallic species quenched with 3,4-dichlanabllehyde, giving the 2,3-disubstituted
thiophene derivat&@6ain 83% vyield. Alternatively, after exchanging thelfoxide group of
75a S-(4-bromophenyl)benzene thiosulfonate was addeti@¢amixture to form heterocycle
76b which could be isolated in 94% vyield (entry 2).tef deprotonating74a with
tmpMgCI-LiCl and transmetalating with ZnCla cross-coupling with 3-iodoanisole
(Pd(PPB)4, 2 mol %, 25 °C, 1 h) was performed, yielding tiylesulfoxide75b in 87% yield
(entry 3). After exchanging the sulfoxide group7&b (iPrMgCl-LiCl, -50 °C, 5 min, 2-Me-
THF) a second cross-coupling with 4-iodobenzomitvilas performed to afford disubstituted
thienyl derivate76c in 85% yield. In another reaction sequence, themgv4a was ortho-
metalated with tmpMgCI-LiCl and quenched by theitold of S-(4-chlorophenyl)benzene
thiosulfonate, leading to the heterocyclic thioeth&cin 78% yield (entry 4). This sulfoxide
was submitted to a sulfoxide-magnesium exchangg0atC within 1 h, and could be reacted
with DMF to afford the thiophene-2-carbaldehytis in 97%. Instead of direct reaction with
an electrophile, a Pd-catalyzed reaction of the zjpecies with ethyl 4-iodobenzoate or 5-
bromonicotinic acid ethyl ester was also possiblacitv gave the desired cross-coupling
products/6eand76fin 67-88% yield (entries 5 and 6).

Also, the benzofuranyl sulfoxidé4b underwenbrtho-magnesiation with tmpMgCl- LiCP@,
1.1 equiv.,, -50°C, 45min) and led after quenchingth tosyl cyanide, S(4-
chlorophenyl)benzene thiosulfonate or after a Negisross-coupling with 1-fluoro-4-
iodobenzene (Pd(PBhk 2 mol %, 25 °C, 1 h) to the benzofuransd-f in 43-88% yield
(entries 7-10). A subsequent sulfoxide-magnesiurchange of75d with iPrMgCl-LiCl
(1.1 equiv., -50 °C, 5 min) and coupling with etiWdiodobenzoate (Pd(PBh 2 mol %,
25 °C, 1 h) afforded the 2,3-disubstituted benziuf6ég in 87% vyield (entry 7). The 4-
fluorophenyl-substituted benzofuratbe can be exchanged at -50 °C in 5 min and reacted
with DMF to furnish benzofuran-2-carbaldehydéh in 91% vyield (entry 8). Finally, the 3-

thioether-substituted benzofurafbf underwent a smooth sulfoxide-magnesium exchange
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(iPrMgCI-LiCl, -50 °C, 5 min, 2-Me-THF) and trappingith 3-chlorobenzaldehyde or a
cross-coupling with 4-iodobenzontrile enabled thsoldation of the 2,3-disubstituted
benzofuran derivate&i and76j in 77-84% yield (entries 9 and 10).

Table 5: Application of the two-step protocol on heterocgciulfoxides74a,b and electrophilic reactions

leading to 2,3-disubstituted heterocyclés

Electrophile E,

Electrophile E,

Entry Sulfoxide75, yield [%6]° Product76, yield [%]
4-1C4H.CN, 3,4-di-CIGH,CHO,
9 OH
L ™S \S, a2 ™S \S, O “
o
CN CN
75a 89 76a 83
PhSQSCH.Br,
S S
™S—C ] \Q
2 75a 89 Br
CN
76h: 94
3-ICsH.OMe, 4-1CH,CN,
o) CN
s <, g
3 T™S Q Ar? TMS 9
OMe O OMe
75b: 87° 76C 85
Phsqsgf,mc:l, DMF,
s Az s S CHe
Ve L
75c 78 76d: 97
4-1CgH,COLET,
CO,Et
> 75c 78 TmsK\SIQ/ cl
L
76e 88
3-Br-5-COEt-CsHsN,
CO,Et
3
6 75¢c 78 “UN

S
T™MS—(" ] /@/m
s

76f 67°
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TosCN, 4-1CgH4COLET,
CO,Et
7 O’ S\Arz
ate
75d: 43
4'|C6H4F, DMF,
O. _CHO
|
8 & o
F
76h: 91
3-CICsH4CHO,
PhSQSGH.CI, cl
0
o) :?I:—Arz
9 ] cl OH
S/Q/ /@/Cl
75f: 88 S
761 77
4-1CgH4CN,

CN
_ e
10 75f. 88 ] o
O S/< )

76j: 84

2Yield of isolated analytically pure produbtAfter transmetalation (ZnglL.0 M in THF).© Ar? = pCgH,OMe.

2.3 Full Functionalization of Thiophene by Metalaton Reaction

From these various 2,3-disubstituted and TMS-ptetethiophenes, we cho3éc to pursue
our goal of achieving a full functionalization dii$ 5-membered heterocydeFirst, the
trimethylsilyl group was converted with IC| (1.5, 0 °C, 1 h) to the corresponding 2-
iodothiophené&; which was used in the next step without furthetifimation (Scheme 38). It
was subjected to a cross-coupling with trimethylsthynylzinc chloride (Pd(PRJa, 2 mol%,
THF, 25 °C, 1 h) which resulted in the tri-subggtl thiophen&7 in 88% vyield. Finally, the
remaining position 3 of 7 could be metalated with tg- LiCl (29)°"%° (1.5 equiv., THF, -
20 °C, 12 h), transmetalated to zinc (ZnCI0 M in THF) and submitted to a Negishi cross-
coupling (Pd(PP§., 2 mol %, THF, 25 °C, 3 h) with (4-iodophenoxyijsopropylsilane’®
With this method we furnished the fully functiorzgdd thiophen&8in 75% yield. The tetra-

% For a full functionalization of the furan, see:Nlelzig, C. B. Rauhut, P. Knochelhem. Commur2009
3536; b) Ph.D. thesis Christian B. Rauhut, LMU Mimi2008.

7 G. Felix, J. Dunogues, R. Cal#sigew. Chem., Int. EA979 18, 402.

% M. Rottlander, N. Palmer, P. Knoch8lnlett1996 573.
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substitution of the thiophene scaffold was themfoarried out in 4 steps and 49% overall
yield.

CN TMS —_ CN 1) tmp,MgClI-2LiCl

™SS O 1)1CL,0°C, 1 h =_ S (29; 1.1 equiv.),
\ — \_/ THF, -20°C, 12 h
Z)EI:’A(%ﬁ)ZnCI, 2) ZnCl,, THF, 25°C,

3)4 OMe 30 min
O OMe  (2mol%), THF O 3) p-TIPSO-CgHal,
25°C,1h Pd(PPhs), (2 mol%),
THF, 25°C, 3 h
76¢ 77:88%

™S \S/ O CN
O O OMe

TIPSO
78: 75%
Scheme 38Synthesis of the fully functionalized thiophere
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3. Preparation of Disubstituted Pyridines via M, Sulfoxide-Magnesium Exchange and
Ligand Coupling

3.1 Synthetic Strategy and Preparation of PyridinylSulfoxides

As pyridines are a heterocyclic class of centrgbonance in biochemical pathways and
pharmacologically active compounds, resulting lvukk of pyridine derivatives as interesting
targets for organic synthesis, we decided on thmepound family to demonstrate further the
potential and the versatility of our 2 step metHodg. Therefore, we started by preparing
different 2-, 3-, and 4-pyridinyl sulfoxides by otimg the magnesiated pyridines with 4-
methoxybenzenesulfinyl chlorid&g) at -20 °C in THF (Scheme 39). The corresponding
pyridinyl Grignard reagents could either be gerestaby Br-Mg exchangeiRrMgCl-LiCl,

25 °C, 2 h, THF, pyridine§9a-9®*° or by selective metalation using tmpMgCl- Lic8(

25 °C, 4 h, THF, pyriding9d).®* This furnished the required starting sulfoxid@s-din 56-
72% yield.

R3 1) iPrMgCI-LiCl, (I? (I?
R2 THF, 25°C, 2 h
| X | Ar2 | X S\Arz | X S\Arz
P 2) p-MeOCgH,SOCI (58) P _N
N" 'R THF, 201025 °C, 1 h N
79a: 59% 79b: 72% 79¢:61%
1) tmpMgCI-LiCl (28), 0

THF,25°C, 2h cl S.

B > [N AR 79a: R, R?=H, R® = Br

cl N/ cl 2) p-MeOCGH4SOCI (58), N__— 79b: R1 RS = H, R2=Br

THF, -20t0 25 °C, 1 h L 79¢:R2 R®= H, R = Br

79d: 56%

Scheme 39Synthesis of 6-membered heterocyclic sulfoxides-d

We assumed that the metalation in step 1 of ourthegs would proceed without
complications, and that the sulfoxide-magnesiumharge on sulfoxideg9a-d would work
similar to the arylic or electron-rich hetarylicliExides as demonstrated above. We expected
problems with the exchange reaction on 2-pyridsuifoxide 79c due to the ligand coupling
reaction reported b@ae> Therefore, our initial strategy focused on trytogapply the two-
step protocol onto the sulfoxidé9a,b,das shown in Scheme 40.
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1) tmpMgCI-LiCI (28;
1.1 equiv.), THF, -30 °C

?
oy -
X. 7 2)E' (1.2 equiv.)

o 1) iPrMgCI-LiCI (1.1 equiv.),
2-Me-THF, -50 °C

m/\IS\AFZ >
X7 2) E2 (0.8 equiv.)

v E
X -

Z Z7 E! Z7 E!
79a,b,d 80a-e: 38-74% 81a-f: 50-82%
X =CH, N
Y = CH, CCl
Z=CH, CCI, N

Ar? = pC¢H,OMe

Scheme 40Two-step functionalization protocol on 6-membeheterocyclic sulfoxide39.

3.2 Preparation of 3,4-Disubstituted and Tetrasubgiuted Pyridines

Initial test reactions run with the pyridinyl sukides showed that both of our key reagents
(tmpMgClI-LiCl and iPrMgCI-LiCl) worked well on these substrates. Thees 4-((4-
methoxyphenyl)sulfinyl)pyridine79a underwent smooth magnesiation with tmpMgCl-LiCl
(28, -30 °C, 30 min, THF) in the first step of the ctan sequence and was trapped with
iodine. This pyridinyl iodide was used in a Negisfpe cross-coupling reaction with
trimethylsilylethynylzinc chloride and sulfoxid&a was obtained in 69% yield. Compound
80a reacted withiPrMgClI-LiCl (-50 °C, 5 min, 2-Me-THF) in the sulfale-magnesium
exchange (displaying the second step of the syisthasd after trapping with DMF the 3,4-
disubstituted pyridingla was isolated in 58% vyield (Table 6, entry 1). hot@er reaction
sequence the exchange of the sulfoxide moiety wa$onmed on sulfoxide80a the
organomagnesium reagent was transmetalated tgoaimcto a cross-coupling with ethyl 4-
iodobenzoate and furnished ethyl 4-(3-((trimethylgthynyl)pyridin-4-yl)benzoateg1b) in
63% yield (entry 2). Similarly, 3-pyridinyl sulfoste 79b was used for the reaction protocol
leading to the difunctionalized pyridin84c,din 50-67% vyield (entries 3 and 4). Finally, 2,6-
dichloropyridinyl sulfoxide 79d was also a suitable starting material for the
difunctionalization method. Hence the tetra-substd pyridines8le,f were furnished after

directed metalation and sulfoxide-magnesium excaam@1-82% yield (entries 5 and 6).
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Table 6: Application of the two-step protocol on heterocgcéiulfoxides49a,b,d and electrophilic reactions
leading to di- and tetrasubstituted pyridii@ds

Electrophile E,

Electrophile E,

Entry Sulfoxide80, yield [%] Product8l, yield [%]
1) I 2) TMS—==—2zncCI, DMF,
T™S ™S
1 l 0 If
= S\Ar2
80a 69 8la 58
4-ICqH,COLEt,
T™MS
l CO,Et
2 80a 69
N
81b: 63
4-ICgH4CN, 4-ICqH,COLEt,
CN CN
Qi 4
\ \N
80b 38 81c 50°
4-1CqH4ClI, PhSQSCGH4CI
Cl
4 Q
AN Q
SN
80c 53 81d. 67
4-1CgH,Cl 4-1CgH4NO,,
Cl
5 I
cl | SAr?
Na
Cl
80d: 74
4-1CqH,OMe,
OMe
(0]
6 Cl S
Na |
Cl Cl
80e 68 81f: 82

2 Yield of isolated analytically pure produbtAfter transmetalation (ZngiL.0 M in THF).© Ar? = pCsH,OMe.
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3.3 Ligand Coupling reactions of 2-Pyridinyl Sulfoxdes

As described in the literature, hetaryl sulfoxidespecially 2-pyridinyl sulfoxides, tend to
undergo a so-called ligand exchange or ligand dogpteaction when treated with an
organomagnesium reagent. To circumvent this, for methology, undesired reaction
behavior, another strategy was adapted. Hencé\-teterocyclic sulfoxidgd9ewas prepared

in 45% yield from 4-methoxybenzenethiol by depraiioon with LiH in DMF, nucleophilic
attack on 2-chloroquinoline and subsequent oxidatdth mCPBA (CHCl,, -30 °C, 3 h,
Scheme 41). Metalation with tmpMgCI-LiC2& THF, -30 °C, 30 min) and cross-coupling
with 4-iodobenzonitrile furnished the 2,3-disubsgtid quinolyl sulfoxideB2 in 76% vyield.
This compound was treated witArMgCl- LiCl using our well established reaction ditions
(-50 °C, 2-Me-THF). Full conversion of the sulfogidvas achieved after only 5 min, but no
2-hetaryl organomagnesium reagent of t§3ecould be observed when quenching reaction
aliquots with } in THF. Instead, the ligand coupling prod@# was exclusively formed.
Numerous attempts to modify the reaction conditiohshe sulfoxide-magnesium exchange
(exchange reagent, temperature, solvent, additaed)also varying the substituent on the 3-
position of the hetaryl ring did not change thecoute of the reaction.

1) tmpMgCI-LiCl (28;
SH 1.1 equiv.), THF

1) LiH, DMF = | -30 °C, 30 min
> X .0 —_— =
r 3)
oM
e \N cl | CN

3) gngBAé ﬁHzC'Z 79e: 45% Pd(dba); (2 mol%) 82: 76%
, tfp (4 mol%)

iPrMgCI-LiCl
(1.1 equiv.), THF,

O CN -50 °C, 5 min
= <

99
SN AR

84

Ar? = pC¢H4OMe

ligand coupling
product

83

sulfoxide-magnesium
exchange product

Scheme 41Two-step functionalization protocol on 2-quinodylifoxide82 and ligand coupling reaction.

The proposed reaction pathway is illustrated ineBod 42. The 2-pyridinyl sulfoxid#Oc can
be treated withPrMgCl-LiCl in THF at -78 °C to rapidly form themembered intermediate
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85. The breakdown of this does not result in expgltime most stable Grignard reagent, i.e. 2-
pyridinylmagnesium chloride86) and the isopropyl-4-anisyl sulfoxide&7), instead the
anisyl moiety is transferred onto the 2-positiortted heterocycle. Since this reaction is very
fast and selective, the resulting 2-(4-methoxyphenyidine @8) was isolated in 88% yield.

o) /PrMgCI-LiCI \\ MgCl
(1.1 equiv.)

N.__S : - MgCl
| N ‘/ +’ \r
— THF, -78 °C, 5 min
OMe
49c \ 87

\

OMe
88: 88%
Scheme 421igand coupling reaction of 2-((4-methoxyphenyljsyl)pyridine (85) leading to 2-(4-

methoxyphenyl)pyridineg8).

3.4 Preparation of a Cyclooxygenase-2 Inhibitor usg the Ligand Coupling Reaction

We wanted to take advantage of this interestinguangsual behaviour by exploiting it in the
form of a short total synthesis. Hence, we readtesl 2-pyridinyl sulfoxide79c with
tmpMgCl- LiCl 28; -30 °C, 30 min, THF) according to the methodolaggcribed above and
transmetalated it using ZnJ1.0 M in THF) for a subsequent Negishi cross-tiogpwith 4-
iodobenzonitrile to furnish pyridin89 in 63% yield (Scheme 43). To accomplish the final
step of the synthesis, the ligand coupling reactiza simply treate@9 with iPrMgCl- LiCl (-

50 °C, 5 min, THF) and could obtain the cyclooxyame 2 inhibitot’ 90 in 83% yield.

1) tmpMgCI-LiCl (28; 1.1 equiv.),

THF, -30 °C, 30 min iPrMgCI-LiCl CN
.. 2) ZnCl, 0 (1.1 equiv.)
U \O\ @ | THF, -50°C, 5min ||
= P
N
Pd(dba), (2 mol%), O
tfp (4 mol%), CN OMe
79¢ THF,25°C, 5h 89: 63% 90: 83%

Scheme 43Synthesis of the cyclooxygenase-2 inhibB6r

% M. Hirai, M. Kusama, T. Hosaka, S. KohnomCT Int. Appl. WC0051159842005



B. Results and Discussion 61

4. Transition Metal-Catalyzed Cross-Coupling Reactins of Functionalized Organozinc
Reagents with Unsaturated Thioethers

4.1 Synthetic Goals and Synthesis of Unsaturated MNeterocyclic and Alkynyl

Thioethers

The availability and the preparation of halogenatethpounds, especially heterocycles, can
often be problematic. Therefore an alternative lhataryl halides as electrophiles for
transition-metal catalyzed cross-coupling reactiamld be highly advantageous. A very
versatile and conveniently prepared class of heyetes lies in thioether-derivatives. These
stable compounds have been used for various calfur- coupling reactions in the
literature, although there are very few examplesheir use as electrophiles in combination
with organozinc, especially functionalized orgamezieagents®® We wanted to develop an
efficient and versatile protocol for cross-couplintpese heterocycles with highly
functionalized organozinc reagents.

The requisite heterocyclic thioether can be obthinea number of ways. One of the simplest
is the reaction of a halogenated heterocycle wilSMe in DMF (eq. 1, Scheme 445.Also
metalation reactions, like the lithiation of positi2 of the pyrrole scaffold (eq.’2§ or a
magnesiation using tmpMgCl- LiC2§)** or tmpMgCl-2LiCl (29),°"° offer ways to obtain
organometallics reagents which can be transforméal thioethers by their reaction with
disulfides or thio sulfonates. A very direct apprlo@xists in the deprotonation and alkylation
of thiols (eq. 3):** this can also be combined with classical condésateactions, for

example the preparation of 2-thiomethyl pyrimidifiesn 1,3-diones and thiourea (eq.'%).

19 For reactions of organomagnesium as well as ojaooeagents with tetramethylthiuram disulfides:sz)
A. Krasovskiy, A. Gavryushin, P. Knoch&8ynlett2005 2691; b) A. Krasovskiy, A. Gavryushin, P. Knoghel
Synlett2006 792.

191 For the preparation of highly functionalized orgaimc reagents, see: a) A. Krasovskiy, V. Malakhv,
Gavryushin, P. KnocheAngew. Chem. Int. EQ006 45, 6040; b) A. Metzger, M. A. Schade, P. Knoclig.
Lett.2008 10, 1107; ¢) S. Sase, M. Jaric, A. Metzger, V. MatakhP. KnochelJ. Org. Chem2008 73, 7380.
1923) L. Testaferri, M. Tiecco, M. Tingoli, D. BartpA. Massoli, Tetrahedrornl985 41, 1373; b) B. A. Johns,
K.S. Gudmundsson, E. M. Turner, S. H. Allen, V.Samano, J. A. Ray, G. A. Freeman, F. L. Boyd,drJ.
Sexton, D. W. Selleseth, K. L. Creech, K. R. Mariborg. Med. Chen005 13, 2397.

103 3. M. Brittain, R. A. Jones, J. S. Arques, T. Aliénte,Synth. Commuri982 12, 231.

104 A K. Amegadzie, J. P. Beck, K. M. Gardinier, EH&mbre, J. C. Ruble, K. A. Savin, B. D. Wakefig€T
Int. Appl. WO20060661742006

195 3) D. G. Crosby, R. V. Berthold, H. E. Johnsong. Synth1963 43, 68; b) L. Bethge, D. V. Jarikote, O. Seitz,
Bioorg. Med. Chen008 16, 114; c) J. E. Arguello, L. C. Schmidt, A. B. Pengn®rg. Lett.2003 5, 4133.
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OMe OMe
N/gN NaSMe (1.1 equiv.) N N
| > | eq. 1
MeO)\N/ Cl DMF, 25 °C, 24 h MeO)\N/)\SMe
91a: 87%
B 1) nBuLi (1.1 equiv.), @
N THF,0°C,1h N SMe )
| ' o eq.
Me 2) MeSSMe (1.2 equiv.), Me
THF, 0°C, 1 h 91b: 68%

o) 1) NaH (1.1 equiv.), o>_
THF, 25 °C, 15 min SMe
©:N/>_SH » @EN/ eq. 3

2) Mel (1.15 equiv.),

THF, 25°C, 1h 91c: 95%
j\ SMe
o 0 1) H,N" O NH, NK\N
x CF, (1.0 equiv.), |
w EtOH, 95°C, 8 h X Z > CF, eq. 4
—>  \s
2) NaH (1.2 equiv.),
THF, 25 °C, 1 h 91d: 19%
3) Mel (1.4 equiv.),
THF, 25 °C, 1h

Scheme 44Various pathways for the synthesis of unsaturtieebther91.

4.2 Optimization of the Pd-Catalyzed Cross-CouplingReaction of N-Heterocyclic
Thioethers

To find the optimal conditions for the cross-coungliof these N-heterocycles with organozinc
reagents, various different metal salts and ligandee screened in a model reaction of 4-
methyl-2-(methylthio)pyrimidine 91 with benzylzinc chloride92a in THF at 25 °C
(Scheme 45). Without any metal catalyst, no foraratf the produc®3acould be observed,
ruling out the mechanistic pathway of a nucleoph#ttack. After 19 h reaction time,
Pd(OAc) (2 mol%) and S-Phos (4 mol%) gave the best resttts 93% yield as determined
by GC analysis®

ZnCI-LiCl
Me Me
f\N 92a (1.5 equiv.) f\ﬂ\/@
l »
\N)\SMe Pd(OAc); (2.0 mol%), SN
91e

S-Phos (4.0 mol%),
THF,25°C,19h 93a: 93%

Scheme 45Model reaction and best catalytic system for #ection of 4-methyl-2-(methylthio)pyrimidine
(918 with benzylzinc chlorid®2a

1% The screening of the palladium/ligand catalytisteyns was performed by Albrecht Metzger. For furthe
information, see also: Ph.D. thesis Albrecht Metzg®U Munich, 2010Q
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A series of experiments investigating the scopéhi cross-coupling reaction showed that
the catalytic system was capable of transmuting, dstaryl, benzyl and also alkyl zinc
reagents. Most of these reactions could be contplatd HF at room temperature in a matter

of several hours, without the need for any add@iaopper salts (Scheme 46).

RZnHal-LiCl
Y 92 (1.5 equiv.) Y
Fo-l- H—sme = Fel )R
X Pd(OACc), (2.5 mol%), X PCy,

S-Phos (5.0 mol%),

91 THF, 25 °C, 2-20 h 93a-t 43-84%  Me€O O OMe
X=N
Y = HC=CH, HC=N, O, S
R = aryl, hetaryl, benzyl, alkyl S-Phos
Hal =1, Br, CI

Scheme 46Pd-catalyzed cross-coupling reaction of thiomegupstituted N-heterocycl€d with

functionalized organozinc reagei¥2

4.3 Synthesis of Functionalized N-Heterocycles vi@d-Catalyzed Cross-Coupling
Reactions

Thus, 2,4-dimethoxy-6-(methylthio)-1,3,5-triazine91§ 1.0 equiv.) reacted with 4-
methoxyphenylzinc iodide9b; 1.5 equiv., THF, 25 °C, 5 h) providing the tria&i93b in
83% yield (Table 7, entry 1). Also, the triaziB&a was used for a cross-coupling reaction
with the electron-deficient arylzin82c (25 °C, 5 h), which led to ethyl 4-(4,6-dimethoxy-
1,3,5-triazin-2-yl)benzoat®B8¢) in 84% vyield (entry 2). Moreover, 4-cyanophengtziodide
(92d) or 4-(ethoxycarbonyl) phenylzinc iodid®2c reacted smoothly with methylthio-
substituted pyridazin®1f furnishing the functionalized pyridazin€3d,ein 76-77% yield
(25 °C, 4 h, entries 3 and 4). The quinazol@ig was a further suitable substrate for this
cross-coupling and the reaction w@b (25 °C, 10 h) brought the trimethoxyquinazolf®f

in 71% yield (entry 5). Similarly, the 2-thiomethyyrimidines91eand91h and the pyrazine
91i were submitted to cross-coupling reactions witbydnophenylzinc iodide9ed) or 1-
naphthylzinc iodideq2e 25 °C, 16-20 h), resulting in the functionalizéeheterocycle®93g-

I in 74-83% vyield (entries 6-8). The protocol wasoalised on benzothiazo®dj and the
electron-rich  2-thiomethylpyrrole derivative 91k, and cross-coupled with 4-
methoxyphenylzinc iodide9@b; 1.5 equiv., THF, 25 °C, 2 h) this furnished thedtionalized
benzothiazol®3j and the Boc-protected pyrrdd8k in 67-73% vyield (entries 9 and 10).
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Table 7: Pd-catalyzed cross-coupling reactions of thiomatied N-heterocycle81 with functionalized arylzinc
reagent92.

Entry Electrophile Zinc reagentlzaift['ho]n Product Yield [%f
1 o)
OMe Znl-LiCl Me
A
N”N
1 | 5 ~ 83
MeO/kN/)\SMe MeO N
91a OMe OMe
92b 93b
Znl-LiCl OMe
oy
2 91a 5 MeO)\N/)\©\ 84
CO,Et CO,Et
92c 93c
Znl-LiCl MeO
MeO X © N| A
| ‘N7
3 N sMe 4 76
91f CN
92d
4 91f 92c 4 77
MeO N
!
5 MeO 7 92b 10 71
SMe
91g
Me
SN
6 | 92d 16 74
NJ\SMe
9le
Znl-LiCl
B
7 s 20 75
91h 92e 93h
N
s (2
8 [N/lSMe 92e 18 N O 83
91i

93i

S S
9 @EN/* Shie 92b 2 @Ef O OMe 73

91j 93]
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@\SMe [

10 N 92b 2 N OMe 67

|
Boc Boc

91k 93k

2Yield of isolated analytically pure product.

Functionalized benzylzinc reagents underwent agsitf@rward reaction and the coupling of
3-(trifluoromethyl)benzylzinc chloride 9¢f) and triazine 91a afforded the substituted
diarylmethaned3l in 70% vyield (25 °C, 5 h, Table 8, entry 1). Ald@mzaheterocycles like
pyridazine91h, pyrimidine91h or pyrazined1li undergo smooth cross-couplings reaction, and
their functionalization with trifluoromethylated eylzinc chlorided2f or 4-fluorobenzylzinc
chloride @29 led to the desired compoun@8m-oin 59-73% vyield within 5-18 h at 25 °C
(entries 2-4). The benzyl zii2greacted also well with 2-(methylthio)nicotinonligri91l) to
furnish the 2,3-disubstituted pyridi®8&p in 83% after 2 h reaction time (entry 5).

Table 8: Pd-catalyzed cross-coupling reactions of thiomleted N-heterocycle®1 with functionalized
benzylzinc reagen@2.

Entry Electrophile Zinc reagentIE;iCt['ho]n Product Yield [%}
ZnCI-LiCl OMe
A
1 9la <EL 5 b j\/@ 70
CFs MeO” "N CFs
92f 93l
ZnCI-LiCl
MeO XN F
|
2 o1f 5 N\ 73
E 93m
929
(AL
3 91h 92f 16 N7 CF, 59
93n
N
- (A
4 91i 92f 18 NG CF, 68
930
~CN ~CN F
5 ENjiSMe 929 2 w 83
91l 93p

2 Yield of isolated analytically pure product.

Finally, this Pd-catalyzed cross-coupling reactonld also be performed with functionalized
alkyl zinc reagents such as the nitrile-bearingpplzinc bromide92h. The reaction with
dimethoxytriazine 91a led smoothly to 4-(4,6-dimethoxy-1,3,5-triazin-Bbytanenitrile
(930) in 66% vyield (25 °C, 5 h, Table 9, entry 1). Inother reaction, this heterocy®da



4.4 Optimization of the Ni-Catalyzed Cross-Coupling Reaction of N-Heterocyclic Thioethers 66

reacted with the secondary zinc bromfa (25 °C, 20 h) and 2-cyclohexyl-4,6-dimethoxy-
1,3,5-triazine 93r) was isolated in 43% vyield (entry 2). Additionallg-cyanopropylzinc
bromide 92h) was used in a cross-coupling with quinazo®ig or the dichloro-substituted
pyridine91m (25 °C, 5 h). The expected alkylated heterocyBksand93t were obtained in
54 and 74% vyield, respectively (entries 3 and 4).

Table 9: Pd-catalyzed cross-coupling reactions of thiomleted N-heterocycle®1 with functionalized
alkylzinc reagent92.

Entry  Electrophile rezalngnt E;ift['ho]n Product Yield[%f
CBr-LiCI /?\Me
N SN
1 9la CN 5 66
92h MeO )\/\/
9
ZnBr-LiCl OM

\

q
e
N
eO J\O 43
92i
MeO N
\j
MeO N
3 91g 92h 5 74
CN
93s

2 9l1a 20 M

Cl Y

|
4 N” > SMe 92h 5

91m

54

2 Yield of isolated analytically pure product.

4.4 Optimization of the Ni-Catalyzed Cross-Coupling Reaction of N-Heterocyclic

Thioethers

As initial test experiments had indicated that ttress-coupling of these heterocyclic
thioethers with zinc reagents was also possibla wilNi catalyst, we dedicated ourselves to
finding the optimal conditions for a cheap and mtheatalytic systert’ Therefore, a series
of screening reactions were undertaken, 2-thionigginigine 91n) and 4-methylphenylzinc

iodide @2j) with 1 mol% of metal salt and 2 mol% of ligandrigethe standard conditions.

197 For a review on Ni-catalyzed Negishi cross-couplieactions, see: V. B. Phapale, D. J. CardeDlasm.
Soc. Rev2009 38, 1598.
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In the absence of a Pd or Ni catalyst system, assecoupling was observed (Table 10, entry
1).1%8 |nitial attempts with Ni(dppe)Glwithout any added ligand gave only 4% yield of the
cross-coupling product93u at 25°C after 9 h reaction time (Table 10, enfy.
Ni(PPh)-Br,**° furnished the 2-arylated pyridir@u in 14% yield under these conditions
(entry 4), whereas Ni(PMpCIl, furnished 17% vyield in the same time (entry 7)inds
NiCl,-DME® delivered 62% of the coupling product (entry 1Bt its yield dropped
dramatically when 2 mol% of 1,1,1-tris(diphenylppbmo)ethane were added (entry 5), but
successfully increased back to 92% in the presewmfe 2 mol% of bis[2-
(diphenylphosphino)phenyllether (DPE-PHdS)entry 19). The use of inexpensive Ni(agac)
alone yielde®3uin 62% (entry 15), and adding a variety of differegands (2 mol%) led to
further improvements. The screening was extendesintple phosphine ligands (entries 17,
18), QUINAP? (entry 12), 1,1-bis(diert-butylphosphino)ferroced& (entry 9) and also
carbene ligands like IMes-HEf (entry 6). We have found that the most efficiemd #obust
system is Ni(acag)(1 mol%) associated with DPE-Phos (2 mol%), givawantitative GC
yield of the cross coupling product after 9 h at@5(entry 20):*° The p-tolyl)pyridine 93u

could be isolated in analytically pure form in 8§téld.

Table 10: Catalyst and ligand screening in the cross-cogpiaction of 2-thiomethylpyridin®{n) with 4-

methylphenylzinc iodide9@j).
Me@ZnI-LiCI

X
B 92j (15equiv) |
N/ SMe catalyst (1 mol%), B
ligand (2 mol%), Me
91n THF, 25°C, 9 h 93u
Entry Metal Ligand Yield [%f
1 Ni(dppe)C} - 4
2 Ni(dppe)C} - 5
3 Ni(acac) trls(3,4,5-tr|methoxyphenyl)- 12
phosphine

4 Ni(PPR)2Br; - 14
5 NiCl,- DME H;CC(CH,PPh)3 16
6 Ni(acac) IMes-HCI 16
7 Ni(PMe&).Cl, - 17

1%8\ne have also verified that the pyridine moietysloet act as a ligand.

199N, Miyaura, Y. Tanabe, H. Suginome, A. SuzukiDrganomet. Chem982 233 C13.

OF Gonzalez-Bobes, G. C. Ru,Am. Chem. So2006 128, 5360.

1M, Kranenburg, Y. E. M. van der Burgt, P. C. Jné&, K. Goubitz, J. Fraanje, P. W. N. M. van Leeowe
Organometallics1995 14, 3081.

12N, W. Alcock, J. M. Brown, D. |. HulmeJetrahedron: Asymmett}993 4, 743.

3B, C. Hamann, J. F. Hartwig, Am. Chem. So998 120, 7369.

114 A, J. Arduengo lIl, H. V. Rasika Dias, R. L. HanlpM. Kline, J. Am. Chem. So&992 114, 5530.

1151 . Melzig, A. Gavryushin, P. KnocheDrg. Lett.2007, 9, 5529.
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8 Ni(acac) P(@©Tol)s 18
9 Ni(acac) 1,1'-P{Bu).-ferrocene 20
10 Ni(acac) H;CC(CH,PPh);3 21
11 Ni(acac) 4,4-di-tert-butyl-2,2-dipyridyl 21
12 Ni(acac) (R)-QUINAP 23
13 Pd(OAc) S-Phos 33
14 Ni(acac) P(GH4PPR);3 53
15 Ni(acac) - 62
16 NiCk- DME - 71
17 Ni(acac) PPh 83
18 Ni(acac) PPhMe 88
19 NiCkL-DME DPE-Phos 92
20 Ni(acac) DPE-Phos 100

& GC yield using tridecane as internal standard.

Using the cheap and commercially available Ni(acad.5 mol%) and DPE-Phos
(5.0 mol%)'*® a broad reaction scope was achieved and most-coosdings could be
completed in 3-48 h at 25 °C (Scheme 47).

RZnHal-LiCl

Y, 92 (1.5 equiv.) Y,
FG—:E D—sMe - FG—:E S—R
X Ni(acac), (2.5 mol%), X 0
DPE-Phos (5.0 mol?
o1 S Ay 93u-al 4206% -2 PPh
X=N DPE-Phos

Y =HC=CH, HC=N, O, S
R = aryl, hetaryl, benzyl, alkyl
Hal =1, Br, Cl

Scheme 47Ni-catalyzed cross-coupling reaction of thiométbybstituted N-heterocycleéxl with
functionalized organozinc reagei¥2

4.5 Synthesis of Functionalized N-heterocycles vidi-catalyzed Cross-Coupling

Reactions

Utilizing this protocol, the triazine9la (1.0 equiv.) underwent a cross-coupling with
functionalized arylzinc reagen®2c (1.5 equiv.) in 7h at 25°C, giving ethyl 4-(4,6-
dimethoxy-1,3,5-triazin-2-yl)benzoat®30 in 81% vyield (Table 11, entry 1). Thiomethyl-
substituted pyridazine 91f underwent a straightforward cross-coupling with 4-
chlorophenylzinc iodide92k; 6 h) leading to the 3,6-difunctionalized pyridazd3vin 72%

yield (entry 2). 6,7-Dimethoxy-4-(methylthio)quirdine @1g was used for the cross-
coupling reaction with the electron-poor ester-sitlted arylzinc reageri2cin 24 h at room

temperature, providing the 4-arylquinazoli@8w in 82% yield (entry 3).The reaction of

trifluoromethylated pyrimidined1d, prepared from a condensation reactiaith 4-(N,N-

1189 mmol Ni(acag) 0.81 €; 1 mmol DPE-Phos: 3.39 €; Sigma-Aldrichalizgue 201Q
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dimethylamino)phenylzinc iodide92l) gave the trisubstituted pyrimidir@#x in 96% yield
(25 °C, 6 h, entry 4). Thiomethylated benzoxaZie and benzothiazol®1j reacted swiftly
with the electron-rich arylzinc reagen@b and 92| (25 °C, 3-5h), resulting in the
heterocyclic product83j and93y,zin 81-89% yield (entries 5-7).

Table 11: Ni-catalyzed cross-coupling reactions ofiiomethylated N-heterocycleéxl with functionalized aryl
and hetarylzinc reagen®g.

Zinc Reaction

. . 0
Entry Electrophile reagent  time [h] Product Yield [%f

1 9l1a 92c 7 93c 81

Znl-LiCl MeO B

N. =

2 o1f 6 N 72

cl

92k
3 91g 92c 24 82

Znl-LiCl S_/

Z N
4 91d 6 < M : 96
FoC” N
NMe,
92| NMe,
93x
o)
5 91c 92b 3 @Q Q Ol 81
93y

6 91j 92b 3 93j 85

S
7 91 92 5 @Ef O Nte: 89
93z

2 Yield of isolated analytically pure product.

The reaction protocol, based on Ni(aga@.5 mol%) and DPE-Phos (5.0 mol%), could also
be applied to benzylic zinc reagents. The thionlatey triazine9la reacted with 3-
(trifluoromethyl)benzylzinc chlorided@f) or 4-fluorobenzylzinc chloride9@g) furnishing the
diaryl methane83l and93aain 72-89% yield after 4 h at 25 °C (Table 12, mstrl and 2). A
ketone is also compatible with the reaction conddi therefore 3-pentanoylbenzylzinc
chloride ©2m), cross-coupled witl®1a resulted in triazin®3ab in 82% vyield (25°C, 5 h,
entry 3). In the same fashion, 3-methoxy-6-(methglpyridazine 91f) was functionalized
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with benzyl zinc reageri2g at 25 °C in 5 h, delivering pyridazird8m in 74% vyield (entry

4). The 4,6-disubstituted pyrimidin840 and91p were submitted to cross-coupling reactions

with the methoxy-substituted benzylzinc reage®2n and 920, The corresponding
heterocycles93ac,ad were obtained in 85-89% vyield (25 °C, 3-24 h, iestr5 and 6). In
another reaction, 2-(methylthio)nicotinonitrile91() coupled with the metasubstituted

electron-poor benzylzinc reagen®2f and 92m (25 °C, 5-8 h) leading to the 2,3-

difunctionalized pyridine®3ae and 93af in 73-79% yield (entries 7 and 8). Similarly, the

isoquinoline 91g, benzoxazole91lc and benzothiazol®1j could be cross-coupled with

benzylic zinc reagents bearing sensitive functiagralups like an ester or @tho-chloride
(25 °C, 18-48 h), leading to the heterocyclic diagthane®3ag-aiin 70-91% vyield (entries

9-11). Also the electron-rich 5-membered heterae9tb proved to be a suitable electrophile

for our cross-coupling method, and the reactiomw#nzylzinc92g (50 °C, 18 h) provided 2-

(4-fluorobenzyl)-1-methyl-#H-pyrrole @3a)) in 42% vyield (entry 12).

Table 12: Ni-catalyzed cross-coupling reactions of thiomé&ttgd N-heterocycle®1 with functionalized

benzylzinc reagen@2.

Entry  Electrophile Zinc reagent ?fnaectlr%n Product Yield [%}
1 9la 92f 4 93l 72
OMe
N)§N F
2 91a 92 4 | /)\/@ 89
g MeO/I\N
93aa
ZnCI-LiCl OMe
A
3 9la d 5 b /j‘\/@ 82
COBuU MeO N COBu
92m 93ab
4 91f 92¢g 5 93m 74
= ZnCILiCl =
O O OMe
OMe
5 weNee  # M T ®
FsC” N7 SMe OMe FsC~ N OMe
91o 92n 93ac
ZnClILicl
Me Me
OMe
6 | 3 f )\/Q 85
Me N/)\SMe Me” N~
91p OMe 93ad
920
~CN
»
7 91l 92f 8 N CF, 73
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X CN
8 91l 92m 5 P cons 79
93af
ZnCILiCl O X
= _N
_N
9 i ; (SL 48 COE 91
SMe CO,Et O
91q 92p
93ag
ZnCI-LiCl
Cl (0]
10 91c (5( 18 @[ /ﬁ| 76
N
92q 93ah
CO,Et
11 91] 92p 48 @[S/ 70
N
93ai
F
12 91b 929 18 { NB\/‘\ g 42
Me
93a]

2Yield of isolated analytically pure produltReaction was performed at 50 °C.

Alkylzinc reagents participate also well in thesechitalyzed reactions. Thus, 2,4-dimethoxy-
6-(methylthio)-1,3,5-triazine 918 underwent a cross-coupling with 4-cyanopropylzinc
bromide 02h; 25 °C, 48 h) which furnished the alkylated trirez®3ak in 68% yield (Table
13, entry 1). The dimethylated pyrimidine derivati9lp reacted equally fast with this
functionalized alkylzinc reagent, and the resulting-(4,6-dimethylpyrimidin-2-
yhbutanenitrile 93al) was isolated in 84% vyield (entry 2). Finally, 2thylthiobenzoxazole
(919 was transformed in a cross-coupling reactiongiSityano-5-methylhexylzinc bromide
(92r) at 25 °C within 12 h, providing the benzoxazodgidative93amin 82% yield (entry 3).

Table 13: Ni-catalyzed cross-coupling reactions dfiomethylated N-heterocycl€d with functionalized alkyl
zinc reagent82.

Reaction

: . . 0
Entry Electrophile Zinc reagent time [h] Product Yield [%f

1 91a 92h 48 93q 68

2 91p 92h 48 mm 84
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ZnBr-LiCl @EO
/
3 91c [;/“y(CN 12 N>_\L_\_*E§N 82

Me Me Me
92r 93al

2 Yield of isolated analytically pure product.

4.6 Large Scale Preparation of Functionalized N-Hetocycles via Cross-Coupling

Reactions

To demonstrate that these cross-coupling protocafs be scaled-up to multigram scale
reactions, and therefore add synthetic value tdwioemethods developed, additional Pd- and
Ni-catalyzed reactions were carried out on largades Thus, 4-(ethoxycarbonyl)phenylzinc
iodide @2¢ 1.5 equiv.) underwent a straightforward crossptiog with 2,4-dimethoxy-6-
(methylthio)-1,3,5-triazine91la on a 20 mmol scale using Pd catalysis (25 °C). 3'he
triazine 93¢, which is an anti-inflammatory ageHt, was obtained in 86% yield (25 °C, 18 h,
Scheme 48, eq. 1). Also the electron-rich arylzieagent92| reacted smoothly with the
thiomethyl-substituted benzothiazol®1j) and furnished 4-(benzdjthiazol-2-yl)-N,N-
dimethylaniline ©32) in 85% yield (25 °C, 5 h, 20 mmol scale, eq. 2).

OMe EtOZCOZlecl j)\Me

NIJQN 92c¢ (1.5 equiv.) N| ~N
pZ — eq. 1
MeO)\NJ\SMe Pd(OAc), (2.5 mol%) MeO)\N
S-Phos (5.0 mol%)
THF,25°C, 3 h CO.Et
91a 93c: 86%

(20 mmol scale)
anti-inflammatory agent

MeZNOZnI-LiCI
S 92l (1.5 equiv.) S
)—SMe @[ ,>—< >7NMe2 eq. 2
N N

Ni(acac), (2.5 mol%)
DPE-Phos (5.0 mol%)
91j THF, 25°C, 5 h 93z: 85%
(20 mmol scale)

Scheme 48Large-scale cross-couplings of thiomethyl-substil N-heterocycle8la,j with organozinc
reagent®2c,lusing Pd or Ni catalysis.

1173) R. Menicagli, S. Samaritani, G. Signore, F. \ragL. Dalla Via, J. Med. Chen2004 47, 4649; b) C.
Dianzani, M. Collino, M. Gallicchio, S. Samaritaf, Signore, R. Menicagli, R. Fantoz2i,Pharm.
Pharmacol.2006 58, 219; ¢) S. Samaritani, G. Signore, C. MalangaylBnicagli, Tetrahedror2005 61, 4475.
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So far only N-heterocycles bearing the thiometldfheent to the nitrogen, which is naturally
the most active position for the attack from a eaphile, had been used in the two cross-
coupling protocols. The possibility to also reaetdnocyclic thioethers which a different
substitution pattern would be a desirable additton our procedures. Therefore we
investigated the reaction of  3-(methylthio)pyridine(91r)  with  4-(N,N-
dimethylamino)phenylzinc iodid®2l) using our described conditions (Pd(OAtB-Phos or
Ni(acac) / DPE-Phos) at 25 °C (Scheme 49). While both gstalchieved full conversion of
the pyridine within 4 h, the Ni-catalyzed reactidelivered a higher yield (62% compared to
50% with Pd-catalysis) of the desired cross-cogpproductd3an The side reaction leading
to N,N-dimethyl-4-(methylthio)aniline, probably originag from the transmetalation step of
the catalytic cycle, is the reason for the low ggelising this electrophile compared to the 2-
thiomethylpyridines used so far. Further studiestltis class of N-heterocyclic thioethers

were not undertaken.

MezNOZnI-LiCI NMe SMe

SMe

| A 921 (1.5 equiv.) | N
— P +
N Pd(OAC), (2.5 mol%) N
S-Phos (5.0 mol%) NMe,
91r or 93am
; 50% (Pd catalysis) side product
N 2.5 mol?
l(acac), (2.5 mol%) 62% (Ni catalysis)
DPE-Phos (5.0 mol%)
25°C, 4 h

Scheme 49Pd- and Ni-catalyzed cross-couplings of 3-(meathg)pyridine @1r) with 4-(N,N-
dimethylamino)phenylzinc iodid®2I).

4.7 Pd-Catalyzed Cross-Coupling Reactions of Thiogmylated Heterocycles

The advantages and also the generality of thess-wmupling protocols were the subject of
further eperiments. Therefore we aimed at the Gsther classes of thioethers as the leaving
group, despite the thiomethyl moiety being the mesbnomic. This possibility was
demonstrated by employing thiophenylated N-hetasiesyin the Pd-catalyted cross-coupling
reaction with organozinc reagents. These electtephtan easily be prepared by a
nucleophilic attack reaction of thiophenolate otehecyclic chlorides similar to equation 1 of
Scheme 44. So the reaction of 2-(phenylthio)nicotitiile (©19 with 3-
(ethoxycarbonyl)benzylzinc chlorid®Zp, 1.5 equiv.) using Pd(OAgand S-Phos (2.5 mol%

/' 5.0 mol%) provided the substituted pyrid@&an at 25 °C within 8 h in 91% yield (Scheme
50, eqg.l). Using the same pyridils smooth cross-coupling reaction withrtho-
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functionalized benzylzinc reage@2q occurred and the functionalized nicotinonitrd8ao
was isolated in 87% yield (25 °C, 14 h, eq. 2). &waginc92q could also be cross-coupled
with phenylthioethel91t leading to the trichloro-substitutdais-arylmethaned3ap in 68%
yield (25 °C, 16 h, eq. 3). These examples dematestthe versatility and the scope of
thioethers compatible with these reaction protacols

CN
| N 92p (1.5 equiv.) | o
— > = eq. 1
N” “SPh Pd(OAC), (2.5 mol%), N COzEt
S-Phos (5.0 mol%),
91s THF, 25 °C, 8 h 93an: 91%
~CN
91s 92q (1.5 equiv.) |
> N eq. 2
Pd(OAc), (2.5 mol%), ¢
S-Phos (5.0 mol%),
THF, 25 °C, 14 h 93a0: 87%
cl | - 92q (1.5 equiv.) cl | -
_ > — eq.3
N” “SPh Pd(OAc), (2.5 mol%), N
S-Phos (5.0 mol%), Cl
91t THF, 25 °C, 16 h 93ap: 68%

Scheme 50Pd-catalyzed cross-coupling reaction of thioplteteyl N-heterocycledls,t

4.8 Optimization of Conditions for the Synthesis ofFunctionalized Alkynes via Cross-

Coupling Reactions

We wanted to extend these two efficient synthetoc@dures on another substrate classes. As
previously mentioned, also other thio-compounds @pable of undergoing such cross-
coupling reaction to form new carbon-sulfur bondge decided on alkyne-thioethers as a
promising family of electrophiles, sindgebeskindhad shown that those compounds can be
cross-coupled with boronic acids using a Pd-catagd stoichiometric amounts of copper(l)-
thiophene-2-carboxylate. We set out for the godiirafing a catalytic system which would
transmute these electrophiles with organozinc magetolerating a broad range of
functionalities. Methyl(phenylethynyl)sulfide94a) was chosen as the electrophile in the
model reaction with 4-methylphenylzinc iodid@2{) in the presence of 2.5 mol% of metal
source and 5.0 mol% ligand (THF, 25 °C, 5 h). Thet ftests utilizing the two catalytic
systems which had been optimized for the crossiowypeaction with N-heterocycles
(Pd(OAc) / S-Phos and Ni(acac) DPE-Phos) showed a low activity of these catalysour
desired ethynyl cross-coupling (28% and 15%, Tdldleentries 8 and 1). Especially the Ni
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salt displayed a very poor performance, so we fedusn Pd catalysts for the further
optimization process. Catalysts without any addaidigands like PEPPSFf only gave 12%
yield of alkyne95a with our model reaction (entry 4), Pd(BRRhshowed 40% vyield by GC
control (entry 15). Additional experiments with Bdé) (2 mol%) and various ligands like
BINAP (12%, entry 3), dppf (35%, entry 11), tfp @B6entry 12), PCy(42%, entry 16) or
dppe (54%, entry 19) resulted in DPE-Phos as tlé llgand for this Pd source, furnishing
79% vyield of the cross-coupling produ@®a By changing to Pd(OAg) this yield could be
further improved to quantitative yield of the bigacetylene95aafter 5 h at 25 °C (entry 22).

Table 14: Catalyst and ligand screening in the cross-cogpiaction of methyl(phenylethynyl)sulfide4a)
with 4-methylphenylzinc iodide9gj).

Me@ZnI-LiCI
</ \> — Ve 92 (1.5 equiv.) Q — O Me
— catalyst (2.5 mol%),

ligand (5.0 mol%),

94a THF, 25 °C, 5 h 9%a
Entry Metal Ligand Yield [%f
1 Ni(acac) DPE-Phos 5
3 Pd(dba) BINAP 12
4 PEPPSI - 13
5 Pd(dba) dppp 13
6 Pd(dba) HsCC(CH,PPh); 18
7 Pd(dba) PPhMe 23
8 Pd(OAc) S-Phos 28
9 Pd(dba) dpppent 30
10 Pd(dba) P(GH4PPh);3 31
11 Pd(dba) dppf 35
12 Pd(dba) tfp 36
13 Pd(dba) 2,2'-bipyridine 36
14 Pd(dba) tris(2,4,6-trimethoxyphenyl)- 37
phosphine
15 Pd(PP}), - 40
16 Pd(dba) PCy 42
17 Pd(dba) S-Phos 45
18 Pd(dba) P(@Tol); 46
19 Pd(dba) dppe 54
20 Pd(OAc) dppe 66
21 Pd(dba) DPE-Phos 79
22 Pd(OAc) DPE-Phos 100

& GC yield using tridecane as internal standard.

8 pEPPSI = pyridine-enhanced precatalyst preparagtabijlization and initiation; IPr =
diisopropylphenylimidazolium derivative; a) C. JB@en, E. A. B. Kantchev, C. Valente, N. Hadei, &.
Chass, A. Lough, A. C. Hopkinson, M. G. Org@mem. Eur. J2006 12, 4743; b) M. G. Organ, S. Avola, .
Dubovyk, N. Hadei, E. A. B. Kantchev, C. J. O'Brjgh ValenteEur. J. Chem2006 12, 4749.
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This catalyst combination (Pd(OAc2.5 mol%, DPE-Phos 5.0 mol%) was able to perform
the desired cross-couplings smoothly, toleratingous sensitive functionalities like a nitrile
or an ester in the electrophiles or the aryl, hyktar alkyl zinc reagent. Most of these

reactions took place at room temperature in a matteeveral hours in THF (Scheme 51).

R2ZnHalLiCl
92 (1.5 equiv.)
R'——SMe > R'——R?
Pd(OAc), (2.5 mol%),
94 DPE-Phos (5.0 mol%), 95a-ab: 52-91%

THF, 25-50 °C, 6-24 h

R', R2 = aryl, hetaryl, alkyl
Hal=Cl, Br, |

Scheme 51Pd-catalyzed cross-coupling reaction of thiomktupstituted alkyne84 with functionalized
organozinc reageng.

4.9 Synthesis of Functionalized Alkynes via Pd-catmed Cross-Coupling Reactions

Thus, methyl(phenylethynyl)sulfid®4a) reacted with 4-methoxyphenylzinc iodide2p) at
25 °C within 2 h giving thébis-aryl acetylene95b in 91% vyield (Table 15, entry 1). Also
electron-deficient zinc reagents like chlorine-gilbsed 92k reacted smoothly with
thioalkyne94aleading to 1-chloro-4-(phenylethynyl)benzef&d), in 24 h at 25 °C and 68%
yield (entry 2). The 4-chlorophenylacetylene deixa94b reacted with arylzin®2d bearing

a nitrile group, and this cross-coupling (50 °@y)4urnished the substituted benzonitigd

in 84% yield (entry 3). Similarly, the thiomethyéat alkyne94b reacted well with aryl zinc
reagent92k or the ester-substituted aryl zinc reag8@t and we could obtain the cross-
coupling product®95e and 95f in 53-73% vyield (50 °C, 6-12 h, entries 4 and Be 2,5-
disubstituted arylzinc iodide 92s was used for a cross-coupling with ((4-
fluorophenyl)ethynyl)(methyl)sulphid84c and led to compoun@5g in 74% vyield (50 °C,

4 h, entry 6). Trifluoromethyl-functionalized alky84d was submitted to a coupling reaction
(25 °C, 12-20 h) with the functionalized arylzineagents92k and 92¢ delivering the
correspondingdpis-aryl acetylene®95h and95i in 76-77% vyield (entries 7 and 8). Finally, also
the non-aromatic electrophilégle and 94f can be reacted steadily with various substituted
arylzinc iodide92t,b,c and the disubstituted alkyn85j-I are obtained in 64-76% yield (25-
50 °C, 3-10 h, entries 9-11).
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Table 15: Pd-catalyzed cross-coupling reactions of thiomlatiey acetylene84 with functionalized aryl zinc

reagent92.
) ) Reaction Yield
Entry Electrophile Zinc reagent . [h] Product [%]°
1 94a 92b 2 O = O OMe 91
95h
2 94a 92k 24 Q = O “ 68
95c
3 C|—< >7: SMe 92d 4 Cl Q — O CN 84b
94b 954
4 94b 92k 12 “ Q = O “ 72
95e
5 94b 92¢ 6 “ Q = O COEt g
05f
Znl-LiCl MeQ
_ OMe __
e @( 4 ~O—== 74
94c cl cl
92s 95¢g
7 & O = M g0k 12 e =) 76
94d 95h
8 944 92¢ 20 FeC O = O COE 47
95i
Znl-LiCl
cl Cl
o (L )=swe 10 (== ) 69
94e & 95;j
92t
10 94e 92¢ 6 (= )oo= 76°
95k
11 Bu—="5SMe 92b 3 Bu—= O OMe 64
94f 95|

2Yield of isolated analytically pure produttReaction was performed at 50 °C.

The glutamate receptor antagohist95m was chosen as a suitable heterocyclic target

molecule to demonstrate the synthetic use of tlwssecoupling protocol. By reacting

hetarylzinc reagent 6-methylpyridin-2-ylzinc iodi¢@2u) with thioalkyne94a (50 °C, 4 h),
we obtained 2-methyl-6-(phenylethynyl)pyridine (MPR5m), in 73% yield (Scheme 52).

19p M. IV Lea, A. I. FaderCNS Drug Rev2006 12, 149.
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N

Me N Znl-LiCl
92u (1.5 equiv.) N—

< :}—: SMe > ——
Pd(OAC), (2.5 mol%), W/

DPE-Phos (5.0 mol%),
94a THF,50°C, 4 h 95m: 73%
MPEP
glutamate receptor antagonist

Scheme 52Synthesis of MPEPO6M) using the cross-coupling protocol.

In the same fashion the 5-membered heterocyclic magent®92v and 92w were reacted
with arylic, hetarylic and aliphatic electrophil®dc,g,eat 25-50 °C within 6-16 h in THF.
The cross-coupling producgn-p were isolated in 65-82% yield (entries 1-3). Timsthod
could also be applied to alkylzinc derivatives. fdfere, the alkyn®4a underwent a cross-
coupling with 4-cyanopropylzinc bromid82h) giving the hexyn®5q after 16 h at 50 °C in
52% vyield (entry 4). 1-Chloro-4-((methylthio)ethyjhenzene 94b), reacted with the
secondary alkyl zin®2i, provided the alkyn85r in 70% vyield (50 °C, 10 h, entry 5). In two
more experiments, the trifluoromethyl-substitutdkyae 94d underwent a cross-coupling
with 4-cyanopropylzinc bromide2h) or cyclohexylzinc bromide9i), giving the aliphatic
compound®5s,tin 66% yield (25-50 °C, 4-18 h, entries 6-7).

Table 16: Pd-catalyzed cross-coupling reactions of thiomated acetylene84 with functionalized hetaryl and
alkyl zinc reagent82.

Entry Electrophile Zinc reagent Reactlon Product Yield [%]
time [h]
0 0
1 94c ®Z”"L'C' 6 =X O 82
92v 95n
/N — sm S . M
2 Qﬁ e Uzmum 8 N N 79
94¢ 92w 950
S
3 94e 92w 16 O=<J 65
95p
4 94a 92h 16 (= 52
95q
5 94b 92i 10 o =) 70
95r

6 94d 92h 4 FsC O = 66°

95s
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7 944 92i 18 FsC O = O 66

95t

2Yield of isolated analytically pure produBtReaction was performed at 50 °C.

Remarkably bis(methylthio)acetylene9h, 1.0 equiv.) could be easily cross-coupled using
the catalytic system and 3.0 equivalents of theamoginc compound. This is especially useful
since the corresponding dihaloacetylenes are krtowse toxic, carcinogenic and explosive
and, consequently, not practical substrates. Tties thioether-substituted alkyrg2th was
functionalized with 4-(dimethylamino)phenylzinc idd ©2l) and led to the symmetrically
substituted acetylen@5u in 81% vyield (25 °C, 8 h, Table 17, entry 1). Qtleéectron-rich
arylzinc reagent92x,y also react smoothly withis(methylthio)acetylene94h) and deliver
the bis-arylacetylene®5v,win 73-79% vyield (25 °C, 10-14 h, entries 2 andA3)ditionally,
also the electron-deficient and susceptibly fumalzed arylzinc compound®2c,d
underwent the cross-coupling reaction and we obthinthe 4,4'-difunctionalized
diphenylacetylene®5x and 95y in 64-67% vyield (50 °C, 12-16 h, entries 4 and Bhe
organozinc reagerfi2t, bearing two chlorines, reacted equally well wa#gh and furnished
the tetrachloro-substituted prod8%zin 78% yield after 4 h at 50 °C (entry 6). Ultirabt,
also hetaryl zinc reagents were suitable nucleephiltherefore the reaction of 2-
benzofuranylzinc iodide 9@v) and 2-thiophenyl zinc iodide 92w) with
bis(methylthio)acetylene94h) produced the symmetrically substituted acetyldegvatives
95aaand95abin 67-74% yield (50 °C, 3-20 h, entries 7 and 8).

Table 17: Pd-catalyzed cross-coupling reactionsimethylthio)acetylened4h) with functionalized aryl and
hetaryl zinc reagens.

. . Reaction Yield

Entry Electrophile Zinc reageht time [h] Product [%]°

1  MeS—=—SMe 92| 8 MeN Q — O NMe; 81

MeO
MeO
2 94h MeOOZnI-LiCI 10 MeO Q = O OMe 79
92x 95y OMe

3 94h MeSOZnI-LiCI 14 MeS Q — O SMe 73
92y 95w

4 94h 92¢ 12 ) e WAl
95x

5 94h 92d 16 No—{_)—=—(_)-on 64°
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Cl
6 94h 92t 4 “ ‘ = ’ “ 78
Cl

95z
A o @]
7 94h 92v 3 O g ~ N\ O 74°
95aa
=<
8 94h 92w 20 s \ 67°

95ab

2Yield of isolated analytically pure produltReaction was performed at 50 “@.0 Equivalents of zinc reagent
used.

Finally, the (methylthio)ethynyl-substituted stetoi94i was prepared starting from
commercially available ethynylestradiol by depraton with iPrMgCI-LiCl (1.1 equiv.,
0 °C, 10 min) and trapping witB-methyl methanethiosulfonate (1.2 equiv., 25 °CiiB).
This substituted hormone was easily functionalizesing 4-(dimethylamino)phenylzinc
iodide @21, 1.5 equiv., 25 °C, 8 h) and the protected ethysgtadiol derivativdd5ab was
obtained in 75% vyield (Scheme 53).

Znl-LiCl

NM92
MOMOQ ///©/

o

NM92
92I (1.5 equiv.)

Y

Pd(OAC), (2.5 mol%),
DPE-Phos (5.0 mol%),
THF, 25 °C, 8 h

94i 95ac: 75%

Scheme 53Pd-catalyzed cross-coupling reaction of the MOMtgcted ethynyl estradiol derivati@di with 4-
(N,N-dimethylamino)phenylzinc iodid®2l).

4.10 Optimization of the Catalytic System for the Reparation of Functionalized

Benzonitriles

We reckoned that, based on the results of the watitiomethyl-cross-coupling reactions, we
would be able to find a way for introduction a cgagroup in organozinc compounds. The
nitrile is a functionality of central importancerfohemical synthesis as well as biological and
pharmaceutical activity. The possibility of haviegnsitive functional groups present in the
zinc reagent represents a clear advantage over pldeedures using organolithium or

organomagnesium compounds. Nevertheless are the faagirectly installing these onto an
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organozinc species limited and usually involve ¢ai expensive reagents or suffer from low
yields. We put up a model reaction between phenglindide 922 and methyl thiocyanate
(96) as the cheapest, commercially available and a&oomomic electrophiles, following the
results of the previous cross-coupling reactionsearments with thioethers. The reaction was
carried out using various combinations of metalssé.5 mol%) and ligands (5.0 mol%) in
THF at room temperature and monitored by GC wittrblysed reaction aliquots after 2 h.
Without any metal catalyst, no formation of the mgi®d produc®7a could be observed,
ruling out the mechanistic pathway of a simple eaphilic attack on the thiocyanate.

First palladium catalysts like PEPPSI (Table 18yyed) or Pd(OAc) / S-Phos (entry 4),
which were used for the N-heterocyclic electrophilere examined, but they generally did
not generated detectable amounts of benzonBife We figured the Pd-species might be
deactivated by the methyl thiocyanate acting aatalyst poison, and therefore switched to
Ni-salts for further experiments. Also Ni(PfICI, (entry 5) and Ni(acag)combined with
several phosphine and heterocyclic ligands likelahaantylbutylphosphine (entry 8), BINAP
(entry 11), 1,1’-PBu),-ferrocene (entry 14) or 4;di-tert-butyl-2,2-dipyridyl (entry 16)
showed only 1% vyield or less of the desired proddéa We focused on bridged
diphenylphosphine ligands and dppe and dppp, wiaded the GC yields to 11 and 17%,
respectively (entries 21 and 22). Finally, Ni(agdd)PE-Phos (2.5 mol% / 5.0 mol%) proved
to be by far the most active catalytic system,vaeing full conversion and quantitative yield
of the cross-coupled benzonitr@¥a at 25 °C in 2 h (entry 24). A further reaction lwihe
closely related Xant-Phos showed a significantlydoconversion rate (17% vyield, entry 23),
which is due to the more rigid diphenylether sdafflompared to DPE-Phos.

Table 18: Catalyst and ligand screening in the cross-cogplieaction of methyl thiocyanat®g) with
phenylzinc iodide 422).

Znl-LiCl
CN
92z (1.5 equiv.)
MeSCN >
catalyst (2.5 mol%),
ligand (5.0 mol%),
96 THF,25°C,2h 97a
Entry Metal Ligand Yield [%f
1 PEPPSI - 0
2 Pd(PPB)4 - 0
3 Pd(dba tfp 0
4 Pd(OAc) S-Phos 0
5 Ni(PPh).Cl, - 0
6 Ni(acac) dpppentane 0
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7 Ni(acac) 2,2'-bipyridine 0

8 Ni(acac) PAd.Bu 0

9 Ni(acac) P(@©Tol)s traces
10 Ni(acac) tris(2,4,6-trimethoxyphenyl)- traces

phosphine

11 Ni(acac) BINAP traces
12 Ni(acac) PPh traces
13 Ni(acac) P(GH4PPh);3 traces
14 Ni(acac) 1,1-P(Bu),-ferrocene traces
15 Ni(acac) H3;CC(CHPPh)3 1

16 Ni(acac) 4,4-di-tert-butyl-2,2-dipyridyl 1

17 Ni(acac) PPhMe 2
18 Ni(acac) PCy 3

19 NiClkL- DME - 5
20 Ni(acac) dppf 7
21 Ni(acac) dppe 11
22 Ni(acac) dppp 17
23 Ni(acac) Xanth-Phos 17
24 Ni(acac) DPE-Phos 100

8 GC yield using tridecane as internal standard.

This simple and robust catalyst is capable of cdmge various kinds of functionalized
arylzinc reagents into their nitrile counterpaibe best results are achieved with electron-
rich or non-conjugated electron-poor organozinas e reaction delivers good to excellent

yields of the substituted benzonitriles at 25-50rf@ matter of a few hours (Scheme 54).

Znl-LiCl
=
FG+— |
X CN
92 (1.5 equiv.) =
MeSCN > FG— |
Ni(acac), (2.5 mol%), A
DPE-Phos (5.0 mol%),
96 THF, 25-50 °C, 2-24 h 97a-m: 50-91%

FG = tBu, Cl, OMe, SMe, NMe,, CN, CO,Et

Scheme 54Ni-catalyzed cross-coupling reaction of methybtlyanate 96) with functionalized organozinc
reagent92.

4.11 Synthesis of Functionalized Benzonitriles viaNi-catalyzed Cross-Coupling

Reactions

Applying this protocol, we reacted methyl thiocysn®6) with 4-biphenylzinc iodide92aa
50 °C, 10 h) and obtained the 4-phenylbenzoni@flein 73% yield (Table 19, entry 1). Also
the reaction of the alkylated arylzinc reag&2iab or 4-methoxyphenylzinc iodide92b)
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furnished the expected produ&@gc,d in 82-86% vyield (25 °C, 2-10 h, entries 2 and 8).
thiomethylphenylzinc iodide9Qy, 50 °C, 8 h) and 4-(dimethylamino)phenylzinc iaei@2l,
25 °C, 2 h) both reacted smoothly with the thioatar®6, leading to thepara-substituted
benzonitrile97eand97f in 77-91% vyield (entries 4 and 5). 3,4-Dimethoxgpyzinc iodide
(92x) underwent a smooth cross-coupling and furnishieel trifunctionalized benzene
derivative97¢g in 84% vyield (50 °C, 5 h, entry 6). Also the ndphtinc reagent®2ac and
92adreacted readily and we could isolate the corredimgn2-cyanonaphthyl derivativ€¥h
and97iin 84-89% yield (25 °C, 6 h, entries 7 and 8).Hienylzinc iodide 92w) reacted with
methyl thiocyanate 96) using Ni catalysis (25 °C, 24 h) and the expenmafforded
thiophene-2-carbonitrile9{j) in 50% vyield, demonstrating that also heterocy@rylzinc
reagents can be used with these conditions (entryr# electron-deficiennetasubstituted
arylzinc reagen92aewas cross-coupled with6 and produced 3-chlorobenzonitril@7) in
78% vyield (25 °C, 24 h, entry 10). Lastly, also sBwe functionalities like an ester or a
second nitrile were compatible with the reactiomdibons, and the 1,3-difunctionalized
benzene®71 and97m were isolated in 76-79% vyield at 50 °C after &Ahation time (entries
11 and 12).

Table 19: Ni-catalyzed cross-coupling reaction of methylotlyianate 6) with functionalized organozinc
reagent92.

Entry Zinc reagent I;{irenaect[lho]n Product Yield [%]

. Ome O~ 72
92aa 97b

2 tBuOZnI-LiCI 10 tBuOCN 82
92ab 97c

3 92b 2 weo—(_)—on 86
97d
97e

5 02l 2 et )—on 01
o7f

MeO CN

6 92x 5 Meojg 84

979

Znl-LiCl CN
7 6 O 89

92ac 97h
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ZnI-LiCI CN
8 MeO 6 MeO 84

92ad 97i
i/ \
9 92w 24 s~ CN 50
97j
Znl-LiCl CN
10 c1@ 24 cl 78
92ae 97k
Znl-LiCl CN
11 EtOQCG 8 EtOQCG 76°
92af o7l
Znl-LiCl CN
12 NCO 8 NCO 79
92ag 97m

2Yield of isolated analytically pure produBtReaction was performed at 50 °C.

Electron-withdrawing substituents on the arylzimdides usually resulted in a slow
conversion rate, or no reaction at all. Alkylzireagents suffered from the same problems,
rendering them useless as organometallics specrethit cross-coupling protocol. When
benzylzinc chlorides were used, the main compoumandéd in the reaction was the
benzylmethylsulfide derivative, further limitingalscope of utilizable zinc reagents. We tried
to solve both of these problems, the undesiralaetien pathway of benzylzinc chlorides and
the low reactivity of many organozincs by optimgithe reaction conditions. A number of
different CN-donors as electrophiles (phenyl themtgte, benzyl thiocyanate, 4-
dimethylaminophenylthiocyanate, 2-pyridinylthiocga®, nickel(ll)cyanide, cyanogen
bromide) as well as organometallics species (armghmaium, diarylzinc, dibenzylzinc,
dialkylzinc) and reaction parameters (reaction titeenperature, cosolvents: NMP, DMPU,

CH.Cl,) were investigated, but to no avalil.
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5. Chlorine-Zinc Exchange with Biaryl Zincates usimg Iron-Catalysis

5.1 Optimization of Catalyst and Reaction Parametes

The preparation of organozinc reagents is of cemmaortance in organometallic and general
preparative chemistry due to their high stabililpdagreat tolerance towards sensitive
functional groups, as described in chapter A.2obg@h-metal exchange reactions are among
the most powerful methods for preparing organorhesateagents. However the exchange
rate for a halogen-zinc exchange is considerabigtdhan for a halogen-magnesium or even
a halogen-lithium exchange, and only alkyl iodides be used. By far the most valuable
halogen for a practicable synthesis would be chéorsince organochlorides are widely
available, stable, cheap and easy to prepare. fbnerave wanted to find a chlorine-zinc
exchange reaction directly transforming the orgatides into versatile zinc reagents,
tolerating all the possible functionalities of aig@nozinc compound.

Based on the investigation of side products whidtuoed during a cobalt-catalyzed
sulfonate-copper exchan{@ we aimed for elements from the iron group of teequlic table

of elements as suitable catalysts for our reactarst the nature of the organozinc species
used as the exchange reagent was investigatedhiBpdifferent ratios of phenylmagnesium
chloride and ZnGlwere premixed in THF at 25 °C and added to a megstem of 1,3,5-
trichlorobenzene 9849 in the presence of Fe(acacj10 mol%) and 4-fluorostyrene
(20 mol%). The reaction was run at 50 °C for 3 t Hre exchange process was monitored by
quenching reaction aliquots with iodine in THF. Tiesults, as shown in table 20, indicate
that the active zinc species promoting the chlerime exchange is the zincates2h’ MgClI*
(Table 20, entry 4). Other ratios of Grignard reddge zinc chloride, resulting in diaryl zincs
or arylzinc chlorides, showed either low conversainl,3,5-trichlorobenzened8a) or no
formation of arylzinc specie®99) at all (entries 1-3). Further optimization wasfpemed at
lower temperatures and highest reaction speed walasved with a ratio of PhMgCl/Zng&l

3.3:1, obtaining full conversion @awithin 1 h at room temperature (entry 7).

120¢. J. Rohbogner, C. R. Diene, T. J. Korn, P. Kehakngew. Chem. Int. E@01Q 49, 1874; Ph.D. thesis
Christoph J. Rohbogner, LMU Munick010
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Table 20: Screening of various zinc species in the modehamge reaction of 1,3,5-trichlorobenzef8g) with
PhMgCl and ZnGCl

Cl ZnPh

PhMgCI (6.0 equiv.)
ZnCl, (1.2-6.0 equiv.)
Cl Cl Cl Cl

Fe(acac); (10 mol%)

98a 4-fluorostyrene (20 mol%) 99
(1.0 equiv.) THF, 25-50 °C, 1-3 h
Entry Equivalents Equivalents Ratio Temperature [°C]Conversion

PhMgCI ZnCl, PhMgCl/znC} time [h] [%]®
1 6.0 6.0 1:1 50, 3 °4
2 6.0 4.5 1.5:1 50, 3 6
3 6.0 3.0 2:1 50, 3 B
4 6.0 2.0 3:1 50, 3 100
5 6.0 15 4:1 50, 3 100
6 6.0 2.4 2.5:1 25,1 55
7 6.0 1.8 3.3:1 25,1 100
8 6.0 1.2 5:1 25,1 70

2 GC conversion 098ausing tridecane as internal standdmo iodinated product was observed.

The reaction conditions needed further improvemsinice we wanted to work with the
minimum amount of exchange reagent necessary aedntiidest conditions possible.
Therefore four different zincates (Zm, PhiPrZn, PhPrZn, iPr;Zn) were used in the
model reaction in various stoichiometric amountse3e experiments showed that the mixed
diphenylisopropyl zincate showed the highest redagtiwith our reaction conditions
(Fe(acag 10 mol%, 4-fluorostyrene 20 mol%, THF, 25 °C, land 3.0 equiv. are sufficient
for achieving a reasonable exchange rate while taiaing a good atom economy (Table 21,
entries 5 and 6). The other zincates give smaitesuamts of the arylzinc reage®® due to an
increase in side product formation, namely the latieg or phenylated 3,5-dichlorobenzene
(entries 1-4, 7 and 8). Employing Co or Ni catalybke Co(acag)or Ni(acac) led to a
drastically reduced exchange rate in the modeli@govhile omitting the 4-fluorostyrene as
ligand favoured the formation of the previously mahside products. Since the nature of the
alkyl substituent on the zincate obviously playedajor role for a straightforward exchange,
we tested different alkyl groups with our reactaamditions. The results confirmed isopropyl
as the most efficient substituent, achieving 63%veesion of the arylchlorid@8aafter 1 h at
25 °C when only 2.0 equiv. of the zincate were ugaury 9). All others showed lower
conversion rates or larger amounts of side prod{estties 10-12). The phenyl moiety was
later replaced biN,N’-dimethylaniline for improved purification purposewhile the observed
reaction rates and GC vyield only decreased sligfghtry 13), so that we achieved >95%
conversion oB8aafter 6 h at room temperature.
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Table 21: Further optimization of the exchange reaction,8f3-trichlorobenzenegga) with R;Zn'MgCI”.

o ®
R'R%Zn MgCl
(2.0-9.0 equiv.)
Cl Cl Cl Cl

98a Fe(acac); (10 mol%) 29

4-fluorostyrene (20 mol%)

(1.0 equiv.)
THF, 25-50 °C, 1 h
R = aryl, alkyl
Entr Zincate Equivalents = Temperature Conversion Yield
y zincate [°C] [%]° [%]°
1 PhzZn 3.0 25 71 31
2 Phzn 6.0 25 100 75
3 PhzZn 9.0 25 100 86
4 Phzn 6.0 50 100 75
5 PhiPrzZn 3.0 25 80 73
6 PhiPrzn 6.0 25 100 100
7 PhPrZn 6.0 25 100 89
8 iPrsZn 6.0 25 100 35
9 PhiPrzZn 2.0 25 63 59
10 PhsBuzn 2.0 25 70 38
11 PhEtZn 2.0 25 48 34
12 PhMezZn 2.0 25 71 49
13 (4-MeNCgH,).iPrZn 2.0 25 60 54

2 GC conversion oB8a using tridecane as internal standatdGC yield of 99 using tridecane as internal
standard.

To maximize the efficiency of the exchange protpaderies of experiments with the purpose
of determining the optimal solvent was undertalsmeening different mixtures of THF, 2-
methyl-THF, MTBE, CPME, dimethoxyethane, NMP and BM All of these cosolvents led
to a significant slowdown of the reaction, someat@womplete halt, while increasing the
formation of protonated, alkylated or arylated gideducts.

5.2 Preparation of Functionalized Aromatics and Hetrocycles via Chlorine-Zinc

Exchange

Ultimately, bis(4-dimethylaminophenyl)isopropyl zincat&00 2.0 equiv.) in the presence of
Fe(acag) (10 mol%) and 4-fluorostyrene (20 mol%) in THF yed to be the most efficient
protocol for the chlorine-zinc exchange. With teisstem, we were able to substitute aryl-,
hetaryl- and even alkylchlorides of ty#8 bearing sensitive functionalities at 25 °C.
Subsequent reactions of the generated organozagemes99 with various electrophilesE
furnished the polyfunctionalized compounds of t§péd (Scheme 55).
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S) @ .
(4-Me,NCgH,)oZniPr MgCl electrophile E*
100 (2.0 equiv.) (3.0 equiv.)
RCI RZniPr —_— RE
Fe(acac); (10 mol%) conditions
98 4-fluorostyrene (20 mol%) 99 101a-x: 52-67%

THF, 25 °C, 4-24 h
R = aryl, hetaryl, alkyl

Scheme 55Fe-catalyzed chlorine-zinc exchange reactionrgénochloride®8 with diarylalkyl zincatel00.

The perfluorated chlorobenzef8b underwent a very rapid exchange reaction withatec
100 (2.0 equiv., 25 °C, 4 h) and the acylation witlchderobenzoyl chloride (3.0 equiv.,
CuCN-2LiCl 20 mol%, -20 °C, 30 min) furnished theldgenated benzophenod@la in
65% vyield (Table22, entry 1). Also heterocyclic chlorides like 2,%hliorothiophene 98¢
could be exchanged in 12 h, and a subsequent coogding with ethyl 4-iodobenzoate
(3.0 equiv., Pd(PR 2 mol%, 25 °C, 2 h) led to the arylated thioph&0db in 60% yield
(entry 2). Thiophen&®8d, bearing an ester function, underwent a smootthange with
zincate 100 (12 h) and the reaction with 4-fluorobenzoyl cider yielded ethyl 5-(4-
fluorobenzoyl)thiophene-2-carboxylat@é0lg in 52% vyield (entry 3). Furthermore, the 3-
anisyl-substituted thiopher@8e was transmuted into the corresponding zinc reaff&hh)
and a Cu-catalyzed reaction with pivaloyl chlormtea Pd-catalyzed cross-coupling with 4-
iodoanisole delivered the difunctionalized thiopbeh01dand101ein 64-67% vyield (entries
4 and 5). The developed exchange protocol is capabltolerating nitrile groups in the
reaction, so the cyano-functionalized hetaryl adi®®8f reacted smoothly to the organozinc
species in 16 h. After electrophilic reactions wpikaloyl chloride or 4-iodoanisole, the 2,5-
disubstituted thiopheneld1f and101g could be obtained in 57-62% yield (entries 6 anhd 7
2-Chloro-5-(4-fluorophenyl)thiophene98g underwent the exchange in 16 h at room
temperature when treated wibis(4-dimethylaminophenyl)isopropyl zincat200). Two Pd-
catalyzed cross-coupling reactions with 3-bromoglim@ or 2-chloronicotinonitrile (50 °C,
5 h) afforded théis-heterocyclic products01hand101iin 62-65% yield (entries 8 and 9).
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Table 22: Fe-catalyzed chlorine-zinc exchange reactions iy @and hetarylchloride®8 and subsequent
electrophilic reaction leading to functionalizechqmundslO1

Aryl or hetaryl Exchange Electrophile, Yield
Entry chloride time conditions Product [%]2
F o F (0]
F cl F
o LT
1 F F 4 h N F F cl 65
F o : F
98b -20 °C, 30 mifi 101a
CO,Et
Cl—S\_cl s 2
2 AV on  H{coE o ) 60
98¢ 25°C, 2 101b
o s P
Et0,C—_S\_ClI o EtOC \
3 > 12 h 52
98d F .
-20 °C, 30 mifi 101c
s 9 s.
cl
4 Meo \ 24 h o ey _ VG \ By 67
98e -20 °C, 30 mifi 101d
OMe
s
5 98e oan (L om Meo U C 64
25°C, 2K 101e
NC s o NC o 9
6 Vs 16 h o ey L tBu 62
o8f -20 °C, 30 mif 101f
NC OMe
s
7 o8f on L ome Q ) O 57
25°C, 2K 101g
F Br
\Q\G/C' ® F Q s /
8 ) 16 h 7 oA 65
98g 50 °C, 5 L01h
NG - NC_
| SNy
9 98g 16 h N SN 62
50 °C, 5 fi 101i

2Yield of isolated analytically pure produtCuCN-2LiCl (20 mol%) preserftPd(PPh), (2 mol%) present.

5.3 Preparation of Functionalized Aliphatics via Chorine-Zinc Exchange

Remarkably, also functionalized alkyl chlorides emdent the chlorine-zinc exchange using
the conditions optimized above. Hence, simple odtybride ©8h) could be exchanged using
zincate 100 in the presence of our catalytic system (Fe(ac&a®)mol%, 4-fluoro-styrene
20 mol%, THF, 25 °C, 16 h), and a copper-catalya@dation with 4-chlorobenzoyl chloride
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(3.0 equiv., CuCN-2LIiCI 20 mol%, -20 °C, 30 mindl¢o the ketonelOl1j in 60% yield
(Table 23, entry 1). Similarly, the anisyl-subg&i ethyl chloride98i was exchanged (14 h)
and an acylation using the same conditions furighe diaryl propanon£01k in 56% vyield
(entry 2). Also the benzylated 6-chlorohexaB8] underwent the exchange reaction in 18 h
and the functionalization with the heterocyclic lacyloride yielded 7-(benzyloxy)-1-(furan-
2-yl)heptan-1-onelQ1l) in 63% vyield (entry 3). Furthermore, the resytirincate from the
exchange carried out 0®8) was used for a Pd-catalyzed cross-coupling with 4-
iodobenzonitrile (3.0 equiv., Pd(P$h2 mol%, 25 °C, 2 h) and the protected primary labto
101mwas obtained in 61% vyield (entry 4). Sensitiveup®like an ethyl ester are tolerated in
our protocol, and the exchange performed with ethighlorobutanoate9gk) in 16 h and
subsequent quenching reaction an acyl chloride {€C2CiCl 20 mol%, -20 °C, 30 ming4-
chlorophenyl)benzene thiosulfonate (25 °C, 30 moina Pd-mediated cross-coupling (25 °C,
2 h) resulted in butane ester derivatiigsln-p in 57-63% yield (entries 5-7). Likewise, a
nitrile was compatible with the reaction conditiptiserefore 7-chloroheptanenitril@g]l) was
exchanged using zincat00 (16 h) and followed by an acylation with 4-methbzpzoyl
chloride (CuCN-2LiCI 20 mol%, -20 °C, 30 min) wetained the anisole derivatidlq in
66% vyield (entry 8). Secondary alkyl chlorides alsacted well in the zinc exchange
reaction, so we used the zinc reagent gained frechl@oheptane 98m) for a copper-
mediated acylation with 4-fluorobenzoyl chlorideu@N-2LIClI 20 mol%, -20 °C, 30 min)
and ketonelOlr was isolated in 36% vyield (entry 9). Most amazmgdhis protocol also
allows smooth exchange of tertiary chlorides atmagemperature. 1-Chloroadamanta@8n)
was therefore turned into the corresponding zimgeat (24 h), which was quenched with
iodine or thiosulfonates (25 °C, 30 min) and wenisined the different functionalized
adamantane$01s-uin 61-66% yield (entries 10-12). Finally, we chad®wlesteryl chloride
(980 as an example for a more complex secondary haidgeto perform our exchange
reaction on. After 24 h reaction time with exchangggentl00at room temperature, we were
able to functionalize the generated zinc reagentl thiosulfonates or tosyl cyanate and
isolated the resulting substituted hormone ders/Afdv-xin 58-66% yield (entries 13-15).
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Table 23: Fe-catalyzed chlorine-zinc exchange reactions laylchlorides 98 and subsequent electrophilic

reaction leading to functionalized compoud@d.

Entr Alkyl chloride, Electrophile, Product,
y Exchange time conditions Yield [%0]
(0] (0]
1 Me. _~_~_~_FCl Cl)‘\©\ Me\/\/\/\)‘\©\
98h: 16 h o o
-20 °C, 30 mif 101j: 60
cl (0] (0]
Cl
2 Me0/©/\/ O
- Cl MeO Cl
98i: 14 h -20 °C, 30 mifl 101k 56
(0] (0]
3 Bro” > > cl O Bno/\/\/\)kLO)
98j: 18 h ‘ / W
-20° mif 101l 63
CN
4 98j: 18 h | O o now@
25°C, 2 101m 61
(0] (0]
98k: 16 h OMe OMe
-20 °C, 30 mif 101n 60
CN
6 98k: 16 h (e E@CW@
25°C, 2 101a 57
EtO,C _~_S
7 98k: 16 h prsoss—{_) “ QCI
(0] (0]
8 NG S Cl)‘\©\ NCW@
98l: 16 h OMe OMe
-20 °C, 30 mif 101q 66
cl (0] O
Me Cl
98m: 16 h 20 °C, 30 mif 101r: 36
Cl
I
10 25 °C, 30 min
98n: 24 h 101s 61
SMe
. MeSSQMe
11 98n: 24 h 25 °C. 30 min
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0
S
12 98n: 24 h PhSO,S O “ @

25 °C, 30 min
101u 63
Me//,, Me//,,
Me | ' Me | ]
13 " P MeSSGMe Me Pr
25 °C, 30 min
cl MeS
980 24 h 101v. 58 (dr = 2:1)
Me,,/,
Me |

iPr
14 98a 24 h PhSOzS <:> g Me
25 °C, 30 min @
S

101w 60 (dr = 1.4:1)
Me,,/(
Me J '
TosCN Me i

15 98a 24 h 25 °C, 30 min

NC
101x 66 (dr = 1.4:1)

2Yield of isolated analytically pure produtCuCN-2LiCl (20 mol%) preserftPd(PPh), (2 mol%) present.
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6. Summary and Outlook

The goal of this work was to find accesaneta; para-trisubstituted aromatic systems using
sulfoxides as key functionalities in a two-step thgsis. This concept was extended to
heteroaromatic systems like thiophenes or benzo$yr@nd also on pyridine scaffolds. In the
course of these studies, a full functionalizatidnttoophene was achieved. Additionally, a
method for using N-heterocyclic thioethers as etgitiles in a Pd-catalyzed cross-coupling
reaction with functionalized zinc reagents was ttgyed. The protocol was cost-optimized by
utilizing a cheap Ni catalyst and was furthermoppled on thiomethylated alkynes and

thiomethyl cyanate. Finally we accomplished theppration of functionalized organozinc

reagents by a novel chlorine-zinc exchange reaction

6.1 Preparation of 1,2,4-Trisubstituted Arenes vidirected Metalation and Sulfoxide-

Magnesium Exchange

The aryl sulfoxide moiety permits an expedient step meta, para-difunctionalization of
readily available diaryl sulfoxides of typ#. This substitution pattern is hard to come by
using standard methods. In the first step, theogidé plays the role of a directing metalation
group with tmpMgCI-LiCl 28, tmp = 2,2,6,6-tetramethylpiperidinyl). In the ead step,
triggered byiPrMgCI-LiCl, it becomes a leaving group and undesy@ regioselective
sulfoxide-magnesium exchange. These sulfoxidesloanefore be considered as synthons of
the bisanionic specied2. Applying this methodology, a broad variety ofstibstituted
aromatic system$5, 63-65bearing sensitive functional groups was preparedjaod to
excellent yields (Scheme 56). This two-step reacti@as scaled up and works equally well

with multigram assays.
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1) tmpMgCI-LiCl
Ar\S//O (28; 1.1 equiv.),
-30 °C, 20 min

2)E' (1.2 equiv.)

1) iPrMgCI-LiCl (1.1 equiv.),
2-Me-THF, -50 °C, E?
5minto 2 h E'

2) E? (0.8 equiv.)

49a-d 51a-n: 61-97% 55, 63-65:
Q o 48-94%
... Me Me o
tmpMgCI-LiCl: Me l}l Me
MgCI-LiCl
FG = F, Cl, CO,tBu, CN FG
Ar = pCGH4NMez’ 42
pC6H4OMe
OMe F
T™S Ph
QP g
I f oH
l CO,Et CHO O O Cl
F cl tBuO,C NC ¢]
yieldstep 1:  51c: 93% 51j: 88% 51k: 61% 51n: 71%
yield step 2:  55f: 86% 63l: 87% 64a: 71% 65b: 88%

Scheme 56 Two-step synthesis of 1,2,4-trisubstituted areste63-65

6.2 Preparation of Disubstituted and Fully Substitted 5-Membered Heterocycles via

Directed Metalation and Sulfoxide-Magnesium Exchang

The functionalization protocol based on the suliexgroup was extended to 5-membered
heterocyclic systems and allowed the preparationl@-disubstituted thiophenes and
benzofurans76 in good yields. By further deprotonation a fulln@idionalization of the
thiophene scaffold was achieved (Scheme 57).
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1) tmpMgCI-LiClI 1) iPrMgCI-LiClI (1.1 equiv.),
o (28; 1.1 equiv.), o 2-Me-THF, -50 °C,
X_ _S THF, -30 °C, 20 min Xx_ S N 5minto2h =
SAr - ~Ar - .
2) E' (1.2 equiv.) S El 2) E2 (0.8 equiv.) £
74a,b 75a-f: 43-89% 76a-j: 67-97%
X=0,S
Ar = pCgH,OMe
OH CO,E

™S S cl 0. _CHO
\ O 7 |
cl SN
O ™S~ ] @m Q O
s

CN
yield step 1:  75a: 89% 75¢c: 78% 75e: 80%
yield step 2:  76a: 83% 76f: 67% 76h: 91%

CN
TMS \s / O
O O OMe

TIPSO

78: 49% yield over 4 steps

Scheme 57 Two-step functionalization of 5-membered heterdicygulfoxides74.

6.3. Preparation of Disubstituted Pyridines via Diected Metalation, Sulfoxide-

Magnesium Exchange and Ligand Coupling

The methodology could be applied to pyridinyl sultes79, furnishing the 3,4-disubstituted
and 2,3,4,6-tetrasubstituted pyridines of t@leafter deprotonation with tmpMgQ@liCI (28)
and sulfoxide-magnesium exchange usiRgVigCI-LiCl. By exploiting the ligand coupling
reaction of 2-pyridinyl sulfoxides, the cyclooxy@se-2 inhibitor90 was prepared (Scheme
58).
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1) tmpMgCI-LiCI 1) iPrMgCI-LiCI (1.1 equiv.),
o (28; 1.1 equiv.), o 2-Me-THF, -50 °C,
THF, -30 °C, 20 min

5minto2h 2
X. = 2) E' (1.2 equiv.) XSZNgt 2)E2(0.8 equiv.) X. 7

z Z"E Z7 E!
79a,b,d 80a-e: 38-74% 81a-f: 50-82%
X=CH,N OMe
Y =CH, CCI ™S CN
Z=CH,CCIN
Ar = pCH,OMe l
| A
CO,Et @ CHo NG
N
OMe
yield step 1: 80e: 68% 80a: 69% .
yield step 2: 81f: 82% 81a: 58% 90: 52% over two steps

using ligand coupling

Scheme 58Two-step functionalization of pyridinyl sulfoxid&®.

6.4. Transition Metal-Catalyzed Cross-Coupling Redmns of Functionalized

Organozinc Reagents with Unsaturated Thioethers

A mild Pd-catalyzed cross-coupling of various sitbttd thiomethylated N-heterocyclég
with functionalized aryl, hetaryl, benzyl and alkiylc reagents of typ@2 was developed. The
reaction takes place at room temperature withoetnéed for additional copper salts and
delivers the functionalized heterocyclic produ@8a-k in good to excellent yields (Scheme

59). Also heterocycles bearing thiophenyl as aitepgroup are readily converted using this
protocol.

RZnHal-LiCl
Y 92 (1.5 equiv.) Y
FG—:E S—sMe — FG_:E SR
T .
-Phos (5.0 mol%),
91 THF, 25 °C, 2-20 h 93a-t 43-84%  MeO O OMe
X=N
Y = HC=CH, HC=N, O, S
R = aryl, hetaryl, benzyl, alkyl S-Phos
Hal =1, Br, Cl
N CN F
»
N
93p: 83% 93c: 84% 93s: 74%

Scheme 59Pd-catalyzed cross-coupling reaction of thiomegupstituted N-heterocycl€d with
functionalized organozinc reage2
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The method was extended to the more cost-effidi@rdatalysis after optimization studies.
The explored reaction scope and the obtained yilldghe obtained product83t-y are
comparable to the Pd-catalyzed cross-coupling imac(Scheme 60). Both developed

methods were tested on multigram reactions andeprde be suitable for scale-up without

loss of yield.
y RZnHal-LiCl
92 (1.5 equiv.) Y,
FG—:E H—sMe - FG—:E SR
X Ni(acac), (2.5 mol%), X 0
| 0,
91 $EE Zg‘_’gésog rgi’g’% 93u-al: 42-96% PPhy  PPhy
X=N DPE-Phos
Y = HC=CH, HC=N, O, §
R = aryl, hetaryl, benzyl, alkyl
Hal =1, Br, Cl
S~
E:[O OMe
V
N s U .
CN X
Me Voo™ N coBu  FC NJ\@\
NMez
93al: 82% 93aa: 82% 93w: 96%

Scheme 60Ni-catalyzed cross-coupling reaction of thiométbybstituted N-heterocycleéxl with
functionalized organozinc reagei¥&

After further optimizing the reaction conditionbgtcross-coupling was employed for the use
of aryl, hetaryl and alkylzinc reagen@2 with thiomethylated alkyenes of typ@4 as
electrophiles. Various functionalized ethyne ddrxes 95a-ac were prepared, also
bis(thiomethyl)acetylene underwent the coupling resrcto furnish symmetrically substituted

bisarylacetylenes in good yields (Scheme 61).
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R2ZnHal-LiCl
92 (1.5 equiv.)
R'——SMe > Rl—R2
Pd(OAc), (2.5 mol%),
94 DPE-Phos (5.0 mol%), 95a-ac: 52-91%

THF, 25-50 °C, 6-24 h
R, R? = aryl, hetaryl, alkyl

MeQ
0]
0= =<1 wO=_n
(¢]
Cl

959: 74% 95aa: 74% 95s: 66%

OMOM

E :!:{""': NMe2
MOMO

95ac: 75%

Scheme 61Pd-catalyzed cross-coupling reaction of thiome#upstituted alkyne84 with functionalized
organozinc reageng.

Additionally, methylthiocyanate96) can be used as electrophile for the cross-cogplin
optimization experiments revealed a Ni catalysthees most active system. With this mild

procedure, various functionalized benzonitri@&a-m were obtained in good to excellent
yield (Scheme 62).

Znl-LiCl
=
FG— |
X CN
92 (1.5 equiv.) =
MeSCN > FG— |
Ni(acac), (2.5 mol%), A
DPE-Phos (5.0 mol%),
96 THF, 25-50 °C, 2-24 h 97a-m: 73-91%
FG = tBu, Cl, OMe, SMe, NMe,, CN, CO,Et
CN CN
MeO
97f: 91% 97i: 84% 97m: 79%

Scheme 62Ni-catalyzed cross-coupling reaction of methytyianate §6) with functionalized organozinc
reagent92.
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6.5. Chlorine-Zinc Exchange with Bisaryl Zincates sing Iron Catalysis

Finally, a novel exchange protocol for generatingctionalized organozinc reagents directly
from aryl and hetaryl chlorides of ty®8 was developed, using a diarylalkyl zinca@0 in

the presence of an iron catalyst at room temperafithre obtained zinc species were reacted
in a variety of electrophilic quenching reactiongls as acylations or cross-couplings to
furnish the higly functionalized product©la-x Remarkably, the system is also able to

exchange primary, secondary and even tertiary alkigrides (Scheme 63).

S C] )
(4-Me,NCgH,4).ZniPr - MgCl electrophile E*
100 (2.0 equiv.) (3.0 equiv.)
RCI RZniPr RE
Fe(acac); (10 mol%) o0.EA © .
98 4-fluorostyrene (20 mol%) 99 THF, -20-50°C, 0.5-5h 101a-x: 52-67%

THF, 25°C, 4-24 h
R = aryl, hetaryl, alkyl

o)
EtO,C— S F NC i
E \_/ N OMe

101¢c: 52% 101i: 62% 101q: 66%
Me,/,, cl
iPr
Me S
101x: 66% 101u: 63%

Scheme 63Fe-catalyzed chlorine-zinc exchange reactionrgnochloride®8 with diarylalkyl zincatel00
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C. Experimental Section

1. General Considerations

All reactions were carried out with magnetic stigiand, if the reagents were air or moisture
sensitive, in flame-dried glassware under argoning§gs which were used to transfer

reagents and solvents were purged with argon fwriase.

1.1. Solvents

Solvents were dried according to standard procedoyedistillation over drying agents and
stored under argon.

CHCI, was predried over Cagand distilled from Capl

DMF was heated to reflux for 14 h over Ga&hd distilled from Cak

EtOH was treated with phthalic anhydride (25 g/L) andism, heated to reflux for 6 h and
distilled.

Et,O was predried over Catand dried with the solvent purification system SRB-2 from
INNOVATIVE TECHNOLOGIES INC.

NMP was heated to reflux for 14 h over Ga&hd distilled from Cak

THF was continuously refluxed and freshly distillednfr@odium benzophenone ketyl under
nitrogen.

Triethylamine was dried over KOH and distilled.

Solvents for column chromatography were distilledpto use.

1.2. Reagents

All reagents were obtained from commercial sour@ed used without further purification
unless otherwise stated. Liquid aldehydes and ebldrides were distilled prior to use.
Following compounds were prepared according toditee procedures:
4-(Dimethylamino)phenyl thiocyanaté?): R. Q. Brewster, W. Schroedé€yg. Synth1943
19, 79.




C. Experimental Section 101

4-Methoxybenzenesulfinyl chlorides®): M. Peyronneau, N. Roques, S. Mazieres, C. Le
Roux, Synlett2003 631.

N-Methyl-N-methylenemethanaminium 2,2, 2-trifluoretette 62): a) N. Millot, C. Piazza, S.
Avolio, P. Knochel, PSynthesi200Q 941; b) N. Gommermann, C. Koradin, P. Knochel,
Synthesi2002 2143.

2-Thiophenyl(trimethyl)silane7@): T. J. Barton, G. P. Hussmanh, Org. Chem1985 50,
5881.

Bis(methylthio)acetylened4h): H. D. Verkruijsse, L. Brandsma, Bynthesid4991, 818.

MOM-protected ethynylestradid4i: F. Wast, K. E. Carlson, J. A. Katzenellenbogen, H
Spies, B. Johannse8teroidsl998 63, 665.

Sulfonothioate derivatives: K. Fujiki, N. Tanifujy,. Sasaki, T. Yokoyam&ynthesi2002
343.

Ethyl (2-bromomethyl)-acrylate: a) J. Villieras, Rambaud Synthesisl982 11, 924; b) J.
Villieras, M. RambaudQrg. Synth1988 66, 220.

Preparation of Organometallic Reagents:

iPrMgCI-LiCl solution in THF was purchased from Chemetall.

iPrMgCl solution in THF was purchased from Chemetall

PhMQgCI solution in THF was purchased from Chemetall

nBuLi solution in hexane was purchased from Chemetall.

TMPMgCI-LIiCl (28) was prepared according to: A. Krasovskiy, V. Kres@ya, P.
Knochel,Angew. Chem. Int. EQO0G 45, 2958.

TMP,Mg-2LICl (29) was prepared according to: G. C. Clososki, C. dhkRgner, P.
Knochel,Angew. Chem. Int. EQO07, 46, 7681.

Zinc reagentswere prepared according to: (a) A. KrasovskiyMalakhov, A. Gavryushin,
P. Knochel,Angew. Chem. Int. ER0O0G 45, 6040; (b) A. Metzger, M. A. Schade, P.
Knochel, Org. Lett. 2008 10, 1107; (c) S. Sase, M. Jaric, A. Metzger, V. Malak P.
Knochel, P.J. Org. Chem2008 73, 7380.

CuCN-2LIiCI solution (1.00 M) was prepared by drying CuCN (791 80.0 mmol) and LiCl
(6.77 g, 160 mmol) in a Schlenk-flask under vacuatni40 °C for 5 h. After cooling, THF
(80 mL) was added and stirring was continued uhélsalts were dissolved.

ZnCl; solution (1.00 M) was prepared by drying Za136 g, 100 mmol) in a Schlesilask
under vacuum at 140 °C for 5 h. After cooling, THPO mL) was added and stirring was

continued until the salt was dissolved.
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1.3. Content Determination of Organometallic Reagds

Organzinc and organomagnesiunreagents were titrated againsirl a 0.5 M LiCl solution

in THF according to: A. Krasovskiy, P. Knoch8lnthesi2006 5, 890.

Organolithium reagents were titrated against menthol using 1hEnanthroline as indicator
in THF according to: H.-S. Lin, L. A. Paquet&ynth. Commuri994 24, 2503.

TMPMgCI-LICI and TMP,Mg-2LiClI were titrated against benzoic acid using 4-

(phenylazo)diphenylamine as indicator in THF.

1.4. Chromatography

Flash column chromatographywas performed using silica gel 60 (0.040-0.063 rfrom
Merck.

Thin layer chromatography was performed using Sgre-coated aluminium plates (Merck
60, F-254). The chromatograms were examined undfelight at 254 nm and/or by staining
of the TLC plate with one of the solutions givendvefollowed by heating with a heat gun:

- KMnOQOy4 (3.0 g), 5 drops of conc..80, in water (300 mL).

- Phosphomolybdic acid (5.0 g), Ce(§©(2.0g) and conc. $$0, (12 mL) in water
(230 mL).

1.5. Analytical Data

NMR spectra were recorded on VARIAN Mercury 200, BRUKERR 300, VARIAN VXR
400 S and BRUKER AMX 600 instruments. Chemical tshéfre reported asvalues in ppm
relative to the residual solvent peak of CEI@H: 7.25, dC: 77.0). For the characterization of
the observed signal multiplicities the following papviations were used: s (singlet), d
(doublet), t (triplet), g (quartet), quint (quintesept (septet), m (multiplet).

Mass spectroscopyHigh resolution (HRMS) and low resolution (MS)esfra were recorded
on a FINNIGAN MAT 95Q instrument. Electron impaohization (El) was conducted with
an electron energy of 70 eV.

For the combination of gas chromatography with nm&ssctroscopic detection, a GC/MS
from Hewlett-Packard HP 6890/MSD 5973 was used.
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Infrared spectra (IR) were recorded from 4500%tno 650 cn on a PERKIN ELMER
Spectrum BX-59343 instrument. For detection a SMSTBETECTION DuraSamfR Il
Diamond ATR sensor was used. The absorption bared®ported in wavenumbers (&n

Melting points (m.p.) were determined on a BUCHI B-540 apparatwkaxe uncorrected.

2. Typical Procedures (TP)

Typical Procedure for Preparation of Sulfoxides 49 (TP1):

In a dry and argon-flushed Schlenk-flask, equippéti a magnetic stirrer and a septum, 4-
(dimethylamino)phenyl thiocyanat&q, 1.78 g, 10.0 mmol) was dissolved in THF (10 mL)
and cooled to -20 °C. A solution of the functiomai magnesium reageri6( 11.0 mmol,
approx 1.0 M) was added and the reaction mixture alowed to warm to 25 °C. The
reaction mixture was quenched with sat. aq.,GlFsolution (50 mL) and extracted with
EtOAc (3 x 50 mL). The organic layers were combiaed the solvent was removed under
reduced pressure. The crude sulfide was dissolv&eHCl, (40 mL) and cooled to -20 °C.
mCPBA (2.70 g, 11.0 mmol, 70% in water) dissolvedCiH,Cl, (10 mL) was added slowly.
After stirring at -20 °C for 1 h the reaction mirtuwas quenched with a sat. aq..8&®s-
solution and extracted with EtOAc (3 x 50 mL). Teéembined organic layers were dried
(N&SO;) and after filtration the solvent was removed undeduced pressure. Flash

chromatographic purification yielded the produt®s,b

Typical Procedure for Preparation of Sulfoxides 49, 79 (TP2):

A dry and argon-flushed Schleifflask equipped with a magnetic stirrer and a septuns, wa
charged with a solution of 4-methoxybenzenesulfiogloride £8, 13.0 mmol) in THF
(10 mL) and cooled to -20 °C. The appropriate magme reagent56, 10.0 mmol, approx.
1.0 M) was added slowly and the reaction mixtures védlowed to warm to 25 °C. The
reaction mixture was quenched with sat. aq.,GlFsolution (50 mL) and extracted with
EtOAc (3 x 50 mL). The combined organic layers weried (NaSQ,) and after filtration the
solvent was removed under reduced pressure. Flasimatographic purification yielded the
products49c-e, 79

Typical Procedure for Preparation of Sulfoxides 74#& (TP3):
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A dry and argon-flushed Schlenk-flask, equippedhwat stirring bar and a septum, was
charged with 2-thiophene(trimethyl)silan@3( 2.34 g, 15.0 mmol) or benzofuran (1.77 g,
15.0 mmol) in EXO (45 mL). The reaction mixture was cooled to Ogi@@nBuLi (7.40 mL,
17.5 mmol, 2.36 M in hexane) was added dropwises fdaction mixture was allowed to
warm to 25 °C and stirred for additional 10 min.asecond dry and argon-flushed Schilenk-
flask, equipped with a stirring bar and a septurmethoxybenzenesulfinyl chloridég,
4.19 g, 22.0 mmol) was dissolved in THF (20 mL) asmbled to -50 °C. The lithiated
heterocycle was added dropwise and the reactiotumixvas allowed to warm to 25 °C and
was then stirred for additional 30 min. The reactimixture was quenched with sat. ag.
NH4Cl-solution (50 mL) and extracted with EtOAc (3 & &L). The combined organic layers
were dried (Ng5Qy) and after filtration the solvent was removed undsluced pressure.

Flash chromatographical purification yielded thedarcts74a,h

Typical Procedure for Preparation of Sulfoxides 51,75, 80 by Metalation of Sulfoxides
49, 74, 79 and Reaction with an Electrophile (TP4):

A dry and argon-flushed Schlenk-flask, equippechveitmagnetic stirrer and a septum, was
charged with a sulfoxide4, 74, 79 10.0 mmol) dissolved in THF (20 mL). The reaction
mixture was cooled to -30 °C and tmpMgClI-LiCl (1inénol, 1.20 M in THF) was added
dropwise. After 20 min of stirring at -30 °C an @lephile (12.0 mmol) was added and the
reaction mixture was stirred at the given tempeeafar the given time. The reaction mixture
was quenched with sat. aq. MH-solution (50 mL) and extracted with EtOAc (3 &0LmL).
The combined organic layers were dried {8f&) and after filtration the solvent was
removed under reduced pressure. Flash chromatdgnaptification yielded the productsl,
75, 80

Typical Procedure for Preparation of Sulfoxides 51,75, 80 by Metalation of Sulfoxides
49, 74, 79 and Negishi Cross-Coupling Reaction (TP5

A dry and argon-flushed Schlenk-flask, equippechveitmagnetic stirrer and a septum, was
charged with a sulfoxide4, 74, 79 10.0 mmol) dissolved in THF (20 mL). The reaction
mixture was cooled to -30 °C and tmpMgCl-LiCl (1&nQ, 11.0 mmol, 1.10 M in THF) was
added dropwise. After stirring at -30 °C for 20 ndnClkL (11.0 mL, 11.0 mmol, 1.00 M
in THF) was added, and the reaction mixture waswedtl to warm to 25 °C. A palladium
catalyst and an electrophile (12.0 mmol) were adaledi the reaction mixture was stirred at

the given temperature for the given time. The feacmixture was quenched with sat. ag.
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NH4Cl-solution (50 mL) and extracted with EtOAc (3 ®0lmL). The combined organic
layers were dried (N&QO,) and after filtration the solvent was removed undsduced

pressure. Flash chromatographic purification yieltes product$1, 75, 80

Typical Procedure for Preparation of Sulfoxides 51,75, 80 by Metalation of Sulfoxides
49, 74, 79 and Functionalization with Alkynyl Subgstates (TP6):

A dry and argon-flushed Schlenk-flask, equippechveitmagnetic stirrer and a septum, was
charged with a sulfoxide4, 74, 79 10.0 mmol) dissolved in THF (20 mL). The reaction
mixture was cooled to -30 °C and tmpMgClI-LiCl (1&nQ, 11.0 mmol, 1.10 M in THF) was
added dropwise. After stirring at -30 °C for 20 mign(3.05 g, 12.0 mmol) was added and the
reaction mixture was allowed to warm to 25 °C. Tlies reaction mixture was diluted with
EtOAc (200 mL) and extracted with a sat. ag$@s solution (100 mL). The organic layer
was dried (NgSQy) and after filtration the solvent was removed un@eluced pressure. The
crude product was dried in high vacuum for 3 h #meh dissolved in THF (20 mL). In a
second dry and argon flushed Schlenk-flask, equippéh a magnetic stirrer and a septum,
the desired alkyne (11.0 mmol) was mixed slowlyhmiRrMgClI-LiCl (8.80 mL, 10.5 mmaol,
1.20 M in THF). After cessation of gas evolutioe tieaction mixture was heated to 60 °C for
5 min. After cooling to 25 °C, a Zng&bkolution (11.0 mmol, 11.0 mL, 1.0 M in THF) was
added slowly. The resulting zinc reagent was temnsfl to the previously prepared crude
sulfoxide and a palladium catalyst (2 mol%) waseatldlhe reaction mixture was stirred at
the given temperature until GC analysis showed dativersion of the iodide. The reaction
mixture was quenched with sat. ag. XiHsolution (50 mL) and extracted with EtOAc (3 x
100 mL). The combined organic layers were dried,80g) and after filtration the solvent
was removed under reduced pressure. Flash chroraptog purification yielded the
productss1, 75, 80

Typical Procedure for Preparation of Products 55, 8-65, 76, 81 by Sulfoxide-
Magnesium Exchange on Sulfoxides 51, 75, 80 (TP7):

A dry and argon-flushed Schlenk-flask, equippechveitmagnetic stirrer and a septum, was
charged with a solution of the sulfoxid®l( 75, 80 1.00 mmol) in 2-Methyl-THF (2 mL).
The reaction mixture was cooled to -50 °C aadgCl-LiCl (0.92 mL, 1.1 mmol, 1.20 M in
THF) was added dropwise. After stirring at -50 °@iluGC analysis showed full conversion
of the sulfoxide, the desired electrophile (0.80a@f)mvas added at -50°C. In case of a cross-

coupling or an allylation reaction, ZnC{1.10 mL, 1.10 mmol, 1.00 M in THF) was added
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and the solution stirred at -50 °C for 30 min, tliea desired electrophile (0.80 mmol) and a
transition metal catalyst (2-5%) were added. Thectien mixture was warmed up to the
given temperature and stirred until GC analysisasgtbfull conversion of the electrophile.
The reaction mixture was quenched with sat. agsQHdolution (5 mL) and extracted with
EtOAc (3 x 10 mL). The combined organic layers wered (NaSO,) and after filtration the
solvent was removed under reduced pressure. Flasimatographic purification yielded the
productsb5, 63-65, 76, 81

Typical Procedure for Preparation of Heterocycles 9 by Pd-catalyzed Cross-Coupling
Reaction of N-Heterocyclic Thioethers 91 with ZindReagents 92 (TP8):

In a dry argon-flushed Schlenk-flask, equipped wattmagnetic stirrer and a septum, the
aromatic thioether9, 1.00 mmol), Pd(OAg) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg,
5.0 mol%) were dissolved in THF (1 mL). After 10mof stirring, the zinc reagen®%
1.50 mmol) was added dropwise and the reactionur@xtvas stirred for the given time at the
given temperature until GC-analysis of a hydrolyadiquot showed full conversion of the
electrophile. The reaction mixture was quenchedh \sdt. ag. KCOs-solution (15 mL) and
extracted with EtOAc (3 x 25 mL). The combined aigalayers were dried (N80O,) and
after filtration the solvent was removed under il pressure. Flash chromatographic
purification yielded the producs.

Typical Procedure for Preparation of Heterocycles 9 by Ni-catalyzed Cross-Coupling
Reaction of N-Heterocyclic Thioethers 91 with ZindReagents 92 (TP9):

In a dry argon-flushed Schlenk-flask, equipped watimagnetic stirrer and a septum, the
aromatic thioether9{l, 1.00 mmol), Ni(acag)(6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg,
5.0 mol%) were dissolved in THF (1 mL). After 10mof stirring, the zinc reagen®Z,
1.50 mmol) was added dropwise and the reactionur@xtvas stirred for the given time at the
given temperature until GC-analysis of a hydrolyadéidquot showed full conversion of the
electrophile. The reaction mixture was quenchedh \sdt. ag. KCOs-solution (15 mL) and
extracted with EtOAc (3 x 25 mL). The combined aigalayers were dried (N&80O,) and
after filtration the solvent was removed under il pressure. Flash chromatographic
purification yielded the producs.

Typical Procedure for Preparation of Alkynes 95 by Pd-catalyzed Cross-Coupling
Reaction of Thiomethylated Alkynes 94 with Zinc Regents 92 (TP10):
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In a dry argon-flushed Schlenk-flask, equipped wvatimagnetic stirrer and a septum, the
aromatic thioether9d, 1.00 mmol), Pd(OAg)(5.6 mg, 2.5 mol%) and DPE-Phos (27.0 mg,
5.0 mol%) were dissolved in THF (1 mL). After 10mof stirring, the zinc reagen®Z,
1.50 mmol) was added dropwise and the reactionur@xtvas stirred for the given time at the
given temperature until GC-analysis of a hydrolyadéidquot showed full conversion of the
electrophile. The reaction mixture was quenched wdt. aq. KCOs-solution (15 mL) and
extracted with EtOAc (3 x 25 mL). The combined aigalayers were dried (N&80O,) and
after filtration the solvent was removed under wtl pressure. Flash chromatographic

purification yielded the producgb.

Typical Procedure for Preparation of Nitriles 97 by Ni-catalyzed Cross-Coupling
Reaction of Methyl Thiocyanate (96) with Zinc Reagets 92 (TP11):

In a dry argon-flushed Schlenk-flask, equipped vatagnetic stirrer and a septum, methyl
thiocyanate 96, 73 mg, 1.00 mmol), Ni(acac6.4 mg, 2.5 mol%) and DPE-Phos (27.0 mg,
5.0 mol%) were dissolved in THF (1 mL). After 10mbf stirring, the zinc reagent
(1.50 mmol) was added dropwise and the reactiorturexwas stirred for the given time at
the given temperature until GC-analysis of a hygred aliquot showed full conversion of the
electrophile. The reaction mixture was quenched wdt. aq. KCOs-solution (15 mL) and
extracted with EtOAc (3 x 25 mL). The combined aigalayers were dried (N&80O,) and
after filtration the solvent was removed under il pressure. Flash chromatographic

purification yielded the producgs.

Typical Procedure for Preparation of Products 101 l Fe-catalyzed Chlorine-Zinc
Exchange Reaction of Organic Chlorides 98 (TP12):

In a dry and argon-flushed Schlenk-flask, equipp#tti a magnetic stirrer and a septum, 4-
N,N-dimethylanilinemagnesium bromide (4.21 mL, 4.000hn®.95 M in THF) was treated
with ZnCL (2.00 mL, 2.00 mmol, 1.00 M in THF) and stirred fb5 min at 25 C. Then
iPrMgCl-LiCI (1.67 mL, 2.00 mmol, 1.20 M in THF) waslded and the solution stirred for
15 min at 25 C to form zincati®Q In another dry and argon-flushed Schlenk-flaskiigped
with a magnetic stirrer and a septum, the orgamoctd @8, 1.00 mmol), Fe(acag}35.3 mg,
0.10 mmol) and 4-fluorostyrene (24.5 mg, 0.20 mnvadre dissolved in THF (1 mL). The
zincate 100 was added and the reaction mixture stirred atQuuftil GC analysis of an
hydrolyzed reaction aliquot showed full conversioh the chloride. Then the desired

electrophile (3.00 mmol) and, where stated, a ttimnsmetal catalyst (2-20%) were added
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and the reaction mixture was stirred at the giwnperature for the given time. The reaction
mixture was quenched with 2N HCI-solution (5 mL)dagxtracted with EO (3 x 10 mL).
The combined organic layers were dried {81a) and after filtration the solvent was
removed under reduced pressure. Flash chromatagraphification yielded the products
101
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3. Synthetic Procedures
3.1 Preparation 1,2,4-Trisubstituted Arenes 55, 685

3.1.1 Preparation of Sulfoxides 49

4-((4-FluorophenylsulfinylN,N-dimethylaniline 49a)

o)
1]
/@ S ©\
F NMe,

Prepared according t®P1 sulfoxide from 4-fluorophenylmagnesium bromide g1LmL,
110mmol, 0.95M in THF) and dimethyl-(4-thiocyanatophenyl)amiig,(17.8g, 100mmol,)
and purified by flash chromatography (pentane/EtQAL silica gel), furnishingl9a as a
colourless solid (18.8, 69% yield).

m.p. (°C): 118-121.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.60-7.55 (m, 2H), 7.44 @= 9.04 Hz, 2H), 7.15-
7.09 (m, 2H), 6.69 (d] = 9.04 Hz, 2H), 2.99 (s, 6 H).

3C-NMR (CDCl3, 75 MHz): § (ppm) = 163.8 (dJ = 250.3 Hz, CF), 152.4, 141.7 @ 3=
3.18 Hz), 130.1, 127.2 (CH), 126.8 (07 8.74 Hz, CH), 116.2 (d, = 22.52 Hz, CH), 112.0
(CH), 40.1 (CH).

IR (ATR): v /cmi*=2896 (w), 1598 (s), 1587 (s), 1555 (W), 1513 (B84 (vs), 1444 (m),
1368 (m), 1294 (w), 1217 (s), 1196 (s), 1152 (n@PQA (s), 1074 (m), 1055 (m), 1039 (vs),
1015 (m), 835 (s), 807 (s), 605 (w).

MS (El, 70 eV): m/z(%) = 263 (33, M), 247 (6), 216 (12), 215 (100), 214 (22), 169 (10)
168 (24), 136 (33), 119 (8), 107 (9).

HRMS (EI): calcd. for G4H1FNO®*S: 263.0780, found: 263.0779.

4-((4-Chlorophenyl)sulfinylN,N-dimethylaniline 49b)
o)

ro
Cl NMe,

Prepared according t®P1 from 4-chlorophenylmagnesium bromide (125 mL, fifol,
0.88 M in THF) and dimethyl-(4-thiocyanatophenyljasn 7, 17.8 g, 100 mmol) and
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purified by flash chromatography (pentane/EtOAc, Isilica gel), furnishing49b as a
colourless solid (17.9, 64% yield).

m.p. (°C): 128-129.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.54-7.49 (m, 2H), 7.46-7.38 (m, 4H), 6665 (m,
2H), 2.99 (s, 6H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 152.5, 144.8, 136.3, 130.3, 129.2 (CHY,.1ZCH),
126.0 (CH), 112.0 (CH), 40.1 (GH

IR (ATR): v /cm® = 2892 (w), 1596 (s), 1570 (w), 1554 (w), 1509 (m371 (m), 1446
(m), 1388 (w), 1363 (m), 1233 (m), 1192 (m), 108}, (083 (s), 1060 (m), 1045 (vs), 1010
(s), 826 (s), 815 (m), 807 (s), 799 (M), 738 ($) W), 607 (w).

MS (El, 70 eV): m/z(%) = 279 (19, M), 263 (34), 233 (25), 232 (23), 231 (80), 230 (30)
168 (100), 152 (25), 136 (30), 44 (19).

HRMS (EI): calcd. for G4sH1.>°CINO*?S: 279.0485, found: 279.0479.

Tert-butyl 4-((4-methoxyphenyl)sulfinyl)benzoat49c)

0}
]
- C S C\
tBuO,C OMe

Prepared according toTP2 from 4-gert-butoxycarbonyl)phenylmagnesium chloride
(33.7 mL, 30.ammol, 0.89M in THF) and 4-methoxybenzenesulfinyl chloride8( 6.279,
33.0mmol) and purified by flash chromatography (pentB® 1:1, silica gel) furnishing
49cas a colourless solid (9.9190% yield).

m.p. (°C): 73-75.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.86 (dJ = 8.75 Hz, 2H), 7.48 (d] = 8.75 Hz, 2H),
7.38 (d,J =8.99 Hz, 2H), 6.73 (dl = 8.99 Hz, 2H), 3.55 (s, 3H), 1.36 (s, 9H).

13C-NMR (CDCl3, 75 MHz): § (ppm) = 163.9, 161.7, 150.0, 135.8, 133.4, 12@K)( 126
(CH), 123.5 (CH), 114.4 (CH), 80.9, 54.9 (§H27.5 (CH).

IR (ATR): V /cm® = 2978 (m), 2931 (w), 1705 (vs), 1594 (s), 1576, (k%93 (m), 1458
(m), 1394 (m), 1366 (s), 1301 (s), 1290 (s), 124%,(1183 (m), 1167 (s), 1121 (s), 1108 (m),
1087 (s), 1040 (s), 1023 (s), 1011 (s), 844 (mY, 88), 819 (m), 794 (m), 763 (s), 716 (m),
690 (m), 557 (m).

MS (El, 70 eV): m/z(%) = 332 (11, M), 284 (30), 260 (7), 259 (6), 229 (13), 228 (1a®5
(34), 139 (45), 123 (59), 57 (7).

HRMS (EI): calcd. for GgH.004>%S: 332.1082, found: 322.1066.
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4-(4-Methoxybenzenesulfinyl)benzonitrilé9d)

O
I
- : S :: >
NC OMe

Prepared according t6P2 from 4-cyanophenylmagnesium bromide (51.0 mL, H@ndol,
0.98M in THF) and 4-methoxybenzenesulfinyl chloride,(10.5g, 55.0mmol) and purified
by flash chromatography (E2, silica gel), furnishingt9d as a colourless solid (9.@1 70%

yield).

m.p. (°C): 121-123.

'H-NMR (CDCl 3, 300 MHz): é (ppm) = 7.76-7.67 (m, 4H), 6.57-6.52 (m, 2H), 66083 (m,
2H), 3.80 (s, 3H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 162.6, 151.5, 135.5, 132.8 (CH), 127.4 \CI24.9
(CH), 117.7, 115.2 (CH), 114.3, 55.5 (gH

IR (ATR): U /cmi’ = 3086 (w), 3066 (W), 2228 (s), 1590 (s), 1575 ()95 (s), 1482 (m),
1445 (m), 1409 (m), 1385 (w), 1311 (m), 1258 ()84 (w), 1174 (m), 1086 (s), 1070 (m),
1039 (vs), 1024 (s), 1013 (s), 828 (s), 796 (M5 67).

MS (El, 70 eV): m/z(%) = 257 (15, M), 210 (14), 209 (56), 194 (10), 166 (7), 154 (100)
139 (21), 123 (40), 92 (7), 64 (7).

HRMS (El): calcd. for G4H11NO,**S: 257.0510, found: 257.0500.

1-Fluoro-4-((4-methoxyphenyl)sulfinyl)benzerd98

0}

i
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F OMe

Prepared according t©P2 from 4-fluorophenylmagnesium bromide (95.2 mL, 00@moaol,
1.05M in THF) and 4-methoxybenzenesulfinyl chlorids,(21.0g, 110.0mmol) and purified
by recrystallization from heptane, furnishii@eas a colourless solid (22.9 g, 91% yield).
m.p. (°C): 83-85.

'H-NMR (CDCl 3, 300 MHz): é (ppm) = 7.60-7.51 (m, 4H), 7.15-7.09 (m, 2H), 6695 (m,
2H), 3.79 (s, 3H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 164.0 (dJ = 251.2 Hz, CF), 162.1, 141.4 @7=
3.04 Hz), 136.5, 127.0 (CH), 126.9 (b 8.85 Hz, CH), 116.4 (d|, = 22.67 Hz, CH), 114.8
(CH), 55.4 (CH)).
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IR (ATR): v /cmi'=3052 (w), 2836 (W), 1592 (s), 1577 (s), 1496 {486 (m), 1410 (m),
1311 (m), 1303 (m), 1254 (s), 1215 (s), 1154 (MBIL(s), 1076 (s), 1035 (s), 855 (s), 828
(vs), 810 (s), 798 (s).

MS (El, 70 eV): m/z(%) = 251 (8), 250 (49, k), 233 (8), 203 (13), 202 (100), 187 (17), 154
(43), 139 (23), 123 (60), 101 (8).

HRMS (EI): calcd. for GsH1:FO,*%S: 250.0464, found: 250.0470.

3.1.2 Preparation of sulfoxides 51 by deprotonationf sulfoxides 49

2-((4-(Dimethylamino)phenyl)sulfinyl)-5-fluorobenairile (514)

CN O

I
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F NMe,

Prepared according P4 by treating sulfoxid&9a (1.32 g, 5.00 mmolvith tmpMgCI- LiCl
(5.00 mL, 5.50 mmol, 1.10 M in THF) at -30 °C foD &iin and tosyl cyanide (1.09 g,
6.00 mmol) at 25 °C for 1 h. Flash chromatograghidfication (EtO, silica gel) furnished
5laas a clear oil (1.14 g, 79% vyield).

'H-NMR (CDCl 3, 300 MHz):  (ppm) = 8.24 (dd) = 8.60, 5.07 Hz, 1H), 7.56-7.48 (m, 3H),
7.34 (ddJ=7.72, 2.65 Hz, 1H), 6.70-6.65 (m, 2H), 2.99 (4).6

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 162.8 (dJ = 254.1 Hz, CF), 152.8, 145.4 (@=
3.65 Hz), 128.5 (CH), 127.4, 126.8 (U= 8.98 Hz, CH), 121.2 (d} = 21.60 Hz, CH), 120.8
(d,J = 25.53 Hz, CH), 114.9, 113.9 @@= 2.81 Hz), 111.7 (CH), 39.9 (GH

IR (ATR): U /cmi* = 3078 (w), 3023 (w), 2864 (w), 2645 (w), 2216 (4592 (s), 1512 (m),
1492 (m), 1404 (m), 1368 (m), 1284 (w), 1196 (428 (w), 1084 (s), 1052 (m), 944 (s), 916
(m), 872 (s), 848 (m), 812 (s), 752 (vs), 720 (690 (s), 608 (s), 591 (m).

MS (El, 70 eV): m/z(%) = 288 (100, M), 2772 (44), 271 (19), 240 (78), 239 (34), 170)(21
169 (41), 168 (75), 136 (53), 119 (19).

HRMS (EI): calcd. for GsH1sFN,0%S: 288.0733, found: 288.0725.

2'-((4-(Dimethylamino)phenyl)sulfinyl)-5'-fluoro-[1'-biphenyl]-4-carbonitrile51b)
CN

I 0}

L
F NMe,
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Prepared according foP5 from sulfoxide49a (2.63 g, 10.0 mmol), with Pd(PBh (0.22 g,
0.20 mmol) and 4-iodobenzonitrile (2.75 g, 12.0 mynfor the cross-coupling (50 °C, 2 h).
Flash chromatographic purification (pentane/EtOAL, kilica gel) furnishedlb as an off-
white solid (3.41 g, 94% yield).

m.p. (°C): 184-186.

'H-NMR (CDCl 3, 600 MHz): § (ppm) = 8.23 (ddJ = 8.82, 5.48 Hz, 1H), 7.62-7.59 (m, 2H),
7.32 (dd,J = 5.48, 2.62 Hz, 1H), 7.23-7.20 (m, 2H), 6.90 (dd& 8.82, 2.62 Hz, 1H), 6.87-
6.84 (m, 2H), 6.44-6.41 (m, 2H), 2.93 (s, 6H).

3C-NMR (CDCl3, 150 MHz): 5 (ppm) = 163.6 (dJ = 251.9 Hz, CF), 152.2, 141.8, 140.5 (d,
J=8.48 Hz), 139.5 (d] = 2.91 Hz), 132.0 (CH), 130.0 (CH), 128.9, 128}, 127.0 (dJ
=9.01 Hz, CH), 118.4, 117.2 (@= 23.05 Hz, CH), 116.0 (d,= 21.72 Hz, CH), 112.2 (CH),
111.5, 40.0 (Ch).

IR (ATR): U /cmi* = 2922 (w), 2228 (w), 1592 (vs), 1580 (s), 1510 1460 (m), 1446 (m),
1398 (w), 1364 (s), 1296 (w), 1282 (m), 1232 (wh84 (m), 1086 (s), 1068 (s), 1038 (vs),
1028 (s), 1018 (s), 944 (w), 874 (m), 846 (s), 832804 (s), 610 (m).

MS (El, 70 eV): m/z(%) = 365 (7), 364 (23, K), 348 (14), 334 (7), 316 (8), 258 (9), 169
(12), 168 (100), 152 (8), 136 (19).

HRMS (EI): calcd. for GiH17/FN,0%S: 364.1046, found: 364.1047.

4-((5-Fluoro-4'-methoxy-[1,1'-biphenyl]-2-yl)sulfii)-N,N-dimethylaniline 610

OMe
l (¢}
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RO
F NMe,

Prepared according foP5 from sulfoxide49a (1.05 g, 4.00 mmol), with Pd(Pkh (0.08 g,
0.08 mmol) and 4-iodoanisole (1.12 g, 4.80 mmof)tfe cross-coupling (50 °C, 2 h). Flash
chromatographic purification (pentane/EtOAc 1:licai gel) furnished a colourless solid
(1.37 g, 93% vyield).

m.p. (°C): 99-102.

'H-NMR (CDCl 3, 600 MHz): § (ppm) = 8.15 (ddJ = 8.58, 5.72 Hz, 1H), 7.21 (dd= 8.58,
2.62 Hz, 1H), 7.08-7.06 (m, 2H), 6.93-6.90 (m, 26189 (dd,J = 5.72, 2.62 Hz, 1H), 6.87-
6.85 (m, 2H), 6.46-6.43 (m, 2H), 3.84 (s, 3H), 2(9,16H).

3C-NMR (CDCl3, 75 MHz):  (ppm) = 163.6 (dJ = 250.6 Hz, CF), 159.6, 151.9, 142.5 (d,
J=8.74 Hz), 139.8 (d] = 2.91 Hz), 130.5 (CH), 129.5, 129.4, 127.4 (CHP6.3 (d,J = 9.27
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Hz, CH), 117.3 (dJ = 22.25 Hz, CH), 114.8 (d,= 21.72 Hz, CH), 113.7 (CH), 111.5 (CH),
55.3 (CH), 40.0 (CH).

IR (ATR): v /cmi* = 2894 (m), 1590 (vs), 1511 (vs), 1453 (s), 148)31420 (m), 1357 (s),
1298 (m), 1275 (m), 1245 (s), 1196 (m), 1174 (§85L(s), 1066 (m), 1039 (vs), 1019 (s),
875 (m), 836 (s), 816 (s), 805 (s).

MS (El, 70 eV): m/z(%) = 370 (8), 369 (40, K), 353 (7), 321 (14), 320 (5), 170 (5), 169 (7),
168 (100), 152 (5), 136 (30).

HRMS (EI): calcd. for GiHxgFNO,?S: 369.1199, found: 369.1185.

4-((5-Fluoro-4'-methoxy-[1,1'-biphenyl]-2-yl)sulfyi)-N,N-dimethylaniline 61d)

NMe2
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Prepared according foP5 from sulfoxide49a (1.32 g, 5.00 mmol), with Pd(PRh (0.11 g,
0.10 mmol) and 4-brombkN-dimethylaniline (1.20 g, 6.00 mmol) for the crassipling

(50 °C, 2 h). Flash chromatographic purificatiorer{fane/EtOAc 1:1, silica gel) furnished
51das a yellow solid (1.61 g, 84% vyield).

m.p. (°C): 159-161.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.12 (ddJ = 9.00, 5.84 Hz, 1H), 7.18-7.14 (m, 1H),
7.07-7.05 (m, 2H), 6.97-6.96 (m, 2H), 6.90 (dds 9.00, 2.62 Hz, 1H), 6.69-6.67 (m, 2H),
6.48-6.46 (m, 2H), 2.99 (s, 6H), 2.91 (s, 6H).

3C-NMR (CDCl3, 75 MHz):  (ppm) = 163.7 (dJ = 251.4 Hz, CF), 151.8, 150.3, 143.3 (d,
J = 8.48 Hz), 139.8 (d) = 2.65 Hz), 130.28, 130.13 (CH), 127.18 (CH), B2@l,J = 9.27
Hz), 117.1 (CH), 117.0 (CH), 114.2 (d,= 21.99 Hz, CH), 111.9 (CH), 111.5 (CH), 40.4
(CHs), 40.0 (CH).

IR (ATR): U /cmi'=2921 (w), 2857 (w), 2807 (w), 2356 (w), 1739 (591 (s), 1525 (s),
1511 (s), 1455 (s), 1443 (s), 1358 (vs), 1275 @4 (s), 1065 (s), 1035 (vs), 1026 (vs), 884
(s), 867 (s), 815 (vs), 806 (vs).

MS (El, 70 eV): m/z(%) = 383 (27), 382 (100, W, 367 (17), 366 (65), 334 (32), 333 (18),
170 (18), 168 (90), 136 (38), 43 (55).

HRMS (EI): calcd. for G-HasFN,0%S: 382.1515, found: 382.1518.

4-((4-Fluoro-2-(phenylethynyl)phenysulfinyN:N-dimethylaniline 518
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Prepared according foP6 from sulfoxide49a (2.63 g, 10.0 mmol), with Pd(PRh (0.22 g,
0.20 mmol) and phenylacetylene (1.12 g, 11.0 mnhad) the cross-coupling (50 °C, 2 h).
Flash chromatographic purification (pentane/EtOAL, Xilica gel) furnishedle as an off-
white solid (3.43 g, 94% yield).

m.p. (°C): 126-127.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.12 (ddJ = 8.82, 5.48 Hz, 1H), 7.50-7.49 (m, 4H),
7.38-7.39 (m, 3 H), 7.27-7.23 (m, 1H), 7.18 (dd; 8.82, 2.62 Hz, 1H), 6.60 (d,= 8.58 Hz,
2H), 2.94 (s, 6H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 163.3 (dJ = 250.30 Hz, CF), 152.3, 143.2 (#i=
2.91 Hz), 131.6 (CH), 129.2 (CH), 128.5 (CH), 1280H), 125.9 (dJ = 9.27 Hz), 122.2 (d,
J = 10.33 Hz, CH), 122.0, 119.4 (@= 24.11 Hz, CH), 116.5 (d, = 22.25 Hz, CH), 111.7
(CH), 98.3, 84.1, 84.0, 40.1 (GH

IR (ATR): v /cmi* = 3067 (w), 2896 (m), 2820 (w), 1593 (vs), 1568 {512 (s), 1490 (m),
1452 (s), 1443 (s), 1404 (m), 1367 (s), 1303 (i2B2L(m), 1196 (s), 1085 (m), 1051 (m),
1028 (vs), 945 (m), 871 (m), 846 (m), 811 (s), (3688 (M), 609 (M).

MS (El, 70 eV): m/z (%) = 347 (15), 335 (9), 334 (36), 291 (8), 259)(1258 (100), 215
(10), 168 (11), 147 (11), 136 (8).

HRMS (EI): calcd. for G,H:sFNO*S: 363.1093, found: 363.1079.

4-((4-Fluoro-2-(pent-1-yn-1-yl)phenyl)sulfinyB:N-dimethylaniline 61f)
Pr

0
L
F NMe,

Prepared according foP6 from sulfoxide49a (2.63 g, 10.0 mmol), with Pd(PBh (0.22 g,
0.20 mmol) and 1-pentyne (0.75 g, 11.0 mmol) fog ttross-coupling (50 °C, 2 h). Flash
chromatographic purification (pentane/EtOAc 1:licaigel) furnishedslf as an off-white
solid (2.43 g, 74% yield).

m.p. (°C): 78-80.
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'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.02 (ddJ = 8.67, 5.70 Hz, 1H), 7.46-7.42 (m, 2H),
7.19-7.13 (m, 1H), 7.03 (dd,= 9.04, 2.60 Hz, 1H), 6.64-6.59 (m, 2H), 2.946(d), 2.37 (tJ

= 7.06 Hz, 2H), 1.65-1.53 (m, 2H), 1.00Jt7.31 Hz, 3H),

¥C-NMR (CDCl3, 75 MHz): 6 (ppm) = 163.2 (dJ = 249.9 Hz, CF), 152.2, 142.7 @~
3.09 Hz), 130.2 (d] = 1.40 Hz), 127.8 (CH), 125.8 (d= 9.54 Hz, CH), 123.1 (d} = 10.38
Hz), 119.4 (dJ = 23.84 Hz, CH), 115.7 (d,= 22.16 Hz, CH), 111.5 (CH), 100.2, 75.8 Jd,
= 3.09 Hz), 40.0 (CHJ, 21.6 (CH), 21.5 (CH), 13.5 (CH).

IR (ATR): U /cm® = 2894 (w), 2228 (vw), 1594 (s), 1568 (m), 1512),(G¥54 (m), 1406
(w), 1364 (m), 1272 (m), 1230 (w), 1194 (m), 1166),(1086 (s), 1062 (m), 1030 (vs), 988
(m), 942 (w), 890 (w), 862 (m), 842 (m), 812 (SIOGW).

MS (EI, 70 eV): m/z(%) = 287 (11), 286 (53), 259 (19), 258 (100), Z18), 168 (50), 136
(30), 121 (12), 119 (11), 43 (29).

HRMS (EI): calcd. for GeHaoFNO*S: 329.1250, found: 329.1247.

4-((5-Chloro-[1,1'-biphenyl]-2-yD)sulfinylN,N-dimethylaniline 61q)
Ph O

I
QSO
Cl NMe,

Prepared according tBP5 from sulfoxide49b (2.80 g, 10.0 mmol), with Pd(PBh (0.22 g,
0.20 mmol) and iodobenzene (2.45 g, 12.0 mmol)tiier cross-coupling (50 °C, 2 h). Flash

chromatographic purification (pentane/EtOAc 1:licaigel) furnishedslg as a colourless
solid (3.45 g, 97% vyield).

m.p. (°C): 146-148.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 8.16 (d,) = 8.46 Hz, 1H), 7.55 (dd] = 8.46, 2.15
Hz, 1H), 7.38-7.31 (m, 3H), 7.20 (d= 2.15 Hz 1H), 7.12-7.11 (m, 2H), 6.87-6.85 (m,)2H
6.47 (m, 2H), 2.92 (s, 6H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 150.1, 142.8, 141.9, 137.0, 136.3, 13029.3
(CH), 128.4 (CH), 128.3 (CH), 128.3 (CH), 127.7 (CH25.4 (CH), 119.2 (CH), 111.9 (CH),
40.3 (CH).

IR (ATR): v /cmi* 3069 (w), 3050 (w), 1589 (vs), 1554 (m), 1509 (&%58 (m), 1441 (m),
1361 (s), 1224 (w), 1196 (m), 1085 (s), 1063 (B (s), 1031 (s), 1014 (m), 996 (m), 831
(m), 809 (s), 767 (m), 698 (m).

MS (El, 70 eV): m/z(%) = 357 (27), 356 (17), 355 (100,"M 309 (12), 307 (48), 170 (14),
169 (25), 168 (26), 152 (28), 136 (92).

HRMS (EI): calcd. for GoH1s CINO*?S: 355.0798, found: 355.0797.
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5'-Chloro-2'-((4-(dimethylamino)phenyl)sulfinyl)-JI'-biphenyl]-4-carbonitrile§1h)

CN
I (@]
I
L
Cl NMez

Prepared according toP5 from sulfoxide49b (2.80 g, 10.0 mmol), with Pd(PBh (0.22 g,
0.20 mmol) and 4-iodobenzonitrile (2.75 g, 12.0 mynfor the cross-coupling (50 °C, 2 h).
Flash chromatographic purification (pentane/EtOAG4, 1silica gel) furnishedslh as a
colourless solid (3.50 g, 92% vyield).

m.p. (°C): 161-163.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 8.21 (dJ = 8.38 Hz, 1H), 7.62- 7.57 (m, 2 H), 7.49-
7.44 (m, 1H), 7.38-7.35 (m, 1H), 7.17-7.16 (m, 1AHP8-7.07 (m, 1H), 6.78 (d,= 8.82 Hz,
2H), 6.37 (dJ = 8.82 Hz, 2H), 2.90 (s, 6H).

13C-NMR (CDCl3, 75 MHz): § (ppm) = 152.5, 143.2, 140.3, 138.1, 136.6, 13¢H)( 130.3
(CH), 129.1 (CH), 129.0, 128.7, 128.4 (CH), 126126.0 (CH), 125.2 (CH), 111.7 (CH),
40.2 (CH).

IR (ATR): v /cmi* = 2228 (w) ,1588 (vs), 1508 (s), 1444 (m), 13641804 (w), 1228 (m),
1192 (m), 1084 (s), 1036 (vs), 944 (m), 844 (sB &2, 800 (s), 756 (m), 608 (m), 588 (m),
568 (m).

MS (El, 70 eV): m/z (%) = 382 (29), 380 (77, K, 332 (28), 177 (27), 170 (23), 169 (51),
168 (56), 152 (26), 136 (100), 119 (20).

HRMS (EI): calcd. for GiH17>°CIN,0%S: 380.0750, found: 380.0753.

4-((4-Chloro-2-(phenylethynyl)phenyl)sulfinyN-N-dimethylaniline 61i)
Ph

o}
1]
S (j\
cl NMe,

Prepared according t®P6 from sulfoxide49b (2.80 g, 10.0 mmol), with Pd(PBh (0.22 g,
0.20 mmol) and phenylacetylene (1.12 g, 11.0 mnim)the cross-coupling (50 °C, 2 h).

Flash chromatographic purification (pentane/EtOAG, 7silica gel) furnished5li as a
colourless solid (3.45 g, 91% vyield).
m.p. (°C): 121-123.
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'H-NMR (CDCl 3, 600 MHz): 6 (ppm) = 8.23 (d,) = 8.31 Hz, 1H), 7.52 (dd] = 8.31, 1.87
Hz, 1H), 7.50-7.48 (m, 4H), 7.46 (d,= 1.87, 1H), 7.40-7.37 (m, 3H), 6.61-6.59 (m, 2H),
2.95 (s, 6H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 152.4, 146.1, 136.0, 132.3 (CH), 131.6 CI29.8,
129.3 (CH), 129.2 (CH), 128.5 (CH), 128.2 (CH), I2%CH), 122.1, 121.8, 111.7 (CH),
98.5, 84.0, 40.1 (C#).

IR (ATR): ¥ /cm® = 2890 (w), 2810 (w), 2216 (w), 1594 (s), 1572 (1§48 (m), 1510
(m), 1490 (m), 1444 (m), 1360 (m), 1300 (w), 1226, (1194 (m), 1144 (w), 1126 (w), 1084
(s), 1052 (s), 1032 (vs), 998 (m), 944 (w), 888,(8B6 (m), 810 (s), 754 (vs), 692 (m), 608
(w).

MS (EI, 70 eV): m/z(%) = 363 (29), 352 (19), 350 (49), 276 (43), 228)( 274 (100), 260
(16), 168 (19), 148 (24), 136 (19).

HRMS (EI): calcd. for G,H1sCINO**S: 379.0798, found: 379.0782.

4-((4-Chloro-2-((trimethylsilyethynyl)phenyl)sutfyl)-N,N-dimethylaniline 1))
™S

o}
I
S (j\
cl NMe,

Prepared according t®P6 from sulfoxide49b (2.80 g, 10.0 mmol), with Pd(PBh (0.22 g,
0.20 mmol) and trimethylsilylacetylene (1.08 g, .tnmol) for the cross-coupling (50 °C,

2 h). Flash chromatographic purification (pentat®/Ac 1:1, silica gel) furnishe81j as an
off-white solid (3.31 g, 88% yield).

m.p. (°C): 129-130.

'H-NMR (CDCl 3, 600 MHz): 6 (ppm) = 8.03 (d,) = 8.47 Hz, 1H), 7.49 (ddl = 8.47, 2.15
Hz, 1H), 7.48-7.45 (m, 2H), 7.39 (d,= 2.15, 1H), 6.63-6.60 (m, 2H), 2.96 (s, 6H), 0(84
9H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 152.3, 146.3, 135.8, 132.8 (CH), 129.8.54CH),
128.3 (CH), 124.8 (CH), 121.6, 111.6 (CH), 104.8,7940.1 (CH), -0.40 (CH).

IR (ATR): U /cm' = 2894 (vw), 2158 (vw), 1594 (s), 1548 (w), 1502)(1446 (m), 1364
(m), 1248 (w), 1194 (m), 1090 (m), 1050 (m), 1082 890 (s), 876 (m), 842 (vs), 810 (s),
760 (M), 724 (w), 646 (w), 610 (w).

MS (El, 70 eV): m/z (%) = 377 (25), 376 (19), 375 (56,"M 359 (17), 274 (29), 168 (54),
152 (19), 148 (19), 136 (31), 73 (100).

HRMS (EI): calcd. for GoH,,>°CINO**8%Si: 375.0880, found: 375.0867.
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Tert-butyl 4-((4-methoxyphenyl)sulfinyl)-3-(phenylethyliibenzoate §1k)
Ph

o}
I
S\©\
tBuO,C OMe

Prepared according ©P6 from sulfoxide49c (2.32 g, 7.00 mmol), with Pd(PBh (0.15 g,
0.14 mmol) and phenylacetylene (0.81 g, 8.00 mnfai)the cross-coupling (50 °C, 2 h).

Flash chromatographic purification (pentane/EtOAL, kilica gel) furnishedlk as an off-
white solid (1.86 g, 61% yield).

m.p. (°C): 142-143.

'H-NMR (CDCl 3, 400 MHz): § (ppm) = 8.18 (ddJ = 8.24, 0.55 Hz, 1H), 8.14 (dd= 8.24,
1.65 Hz, 1H), 8.07 (dJ = 1.65, 0.55 Hz, 1H), 7.64-7.60 (m, 2H), 7.51-7(48 2H), 7.40-
7.36 (m, 3H), 6.87-6.83 (m, 2H), 3.74 (s, 3H), 1(5;79H).

3C-NMR (CDCl3, 100 MHz): § (ppm) = 164.0, 162.1, 151.1, 135.7, 133.9, 13&H)(
131.5 (CH), 129.8 (CH), 129.2 (CH), 128.5 (CH), IRQCH) 123.4 (CH), 121.9, 120.2,
114.5 (CH), 98.1, 84.4, 81.9, 55.3 (§H28.0 (CH).

IR (ATR): 7 /cm? = 2978 (w), 2210 (vw), 1712 (s), 1592 (m), 1578,(4492 (m), 1456
(m), 1442 (w), 1368 (w), 1308 (m), 1250 (vs), 1168 1146 (s), 1124 (s), 1082 (s), 1058 (s),
1036 (s), 1026 (s), 936 (w), 832 (m), 796 (w), T8¥4 720 (m), 686 (m).

MS (El, 70 eV): m/z(%) = 376 (15), 359 (9), 348 (12), 347 (40), 32y, @7 (17), 272 (14),
271 (100), 241 (8), 135 (16).

HRMS (EI): calcd. for GeH»404>2S: 432.1395, found: 432.1385.

Tertbutyl 4-((4-methoxyphenylsulfinyl)-3-((trimethylgethynyl)benzoate§1l)

TMS

-

L
tBUOzC OMe

Prepared according ©P6 from sulfoxide49c (2.32 g, 7.00 mmol), with Pd(PBh (0.15 g,
0.14 mmol) and trimethylsilylacetylene (0.79 g, Brimol) for the cross-coupling (50 °C,
2 h). Flash chromatographic purification (pentat®4c 1:1, silica gel) furnishe&1ll as a
colourless solid (2.03 g, 68% vyield).

m.p. (°C): 134-135.
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'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 8.12-8.08 (m, 2H), 7.99-7.96 (m, 1H), 7(89J =
8.58 Hz, 2H), 6.86 (d] = 8.79 Hz, 2H), 3.74 (s, 3H), 1.53 (s, 9H), 0.839H).

13C-NMR (CDCl3, 75 MHz): § (ppm) = 163.9, 162.0, 151.4, 135.7, 134.1 (CHR.83129.9
(CH), 128.1 (CH), 123.1 (CH), 120.0, 114.4 (CH)41) 99.4, 81.8, 55.3 (G} 27.9 (CH),
-0.5 (CHp).

IR (ATR): v /cm' = 2970 (m), 1713 (vs), 1590 (m), 1495 (m), 1457, (1868 (m), 1300
(s), 1250 (vs), 1160 (s), 1108 (m), 1084 (m), 106 1036 (s), 939 (M), 841 (vs), 833 (vs),
796 (M), 762 (s).

MS (El, 70 eV): m/z(%) = 412 (16), 373 (20), 372 (60), 358 (27), 398)( 356 (35), 254
(50), 139 (21), 73 (100), 43 (24).

HRMS (EI): calcd. for GsH,50,32S?®Si: 428.1478, found: 428.1468.

6-((4-Methoxyphenyl)sulfinyl)-[1,1'-biphenyl]-3,4licarbonitrile 51m)

CN
I (6]
I
R
NC OMe

Prepared according t®P5 from sulfoxide49d (1.80 g, 7.00 mmol), with Pd(PBh (0.15 g,
0.14 mmol) and 4-iodobenzonitrile (1.93 g, 8.40 mnior the cross-coupling (50 °C, 2 h).
Flash chromatographic purification ¢EX, silica gel) furnishe®1m as a yellow solid (2.21 g,
88% yield).

m.p. (°C): 221-223.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 8.39 (d,) = 8.17 Hz, 1H), 7.94 (dd] = 8.17, 1.61
Hz, 1H), 7.67-7.63 (m, 2H), 7.44 (d= 1.61 Hz, 1H), 7.23-7.18 (m, 2H), 6.90-6.85 ()2
6.70-6.66 (m, 2H), 3.73 (s, 3H).

13C-NMR (CDCl3, 75 MHz): d (ppm) = 162.4, 149.4, 140.4, 139.2, 133.8, 13GH)( 132.7
(CH), 132.3 (CH), 129.9 (CH), 128.2 (CH), 125.0 (CH17.9, 117.3, 114.7, 114.6 (CH),
112.8, 55.4 (Ch).

IR (ATR): U /cm® = 2960 (w), 2836 (W), 2224 (m), 1594 (m), 1580 (1196 (m), 1464
(m), 1444 (w), 1412 (w), 1308 (m), 1246 (s), 11#8,(1084 (s), 1068 (m), 1042 (vs), 1030
(vs), 956 (w), 854 (w), 834 (s), 824 (s), 794 {2 (M), 696 (w).

MS (El, 70 eV): m/z(%) = 358 (15, M), 277 (26), 155 (96), 139 (14), 124 (14), 123 (37)
(13), 61 (19), 45 (13), 43 (100).

HRMS (EI): calcd. for GiH14N,0,%°S: 358.0776, found: 358.0774.
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4'-Fluoro-6-(4-methoxy-benzenesulfinyl)-biphenyE&ebonitrile 61n)

F
I (0]
1
Shet
NC OMe

Prepared according fBP5 from sulfoxide49d (1.29 g, 5.00 mmol), with Pd(PBh (0.11 g,
0.10 mmol) and 1-fluoro-4-iodobenzene (1.33 g, 6r@0ol) for the cross-coupling (50 °C,

2 h). Flash chromatographic purification (pentatg€dE3:7, silica gel) furnishe®ln as a
colourless solid (1.25 g, 71% vyield).

m.p. (°C): 121-122.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 3.75 (s, 3 H), 6.68-6.72 (m, 2 H), 6.88%6(m, 2
H), 7.05-7.08 (m, 4 H), 7.44 (dd,= 1.67, 0.48 Hz, 1 H), 7.89 (d,= 8.11, 1.67 Hz, 1 H),
8.38 (dd,J = 8.11, 0.48 Hz, 1 H).

13C-NMR (CDCl3, 75 MHz):  (ppm) = 55.3 (CH), 114.3, 114.4 (CH), 115.7 (d,= 21.72
Hz, CH), 117.5, 124.5 (CH), 127.9 (CH), 130.8¢; 8.48 Hz, CH), 131.8 (CH), 131.9 (@,
= 2.39 Hz), 133.3 (CH), 134.1, 140.1, 149.6, 16262.8 (dJ = 249.8 Hz, CF).

IR (ATR): ¥ /cm' = 3071 (w), 2836 (w), 2230 (m), 1591 (vs), 1577),(&B09 (vs), 1494
(vs), 1460 (s), 1441 (m), 1409 (m), 1303 (m), 1249, 1220 (s), 1173 (m), 1159 (m), 1083
(s), 1065 (m), 1042 (vs), 1026 (vs), 825 (vs), @@, 612 (m), 593 (w).

MS (El, 70 eV): m/z(%) = 352 (25), 351 (9), 303 (14), 156 (10), 158Q}1 139 (20), 124
(26), 123 (36), 114 (12), 44 (7).

HRMS (EI): calcd. for GoH14FNO,%S: 351.0729, found: 351.0717.

4-((2-((4-Chlorophenyl)thio)-4-fluorophenyl)sulfilyN,N-dimethylaniline 610)
cl

o

o,
JepeW

Prepared according torP4 from sulfoxide 49a (1.32 g, 5.00 mmol), and Sf(4-
chlorophenyl)benzene thiosulfonate (1.71 g, 6.000in@5 °C, 1 h). Flash chromatographic
purification (EtO, silica gel) furnishe&loas an off-white solid (1.67 g, 82% yield).

m.p. (°C): 121-122.
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'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 8.17 (ddy = 8.72, 5.96, 1H), 7.44-7.42 (m, 2H),
7.21 (dd,J = 5.96, 2.38 Hz, 1H), 7.18-7.17 (m, 2H), 7.00-6(89 2H), 6.82 (dd, = 8.72,
2.38 Hz, 1H), 6.57-6.56 (m, 2H), 2.96 (s, 6H).

¥C-NMR (CDCl3, 75 MHz): 6 (ppm) = 162.9 (dJ = 252.9 Hz, CF), 152.2, 142.3 @~
2.31 Hz), 135.0 (dJ = 8.21 Hz), 134.0, 132.3 (CH), 132.1, 129.5 (CH)8.7 (CH), 127.5,
127.0 (d,J = 9.01 Hz, CH), 119.5 (d} = 24.11 Hz, CH), 115.8 (d,= 22.25 Hz, CH), 111.7
(CH), 50.1 (CH).

IR (ATR): U /cm? = 2895 (w), 1588 (vs), 1568 (s), 1553 (m), 1513 1472 (m), 1452 (s),
1443 (m), 1437 (s), 1369 (s), 1231 (m), 1203 (nY6L(s), 1081 (s), 1040 (s), 1026 (s), 1011
(s), 890 (m), 817 (s), 811 (s).

MS (El, 70 eV): m/z(%) = 407 (11), 405 (27, K}, 389 (9), 357 (15), 278 (13), 202 (11), 169
(9), 168 (100), 152 (8), 136 (53).

HRMS (EI): calcd. for GoH17°CIFNO*S,: 405.0424, found: 405.0414.

3.1.3 Preparation of Trisubstituted Arenes 55 by Sioxide-Magnesium Exchange on
Sulfoxides 51

Ethyl 2'-cyano-4'-fluoro-[1,1'-biphenyl]-4-carboxage 659

oN O CO,Et
g

Prepared according TP7 by treating sulfoxid&la (288 mg, 1.00 mmolyith iPrMgClI- LiCl
(0.92 mL, 1.20 mmol, 1.20M in THF) at -50 °C fornbn, with Pd(PP¥),; (22 mg,
0.02 mmol) and ethyl 4-iodobenzoate (221 mg, 0.&toih for the cross-coupling (50 °C,

2 h). Flash chromatographic purification (pentat®A&c 7:3, silica gel) furnishe@5a as a
colourless solid (168 mg, 78% vyield).

m.p. (°C): 124-127.

'H-NMR (CDCl 3, 600 MHz):  (ppm) = 8.16 (dJ) = 8.60 Hz, 2H), 7.58 (d] = 8.60 Hz, 2H),
7.53-7.46 (m, 2H), 7.42-7.35 (m, 1H), 4.41Jq; 7.13 Hz, 2H), 1.41 (1] = 7.13 Hz, 3H).
13C-NMR (CDCl3, 150 MHz): 6 (ppm) = 166.0, 161.6 (d,= 251.2 Hz, CF), 141.3, 140.8 (d,
J =3.59 Hz), 133.8 (d] = 19.35 Hz, CH), 132.0 (d, = 8.29 Hz), 130.9, 130.0 (CH), 128.8
(CH), 120.7 (d,J = 13.55 Hz, CH), 120.4 (dl = 17.14 Hz, CH), 112.7, 61.2 (GH 14.3
(CHs).
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IR (ATR): U /cmi' = 3068 (vw), 3052 (w), 2984 (w), 2916 (w), 2232),(&932 (vw), 1708
(vs), 1608 (m), 1572 (w), 1524 (w), 1480 (s), 1481, 1368 (m), 1292 (vs), 1272 (s), 1220
(s), 1188 (s), 1156 (s), 1128 (s), 1108 (s), 1324944 (s), 880 (vs), 832 (vs), 772 (vs), 728
(s), 704 (vs), 584 (s).

MS (El, 70 eV): m/z(%) = 269 (14, M), 242 (6), 241 (36), 225 (15), 224 (100), 197 (22)
196 (28), 195 (20), 176 (6), 169 (17).

HRMS (El): calcd. for GiH14CINO,: 269.0852, found: 269.0860.

Ethyl 5-(2-cyano-4-fluorophenyl)furan-2-carboxyldfbb)

CN
/©/E\>\002Et
o)
F

Prepared according TP7 by treating sulfoxid&la (288 mg, 1.00 mmolyith iPrMgClI- LiCl
(0.92 mL, 1.20 mmol, 1.20M in THF) at -50 °C fornbn, with Pd(PP¥),; (22 mg,
0.02 mmol) and ethyl 5-bromofuran-2-carboxylate 517y, 0.80 mmol) for the cross-

coupling (50 °C, 5 h).Flash chromatographic puaificn (pentane/EtOAc 1:1, silica gel)
furnished55b as a colourless solid (150 mg, 72% yield).

'H-NMR (CDCl 3, 600 MHz): § (ppm) = 8.07 (ddJ = 8.94, 5.36 Hz, 1H), 7.43 (dd~= 7.87,
2.86 Hz, 1H), 7.41-7.38 (m, 1H), 7.35 (s 3.58 Hz, 1H), 7.27 (dl = 3.58 Hz, 1H), 4.39 (q,
J=7.15Hz, 2H), 1.39 (1 = 7.15 Hz, 3H).

3C-NMR (CDCl3, 150 MHz): § (ppm) =161.5 (d,J = 253.2, CF), 158.4, 151.7 (@= 1.12 Hz),
144.9, 132.1 (d) = 9.82 Hz), 129.4 (d] = 8.41 Hz, CH), 128.5, 121.0 (d~= 21.32 Hz, CH), 120.9
(d,J = 25.24 Hz, CH), 119.6 (CH), 117.2, 111.5 (CH),36(CH), 14.3 (CH).

IR (ATR): U /cm* = 3163 (vw), 3134 (w), 3078 (m), 3054 (m), 3004,(2964 (m), 2924
(m), 2232 (m), 1725 (vs), 1581 (w), 1480 (s), 14€)7 1371 (m), 1294 (s), 1256 (s), 1211 (s),
1138 (vs), 1042 (s), 951 (m), 902 (m), 805 (s), BB 590 (M).

MS (El, 70 eV): m/z(%) = 260 (14), 259 (100, B, 231 (64), 215 (14), 214 (90), 187 (59),
159 (21), 158 (85), 132 (9), 131 (16).

HRMS (El): calcd. for G4H10FNOs: 259.0645, found: 259.0646.

5'-Fluoro-2'-formyl-[1,1'-biphenyl]-4-carbonitrils5c)
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CN

! CHO
F

Prepared according tolrP7 by treating sulfoxide51b (363 mg, 1.00 mmol)with
iPrMgClI-LiCI (0.92 mL, 1.10 mmol, 1.20 M in THF) &0 °C for 1 h and DMF (58 mg,
0.80 mmol) at 25 °C for 1 h. Flash chromatograghidfication (pentane/EtOAc 10:1, silica
gel) furnishedb5cas a pale flesh-coloured solid (136 mg, 76% yield)

m.p. (°C): 127-128.

'H-NMR (CDCl 3, 300 MHz):  (ppm) = 9.84 (dJ = 0.49 Hz, 1H), 8.08 (ddl = 8.87, 5.83
Hz, 1H), 7.80-7.76 (m, 2H), 7.51-7.48 (m, 2H), #7292 (m, 1H), 7.09 (dd] = 8.87, 2.43
Hz, 1H).

13C-NMR (CDCl3, 75 MHz): § (ppm) = 189.4 (CH), 165.5 (d,= 258.2 Hz, CF), 146.2 (d,

= 9.28 Hz), 141.4, 132.3 (CH), 131.7 (&59.80 Hz, CH), 130.4 (CH), 130.2 (@=3.09 Hz),
118.2,117.5 (d) = 22.68 Hz, CH), 116.4 (d,= 21.65 Hz, CH), 112.8.

IR (ATR): U /cmi' = 2228 (m), 1694 (s), 1606 (m), 1574 (s), 1506, (488 (w), 1436 (w),
1408 (w), 1394 (m), 1316 (w), 1308 (w), 1286 (W)86 (vs), 1120 (m), 1018 (w), 904 (m),
892 (m), 844 (s), 820 (s), 802 (m), 610 (s).

MS (El, 70 eV): m/z (%) = 226 (7), 225 (69, K), 224 (100), 197 (10), 196 (14), 195 (17),
176 (4), 170 (5), 169 (11), 122 (5).

HRMS (El): calcd. for G4HgFNO: 225.0590, found: 225.0576.

4'-Fluoro-[1,1":2' 1"-terphenyl]-4.,4"-dicarboiligr (55d)
CN

ICN
)

Prepared according tolrP7 by treating sulfoxide51b (363 mg, 1.00 mmol)with
iPrMgCI-LiCl (0.92 mL, 1.10 mmol, 1.20 M in THF) ab0 °C for 1 h, with Pd(PR
(22 mg, 0.02 mmol) and 4-iodobenzonitrile (183 n@g80 mmol) for the cross-coupling
(50 °C, 2 h). Flash chromatographic purificatioer{fane/EtOAc 10:1, silica gel) furnished

55d as a colourless solid (179 mg, 75% yield).
m.p. (°C): 181-183.
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'H-NMR (CDCl 3, 300 MHz): é (ppm) = 7.56-7.51 (m, 4H), 7.40 (d#l= 8.50, 5.59 Hz, 1H),
7.24-7.17 (m, 4H), 7.16-7.12 (m, 2H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 162.6 (dJ = 250.1 Hz, CF), 144.5, 144.3 (@@=
1.75 Hz), 140.6 (d) = 7.98 Hz), 134.8, 134.7, 132.4 (bs 8.37 Hz, CH), 132.2 (CH), 132.1
(CH), 130.5 (CH), 130.3 (CH), 118.4 @@= 11.09 Hz), 117.4 (d, J = 22.38 Hz, CH), 115.8 (d
J=21.21 Hz, CH), 111.5, 111.1.

IR (ATR): U /cmi' = 2958 (m), 2926 (m), 2856 (m), 2226 (m), 1728 (06 (m), 1584
(m), 1476 (m), 1392 (m), 1276 (s), 1258 (s), 11mM3, 1120 (s), 1074 (m), 884 (m), 836 (vs),
822 (vs), 772 (m), 738 (m), 632 (w).

MS (El, 70 eV): m/z(%) = 299 (21), 298 (100, W, 297 (45), 296 (8), 283 (12), 271 (9), 270
(8), 269 (13), 258 (30), 245 (6).

HRMS (El): calcd. for GoH11FN2: 298.0906, found: 298.0920.

Ethyl 4"-cyano-4'-fluoro-[1,1":2'.1"-terphenyl}ehrboxylate $58
CN

g -y
g

Prepared according torP7 by treating sulfoxide51b (363 mg, 1.00 mmol)with
iPrMgClI-LiCl (0.92 mL, 1.10 mmol, 1.20 M in THF) ab0 °C for 1 h, with Pd(PRJy
(22 mg, 0.02 mmol) and ethyl 4-iodobenzoate (221 0 mmol) for the cross-coupling
(50 °C, 2 h). Flash chromatographic purificatioer{fane/EtOAc 20:1, silica gel) furnished

55eas colourless crystals (191 mg, 76% vyield).

m.p. (°C): 123-125.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.92-7.88 (m, 2H), 7.53-7.49 (m, 2H), 7(4d,J =
8.50, 5.83 Hz, 1H), 7.22-7.18 (m, 2H), 7.17-7.1Q 4id), 4.36 (g, = 7.19 Hz, 2H), 1.38 (1]

= 7.19 Hz, 3H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 166.2, 162.4 (d} = 248.9 Hz, CF), 144.8 (d, =
2.06 Hz), 144.3, 140.5 (d,= 7.73 Hz), 135.8, 132.4 (d,= 8.25 Hz, CH), 132.0 (CH), 130.3
(CH), 129.8 (CH), 129.5 (CH), 129.2, 118.5, 11d2J)(= 22.68 Hz, CH), 115.6 (d,= 21.14
Hz, CH), 111.2, 61.1 (C§), 14.3 (CH).

IR (ATR): v /cmi* = 2926 (w), 2230 (w), 1714 (vs), 1606 (m), 1584,(i%80 (m), 1394
(m), 1312 (w), 1284 (vs), 1188 (m), 1180 (m), 1148 1102 (s), 1024 (m), 1006 (m), 886
(m), 866 (m), 846 (s), 834 (s), 774 (m), 704 (m).
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MS (El, 70 eV): m/z(%) = 346 (21), 345 (88, I, 317 (18), 301 (23), 300 (100), 273 (23),
272 (59), 271 (29), 269 (13), 251 (15).
HRMS (El): calcd. for GoH16FNO,: 345.1165, found: 345.1158.

4'-Fluoro-4"-methoxy-[1,1":2' 1"-terphenyl]-4-banitrile 65f)
OMe

ICN
g

Prepared according IoP7 by treating sulfoxid®é1c (369 mg, 1.00 mmolyith iPrMgCl- LiCl
(0.92 mL, 1.10 mmol, 1.20 M in THF) at 0 °C for 1with Pd(PPk)4 (0.02 mmol, 22 mg)
and 4-iodobenzonitrile (183 mg, 0.80 mmol) for thess-coupling (50 °C, 2 h). Flash

chromatographic purification (pentane/EtOAc 10ilica gel) furnisheds5f as a colourless
solid (208 mg, 86% yield).

m.p. (°C): 106-107.

'H-NMR (CDCl 3, 600 MHz): § (ppm) = 7.51-7.49 (m, 2H), 7.32 (d#i= 8.42, 5.94 Hz, 1H),
7.21-7.19 (m, 2H), 7.13 (dd, = 9.66, 2.72 Hz, 1H), 7.12-7.08 (m, 1H), 6.99-6(86 2H),
6.78-6.75 (m, 2H), 3.78 (s, 3H).

3C-NMR (CDCl3, 150 MHz): 5 (ppm) = 162.6 (dJ = 248.9 Hz, CF), 159.0, 145.8, 142.4 (d,
J=7.73 Hz), 134.6 (d] = 3.10 Hz), 131.9 (d] = 8.76 Hz, CH), 131.8 (d,= 2.06 Hz), 131.8
(CH), 130.7 (CH), 130.5 (CH), 118.9, 117.4 Jds 21.13 Hz, CH), 114.2 (dl = 21.14 Hz,
CH), 113.8 (CH), 110.3, 55.2 (GH

IR (ATR): U /cmi® = 2934 (w), 2840 (vw), 2224 (w), 1608 (m), 1588) (1516 (m), 1510
(m), 1476 (m), 1446 (w), 1302 (m), 1292 (m), 1250 (192 (w), 1178 (s), 1122 (w), 1108
(w), 1046 (w), 1026 (m), 1006 (w), 884 (m), 850 (1828 (vs), 810 (m), 794 (m), 690 (w).
MS (El, 70 eV): m/z(%) = 304 (20), 303 (100, W, 302 (15), 272 (20), 260 (12), 259 (12),
258 (24), 245 (15), 129 (10), 45 (12).

HRMS (EI): calcd. for GoH14FNO: 303.1059, found: 303.1049.

4'-(Dimethylamino)-5-fluoro-[1,1'-biphenyl]-2-carldehyde 65q)

NMez

i CHO
F
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Prepared according torP7 by treating sulfoxide51d (383 mg, 1.00 mmol)with
iIPrMgClI-LiCl (0.92 mL, 1.10 mmol, 1.20 M in THF) &°C for 1 h and DMF (58 mg,
0.80 mmol) at 25 °C for 1 h. Flash chromatograghdfication (pentane/ED 5:1, silica gel)
furnisheds5gas a yellow oil (154 mg, 79% vyield).

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 9.93 (dJ = 0.73 Hz, 1H), 8.00 (ddd,= 6.07, 2.43,
0.49 Hz, 1H), 7.26-7.21 (m, 2H), 7.13-7.04 (m, 26181-6.76 (m, 2H), 3.02 (s, 6H).
3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 191.5 (CH), 165.5 (d, = 250.3 Hz, CF), 150.6,
149.2 (dJ =9.28 Hz), 130.9 (CH), 130.6 (d= 10.31 Hz, CH), 130.2 (d,= 2.58 Hz), 123.9
(d, J = 2.06 Hz), 116.9 (d] = 21.65 Hz, CH), 114.2 (d,= 22.17 Hz, CH), 112.0 (CH), 50.3
(CHg).

IR (ATR): U /cmi' = 2850 (w), 1682 (s), 1602 (vs), 1580 (s), 15241476 (s), 1446 (m),
1392 (m), 1356 (s), 1270 (s), 1248 (m), 1226 (nMpAL(s), 1166 (s), 1128 (m), 1102 (m),
1062 (m), 946 (m), 896 (m), 874 (m), 816 (vs), &% 652 (w), 628 (m), 612 (w).

MS (El, 70 eV): m/z(%) = 244 (13), 243 (100, N, 242 (17), 215 (12), 214 (28), 200 (19),
199 (12), 171 (18), 170 (18), 120 (10).

HRMS (El): calcd. for GsH14FNO: 243.1059, found: 243.1055.

4"-(Dimethylamino)-4'-fluoro-[1,1":2' 1"-terpheird-carbonitrile 65h)

NM62

ICN
)

Prepared according torP7 by treating sulfoxide51d (383 mg, 1.00 mmol)with
iPrMgCl-LiCI (0.92 mL, 1.10 mmol, 1.20 M in THF) @t°C for 1 h, with Pd(PRly (22 mg,
0.02 mmol) and 4-iodobenzonitrile (183 mg, 0.80 rnfiar the cross-coupling (50 °C, 2 h).

Flash chromatographic purification (pentanglEt5:1, silica gel) furnishedb5h as a

colourless solid (182 mg, 72% vyield).

m.p. (°C): 120-122.

'H-NMR (CDCl 3, 600 MHz):  (ppm) = 7.52-7.50 (m, 2H), 7.30 (d#i= 8.55, 5.82 Hz, 1H),
7.23 (d,J = 8.42 H, 2H), 7.13 (dd} = 9.78, 2.60 Hz, 1H), 7.07-7.04 (m, 1H), 6.92Jd, 8.42
Hz, 2H), 6.58-6.56 (M, 2H), 2.94 (s, 6H).

13C-NMR (CDCl3, 150 MHz): 6 (ppm) = 162.7 (dJ = 248.5 Hz, CF), 153.5, 146.2, 144.6,
134.3 (d,J = 3.09 Hz), 131.9 (dJ = 8.25 Hz, CH), 131.8 (CH), 131.7 (CH), 130.5 (CH)
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130.4 (CH), 119.0, 117.2 (d,= 21.65 Hz, CH), 113.6 (d, = 22.17 Hz, CH), 111.9, 110.0,
40.4 (CH).

IR (ATR): v /cmi* = 2970 (vw), 2801 (vw), 2223 (w), 1738 (m), 16G), (1526 (s), 1477
(s), 1354 (s), 1225 (m), 1183 (s), 1167 (m), 1189, (LOO5 (m), 947 (m), 888 (m), 817 (s),
807 (vs), 630 (w), 603 (m).

MS (El, 70 eV): m/z(%) = 317 (16), 316 (100, W, 315 (53), 272 (7), 271 (6), 269 (3), 256
(3), 245 (3), 158 (3), 122 (3).

HRMS (El): calcd. for GiH17FNy: 316.1376, found: 316.1376.

4-Fluoro-2-(phenylethynylbenzaldehydsbi()
Ph

CHO
F

Prepared according ToP7 by treating sulfoxid®le(363 mg, 1.00 mmolyith iPrMgCl- LiCl

(0.92 mL, 1.10 mmol, 1.20 M in THF) at -50 °C fomdn and DMF (58 mg, 0.80 mmol) at

25 °C for 1 h. Flash chromatographic purificatiperftane/B0 20:1, silica gel) furnishegbi

as a yellow solid (168 mg, 94% vyield).

m.p. (°C): 39-41.

'H-NMR (CDCl 3, 600 MHz): 6 (ppm) = 10.56 (s, 1H), 7.97 (dd,= 8.80, 5.95 Hz, 1H),

7.57-7.55 (m, 2H), 7.42-7.37 (m, 3H), 7.31 (dd&; 8.80, 2.48 Hz, 1H), 7.16-7.12 (m, 1H).

13C-NMR (CDCl3, 150 MHz): 6 (ppm) = 190.0 (CH), 165.7 (d,= 256.7 Hz, CF), 132.6 (d,

J=3.09 Hz), 131.8 (CH), 130.1 (@~ 10.31 Hz, CH), 129.4 (CH), 129.3, 128.6 (CH)1 R

119.7 (dJ = 23.71 Hz, CH), 116.5 (d,= 22.17 Hz, CH), 97.4, 83.7.

IR (ATR): 7 /cm® = 3062 (w), 2924 (w), 2838 (w), 2754 (w), 2206 (rh$92 (vs), 1600

(s), 1592 (s), 1570 (s), 1492 (m), 1470 (m), 14a, 1394 (m), 1320 (m), 1284 (s), 1212

(vs), 1086 (m), 1068 (m), 954 (m), 862 (m), 822 %6 (vs), 688 (s), 646 (m).

MS (El, 70 eV): m/z(%) = 224 (100, M), 223 (27), 196 (50), 195 (26), 194 (28), 170 (20)

97 (37), 85 (37), 75 (20), 74 (20).

HMS (EI): calcd. for GsHgFO: 224.0637, found: 224.0621.

Ethyl 4-fluoro-2-(phenylethynybenzoatgq])
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Ph

CO,Et
F

Prepared according IoP7 by treating sulfoxid®le(363 mg, 1.00 mmolyith iPrMgCl- LiCl

(0.92 mL, 1.20 mmol, 1.20M in THF) at -50 °C fornbn, with Pd(PP¥),; (22 mg,

0.02 mmol) and ethyl chloroformate (89 mg, 0.80 Mnfmr the cross-coupling (50 °C, 2 h).

Flash chromatographic purification (pentane/EtOAc12 silica gel) furnishe®5j as a clear

oil (144 mg, 67% yield).

'H-NMR (CDCl 3, 600 MHz): 6 (ppm) 8.00 (dd,) = 8.82, 5.96 Hz, 1H), 7.58-7.55 (m, 2H),

7.37-7.35 (m, 3H), 7.32 (dd,= 9.06, 2.62 Hz, 1H), 7.08-7.05 (m, 1H), 4.40J¢; 7.15 Hz,

2H), 1.39 (tJ=7.15 Hz, 3H).

3C-NMR (CDCl3, 150 MHz): § (ppm) = 165.3, 164.2 (d} = 253.8 Hz, CF), 133.0 (d,=

9.82 Hz, CH), 131.7 (CH), 128.8 (CH), 128.4 (CH2813, 126.3 (d,) = 10.38 Hz), 122.9,

120.6 (d,J = 23.28 Hz, CH), 115.3 (d,= 21.60 Hz, CH), 95.4, 87.2, 61.3 (9H14.3 (CH).

IR (ATR): U /cmi' = 3052 (w), 2892 (w), 2808 (w), 2216 (w), 1592 (548 (m), 1508 (s),

1492 (m), 1444 (m), 1364 (s), 1196 (m), 1084 (8p2L(s), 1032 (vs), 944 (m), 888 (s), 808

(s), 752 (vs), 688 (s), 572 (s).

MS (El, 70 eV): m/z(%) = 268 (46, M), 240 (70), 239 (21), 223 (33), 194 (23), 183 (30)

149 (26), 45 (24), 44 (72), 43 (100).

HRMS (El): calcd. for G;/H13FO,: 268.0900, found: 268.0886.

4'-Fluoro-2'-(phenylethynyl)-[1,1'-biphenyl]-4-canhitrile (55k)
Ph

Il CN
J
L
Prepared according ToP7 by treating sulfoxid®le(363 mg, 1.00 mmolyith iPrMgCl- LiCl
(0.92 mL, 1.0 mmol, 1.20M in THF) at -50 °C fornbn, with Pd(PP¥,; (22 mg,
0.02 mmol) and 4-iodobenzonitrile (183 mg, 0.80 rMnfiar the cross-coupling (50 °C, 2 h).
Flash chromatographic purification (pentane/Et2Q12Gilica gel) furnished55k as a

colourless solid (230 mg, 83% vyield).

m.p. (°C): 132-133.

'H-NMR (CDCl 3, 600 MHz): é (ppm) = 7.75-7.71 (m, 4H), 7.37-7.28 (m, 7H), 77152 (m,
1H).
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3C-NMR (CDCl3, 150 MHz):  (ppm) = 162.1 (dJ = 248.9 Hz, CF), 144.3, 138.0 @@=
3.09 Hz), 131.8 (CH), 131.4 (CH), 130.9 {d 8.76 Hz, CH), 130.1 (CH), 128.9 (CH), 128.5
(CH), 123.5 (d,J = 9.79 Hz), 122.4, 119.5 (d,= 23.20 Hz, CH), 118.9, 116.1 (@= 21.65
Hz, CH), 111.3, 93.9, 87.3 (d= 3.09 Hz).

IR (ATR): U /cmi' = 3059 (m), 2226 (s), 2209 (s), 1607 (s), 1602 15¥3 (s), 1492 (s),
1481 (s), 1468 (s), 1442 (m), 1313 (m), 1195 (482L(m), 1090 (m), 952 (s), 866 (s), 847
(s), 809 (vs), 750 (vs), 683 (s).

MS (El, 70 eV): m/z(%) = 298 (16), 297 (90, KJ, 296 (100), 295 (49), 293 (12), 270 (12),
268 (14), 148 (12), 135 (11), 134 (19).

HRMS (EI): calcd. For GH1,FN: 297.0954, found: 297.0956.

Ethyl 4'-fluoro-2'-(phenylethynyl)-[1,1'-biphenyf}-carboxylate §5I)
Ph

Il O CO,Et
L

Prepared according ToP7 by treating sulfoxid®1le(363 mg, 1.00 mmolyith iPrMgCl- LiCl

(0.92 mL, 1.20 mmol, 1.20 M in THF) at -50 °C fornbn, with Pd(PP¥),; (22 mg,
0.02 mmol) and ethyl 4-iodobenzoate (221 mg, 0.&toih for the cross-coupling (50 °C,

2 h). Flash chromatographic purification (pentat@ZE 20:1, silica gel) furnishe@5| as a
yellow solid (230 mg, 84% yield).

m.p. (°C): 107-109.

'H-NMR (CDCl 3, 600 MHz): 6 (ppm) = 8.13-8.11 (m, 2H), 7.70-7.68 (m, 2H), 7(88,J =
8.42, 5.70 Hz, 1H), 7.35 (dd,= 9.17, 2.73 Hz, 1H), 7.32-7.29 (m, 5H), 7.13-7(&Q 1H),
4.41 (9 =7.14 Hz, 2H), 1.42 (1= 7.14, 3H).

13C-NMR (CDCl3, 150 MHz): 6 (ppm) = 168.5, 161.9 (d,= 248.4 Hz, CF), 144.1, 138.9 (d,
J=3.61 Hz), 131.4 (CH), 131.1 (d,= 8.76 Hz, CH), 129.5, 129.3 (CH), 129.2 (CH), &8
(CH), 128.4 (CH), 123.6 (d] = 9.79 Hz), 122.6, 119.4 (d,= 22.68 Hz, CH), 115.9 (d, =
21.65 Hz, CH), 93.4, 87.7 (d,= 3.09 Hz), 61.0 (Ch}, 14.4 (CH).

IR (ATR): 7 /cm’ = 2982 (w), 2212 (vw), 1708 (vs), 1610 (w), 1609,(1576 (w), 1492
(w), 1474 (m), 1398 (w), 1364 (w), 1312 (w), 12%8)( 1198 (m), 1174 (m), 1124 (m), 1104
(s), 1028 (m), 822 (m), 774 (m), 756 (s), 734 (A4 (M), 688 (S).

MS (El, 70 eV): m/z(%) = 344 (36, M), 343 (13), 315 (14), 299 (21), 285 (13), 272 (25)
271 (100), 270 (91), 268 (25), 135 (20).

HRMS (El): calcd. for GsH1/FO,: 344.1213, found: 344.1209.
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Ethyl 2-(4-fluoro-2-(pent-1-yn-1-yl)benzyacrylaf&5m)
Pr

CO,Et
F

Prepared according TOP7 by treating sulfoxidé&1f (329 mg, 1.00 mmolyith iPrMgCl- LiCl

(0.92 mL, 1.10 mmol, 1.20 M in THF) at -50 °C fom®bn, with CuCN-2LiCI (0.05 mL,

0.05 mmol, 1.00 M in THF) and ethyl 2-(bromomethglylate (154 mg, 0.80 mmol) for the

allylation (-20 °C, 30 min). Flash chromatograplpigrification (pentane/ED, 20:1, silica

gel) furnishedb5m as a yellow oil (156 mg, 71% vyield).

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.12 (ddJ = 8.43, 5.70 Hz, 1H), 7.07 (dd= 9.41,

2.97 Hz, 1H), 6.93-6.86 (m, 1H), 6.23-6.22 (m, 16183-5.32 (m, 1H), 4.19 (d,= 7.18 Hz,

2H), 3.74 (s, 2H), 2.37 (8 = 6.94 Hz, 2H), 1.65-1.53 (m, 2H), 1.27Jt7.18 Hz, 3H), 1.01

(t, J=7.31 Hz, 3H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 166.9, 160.9 (d| = 244.6 Hz, CF), 139.3 (d, =

1.03 Hz), 136.3 (d) = 3.09 Hz), 130.7 (d] = 8.50 Hz, CH), 126.0 (CHl 125.7 (dJ = 9.54

Hz), 118.6 (dJ = 22.42 Hz, CH), 114.8 (d, = 21.39 Hz, CH), 95.3, 78.4 (d,= 3.09 Hz),

60.7 (CH), 35.5 (CH), 22.1 (CH), 21.5 (CH), 14.1 (CH), 13.5 (CH).

IR (ATR): U /cm® = 2964 (w), 2936 (w), 2230 (vw), 1714 (vs), 1689,(1610 (m), 1580

(w), 1492 (m), 1430 (w), 1368 (w), 1276 (s), 1252),(1196 (m), 1166 (s), 1134 (vs), 1028

(m), 994 (w), 948 (m), 896 (w), 868 (s), 830 (MY6gm), 798 (M), 774 (w).

MS (El, 70 eV): m/z(%) = 245 (69), 217 (27), 203 (38), 201 (25), 129)( 171 (39), 170

(27), 160 (15), 159 (100), 146 (16).

HRMS (El): calcd. for G/H1gFO,: 274.1369, found: 274.1362.

1-(2-((4-Chlorophenythio)-4-fluorophenyN:-N-dimethylmethanaminebbn)
ROl
S
/@ANMez
F

Prepared according TP7 by treating sulfoxid&10(406 mg, 1.00 mmolyith iPrMgCI- LiCl
(0.92 mL, 1.10 mmol, 1.20 M in THF) at -50 °C foh3(TFA)O (80 mg, 0.70 mmol) and
N,N,N',N'-tetramethyldiaminomethane (72 mg, 0.70 mmol) wiissolved in CHCI, (1 mL),
stirred at 25 °C for 1 h and then added to thetswiuat -50 °C and the mixture was allowed




3.1.4 Preparation of Trisubstituted Arenes 63 by Sulfoxide-Magnesium Exchange on Sulfoxides 51 132

to warm to 25 °C and stirred for additional 2 hadHl chromatographic purification gEX
silica gel) furnishe®5n as a colourless solid (169 mg, 82% yield).

m.p. (°C): 55-57.

'H-NMR (CDCl 5, 300 MHz): 6 (ppm) = 7.42-7.28 (m, 5H), 6.90-6.86 (m, 1H), 6(@8,J =
9.30, 2.62 Hz, 1H), 3.57 (s, 2H), 2.29 (s, 6H).

3C-NMR (CDCl3, 75 MHz): § (ppm) = 162.1 (dJ = 148.2 Hz, CF), 138.9 (d,= 7.95 Hz,
CH), 134.1, 133.7 (CH), 132.8, 129.7 (CH), 12953.1, 117.0 (dJ = 23.84 Hz, CH), 113.6
(d,J = 21.46 Hz, CH), 61.0 (CH, 44.8 (CH).

IR (ATR): UV /cm’=2972 (m), 2942 (m), 2812 (s), 2763 (s), 1602, (tBY6 (M), 1475 (vs),
1451 (s), 1440 (m), 1362 (m), 1246 (m), 1219 (6RAL(s), 1023 (m), 1012 (s), 903 (m), 866
(m), 851 (m), 830 (m), 824 (vs), 792 (m), 587 (w).

MS (El, 70 eV): m/z(%) = 280 (15), 215 (17), 211 (18), 183 (18), 1I6)( 169 (100), 168
(48), 152 (65), 136 (29), 58 (13).

HRMS (EI): calcd. for GsH1s> CIFN®2S: 295.0598, found: 295.0597.

3.1.4 Preparation of Trisubstituted Arenes 63 by Sioxide-Magnesium Exchange on
Sulfoxides 51

4'-Chloro-[1,1":2' 1"-terphenyl]-4-carbonitril63a)

Ph O CN
e
Prepared according TP7 by treating sulfoxid&1g (356 mg, 1.00 mmolyith iPrMgClI- LiCl
(0.92 mL, 1.20 mmol, 1.20 M in THF) at -50 °C fohlwith Pd(PP$)4 (22 mg, 0.02 mmol)
and 4-iodobenzonitrile (183 mg, 0.80 mmol) for theoss-coupling (50 °C, 2 h). Flash

chromatographic purification (pentane/EtOAc, 2Gilica gel) furnished3a as a colourless
solid (215 mg, 93% yield).

m.p. (°C): 112-114.

'H-NMR (CDCl 3, 300 MHz):  (ppm) = 7.49 (dJ = 8.42 Hz, 2H), 7.44 (d = 2.16 Hz, 1H),
7.42 (dd,J = 8.23, 2.16 Hz, 1H), 7.32 (d,= 8.23 Hz, 1H), 7.25-7.22 (m, 3H), 7.19 ©r
8.42 Hz, 2H), 7.07-7.05 (m, 2H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 110.6, 118.8, 127.5 (CH), 127.8 (CH), B2&H),
129.6 (CH), 130.4 (CH), 130.7 (CH), 131.5 (CH), B{CH), 134.5, 137.0, 139.3, 142.2,
145.3.
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IR (ATR): v /cm' = 2222 (vs), 1605 (m), 1587 (m), 1476 (m), 1463, (k444 (m), 1385
(m), 1097(m), 1004 (m), 882 (m), 848 (m), 818 (V&7 (s), 747 (m), 699 (s), 596 (w), 586
(W), 570 (s).

MS (El, 70 eV): m/z(%) = 291 (30), 290 (37), 289 (100,"M 281 (14), 255 (22), 254 (99),
253 (53), 252 (21), 251 (26), 207 (38).

HRMS (EI): calcd. for GeH12>°CIN: 289.0658, found: 289.0663.

Ethyl 4'-chloro-[1,1":2'.1"-terphenyl]-4-carboxiga63b)

o O CO,Et
cl g

Prepared according TP7 by treating sulfoxid&1g (356 mg, 1.00 mmolyith iPrMgCI- LiCl
(0.92 mL, 1.20 mmol, 1.20 M in THF) at -50 °C fohlwith Pd(PP$)4 (22 mg, 0.02 mmol)
and ethyl 4-iodobenzoate (221 mg, 0.80 mmol) far tnoss-coupling (50 °C, 2 h). Flash

chromatographic purification (pentane/EtOAc 20ilica gel) furnished63b as a colourless
oil (240 mg, 89% yield).

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.89-7.87 (m, 2H), 7.44-7.33 (m, 3H), 7234 (m,
5H), 7.10-7.07 (m, 2H), 4.34 (4= 7.05 Hz, 2H), 1.37 (1 = 7.17 Hz, 3H).

3C-.NMR (CDCl3, 75 MHz): 6 (ppm) = 166.4, 145.1, 142.2, 139.8, 138.0, 1333.6
(CH), 130.6 (CH), 129.7 (CH), 129.6 (CH), 129.2 (¢HZ28.8, 128.2 (CH), 127.6 (CH),
127.2 (CH), 60.9 (Ch), 14.3 (CH).

IR (ATR): 7 /cmi* = 2979 (w), 1712 (vs), 1608 (m), 1589 (w), 1475,(®464 (m), 1444
(m), 1366 (m), 1269 (vs), 1177 (m), 1098 (s), 1044, 1025 (m), 1003 (m), 820 (m), 776
(w), 768 (m), 699 (m), 680 (w).

MS (El, 70 eV): m/z (%) = 338 (28), 337 (19), 336 (79,"M 291 (51), 263 (30), 229 (22),
228 (100), 227 (23), 226 (35), 113 (20).

HRMS (EI): calcd. for GiH:7°°ClO,: 336.0917, found: 336.0913.

5'-Chloro-2'-formyl-[1,1'-biphenyl]-4-carbonitrils 30
CN

! CHO
Cl
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Prepared according tolrP7 by treating sulfoxide51h (381 mg, 1.00 mmol)with
iIPrMgCl-LiCl (0.92 mL, 1.10 mmol, 1.20 M in THF) &0 °C for 1 h and DMF (58 mg,
0.80 mmol) at 25 °C for 1 h. Flash chromatograghidfication (pentane/EtOAc 10:1, silica
gel) furnished3cas a yellow solid (144 mg, 74% yield).

m.p. (°C): 117-1109.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 9.85 (dJ = 0.74 Hz, 1H), 7.97 (dl = 8.42 Hz, 1H),
7.79-7.75 (m, 2H), 7.53 (ddd,= 8.42, 2.27, 0.74 Hz, 1H), 7.50-7.47 (m, 2H),07(d,J =
2.27 Hz, 1H).

13C-NMR (CDCl3, 75 MHz): § (ppm) = 189.7 (CH), 144.7, 141.2, 140.2, 132.3 (CI31.8
(CH), 130.5, 130.4 (CH), 130.0 (CH), 129.2 (CH)811, 112.7.

IR (ATR): 7 /cmi* = 2860 (w), 2766 (w), 2228 (w), 1686 (s), 1608,(0586 (s), 1548 (m),
1508 (w), 1470 (w), 1396 (w), 1278 (m), 1254 (s)92 (m), 1090 (m), 1018 (m), 910 (w),
860 (M), 842 (vs), 824 (vs), 794 (m), 764 (w), §A2.

MS (El, 70 eV): m/z(%) = 243 (26), 242 (46), 241 (79,"M 240 (100), 206 (50), 178 (25),
177 (85), 150 (22), 138 (33), 43 (43).

HRMS (EI): calcd. for GsHg>CINO: 241.0294, found: 241.0286.

Ethyl 2-((5-chloro-4'-cyano-[1,1'-biphenyl]-2-yl)riieyl)acrylate 63d)
CN

CO,Et
Cl g

Prepared according torP7 by treating sulfoxide51h (381 mg, 1.00 mmol)with
iIPrMgCl-LiCl (1.10 mmol, 0.92 mL, 1.20 M in THF) &0 °C for 1 h, with CuCN-2LiCl
(0.05mL, 0.05mmol, 1.00M in THF) and ethyl 2dbromethyl)acrylate (154 mg,
0.80 mmol) for the allylation (-20°C, 30 min). Bla chromatographic purification
(pentane/EtOAc, 20:1, silica gel) furnish@8id as a yellow oil (126 mg, 48% yield).

m.p. (°C): 72-73.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.76-7.70 (m, 2H), 7.42-7.38 (m, 2H), 7(8d,J =
8.26, 2.19 Hz, 1H), 7.21-7.18 (m, 2H), 6.20 J& 1.22 Hz, 1H), 5.21 (d] = 1.22 Hz, 1H),
4.12 (q,J = 7.05 Hz, 2H), 3.49 (s, 2H), 1.22 Jt= 7.05 Hz, 3H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 166.3, 144.8, 141.9, 139.7, 134.3, 1323R.1
(CH), 131.5 (CH), 129.7 (CH), 129.6 (CH), 128.4 (CH26.6 (CH), 118.6, 111.5, 60.9
(CHy), 34.6 (CH), 14.1 (CH).
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IR (ATR): U /cm’=2226 (w), 1710 (s), 1632 (w), 1606 (w), 1594,(%478 (m), 1464 (w),
1388 (m), 1300 (w), 1256 (vs), 1176 (m), 1150 {£§96 (m), 1032 (w), 1018 (m), 952 (m),
898 (w), 858 (m), 848 (s), 834 (s), 820 (m), 788, G2 (w), 646 (m).

MS (El, 70 eV): m/z(%) = 325 (26, M), 254 (21), 253 (24), 252 (83), 251 (48), 250 (47)
224 (22), 217 (50), 216 (100), 190 (37).

HRMS (EI): calcd. for GeH16> CINO,: 325.0870, found: 325.0856.

4'-Chloro-[1,1":2"'.1"Jterphenyl-4,4"-dicarboni¢ri(638
CN

ICN
Cl I

Prepared according torP7 by treating sulfoxide51h (381 mg, 1.00 mmol) with
iPrMgCI-LiCl (0.92 mL, 1.10 mmol, 1.20 M in THF) ab0 °C for 1 h, with Pd(PR
(22 mg, 0.02 mmol) and 4-iodobenzonitrile (183 n@g80 mmol) for the cross-coupling
(50 °C, 2 h). Flash chromatographic purificatioer{fane/E{O, 10:1, silica gel) furnishegi3e
as a colourless solid (205 mg, 81% yield).

m.p. (°C): 190-194.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.55-7.52 (m, 4 H), 7.49-7.47 (m, 1 H{Z/(d,J =
1.91 Hz, 1 H), 7.38 (d] = 8.11 Hz, 1 H), 7.20-7.16 (m, 4 H).

13C-NMR (CDCl3, 75 MHz): § (ppm) = 144.3, 144.1, 140.1, 137.1, 134.9, 13¢1)( 132.1
(CH), 131.8 (CH), 130.5 (CH), 130.4 (CH), 130.3 (¢H28.9 (CH), 118.4, 118.3, 111.5,
111.3.

IR (ATR): v /cmi' = 2917 (w), 2225 (m), 1605 (m), 1588 (w), 1468 (1935 (w), 1409
(w), 1383 (m), 1285 (w), 1275 (w), 1178 (m), 1097),(1003 (m), 903 (w), 844 (s), 822 (vs),
749 (m), 691 (m), 597 (m), 587 (m), 578 (s), 554. (w

MS (El, 70 eV): m/z(%) = 316 (31), 315 (24), 314 (95,"M 280 (20), 279 (100), 278 (30),
276 (17), 251 (22), 125 (19), 112 (19).

HRMS (EI): calcd. for GoH1:>°CIN,: 314.0611, found: 314.0603.

Ethyl 4'-chloro-4"-cyano-[1,1":2'.1"-terphenyHeérboxylate $3f)
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CN

O ! CO,Et
of g

Prepared according torP7 by treating sulfoxide51h (381 mg, 1.00 mmol)with
iPrMgCI-LiCl (0.92 mL, 1.10 mmol, 1.20 M in THF) ab0 °C for 1 h, with Pd(PR
(22 mg, 0.02 mmol) and ethyl 4-iodobenzoate (221 0 mmol) for the cross-coupling
(50 °C, 2 h). Flash chromatographic purificatioer{fane/EtOAc, 10:1, silica gel) furnished
63f as a colourless solid (261 mg, 90% yield).

m.p. (°C): 156-158.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.90 (dJ = 8.42 Hz, 2H), 7.52 (dl =8.42 Hz, 2H),
7.46 (dd,J = 8.18, 1.98 Hz, 1H), 7.41-7.37 (m, 2H), 7.20Jd& 8.55 Hz, 2H), 7.12 (d] =
8.55 Hz, 2H), 4.36 (q] = 7.12 Hz, 2H), 1.38 (] = 7.12, 3H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 166.1, 144.6, 144.1, 140.2, 138.1, 134R.0
(CH), 131.9 (CH), 130.3 (CH), 130.2 (CH), 129.6 (CHZ29.5 (CH), 129.4 (CH), 127.2,
118.5,111.2, 61.1 (CH 14.3 (CH).

IR (ATR): v /cm' = 2226 (w), 1712 (vs), 1608 (m), 1590 (w), 1472,(dB90 (w), 1380
(w), 1362 (m), 1284 (vs), 1266 (s), 1236 (m), 1180, 1118 (s), 1100 (vs), 1036 (m), 1022
(m), 1004 (m), 846 (s), 834 (vs), 774 (m), 752 (@®4 (m), 704 (vs).

MS (El, 70 eV): m/z(%) = 363 (29), 361 (100, M+), 318 (28), 317 (28)6 (92), 288 (21),
254 (29), 253 (99), 252 (24), 251 (31).

HRMS (EI): calcd. for GoHi6 CINO,: 361.0870, found: 361.0863.

4-Chloro-2-(phenylethynyl)benzaldehydi36)
Ph

CHO
ol

Prepared according foP7 by treating sulfoxid&1i (380 mg, 1.00 mmolyith iPrMgCI- LiCl

(0.92 mL, 1.10 mmol, 1.20 M in THF) at -50 °C fomdn and DMF (58 mg, 0.80 mmol) at

25 °C for 1 h. Flash chromatographic purificatiperftane/EtOAc, 50:1, silica gel) furnished

63gas a neon yellow solid (179 mg, 93% yield).

m.p. (°C): 111-112.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 10.57 (s, 1H), 7.88 (d= 8.50 Hz, 1H), 7.63 (dl =

2.19 Hz, 1H), 7.57-7.54 (m, 2H), 7.44-7.37 (m, 4H).
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3C-NMR (CDCl3, 150 MHz): § (ppm) = 190.4 (CH), 140.3, 134.1, 132.9 (CH), 83CH),
129.4 (CH), 129.1 (CH), 128.7 (CH), 128.6 (CH), 32821.8, 97.5, 83.6.

IR (ATR): U /cm® = 2836 (w), 2216 (W), 1694 (vs), 1584 (m), 1550,(4¥90 (m), 1458
(w), 1440 (w), 1396 (w), 1390 (w), 1276 (w), 1256),(1194 (m), 1150 (w), 1108 (w), 1074
(m), 1026 (w), 896 (m), 874 (m), 822 (s), 750 696 (s), 616 (W).

MS (El, 70 eV): m/z(%) = 242 (35), 240 (95, K}, 212 (24), 206 (22), 205 (94), 177 (70),
176 (100), 151 (23), 150 (20), 88 (25).

HRMS (EI): calcd. for GsHg>°CIO: 240.0342, found: 240.0330.

4-Chloro-3'-methoxy-2-(phenylethynyl)-1,1'-bipheri§Bh)
Ph

e
O OMe
Cl

Prepared according fOP7 by treating sulfoxid&1i (380 mg, 1.00 mmolyith iPrMgCI- LiCl
(0.92 mL, 1.0 mmol, 1.20M in THF) at -50 °C fornbn, with Pd(PP¥,; (22 mg,
0.02 mmol) and 3-bromoanisole (150 mg, 0.80 mmot) the cross-coupling (50 °C, 4 h).

Flash chromatographic purification (pentane, silga) furnished63h as a yellow oil
(186 mg, 73% yield).

m.p. (°C): 153-155.

'H-NMR (CDCl 3, 400 MHz): § (ppm) = 7.63-7.62 (m, 1H), 7.39-7.34 (m, 4H), 7338 (m,
4H), 7.21-7.20 (m, 1H), 7.20-7.19 (m, 1H), 6.95ddd = 8.19, 2.53, 0.97 Hz, 1H), 3.82 (s,
3H).

3C-NMR (CDCl3, 150 MHz): § (ppm) = 159.2, 142.1, 140.8, 132.9, 132.4 (CH)1.43
(CH), 130.6 (CH), 129.0 (CH), 128.6 (CH), 128.5 (CH28.3 (CH), 123.2, 122.9, 121.7
(CH), 114.7 (CH), 113.6 (CH), 93.4, 88.0, 55.3 ¢XH

IR (ATR): U /cmi® = 2934 (w), 2834 (w), 2218 (vw), 1598 (m), 1580)(1t550 (w), 1490
(m), 1464 (s), 1442 (m), 1428 (m), 1386 (m), 1289, (1248 (m), 1208 (s), 1178 (m), 1092
(m), 1048 (m), 1020 (s), 898 (m), 878 (m), 822 A0 (s), 754 (vs), 738 (m), 688 (vs), 664
(m).

MS (El, 70 eV): m/z (%) = 320 (33), 318 (96, K, 283 (43), 268 (30), 265 (35), 252 (55),
240 (44), 239 (100), 214 (35), 119 (42).

HRMS (EI): calcd. for GiH15°ClO: 318.0811, found: 318.0803.

4-Chloro-2-(phenylethynyl)-3'-(trifluoromethyl)-1-bhiphenyl 63i)
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Ph

e
O CF,
Cl

Prepared according fOP7 by treating sulfoxid&1i (380 mg, 1.00 mmolyith iPrMgCI- LiCl
(0.92 mL, 1.0 mmol, 1.20M in THF) at -50 °C fornbn, with Pd(PP¥,; (22 mg,
0.02 mmol) and 3-bromo trifluoromethylbenzene (& 0.80 mmol) for the cross-coupling
(50 °C, 5h). Flash chromatographic purificatiorer{fane, silica gel) furnishe@3i as a
colourless solid (206 mg, 72% vyield).

m.p. (°C): 65-66.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.94 (s, 1H), 7.78 (d,= 7.50 Hz, 1H), 7.67-7.65
(m, 2H), 7.57 (ddJ = 7.94, 7.50 Hz, 1H), 7.39 (dd,= 8.38, 1.99 Hz, 1H), 7.34 (d,= 8.38
Hz, 1H), 7.32-7.28 (m, 5H).

3C-NMR (CDCl3, 75 MHz): § (ppm) = 140.5, 140.2, 133.7, 132.6 (CH), 132.5)(g,1.38
Hz, CH), 131.4 (CH), 130.6 (CH), 130.5 @= 32.07 Hz), 128.8 (CH), 128.7 (CH), 128.6
(CH), 128.3 (CH), 126.1 (¢} = 3.87 Hz, CH), 124.5 (¢, = 3.68 Hz, CH), 124.1 (q§,= 272.2
Hz, CR), 123.3, 122.5, 93.9, 87.3.

IR (ATR): v /cmi' = 3080 (vw), 3024 (vw), 1596 (w), 1552 (w), 1438)( 1332 (vs), 1268
(m), 1236 (m), 1180 (m), 1160 (s), 1116 (vs), 1083 1076 (s), 1028 (m), 892 (s), 876 (M),
800 (s), 752 (s), 700 (s), 688 (s), 672 (m), 648 676 (mM).

MS (El, 70 eV): m/z(%) = 358 (30), 357 (18), 356 (100,’M 321 (41), 320 (40), 301 (25),
253 (17), 252 (94), 250 (20), 125 (15).

HRMS (EI): calcd. for GiH1,>°CIF5: 356.0580, found: 356.0578.

Methyl 5-(4-chloro-2-(phenylethynyl)phenynicotiea63))
Ph

N

-

NCo,E

ol
Prepared according fOP7 by treating sulfoxid&1i (380 mg, 1.00 mmolyith iPrMgCI- LiCl
(0.92 mL, 1.20 mmol, 1.20 M in THF) at -50 °C fornbn, with Pd(PP¥),; (22 mg,
0.02 mmol) and methyl 5-bromonicotinate (173 mg300nmol) for the cross-coupling
(50 °C, 5 h). Flash chromatographic purificatioer{fane/EtOAc 7:3, silica gel) furnishé8gj
as an off-white solid (170 mg, 59% vyield).

m.p. (°C): 114-115.



C. Experimental Section 139

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 9.24 (s, 1H), 9.04 (s, 1H), 8.62 (s, THRE8 (d,J =
2.15 Hz, 1H), 7.42 (dd, J = 8.11, 2.27 Hz, 1H)87&,J = 8.11 Hz, 1H), 7.35-7.34 (m, 2H),
7.31-7.27 (m, 3H), 3.95 (s, 3H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 165.7, 153.3 (CH), 149.7 (CH), 137.4 (CH37.2,
135.0, 134.5, 132.8 (CH), 131.5 (CH), 130.4 (CH9.1 (CH), 128.9 (CH), 128.4 (CH),
125.4,123.7,122.2,94.4, 86.8, 52.5 ¢CH

IR (ATR): U /cmi' = 3108 (vw), 3080 (vw), 3052 (vw), 2952 (w), 2206), 1912 (vw),
1880 (vw), 1724 (vs), 1588 (w), 1496 (m), 1444 (4§92 (w), 1324 (s), 1268 (s), 1240 (m),
1156 (m), 1120 (m), 1092 (m), 1028 (m), 964 (m)¥ &), 884 (m), 824 (s), 764 (s), 748 (s),
736 (m), 708 (s), 680 (vs), 648 (m), 584 (m).

MS (El, 70 eV): m/z(%) = 348 (44), 347 (91, N}, 346 (100), 332 (19), 288 (24), 254 (20),
252 (16), 251 (17), 226 (18), 224 (13).

HRMS (El): calcd. for GiH14CINO,: 347.0713, found: 347.0706.

4-Chloro-2-((trimethylsily)ethynyl)benzaldehydé3k)
™S

CHO
ol

Prepared according TOP7 by treating sulfoxidé&1j (376 mg, 1.00 mmolyith iPrMgCl- LiCl

(0.92 mL, 1.10 mmol, 1.20 M in THF) at -50 °C fomdn and DMF (58 mg, 0.80 mmol) at

25 °C for 1 h. Flash chromatographic purificatigerftane, silica gel) furnishe@Bk as a

yellow oil (169 mg, 89% vyield).

m.p. (°C): 66-68.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 10.46 (s, 1H), 7.83 (d= 8.38 Hz, 1H), 7.55 (dl =

1.98 Hz, 1H), 7.39 (ddl = 8.38, 1.98 Hz, 1H), 0.27 (s 9H).

13C-NMR (CDCl3, 75 MHz):  (ppm) = 190.5 (CH), 140.1, 134.5, 133.2 (CH), B2&H),

128.3 (CH), 128.2, 104.0, 98.6, -0.3 (§H

IR (ATR): v /cmi'= 2958 (vw), 2160 (vw), 1690 (m), 1584 (m), 15%2,(1460 (w), 1388

(w), 1248 (m), 1212 (m), 1080 (w), 898 (m), 876 (834 (vs), 832 (vs), 814 (s), 760 (s), 702

(w), 688 (w), 646 (W), 622 (w).

MS (El, 70 eV): m/z(%) = 221 (80), 162 (38), 115 (32), 78 (57), 73QL®5 (35), 63 (93),

53 (37), 45 (30), 43 (73).

HRMS (EI): calcd. for GoH15>°CIO?®Si: 236.0424, found: 236.0413.
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Ethyl 2-(4-chloro-2-((trimethylsilyl)ethynyl)benz)dcrylate 63I)
T™MS

CO,Et
of

Prepared according TOP7 by treating sulfoxidé&1j (376 mg, 1.00 mmolyith iPrMgCl- LiCl

(0.92 mL, 1.10 mmol, 1.20 M in THF) at -50 °C fom®bn, with CuCN-2LiCl (0.05 mL,

0.05 mmol, 1.00 M in THF) and ethyl 2-(bromomethglylate (154 mg, 0.80 mmol) for the

allylation (-20 °C, 30 min). Flash chromatograplpigrification (pentane/ED, 20:1, silica

gel) furnished3l as a yellow oil (224 mg, 87% vyield).

'H-NMR (CDCl 3, 300 MHz):  (ppm) = 7.43 (dJ = 2.23 Hz, 1H), 7.21 (ddl = 8.17, 2.23

Hz, 1H), 7.14 (d) =8.17 Hz, 1H), 6.24 (d] = 1.24 Hz, 1H), 5.40 (dl = 1.24 Hz, 1H), 4.19

(q,J = 7.18 Hz, 2H), 3.76 (s, 2H), 1.27 Jt= 7.18 Hz, 3H), 0.22 (s, 9H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 166.7, 139.6, 138.7, 132.1 (CH), 131.9.13CH),

128.7 (CH), 126.4 (C}), 124.8, 102.2, 99.9, 60.8 (GH35.7 (CH), 14.2 (CH), -0.2 (CH).

IR (ATR): 7 /cmi' = 2960 (w), 2160 (w), 1716 (m), 1632 (w), 1592 ,(d#82 (w), 1392

(w), 1368 (w), 1300 (w), 1278 (w), 1250 (m), 1196),(1178 (w), 1138 (m), 1114 (w), 1088

(w), 1028 (w), 948 (w), 932 (w), 898 (s), 840 (V38 (m), 700 (w), 644 (m).

MS (El, 70 eV): m/z(%) = 291 (56), 277 (42), 231 (32), 174 (34), 188)( 152 (30), 139

(27), 75 (68), 73 (100), 59 (24).

HRMS (EI): calcd. for GH».>°Cl0,*Si: 320.0999, found: 320.1015.

Ethyl 4'-chloro-2'-((trimethylsilyl)ethynyl)-[1, Ibiphenyl]-4-carboxylateg3m)
T™MS

l ‘ CO,Et
A

Prepared according TOP7 by treating sulfoxidé&1j (376 mg, 1.00 mmolyith iPrMgCl- LiCl
(0.92 mL, 1.20 mmol, 1.20M in THF) at -50 °C fornbn, with Pd(PP¥),; (22 mg,
0.02 mmol) and ethyl 4-iodobenzoate (221 mg, 0.&toih for the cross-coupling (50 °C,

2 h). Flash chromatographic purification (pentat®Ac 50:1, silica gel) furnishe@3m as a
yellow oil (240 mg, 84% vyield).

'H-NMR (CDCl 3, 600 MHz): 6 (ppm) = 8.08-8.06 (m, 2H), 7.64-7.62 (m, 2H), 7(87J =
2.23 Hz, 1H), 7.35 (dd] = 8.42, 2.23 Hz, 1H), 7.29 (d,= 8.42 Hz, 1H), 4.40 (q] = 7.18
Hz, 2H), 1.41 (tJ=7.18 Hz, 3H), 0.12 (s, 9H).
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13C-NMR (CDCl3, 150 MHz): § (ppm) = 166.4, 143.6, 141.4, 133.4, 133.0 (CHY.433
(CH), 129.7, 129.2 (CH), 129.1 (CH), 129.0 (CH)31® 102.7, 99.7, 61.0 (GH 14.3 (CH),
-0.5 (CH).

IR (ATR): © /cm* = 2960 (w), 2156 (vw), 1716 (s), 1610 (w), 1476,(d464 (w), 1410
(w), 1384 (w), 1368 (w), 1272 (s), 1250 (s), 1169),(1100 (s), 1026 (m), 1004 (m), 896 (s),
840 (vs), 822 (s), 774 (s), 758 (m), 734 (m), 74, 646 (M).

MS (El, 70 eV): m/z(%) = 356 (55, M), 341 (32), 313 (37), 299 (42), 298 (27), 297 (100
189 (33), 75 (36), 44 (57), 43 (38).

HRMS (EI): calcd. for GoH»:>°Cl0,*Si: 356.0999, found: 356.1002.

3.1.5 Preparation of Trisubstituted Arenes 64 by Sioxide-Magnesium Exchange on
Sulfoxides 51

Tert-butyl 4-formyl-3-(phenylethynyl)benzoat64a)
Ph

CHO

tBuO,C
Prepared according torP7 by treating sulfoxide 51k (432 mg, 1.00 mmol)with
iPrMgCl-LiCI (0.92 mL, 1.10 mmol, 1.20 M in THF) &0 °C for 5 min and DMF (58 mg,
0.80 mmol) at 25 °C for 1 h. Flash chromatographicification (pentane/EO 20:1, silica
gel) furnishedb4aas a yellow oil (173 mg, 71% yield).

m.p. (°C): 98-100.

'H-NMR (CDCl 3, 400 MHz): § (ppm) = 10.67 (s, 1H), 8.22 (s, 1H), 8.01 Jck 8.15 Hz,
1H), 7.96 (d,J = 8.01 Hz, 1H), 7.58-7.56 (m, 2H), 7.41-7.38 (1H)31.61 (s, 9H).

3C-NMR (CDCl3, 100 MHz): § (ppm) =191.2 (CH), 164.0, 137.9, 136.6, 134.3 (CH)L.7
(CH), 129.3 (CH), 129.1 (CH), 128.5 (CH), 127.2 (CH26.8, 122.0, 96.9, 84.3, 82.3, 28.1
(CHs).

IR (ATR): U /cm® = 2980 (w), 2846 (w), 2214 (vw), 1694 (vs), 1609),(1564 (w), 1492
(w), 1390 (w), 1368 (w), 1316 (m), 1282 (m), 1268),(1256 (m), 1194 (w), 1170 (m), 1148
(m), 1120 (w), 1110 (m), 1080 (w), 910 (w), 850 (%56 (vs), 688 (m).

MS (El, 70 eV): m/z(%) = 251 (14), 250 (100), 233 (17), 205 (23), 19)¥, 176 (12), 85 (9),
71 (13), 57 (27), 43 (11).

HRMS (El): calcd. for GoH103: 306.1256, found: 306.1243.
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Tert-butyl 4-((3,4-dichlorophenyl)(hydroxy)methy)-3H{pnylethynyl)benzoaté4b)
Ph

I on

T
tBuO,C cl

Prepared according torP7 by treating sulfoxide 51k (432 mg, 1.00 mmol)with
iPrMgClI-LiClI (0.92 mL, 1.10 mmol, 1.20M in THF) a0 °C for 5min and 3,4-
dichlorobenzaldehyde (140 mg, 0.80 mmol) at 25 @ 1f h. Flash chromatographic
purification (pentane/EO 10:1, silica gel) furnishef4b as a colourless solid (305 mg, 84%
yield).

m.p. (°C): 117-119.

'H-NMR (CDCl 5, 400 MHz): 6 (ppm) = 8.10 (d,) = 1.83 Hz, 1H), 7.95 (dd] = 8.15, 1.83
Hz, 1H), 7.63 (dJ = 8.15 Hz, 1H), 7.57 (d] = 2.01 Hz, 1H), 7.49-7.46 (m, 2H), 7.39-7.34
(m, 4H), 7.23 (ddJ = 8.42, 2.01 Hz, 1H), 6.31 (s, 1H), 2.83 (s, 1H%8 (s, 9H).

3C-NMR (CDCl3, 100 MHz): § (ppm) = 164.8, 148.4, 142.7, 133.6, 132.5 (CH)1.13
(CH), 131.6 (CH), 131.5 (CH), 130.4 (CH), 129.8 (¢#28.9 (CH), 128.7 (CH), 128.5 (CH),
126.1, 126.0, 122.3, 121.2, 95.6, 86.3, 81.7, {RH), 28.1 (CH).

IR (ATR): v /cm’* = 3522 (w), 3486 (W), 2976 (vw), 1692 (m), 1469,(W410 (m), 1384
(m), 1366 (m), 1316 (m), 1288 (s), 1254 (m), 1169, (1148 (s), 1130 (s), 1090 (m), 1054
(m), 1028 (m), 942 (w), 912 (w), 892 (w), 846 (BP0 (m), 774 (m), 748 (vs), 688 (m).

MS (El, 70 eV): m/z(%) = 398 (62), 397 (27), 396 (100), 379 (23), $33), 351 (40), 318
(21), 252 (23), 250 (28), 57 (18).

HRMS (EI): calcd. for GegHxo>>Cl,03: 452.0946, found: 452.0943.

4-Formyl-3-trimethylsilanylethynyl-benzoic adidrt-butyl ester 40
™S

CHO
tBuO,C

Prepared according foP7 by treating sulfoxidé&1l (429 mg, 1.00 mmol) witiPrMgCl- LiCl

(2.10 mmol, 0.92 mL, 1.20 M in THF) at -50 °C fomndn and DMF (58 mg, 0.80 mmol) at

25 °C for 1 h. Flash chromatographic purificatigrerftane/EO 20:1, silica gel) furnished

64cas a colourless solid (189 mg, 78% yield).

m.p. (°C): 116-118.
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'H-NMR (CDCl 3, 300 MHz): § (ppm) = 10.56 (dJ = 0.77 Hz, 1 H), 8.13 (dd,= 1.65, 0.69
Hz, 1 H), 7.98 (ddd] = 8.15, 1.65, 0.77 Hz, 1 H), 7.91 (dis 8.15, 0.69 Hz, 1 H), 1.59 (s, 9
H), 0.27 (s, 9 H).

13C-NMR (CDCl3, 75 MHz): § (ppm) = 191.3 (CH), 164.0, 138.3, 136.4, 134.5 CI29.3
(CH), 126.8 (CH), 126.6, 103.3, 99.3, 82.3, 28.H{;—0.3 (CH).

IR (ATR): U /cmi* = 2977 (w), 1716 (s), 1693 (s), 1600 (w), 1390, (0371 (m), 1365 (w),
1300 (m), 1247 (m), 1213 (m), 1186 (w), 1161 ()13 (m), 1106 (m), 1087 (w), 941 (w),
842 (vs), 825 (m), 810 (m), 758 (s), 667 (w).

MS (El, 70 eV): m/z(%) = 246 (57), 233 (21). 232 (100), 231 (24), 229), 201 (93), 186
(19), 107 (26), 73 (23), 57 (49).

HRMS (EI): calcd. for G/H»,052%Si: 302.1338, found: 302.1344.

Tert-butyl 4-((3,4-dichlorophenyl)(hydroxy)methyl)-3tiftnethylsilyl)ethynyl)benzoate
(64d)

TMS

I on

O
tBuO,C cl

Prepared according foP7 by treating sulfoxid&1l (429 mg, 1.00 mmolyith iPrMgClI- LiCl
(0.92 mL, 1.10 mmol, 1.20 M in THF) at -50 °C fombn and 3,4-dichlorobenzaldehyde
(140 mg, 0.80 mmol) at 25 °C for 1 h. Flash chragedphic purification (pentanel&} 4:1,
silica gel) furnishe®4d as a colourless solid (294 mg, 82% yield).

m.p. (°C): 114-116.

'H-NMR (CDCl 3, 400 MHz):  (ppm) = 8.01 (dJ = 1.83 Hz, 1H), 7.92 (ddl = 8.15, 1.83
Hz, 1H), 7.58 (dJ = 8.15 Hz, 1H), 7.53 (dl = 1.99 Hz, 1H), 7.35 (dl = 8.24 Hz, 1H), 7.21
(dd,J=8.24, 1.99 Hz, 1H), 6.22 (s, 1H), 2.90 (s, 1H}7 (s, 9H), 0.24 (s, 9H).

3C-NMR (CDCl3, 100 MHz): § (ppm) = 164.7, 148.9, 142.7, 133.9, 132.4 (CH)1.G3
(CH), 131.4 (CH), 130.3 (CH), 130.0 (CH), 128.7 (CH#25.9, 120.9, 102.0, 101.6, 81.6, 72.6
(CH), 44.7, 28.1 (Ch), -0.20 (CH).

IR (ATR): U /cmi® = 3478 (w), 2968 (vw), 2156 (vw), 1694 (m), 1568/), 1466 (w), 1392
(w), 1370 (w), 1314 (s), 1252 (m), 1160 (m), 1189,(1100 (w), 1052 (m), 1032 (w), 948
(w), 890 (w), 842 (vs), 806 (m), 772 (m), 760 (MH2 (M), 664 (w).

MS (El, 70 eV): m/z(%) = 393 (73), 392 (38), 391 (100), 377 (46), 326), 319 (57), 302
(37), 274 (34), 57 (36), 43 (67).

HRMS (EI): calcd. for GsH.6>>Cl,052%Si: 448.1028, found: 448.1031.



3.1.6 Preparation of Trisubstituted Arenes 65 by Sulfoxide-Magnesium Exchange on Sulfoxides 51 144

Tertbutyl 4'-cyano-2-((trimethylsilyNethyny-[1,1'ibhenyl]-4-carboxylateG46

TMS

fl CN
J
tBuO,C O
Prepared according foP7 by treating sulfoxid&1l (429 mg, 1.00 mmolyith iPrMgClI- LiCl
(0.92 mL, 1.20 mmol, 1.20M in THF) at -50 °C fornbn, with Pd(PP¥),; (22 mg,
0.02 mmol) and 4-iodobenzonitrile (183 mg, 0.80 rMnfiar the cross-coupling (50 °C, 2 h).

Flash chromatographic purification (pentanglEt20:1, silica gel) furnishedb4e as a

colourless crystals (232 mg, 77% yield).

m.p. (°C): 98-100.

'H-NMR (CDCl 3, 400 MHz): é (ppm) = 8.12 (dJ = 1.79 Hz, 1H), 7.98 (ddl = 8.11, 1.79
Hz, 1H), 7.73-7.68 (m, 4H), 7.39 (@= 8.11 Hz, 1H), 1.60 (s, 9H), 0.13 (s, 9H).

3C-NMR (CDCl3 100 MHz): § (ppm) = 164.5, 145.4, 144.0, 134.5, 131.8 (CH)1.63
(CH), 130.0 (CH), 129.6 (CH), 129.1 (CH), 121.6,88, 111.6, 102.9, 99.5, 81.7, 28.1
(CHj3), -0.50 (CH).

IR (ATR): U /cm® = 2960 (vw), 2228 (w), 2164 (vw), 1710 (m), 1608,(1480 (w), 1368
(w), 1310 (m), 1284 (w), 1250 (m), 1206 (w), 1162),(1126 (m), 946 (vw), 920 (vw), 834
(vs), 770 (m), 760 (m), 748 (m), 698 (w), 646 (w).

MS (El, 70 eV): m/z(%) = 375 (100, M), 361 (25), 360 (90), 319 (41), 305 (97), 304 (88)
304 (77), 302 (49), 258 (40), 57 (25).

HRMS (EI): calcd. for GaHsNO,*®Si: 375.1655, found: 375.1648.

3.1.6 Preparation of Trisubstituted Arenes 65 by Sioxide-Magnesium Exchange on
Sulfoxides 51

4'-Fluoro-6-formyl-[1,1'-biphenyl]-3-carbonitril&ba)
F

! CHO
NC

Prepared according tolP7 by treating sulfoxide51m (351 mg, 1.00 mmol)with
iIPrMgCl-LiCI (0.92 mL, 1.10 mmol, 1.20 M in THF) &0 °C for 5 min and DMF (58 mg,
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0.80 mmol) at 25 °C for 1 h. Flash chromatographicification (pentane/EO 10:1, silica
gel) furnished5aas a colourless solid (129 mg, 72% yield).

m.p. (°C): 116-118.

'H-NMR (CDCl 5, 300 MHz): § (ppm) = 10.01 (dJ = 0.73 Hz, 1H), 8.12 (dd} = 8.02, 0.49
Hz, 1H), 7.82-7.79 (m, 1H), 7.78-7.77 (m, 1H), Z&436 (m, 2H), 7.29-7.21 (m, 2H).
13C-NMR (CDCl3, 75 MHz): § (ppm) = 190.4 (CH), 163.3 (d, = 250.0 Hz, CF), 145.0,
136.2, 134.5 (dJ = 1.03 Hz), 131.6 (d] = 8.51 Hz, CH), 131.5 (d) = 3.35 Hz, CH), 131.1
(CH), 128.6 (CH), 117.6, 116.9, 116.1 {d&5 22.01 Hz, CH).

IR (ATR): U /cmi* = 3040 (w), 2857 (m), 2230 (m), 1691 (vs), 1659, (0602 (s), 1507 (S),
1478 (m), 1415 (m), 1390 (m), 1259 (m), 1226 (497 (s), 1160 (m), 1118 (m), 1101 (m),
1007 (m), 920 (m), 832 (vs), 819 (m), 777 (m).

MS (El, 70 eV): m/z(%) = 226 (10), 225 (93, B, 224 (100), 197 (20), 196 (26), 195 (19),
170 (7), 169 (15), 168 (6), 129 (8).

HRMS (El): calcd. for G4HgFNO: 225.0590, found: 225.0585.

6-((3,4-Dichlorophenyl)hydroxymethyl)-4'-fluorobiphyl-3-carbonitrile §5b)
F

.,
CL
NC ol
Prepared according torP7 by treating sulfoxide51lm (351 mg, 1.00 mmol) with

iPrMgCI-LiClI (0.92 mL, 1.10 mmol, 1.20M in THF) a0 °C for 5min and 3,4-
dichlorobenzaldehyde (140 mg, 0.80 mmol) at 25 @ 1f h. Flash chromatographic

purification (pentane/ED 7:3, silica gel) furnishe@5b as a clear oil (262 mg, 88% yield).
'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.89 (d,) = 8.26 Hz, 1H), 7.82 (ddl = 8.26, 1.70
Hz, 1H), 7.62 (d,J = 1.46 Hz, 1H), 7.44-7.38 (m, 2H), 7.23-7.21 (H)46.95 (dd,J = 8.26,
2.19 Hz, 1H), 5.97 (s, 1H).

13C-NMR (CDCl3, 75 MHz): § (ppm) = 162.7 (dJ = 248.7 Hz, CF), 145.3, 142.5, 141.1,
134.1 (J = 3.61 Hz, CH), 133.7 (d,= 1.03 Hz), 132.7, 132.1, 131.7 (CH), 130.7 (CH80.5
(CH), 128.7 (CH), 127.7 (CH), 125.9 (CH), 118.2511(d,J = 21.65 Hz, CH), 111.9, 71.3
(CH).

IR (ATR): U /cm’=3420 (m), 2230 (s), 1604 (m), 1510 (vs), 1483, (67 (s), 1394 (m),
1222 (s), 1186 (m), 1158 (m), 1130 (m), 1044 (@R (s), 1015 (m), 900 (w), 836 (s), 811
(m), 736 (m), 615 (w), 596 (w).
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MS (El, 70 eV): m/z(%) = 373 (28), 371 (45, ), 355 (29), 353 (36), 320 (37), 318 (100),
282 (18), 224 (76), 208 (43), 172 (18).
HRMS (EI): calcd. for GoH1.>>ClLFNO: 371.0280, found: 371.0274.

[1,1:2' 1"-Terphenyl]-4,4'.4"-tricarbonitril€%c
CN

!CN
NCl

Prepared according tolrP7 by treating sulfoxide51n (357 mg, 1.00 mmol)with
iPrMgClI-LiCI (0.92 mL, 1.10 mmol, 1.20 M in THF) &0 °C for 5 min, with Pd(PRJy
(22 mg, 0.02 mmol) and 4-iodobenzonitrile (183 n®g80 mmol) for the cross-coupling
(50 °C, 2 h). Flash chromatographic purificatioer{fane/E{O 1:1, silica gel) furnishe@5c

as a colourless solid (155 mg, 64% yield).

m.p. (°C): 202-203.

'H-NMR (CDCl 3, 400 MHz):  (ppm) = 7.79 (ddJ = 8.06, 1.47 Hz, 1H), 7.72 (d,= 1.47
Hz, 1H), 7.58-7.56 (m, 4H), 7.55 (@= 8.06 Hz, 1H), 7.21-7.19 (m, 4H).

3C-NMR (CDCl3, 100 MHz): § (ppm) = 143.4, 143.1, 143.0, 139.8, 133.9 (CHR.43
(CH), 132.3, (CH) 132.3 (CH), 132.1, 131.4 (CH)0IB3(CH), 130.1 (CH), 118.1, 117.8,
112.9,112.1, 112.0.

IR (ATR): U /cm' = 2918 (vw), 2228 (m), 1936 (vw), 1818 (vw), 1706v), 1602 (w),
1504 (vw), 1480 (w), 1390 (w), 1178 (vw), 1006 (y@P2 (w), 860 (m), 838 (vs), 644 (vw),
614 (m).

MS (El, 70 eV): m/z(%) = 306 (29), 305 (100, §, 304 (53), 290 (11), 278 (17), 277 (13),
276 (18), 265 (55), 250 (13), 44 (12).

HRMS (El): calcd. for GiH11N3: 305.0953, found: 305.0940.

3.1.7 Large Scale Preparation of Trisubstituted Araes 67, 69 using the Two-Step
Protocol

((5-Fluoro-2-((4-methoxyphenysulfinyphenyl)etiyl)trimethylsilane 66)
™S

[
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Prepared according foP6 from sulfoxide49e (10.2 g, 40.0 mmol), with Pd(PBPkh (0.88 g,
0.80 mmol) and trimethylsilylacetylene (4.32 g, @#hmol) for the cross-coupling (50 °C,
2 h). Flash chromatographic purification (pentam®E1:1, silica gel) furnishe®6 as a
colourless solid (11.9 g, 86% vyield).

m.p. (°C): 83-85.

'H-NMR (CDCl 3, 300 MHz): J (ppm) = 8.02 (ddJ = 8.80, 5.67 Hz, 1H), 7.63-7.59 (m, 2H),
7.24-7.20 (m, 1H), 7.13 (dd,= 8.80, 2.35 Hz, 1H), 6.92-6.89 (m, 2H), 3.803d), 0.26 (s,
9H).

3C-NMR (CDCl3, 75 MHz): § (ppm) = 163.3 (dJ = 251.4 Hz, CF), 162.0, 143.1 @=
3.11 Hz), 136.3 (d) = 1.17 Hz), 127.8 (CH), 125.8 (d= 9.34 Hz), 122.2 (d] = 10.32 Hz,
CH), 120.0 (d,) = 24.13 Hz, CH), 117.0 (d,= 22.19 Hz, CH), 114.5 (CH), 104.9, 99.9 {d,
= 2.72 Hz), 55.4 (C#}, -0.42 (CH).

IR (ATR): v /cm® = 2956 (w), 2161 (w), 1738 (m), 1591 (m), 1576 (1495 (m), 1457
(s), 1365 (m), 1305 (m), 1249 (vs), 1217 (m), 1148, 1083 (s), 1058 (s), 1037 (s), 952 (s),
846 (vs), 833 (vs), 821 (vs), 760 (s), 647 (m), GOJ.

MS (El, 70 eV): m/z(%) = 346 (40, M), 332 (24), 331 (100), 330 (14), 316 (14), 245)(13
155 (14), 139 (14), 123 (15), 73 (88).

HRMS (EI): calcd. for GgH1sFO,>°S?®Si: 346.0859, found: 346.0863

Ethyl 4'-fluoro-2'-((trimethylsilyNethynyl-[1,1biphenyl]-4-carboxylateq?)
T™MS

Il O CO,Et
L

Prepared according f6P7 by treating sulfoxide6 (11.7 g, 34.0 mmoNyvith iPrMgCl- LiCl
(31.2mL, 37.4mmol, 1.20M in THF) at -50 °C fornbn, with Pd(PP¥, (748 mg,
0.68 mmol) and ethyl 4-iodobenzoate (7.51 g, 2720 for the cross-coupling (50 °C, 2 h).
Flash chromatographic purification (pentangfEt50:1, silica gel) furnished7 as a

colourless oil (5.29 g, 86% yield).

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.07-8.03 (m, 2H), 7.61-7.57 (m, 2H), 7302 (m,
2H), 7.07-7.00 (m, 1H), 4.38 (4,= 7.11 Hz, 2H), 1.38 (] = 7.11 Hz, 3H), 0.11 (s, 9H).
13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 166.3, 161.6 (d, = 248.2 Hz, CF), 143.8, 139.2 (d,
J = 3.35 Hz), 130.9 (d] = 8.76 Hz), 129.4, 129.2 (CH), 129.0 (CH), 12311)= 9.54 Hz,
CH), 119.7 (dJ = 22.68 Hz, CH), 116.1 (d,= 21.39 Hz, CH), 102.8, 99.3, 60.9 (gH14.3
(CHz), -0.56 (CH).
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IR (ATR): 7 /cmi' = 2961 (w), 2898 (w), 2156 (w), 1716 (w), 1610 (A%75 (m), 1395
(w), 1367 (w), 1269 (vs), 1250 (s), 1180 (m), 1168, 1099 (s), 1026 (m), 959 (s), 840 (vs),
775 (s), 758 (s), 704 (s), 649 (m).

MS (El, 70 eV): m/z(%) = 341 (16), 340 (61, K, 325 (37), 297 (28), 295 (19), 282 (24),
280 (100), 189 (16), 140 (28), 75 (17).

HRMS (EI): calcd. for GoH»1FO,2%Si: 340.1295, found: 340.1295.

(4-Chlorophenvyl)(5-fluoro-2-((4-methoxyphenyl)suli)phenyl)sulfane@8)
cl

0}

QL |
o0,

Prepared according torP4 from sulfoxide 49e (10.2 g, 40.0 mmol), and Sf-(4-
chlorophenyl)benzene thiosulfonate (13.7 g, 48.0oin@5 °C, 1 h). Flash chromatographic
purification (pentane/EO 3:7, silica gel) furnishe®lo as a colourless solid (13.7 g, 87%
yield).

m.p. (°C): 119-120.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 8.11 (ddJ = 8.70, 5.72 Hz, 1H), 7.57 (d,= 8.11
Hz, 2H), 7.21 (d,J) = 8.58 Hz, 2H), 7.17 (dd] = 5.72, 2.15 Hz, 1H), 7.03 (d,= 8.11 Hz,
2H), 6.86 (dJ = 8.58 Hz, 2H), 6.81 (dd,= 8.70, 2.15 Hz, 1H), 3.77 (s, 3H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 164.1 (dJ = 253.7 Hz, CF), 162.1, 141.8 (@@=
2.92 Hz), 135.6 (dJ = 1.33 Hz), 135.4 (dJ = 8.21 Hz), 134.3, 132.5 (CH), 131.5, 129.7
(CH), 128.4 (CH), 127.0 (d] = 9.27 Hz, CH), 119.3 (d] = 24.11 Hz, CH), 116.0 (dl =
22.25 Hz, CH), 114.6 (CH), 55.4 (GH

IR (ATR): U /cm' = 2980 (vw), 1588 (m), 1572 (m), 1496 (m), 1474,(&%52 (m), 1414
(w), 1384 (w), 1308 (m), 1262 (s), 1202 (m), 11i#8,(1088 (s), 1082 (s), 1044 (s), 1024 (s),
1012 (s), 888 (m), 862 (w), 842 (s), 818 (vs), (93746 (W).

MS (El, 70 eV): m/z(%) = 392 (45), 376 (45), 265 (100), 236 (22), 29@), 232 (27), 218
(26), 202 (44), 155 (58), 123 (78).

HRMS (EI): calcd. for GoH14>°CIFO,*?S,: 392.0108, found: 392.0100..

(2-((4-Chlorophenythio)-4-fluorophenyl)(3,4-dicdrbphenyl)methanob®)
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cl
\©\s OH
cl
Prepared according f6P7 by treating sulfoxide8 (13.1 g, 33.3 mmolyvith iPrMgCl- LiCl

(30.5mL, 36.6 mmol, 1.20 M in THF) at -50 °C fob thin and 3,4-dichlorobenzaldehyde
(46.6 g, 26.6 mmol) at 25 °C for 1 h. Flash chraygeaphic purification (pentane4& 10:1,

silica gel) furnished®9 as a yellow oil (5.40 g, 49% vyield).

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.47 (ddJ = 8.80, 5.95 Hz, 1H), 7.39 (d,= 1.98
Hz, 1H), 7.34 (dJ) = 8.42 Hz, 1H), 7.29-7.24 (m, 2H), 7.16-7.11 (1H)37.02-6.96 (m, 1H),
6.88 (ddJ = 8.80, 2.48 Hz, 1H), 6.19 (s, 1H), 2.79 (s, 1H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 162.2 (dJ = 250.2 Hz, CF), 142.6, 138.7 (@=
3.09 Hz), 135.4 (d) = 7.73 Hz), 134.0, 132.5, 132.4 (CH), 132.3, 13130.3 (CH), 129.7
(CH), 129.2 (d,J = 8.50 Hz, CH), 128.8 (CH), 126.1 (CH), 118.9 Jds 23.46 Hz, CH),
115.2 (dJ = 21.39 Hz, CH), 71.5 (CH).

IR (ATR): v /cm® = 3310 (w), 2962 (w), 1898 (vw), 1596 (m), 1576)(474 (vs), 1388
(m), 1260 (m), 1220 (s), 1192 (m), 1172 (m), 1180,(1092 (s), 1050 (m), 1028 (s), 1012
(vs), 908 (m), 878 (m), 814 (vs), 790 (s), 746 (A4 (w), 674 (m).

MS (El, 70 eV): m/z (%) = 414 (55), 412 (58, K, 361 (40), 359 (57), 299 (27), 267 (44),
265 (100), 249 (42), 235 (32), 233 (99).

HRMS (EI): calcd. for GoH1,>°ClsFO®*S: 411.9658, found: 411.9645.

3.2 Preparation of Disubstituted 5-Membered Heterogcles 76 via Directed Metalation
and Sulfoxide-Magnesium Exchange

3.2.1 Preparation of Hetaryl Sulfoxides 74

(5-((4-Methoxyphenyl)sulfinyl)thiophen-2-yDtrimejtsilane {43a)

(¢}
s._8
T™MS
\ |
\g .

Prepared according TIP3 from 2-thiophenyl(trimethyl)silaner@; 7.10g, 50.0mmol), nBulLi
(23.3mL, 55.0mmol, 2.36 M in hexane) and 4-methoxybenzenesultthjoride 68; 14.3g,
75.0mmol). Flash chromatographical purification (perti&tO 6:4, silica gel) furnished4a

as an orange oil (13@ 85% vyield).
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'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.62-7.57 (m, 2H), 7.48 (@ = 3.37 Hz, 1H), 7.11
(d, J = 3.37 Hz, 1H), 6.98-6.93 (m, 2H), 3.78 (s, 3HRA(s, 9H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 161.8, 152.5, 148.3, 136.0, 133.6 (CH),.43CH),
126.2 (CH), 114.5 (CH), 55.3 (CH), -0.5 (gH

IR (ATR): V /cmi'=2956 (w), 1592 (m), 1578 (m), 1494 (s), 1462 (W42 (W), 1408 (w),
1302 (m), 1248 (s), 1206 (m), 1180 (w), 1170 (ndBAL(S), 1046 (s), 1026 (m), 1000 (s), 978
(m), 828 (vs), 796 (s), 756 (s), 740 (m), 698 @4 (M).

MS (El, 70 eV): m/z(%) = 295 (11), 264 (17), 263 (40), 262 (100), Z49), 248 (38), 247
(96), 139 (24), 123 (13), 73 (24).

HRMS (EI): calcd. for G4H150,°°S,°%Si: 310.0517, found: 310.0528.

2-((4-Methoxyphenyl)sulfinyl)-1-benzofurai4b)

Q
o) S
atiet
OMe

Prepared according {oP3 from benzofuran (11.§, 100mmol), nBuLi (46.6mL, 110mmol,
2.36 M in hexane) and 4-methoxybenzenesulfinyl it 68, 24.8g, 130mmol). Flash
chromatographical purification (pentanef&tl:1, silica gel) furnishe@4b as a brown solid
(12.79g, 47%).

m.p. (°C): 52-54.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.75-7.70 (m, 2H), 7.61-7.58 (m, 1H), 7483 (m,
1H), 7.37-7.31 (m, 1H), 7.28-7.22 (m, 1H), 7.161(d), 7.04-7.00 (m, 2H), 3.83 (s, 3H).
13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 162.5, 156.6, 156.3, 132.3, 127.3 (CHE.6ZCH),
126.5, 123.7 (CH), 122.2 (CH), 114.9 (CH), 112.61JC110.5 (CH), 55.5 (C}).

IR (ATR): V /cmit = 3092 (w), 1594 (m), 1578 (m), 1532 (w), 1494 ()61 (m), 1442
(m), 1408 (w), 1306 (m), 1254 (s), 1232 (s), 1180 1086 (s), 1072 (s), 1048 (vs), 1022 (s),
920 (m), 878 (m), 812 (m), 790 (s), 752 (vs), 6@9.(

MS (El, 70 eV): m/z(%) = 256 (13), 225 (49), 224 (96), 210 (17), 283)( 181 (33), 152
(11), 139 (100), 112 (12), 77 (11).

HRMS (EI): calcd. for GsH1,05°2S: 272.0507, found: 272.0510.

3.2.2 Preparation of sulfoxides 75 by deprotonationf sulfoxides 74

4-(2-((4-Methoxyphenylsulfinyl)-5-(trimethylsilvihiophen-3-ybenzonitrile753a)
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Prepared according tolrP5 by treating sulfoxide 74a (2.17 g, 7.00 mmol), with
tmpMgCI-LiCl (19.8 mL, 22.0 mmol, 1.11 M in THF) a80 °C for 20 min, with ZnGl
(22.0 mL, 22.0 mmol, 1.0 M in THF), Pd(P#h(0.15 g, 0.14 mmol) and 4-iodobenzonitrile
(1.93 g, 8.40 mmol) for the cross-coupling (50 Z1). Flash chromatographic purification
(pentane/BD 1:1, silica gel) furnished5aas an off-white solid (2.57 g, 89% yield).

m.p. (°C): 152-154.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.74-7.67 (m, 3H), 7.37-7.31 (m, 1H), 7532 (m,
2H), 7.18 (s, 1H), 6.99-6.94 (m, 2H), 3.82 (s, 3128 (s, 9H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 162.0, 149.3, 148.3, 145.2, 138.7, 135%.9
(CH), 132.3 (CH), 129.9 (CH), 126.5 (CH), 118.54B1(CH), 111.8, 55.4 (C#}l -0.5 (CH).

IR (ATR): U /cmi' = 2956 (w), 2224 (w), 1592 (m), 1578 (m), 1492 (M)F2 (w), 1440
(w), 1406 (w), 1332 (vw), 1300 (w), 1248 (s), 11®0, 1170 (m), 1084 (m), 1048 (s), 992
(s), 830 (vs), 796 (s), 756 (s), 702 (w), 664 B8 (mM).

MS (El, 70 eV): m/z(%) = 395 (10), 365 (9), 364 (24), 363 (100), 349)( 348 (53), 154
(8), 138 (14), 123 (8), 73 (18).

HRMS (EI): calcd. for GiH»1NO,%S,%Si: 411.0783, found: 411.0769.

(4-(3-Methoxyphenyl)-5-((4-methoxyphenyl)sulfinyliyfan-2-yDtrimethylsilaneq5b)

sS__S
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MeO
Prepared according TP5 by treating sulfoxidg4a(6.20 g, 20.0 mmolvith tmpMgCI- LiCl

(19.8 mL, 22.0 mmol, 1.11 M in THF) at -30 °C fd éhin, with ZnC} (22.0 mL, 22.0 mmol,
1.00 M in THF), Pd(PPJ\ (0.46 g, 0.40 mmol) and 3-iodoanisole (5.61 gp2dmol) for the
cross-coupling (50 °C, 2 h). Flash chromatograplicfication (pentane/E®O, 7:3, silica gel)
furnished75b as an orange solid (7.28 g, 87% vyield).

m.p. (°C): 107-108.

'H-NMR (CgDs, 400 MHz): 6 (ppm) = 7.63-7.59 (m, 1H), 7.45-7.44 (m, 1H), 7B32 (m,
1H), 7.21 (s, 1H), 6.86 (ddd,= 8.22, 2.55, 0.98 Hz, 1H), 6.58-6.54 (m, 2H),33(4, 3H),
3.08 (s, 3H), -0.08 (s, 9H).
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13C-NMR (CgDs, 100 MHz): § (ppm) = 162.0, 160.4, 150.6, 147.8, 146.5, 13734.5 (CH),
136.4, 130.1 (CH), 126.7 (CH), 122.1 (CH), 115.2{{C114.8 (CH), 114.7 (CH), 55.0 (GH
54.8 (CH), -0.5 (CH).

IR (ATR): 7 /cmi* = 2952 (w), 1594 (m), 1490 (m), 1466 (m), 1344 (w308 (w), 1244
(vs), 1202 (w), 1186 (w), 1086 (m), 1036 (s), 1@, 1000 (s), 926 (m), 836 (vs), 818 (s),
798 (s), 782 (s), 752 (m), 700 (m), 680 (w), 630. (W

MS (El, 70 eV): m/z(%) = 416 (10, M), 401 (8), 400 (19), 370 (9), 369 (23), 368 (1EH4
(12), 353 (50), 249 (7), 73 (34).

HRMS (EI): calcd. for GiH»40:°°S,°%Si: 416.0936, found: 416.0941.

(4-((4-Chlorophenylthio)-5-((4-methoxyphenyl)suii)thiophen-2-yDtrimethylsilane760

8
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Prepared according P4 by treating sulfoxidg4a(2.17 g, 7.00 mmolvith tmpMgClI- LiCl
(7.57 mL, 8.40 mmol, 1.11 M in THF) at -30 °C fod &in andS(4-chlorophenyl)benzene
thiosulfonate (2.39 g, 8.40 mmol) at 25 °C for 1Mash chromatographical purification
(pentane/BO 7:3, silica gel) furnished5cas an orange oil (2.46 g, 78% vyield).

'H-NMR (CDCl 3, 300 MHz): d (ppm) = 7.64-7.59 (m, 2H), 7.17-7.12 (m, 2H), 76037 (m,
3H), 6.91-6.87 (m, 2H), 3.77 (s, 3H), 0.24 (s, 9H).

3C-.NMR (CDCl3, 75 MHz): § (ppm) = 162.0, 155.4, 147.5, 138.6, 135.4, 13432.4,
131.5 (CH), 129.7 (CH), 129.1 (CH), 126.7 (CH), BL&CH), 55.3 (CH), -0.6 (CH).

IR (ATR): v /cmi' = 2954 (w), 2360 (w), 1738 (w), 1592 (m), 1578 (m394 (m), 1474
(m), 1440 (w), 1408 (w), 1390 (w), 1304 (w), 1248, (1170 (m), 1084 (s), 1048 (s), 1024
(m), 1010 (m), 990 (s), 826 (vs), 796 (s), 756 (M2 (M), 700 (m), 624 (m).

MS (El, 70 eV): m/z(%) = 452 (10), 436 (11), 407 (10), 406 (43), 4@5)( 404 (100), 391
(14), 390 (8), 389 (33), 73 (41).

HRMS (EI): calcd. for GoH»:>°Cl0,*?S:?®Si: 452.0161, found: 452.0156.

2-((4-Methoxyphenylsulfiny)benzofuran-3-carbonér(75d)

L
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Prepared according P4 by treating sulfoxidg4b (1.63 g, 6.00 mmoblvith tmpMgCl- LiCl
(6.00 mL, 6.60 mmol, 1.10 M in THF) at -30 °C foO éiin and tosyl cyanide (1.30 g,
7.20 mmol,) at 25 °C for 1 h. Flash chromatograghpurification (pentane/ED 1:1, silica
gel) furnishedr5d as a yellow solid (768 mg, 43% vyield).

m.p. (°C): 139-140.

'H-NMR (CDCl 3, 300 MHz): é (ppm) = 7.85-7.80 (m, 2H), 7.74-7.71 (m, 1H), 7533 (m,
1H), 7.51-7.45 (m, 1H), 7.44-7.39 (m, 1H), 7.0947(th, 2H), 3.85 (s, 3H).

3C-NMR (CDCl3, 100 MHz): § (ppm) = 163.4, 163.3, 155.3, 131.2, 128.4 (CH)7.42
(CH), 125.5 (CH), 125.2, 120.9 (CH), 115.4 (CH)2I71(CH), 110.3, 96.0, 55.6 (GH

IR (ATR): U /cm® = 3014 (w), 2236 (w), 1742 (w), 1588 (m), 1574 (m392 (s), 1448
(m), 1410 (m), 1304 (m), 1252 (vs), 1170 (s), 1154, 1128 (m), 1082 (s), 1064 (s), 1016
(s), 832 (s), 814 (s), 794 (m), 750 (vs), 714 @H2 (w), 642 (w).

MS (El, 70 eV): m/z(%) = 282 (9), 281 (43), 363 (100), 266 (12), 250)( 249 (100), 238
(8), 234 (26), 206 (14), 139 (16).

HRMS (EI): calcd. for GeH1:NOs**S: 297.0460, found: 297.0455.

3-(4-Fluorophenyl)-2-[(4-methoxyphenyl)sulfinyl]denzofuran 156

@) g
as
E
Prepared according {oP5 by treating sulfoxidg4b (1.90 g, 7.00 mmolvith tmpMgCl- LiCl
(7.00 mL, 7.70 mmol, 1.10 M in THF) at -30 °C fd éhin, with ZnC} (8.40 mL, 8.40 mmol,
1.00M in THF), Pd(PP); (162 mg, 0.14 mmol) and 1-fluoro-4-iodobenzene8g1g,
8.40 mmol) for the cross-coupling (50 °C, 2 h). dhlachromatographic purification
(pentane/Et20, 1:1, silica gel) furnish&skeas a colourless solid (2.04 g, 80% vyield).
m.p. (°C): 100-102.
'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.72-7.68 (m, 2H), 7.67-7.61 (m, 3H), 7547 (m
1H), 7.45-7.39 (m, 1H), 7.33-7.29 (m, 1H), 7.2817(@n, 2H), 7.04-6.99 (m, 2H), 3.83 (s,
3H),
3C-NMR (CDCl3, 100 MHz): § (ppm) = 163.1 (dJ = 249.3 Hz, CF), 162.1, 155.6, 150.4,
131.9, 131.5 (dJ = 8.25 Hz, CH), 127.7 (CH), 127.0 (CH), 126.7, 526.25.4 (dJ = 3.35
Hz), 123.9 (CH), 121.4 (CH), 116.2 (d,= 21.91 Hz, CH), 114.8 (CH), 112.5 (CH), 55.5
(CHs).
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IR (ATR): 7 /cm® = 3062 (w), 2952 (w), 1592 (s), 1576 (m), 1496 ()56 (m), 1442
(m), 1302 (m), 1250 (s), 1232 (s), 1216 (s), 11894 1102 (s), 1084 (s), 1044 (vs), 1018 (s),
966 (M), 828 (vs), 814 (s), 794 (s), 748 (vs), Y, 660 (M), 642 (w), 632 (W).

MS (El, 70 eV): m/z(%) = 350 (6), 334 (100), 319 (17), 317 (3), 316)(231 (15), 184 (4),
172 (4), 171 (4), 139 (7).

HRMS (EI): calcd. for GiH15FO5**S: 366.4064, found: 366.4075.

3-((4-Chlorophenyl)thio)-2-((4-methoxyphenyl)suliibenzofuran 75f)

ci
Prepared according {oP4 by treating sulfoxidg4b (1.90 g, 7.00 mmolvith tmpMgCl- LiCl
(7.00 mL, 7.70 mmol, 1.10 M in THF), at -30 °C 20 min andS(4-chlorophenyl)benzene
thiosulfonate (2.39 g, 8.40 mmol) at 25 °C for 1Fash chromatographical purification
(pentane/BO 1:1, silica gel) furnished5f as an orange oil (2.56 g, 88% yield).

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.71-7.67 (m, 2H), 7.52-7.50 (m, 1H), 7435 (m,
2H), 7.25-7.22 (m, 1H), 7.21-7.17 (m, 2H), 7.1617(in, 2H), 7.00-6.95 (m, 2H), 3.82 (s,
3H).

3C-NMR (CDCl3, 100 MHz): § (ppm) = 162.4, 157.6, 155.9, 132.8, 132.7, 132201.6,
129.4 (CH), 127.7 (CH), 127.6 (CH), 126.9, 124.H)C121.2 (CH), 115.2 (CH), 114.9
(CH), 112.7 (CH), 55.5 (C#).

IR (ATR): v /cm® =3064 (w), 2836 (w), 1590 (s), 1576 (m), 1492 (74 (s), 1440 (m),
1390 (w), 1304 (m), 1250 (vs), 1218 (m), 1170 (k)38 (m), 1084 (vs), 1052 (s), 1026 (s),
1010 (s), 882 (w), 826 (s), 806 (vs), 746 (vs), {12, 660 (w), 648 (w).

MS (El, 70 eV): m/z(%) = 398 (16), 369 (20), 368 (100), 367 (57), 88), 275 (26), 255
(41), 227 (23), 224 (28), 139 (17).

HRMS (EI): calcd. for GiH15°Cl03%%S,: 414.0151, found: 414.0152.

3.2.3 Preparation of sulfoxides 76 by sulfoxide-magsium exchange on sulfoxides 75

4-(2-((3,4-Dichlorophenyl)(hydroxy)methyl)-5-(trirtteylsilythiophen-3-yl)benzonitrile
(763
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Prepared according TP7 by treating sulfoxid&5a (411 mg, 1.00 mmolyith iPrMgCI- LiCl
(0.92 mL, 1.10 mmol, 1.20 M in THF) at -50 °C formbn and 3,4-dichlorbenzaldehyde
(140 mg, 0.80 mmol) at 25 °C for 1 h. Flash chragedphic purification (pentaned& 4:1,
silica gel) furnished6aas a white solid (287 mg, 83% vyield).
m.p. (°C): 145-146.
H-NMR (CgDs, 400 MHz): 6 (ppm) = 7.32 (ddJ = 2.15, 0.39 Hz, 1H), 7.08-7.06 (m, 2H),
7.03-7.01 (m, 2H), 6.97 (s, 1H), 6.93 (dds 8.20, 0.39 Hz, 1H), 6.74 (dd= 8.20, 2.15 Hz,
1H), 5.48 (d,) = 4.20 Hz, 1H), 1.61 (d] = 4.20 Hz, 1H), 0.18 (s, 9H).
13C-NMR (CgDs, 100 MHz): 5 (ppm) = 148.4, 143.9, 141.0, 140.4, 140.3, 136H)( 132.9,
132.3 (CH), 132.1, 130.6 (CH), 129.5 (CH), 128.44JC125.8 (CH), 118.7, 111.8, 69.0
(CH), -0.3 (CH).
IR (ATR): U /cm® = 3468 (w), 2954 (w), 2234 (w), 1740 (w), 1604 (w538 (w), 1498
(W), 1468 (W), 1384 (m), 1248 (m), 1144 (w), 1124),(1028 (m), 1004 (m), 910 (w), 868
(m), 834 (vs), 820 (s), 758 (m), 738 (m), 712 (6¥6 (m), 626 (w).
MS (El, 70 eV): m/z(%) = 431 (36, M), 418 (54), 417 (51), 416 (100), 415 (28), 402)(53
400 (75), 73 (69), 44 (99), 43 (30).
HRMS (EI): calcd. for GiH1s> ClL,NO**S®Si: 431.0334, found: 431.0323.

4-(2-((4-Bromophenythio)-5-(trimethylsily)thiogm-3-yl)benzonitrile 76b)

S S
Br

CN

Prepared according TP7 by treating sulfoxid&5a (411 mg, 1.00 mmolyith iPrMgCI- LiCl
(0.92 mL, 1.10 mmol, 1.20 M in THF) at -50 °C fombn and §)-(4-bromophenyl)benzene
thiosulfonate (263 mg, 0.8 mmol) at 25 °C for 1Hlash chromatographic purification
(pentane/BD 50:1, silica gel) furnishedeb as a yellow solid (334 mg, 94% yield).

m.p. (°C): 126-127.

'H-NMR (CgDs, 400 MHz): § (ppm) = 7.15 (s, 1H), 7.14-7.12 (m, 2H), 7.01-6(88 2H),
6.96-6.92 (m, 2H), 6.73-6.69 (m, 2H), 0.20 (s, 9H).

13C-NMR (C¢Ds, 100 MHz): 6 (ppm) = 147.3, 139.4, 137.3, 136.2 (CH), 132.2.53CH),
132.1 (CH), 129.4 (CH), 129.2 (CH), 126.9, 120.83.7, 111.9, -0.4 (C}).
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IR (ATR): 7 /cmi' = 2946 (w), 2360 (W), 2226 (W), 1740 (w), 1602 (m$24 (w), 1474
(w), 1392 (m), 1248 (m), 1216 (w), 1180 (w), 10%@),(1010 (m), 992 (m), 830 (vs), 816
(vs), 752 (m), 732 (m), 694 (w), 658 (W), 626 (W).

MS (El, 70 eV): m/z(%) = 446 (27), 445 (100), 444 (25), 443 (87))MA31 (28), 430 (98),
429 (25), 428 (93), 166 (19), 73 (43).

HRMS (EI): calcd. for GoHie" BIN*?S,7°Si: 442.9833, found: 442.9823.

4-(3-(3-Methoxyphenyl)-5-(trimethylsilyNthiophensg)benzonitrile 760

<p
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Prepared according fBP7 by treating sulfoxid&5b (6.67 g, 16.0 mmoMvith iPrMgClI- LiCl

(14.7 mL, 17.6 mmol, 1.20 M in THF) at -50 °C fon®n, with ZnC} (17.6 mL, 17.6 mmol,
1.00 M in THF), Pd(PPy (370 mg, 0.32 mmol) and 4-iodobenzonitrile (2.938.8 mmol)
for the cross-coupling (50 °C, 2 h). Flash chrorgedphic purification (pentane/& 20:1,

TMS

silica gel) furnished6cas a colourless solid (3.97 g, 85% vyield).

m.p. (°C): 141-143.

'H-NMR (C¢Ds, 400 MHz): 6 (ppm) = 7.28 (s, 1H), 7.07-7.04 (m, 3H), 6.88-6(8Y, 1H),
6.82-6.79 (m, 3H), 6.72 (ddd,= 8.22, 2.54, 0.98 Hz, 1H), 3.23 (s, 3H), -0.28¢4).

13C-NMR (CgDs, 100 MHz): § (ppm) = 160.4, 142.2, 141.6, 141.1, 138.8, 13B37,9 (CH),
132.3 (CH), 130.0 (CH), 129.8 (CH), 121.8 (CH), B1815.1 (CH), 113.2 (CH), 111.4, 54.7
(CHa), -0.2 (CH).

IR (ATR): v /cmi' = 2954 (w), 2226 (w), 1744 (w), 1602 (m), 1574 (M348 (w), 1424
(W), 1334 (w), 1288 (w), 1242 (m), 1222 (m), 1208),(1178 (m), 1052 (m), 1000 (s), 962
(m), 884 (W), 836 (vs), 778 (s), 754 (m), 702 (684 (M), 628 (w).

MS (El, 70 eV): m/z(%) = 365 (14), 364 (40), 363 (100,"M 350 (26), 349 (74), 348 (99),
332 (5), 215 (5), 174 (6), 115 (12).

HRMS (EI): calcd. for GiH»NO**8*Si: 363.1113, found: 363.1099.

3-((4-Chlorophenyl)thio)-5-(trimethylsilyl)thiopher2-carbaldehyder6d)
s._CHO
T™S
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Prepared according IoP7 by treating sulfoxidg5c (453 mg, 1.00 mmolyith iPrMgCl- LiCl
(0.92 mL, 1.1 mmol, 1.20 M in THF) at -50 °C fohland DMF (58 mg, 0.80 mmol) at 25 °C
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for 1 h. Flash chromatographic purification (peri&$O 50:1, silica gel) furnished6d as a
yellow solid (253 mg, 97% yield).

m.p. (°C): 71-73.

'H-NMR (C¢Ds, 400 MHz): 6 (ppm) = 10.14 (s, 1H), 6.90 (s, 1H), 6.87-6.78 4H), 0.01
(s, 9H).

13C-NMR (C¢Ds, 100 MHz): 6 (ppm) = 181.4 (CH), 151.3, 145.5, 140.1, 138.1 YCI34.0,
133.7, 131.6 (CH), 129.7 (CH), -0.9 (gH

IR (ATR): v /cm® =2956 (w), 2360 (vw), 1744 (vw), 1656 (s), 1476 (1424 (m), 1390
(w), 1356 (w), 1288 (m), 1248 (m), 1206 (s), 1164, (1090 (m), 1004 (s), 876 (m), 844 (vs),
818 (vs), 760 (s), 742 (m), 700 (m), 670 (m), 6@8.(

MS (El, 70 eV): m/z(%) = 329 (14), 328 (49), 327 (43), 326 (100))MB25 (36), 313 (46),
312 (21), 311 (86), 214 (25), 207 (15).

HRMS (EI): calcd. for G4H15°Cl0%S,%8Si: 326.0022, found: 326.0011.

Ethyl 4-(3-((4-chlorophenylthio)-5-(trimethylsilthiophen-2-yl)benzoat&/ 68

CO,Et
s
TMS\@CI

S

Prepared according ToP7 by treating sulfoxidg5c (453 mg, 1.00 mmolyith iPrMgCl- LiCl
(0.92 mL, 1.1 mmol, 1.20 M in THF) at -50 °C forhl with ZnC} (1.10 mL, 1.10 mmaol,
1.00M in THF), Pd(PPjs (23 mg, 0.02 mmol) and ethyl 4-iodobenzoate (2%l m
0.80 mmol) for the cross-coupling (50 °C, 2 h). dRlachromatographic purification
(pentane/BD 50:1, silica gel) furnishedbeas a clear oil (315 mg, 88% vyield).

'H-NMR (C¢Ds, 400 MHz): 6 (ppm) = 8.12-8.09 (m, 2H), 7.67-7.64 (m, 2H), 7(831H),
6.86-6.81 (M, 4H), 4.11 (d,= 7.13 Hz, 2H), 1.01 (] = 7.13 Hz, 3H), 0.19 (s, 9H).

13C-NMR (CgDs, 100 MHz): 6 (ppm) = -0.4 (CH), 14.2 (CH), 60.9 (CH), 126.3, 129.0
(CH), 129.2 (CH), 129.4 (CH), 130.1 (CH), 130.7218 136.8, 137.7, 141.0 (CH), 141.4,
150.2, 165.7.

IR (ATR): U /cm' =2956 (w), 2360 (vw), 1714 (s), 1606 (m), 1474 (04 (w), 1366
(w), 1270 (vs), 1250 (s), 1180 (m), 1090 (s), 998 962 (m), 872 (m), 834 (vs), 812 (s), 768
(s), 756 (m), 740 (m), 698 (M), 654 (w), 626 (M).

MS (El, 70 eV): m/z(%) = 449 (10), 448 (40), 447 (24), 446 (100;)M434 (7), 433 (29),
432 (16), 431 (60), 193 (12), 73 (11).

HRMS (EI): calcd. for GoH,5>°Cl0,*%S,%®Si: 446.0597, found: 446.0583.
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Ethyl 5-(3-((4-chlorophenylthio)-5-(trimethylsil#2-thienyl)nicotinate 7 6f)
CO,Et

3

S AN
TMS \ | /@/Q
s
Prepared according ToP7 by treating sulfoxidg5c (453 mg, 1.00 mmolyith iPrMgCl- LiCl
(0.92 mL, 1.10 mmol, 1.20 M in THF) at -50 °C fohlwith ZnC} (1.10 mL, 1.10 mmol,
1.00M in THF), Pd(PP): (23 mg, 0.02 mmol) and 5-bromonicotinic acid etledter
(184 mg, 0.80 mmol) for the cross-coupling (50 8Q). Flash chromatographic purification

(pentane/BD 10:1, silica gel) furnished6f as a colourless solid (239 mg, 67% vyield).

m.p. (°C): 90-91.

'H-NMR (CDg, 400 MHz): 6 (ppm) = 9.37 (dy) = 2.16 Hz, 1H), 9.15 (d] = 2.14 Hz, 1H),
8.60 (dd,J = 2.16 2.14 Hz, 1H) 7.21 (s, 1H), 6.81-6.72 (m),A4H00 (q,J = 7.23 Hz, 2H),
0.92 (t,J = 7.23 Hz, 3H), 0.17 (s, 9H).

13C-NMR (CgDs, 100 MHz, Mg;Si): § (ppm) = 164.6, 153.1 (CH), 150.6 (CH), 146.6, 142.
140.9 (CH), 136.8 (CH), 136.4, 132.1, 129.5, 12@#), 129.0 (CH), 127.5, 126.4, 61.2
(CHy), 14.0 (CH), -0.5 (CH).

IR (ATR): U /cm’=2956 (w), 2360 (w), 1716 (s), 1574 (w), 1474 (n892 (w), 1366 (w),
1292 (s), 1248 (s), 1222 (s), 1120 (m), 1108 (r8921(m), 1022 (m), 1012 (m), 984 (s), 836
(vs), 816 (s), 764 (s), 704 (m), 652 (w), 624 (w).

MS (El, 70 eV): m/z (%) = 450 (11), 449 (45), 448 (27), 447 (1007)M435 (8), 434 (44),
433 (19), 432 (70), 165 (6), 73 (9).

HRMS (EI): calcd. for GiH»->"CINO,**S,®Si: 447.0550, found: 447.0535.

Ethyl 4-(3-cyanobenzofuran-2-yl)benzoai&¢)

Prepared according torP7 by treating sulfoxide 75d (297 mg, 1.00 mmol)with
iPrMgClI-LiCI (0.92 mL, 1.10 mmol, 1.20 M in THF) ab0 °C for 5 min, with ZnGCl
(.20 mL, 1.10 mmol, 1.00 M in THF), Pd(P#h (23 mg, 0.02 mmol) and ethyl 4-
iodobenzoate (221 mg, 0.80 mmol) for the cross-ogp (50 °C, 2h). Flash
chromatographic purification (pentanef8t10:1, silica gel) furnished6g as a colourless
solid (202 mg, 87% vyield).
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m.p. (°C): 128-130.

'H-NMR (C¢Ds, 400 MHz): 6 (ppm) = 8.05-7.98 (m, 4H), 7.35-7.33 (m, 1H), 7719 (m,
1H), 6.97-6.89 (m, 2H), 4.12 d,= 7.19 Hz, 2H), 1.04 (g} = 7.19 Hz, 3H).

13C-NMR (CgDs, 100 MHz): 6 (ppm) = 165.2, 160.0, 153.7, 132.8, 131.5, 130H)( 127.6,
126.8 (CH), 126.4 (CH), 124.9 (CH), 120.3 (CH), B13111.7 (CH), 90.5, 61.1 (GH 14.2
(CHg).

IR (ATR): 7 /cmi* =2980 (w), 2224 (w), 1714 (vs), 1610 (m), 1592 (4376 (w), 1448
(m), 1410 (m), 1368 (m), 1274 (vs), 1198 (m), 11@9, 1144 (m), 1104 (s), 1016 (s), 978
(m), 898 (w), 860 (m), 826 (m), 774 (m), 758 (OTs), 644 (m).

MS (El, 70 eV): m/z(%) = 292 (16), 291 (83, N}, 263 (36), 247 (21), 246 (100), 219 (12),
218 (23), 190 (39), 123 (13), 43 (17).

HRMS (El): calcd. for GgH13NOs: 291.0895, found: 291.0890.

3-(4-Fluorophenyl)-1-benzofuran-2-carbaldehydéh)
O. _CHO
|

T,

Prepared according TP7 by treating sulfoxidg5e (366 mg, 1.00 mmolyith iPrMgCl- LiCl
(0.92 mL, 1.10 mmol, 1.20 M in THF) at -50 °C fomdn and DMF (58 mg, 0.80 mmol) at
25 °C for 1 h. Flash chromatographic purificatigrerftane/BE 20:1, silica gel) furnished
76h as a yellow solid (174 mg, 91% vyield).

m.p. (°C): 145-146.

'H-NMR (CgDs, 400 MHz): § (ppm) = 9.58 (s, 1H), 7.29-7.24 (m, 2H), 7.10-7(6% 1H),
6.96-6.90 (m, 3H), 6.80-6.74 (m, 2H).

13C-NMR (C¢Ds, 100 MHz): 6 (ppm) = 112.8 (CH), 116.1 (d,= 21.8 Hz, CH), 122.3 (CH),
124.1 (CH), 125.6 (d) = 3.50 Hz), 127.4 (d) = 0.78 Hz), 129.3 (CH), 131.4, 131.9 (=
8.17 Hz, CH) 148.1, 155.5, 163.5 (b 248.9 Hz, CF), 178.7 (CH).

IR (ATR): v /cmi* =2876 (w), 1668 (s), 1608 (m), 1562 (m), 1506 (450 (M), 1394 (w),
1358 (m), 1332 (m), 1288 (m), 1274 (m), 1230 (n®1A (s), 1160 (s), 1100 (m), 1012 (m),
980 (m), 866 (s), 840 (s), 814 (m), 750 (vs), 643, 638 (m).

MS (El, 70 eV): m/z(%) = 241 (12), 240 (83, ), 239 (100), 184 (9), 183 (52), 182 (7), 181
(9), 120 (9), 92 (8), 57 (8).

HRMS (EI): calcd. for GsHe"*FO,: 240.0587, found: 240.0582.
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(3-Chloropheny)(3-((4-chlorophenylthio)benzofurasyl)methanol 76i)

Prepared according TP7 by treating sulfoxid&5f (414 mg, 1.00 mmolyith iPrMgCl- LiCl
(0.92 mL, 1.10 mmol, 1.20 M in THF) at -50°C fornbn and 3-chlorobenzaldehyde
(112 mg, 0.80 mmol) at 25 °C for 1 h. Flash chragedphic purification (pentaned&x 10:1,
silica gel) furnished6i as a yellow oil (248 mg, 77% vyield).

'H-NMR (CgDs, 400 MHz): 6 (ppm) = 7.55-7.54 (m, 1H), 7.36-7.34 (m, 1H), 77142 (m,
2H), 6.99-6.97 (m, 1H), 6.95-6.92 (m, 2H), 6.833(iM, 5H), 6.02 (dJ = 5.38 Hz, 1H), 2.06
(d,J =5.38 Hz, 1H).

13C-NMR (CgDs, 100 MHz): 6 (ppm) = 161.1, 155.1, 142.7, 134.9, 134.7, 133D,0 (CH),
129.5 (CH), 128.9 (CH), 127.0, 126.9 (CH), 126.(HJC124.8 (CH), 124.6 (CH), 124.0
(CH), 120.5 (CH), 112.2 (CH), 106.7, 67.7 (CH).

IR (ATR): 7 /cm' = 3342 (m), 3062 (w), 2962 (w), 2872 (W), 1706 (W596 (w), 1574
(w), 1474 (vs), 1450 (m), 1426 (m), 1388 (m), 124, 1176 (m), 1090 (s), 1034 (m), 1010
(s), 868 (w), 812 (m), 790 (m), 744 (s), 722 (M)4 §w).

MS (El, 70 eV): m/z (%) = 402 (66), 401 (25), 400 (95,"M 383 (33), 292 (57), 290 (28),
222 (37), 177 (29), 141 (35), 139 (100).

HRMS (EI): calcd. for GiH14°°Cl,0,°%S: 400.0092, found: 400.0090.

4-(3-((4-Chlorophenyl)thio)benzofuran-2-yl)benzoihit (76j)
CN

0

OALT*

s

Prepared according TOP7 by treating sulfoxid&g5f (414 mg, 1.00 mmolyith iPrMgCl- LiCl
(0.92 mL, 1.1 mmol, 1.20 M in THF) at -50 °C fom®n, with ZnC} (1.10 mL, 1.10 mmol,
1.00 M in THF), Pd(PPJy (23 mg, 0.02 mmol) and 4-iodobenzonitrile (183 g0 mmol)
for the cross-coupling (50 °C, 2 h). Flash chrorgedphic purification (pentane/& 20:1,
silica gel) furnished6j as a colourless solid (244 mg, 84% vyield).
m.p. (°C): 190-192.
'H-NMR (C¢Ds, 400 MHz): 6 (ppm) = 7.92-7.89 (m, 2H), 7.40-7.37 (m, 1H), 7B30 (m,
1H), 7.08-7.03 (m, 1H), 6.99-6.95 (m, 3H), 6.82%(ih, 2H), 6.76-6.72 (M, 2 H),
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13C-NMR (CgDs, 100 MHz): 5 (ppm) = 155.2, 154.5, 134.0, 133.1, 132.3, 132H)( 130.5,
129.6 (CH), 128.2 (CH), 127.4 (CH), 126.7 (CH), 4CH), 120.9 (CH), 118.4, 113.2,
111.7 (CH), 107.8.

IR (ATR): U /cm®=2924 (w), 2224 (m), 1734 (w), 1610 (w), 1574 (W)92 (w), 1474 (s),
1450 (m), 1410 (m), 1390 (w), 1340 (w), 1250 (wW)9& (m), 1084 (vs), 1008 (m), 890 (w),
836 (m), 818 (m), 802 (m), 750 (vs), 680 (w).

MS (El, 70 eV): m/z(%) = 364 (9), 363 (38), 362 (24), 361 (1007)M293 (13), 259 (17),
230 (13), 222 (10), 190 (19), 139 (8).

HRMS (EI): calcd. for GiH1.>°>CINO**S: 361.0328, found: 361.0323.

3.2.4 Preparation of Fully Functionalized 5-Memberd Thiophene 78

4-(3-(3-Methoxyphenyl)-5-((trimethylsily)ethynyhtophen-2-yl)benzonitrile?7)

™S s CN
\
OMe

A dry and argon-flushed Schlenk-flask, equippedhwat stirring bar and a septum, was

charged with a solution of 4-(3-(3-methoxyphenwytimethylsilyl)-2-thienyl)benzonitrile
(76¢G 3.27 g, 9.00 mmol) in C¥N (60 mL). The reaction mixture was cooled to 0@l
ICI (2.19 g, 13.5 mmol) was added dropwise. Thettea mixture was allowed to warm to
25 °C and stirred for additional 1 h. Then the tieacmixture was quenched with a sat. aqg.
NH,4Cl-solution (20 mL) and a sat. aq 303 (20 mL) and extracted with EtOAc (3 X
50 mL). The combined organic layers were dried,8@) and after filtration, the solvent
was removed under reduced pressure. The productseakfor the next step without further
purification.

A dry and argon-flushed Schlenk-flask, equippedhwat stirring bar and a septum, was
charged with a solution of 4-(5-iodo-3-(3-methoxgpkl)-2-thienyl)benzonitrile (1.98 g,
4.50 mmol) in THF (6 mL). In a second dry and arfjoshed Schlenk-flask, equipped with a
stirring bar and a septum, trimethylsilylacetyld884 mg, 9.00 mmol) was added slowly to
iPrMgCl-LiCI (5.66 mL, 9.00 mmol, 1.59 M in THF). #&f cessation of gas evolution the
reaction mixture was heated to 60 °C for 5 min.eAftooling to 25 °C a Znglsolution
(9.00 mL, 9.00 mmol, 1.00 M in THF) was added slowrlhe resulting zinc reagent was
transferred to the crude iodide, Pd(BR1i208 mg, 0.18 mmol) was added and the reaction

mixture was stirred at 50 °C for 2 h. Then the tieacmixture was quenched with a sat. aqg.
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NH4Cl-solution (30 mL) and extracted with EtOAc (3 & &L). The combined organic layers
were dried (Ng&SOy) and after filtration, the solvent was removed emceduced pressure.
Flash chromatographical purification (pentangZEt9:1, silica gel) furnished77 as a
colourless solid (1.53 g, 88% vyield).

m.p. (°C): 138-139.

'H-NMR (CgDs, 400 MHz): § (ppm) = 7.19 (s, 1H), 6.96-6.92 (m, 1H), 6.85-6(82 2H),
6.72-6.69 (m, 2H), 6.66-6.64 (m, 2H), 6.62-6.60 (i), 3.19 (s, 3H), 0.23 (s, 9H).

13C-NMR (C¢Ds, 100 MHz): § (ppm) = 160.3, 139.9, 138.1, 137.6, 136.7 (CHE.53132.1
(CH), 129.9 (CH), 129.5 (CH), 123.8, 121.5 (CH)841 114.8 (CH), 113.7 (CH), 111.8,
101.2, 97.6, 54.7 (C§), -0.2 (CH).

IR (ATR): 7 /cmi* = 2956 (W), 2226 (W), 2142 (m), 1742 (m), 1602 (mB76 (m), 1482
(m), 1418 (m), 1374 (w), 1284 (w), 1236 (m), 11v8,(1148 (w), 1054 (w), 856 (s), 838
(vs), 792 (m), 774 (m), 696 (w), 630 (w).

MS (El, 70 eV): m/z(%) = 389 (7), 388 (17), 387 (63,"M 374 (9), 373 (26), 372 (100), 356
(5), 328 (4), 186 (6), 185 (4).

HRMS (EI): calcd. for GaHxNO*’5%Si: 387.1113, found: 387.1115.

4-(3-(3-Methoxyphenyl)-4-(4-((triisopropylsilyl)oxghenyl)-5-

((trimethylsily)ethynythiophen-2-yl)benzonitril& 8)

CN
S \s/ O
O O OMe

TIPSO

A dry and argon-flushed Schlenk-flask, equippedhwat stirring bar and a septum, was
charged with a solution of the thiophei& (387 mg, 1.00 mmol) in THF (2 mL). The
reaction mixture was cooled to -20 °C and img- 2LiCI (2.50 mL, 1.50 mmol, 0.60 M in
THF) was added dropwise. The reaction mixture viiaed at this temperature for 12 h then
ZnCl, (1.50 mL, 1.50 mmol, 1.00 M in THF) was added #mel reaction mixture stirred at -
20 °C for 30 min. (4-lodo-phenoxy)-triisopropylsia (541 mg, 1.50 mmol), and Pd(BRh
(23 mg, 0.02 mmol) were added and the reactionestiat 25 °C for 3 h. Then the reaction
mixture was quenched with a sat. aq.48Hsolution (10 mL) and extracted with EtOAc (3 x
30 mL). The combined organic layers were dried,@@) and after filtration the solvent was
removed under reduced pressure. Flash chromatagahpgiurification (pentane/ED 20:1,

silica gel) furnished@8 as a yellow solid (476 mg, 75% yield).
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m.p. (°C): 67-69.

'H-NMR (C¢Ds, 400 MHz): 6 (ppm) = 7.26-7.22 (m, 4H), 6.98-6.94 (m, 2H), 6686 (m,
3H), 6.76-6.74 (m, 1H), 6.70-6.66 (m, 2H), 3.20 3sl), 1.18-1.11 (m, 3H), 1.08-1.06 (m,
18H), 0.24 (s, 9H).

13C-NMR (C¢Des, 100 MHz): 6 (ppm) = 160.4, 157.2, 145.2, 140.1, 138.3, 13138.9,
136.4 (CH), 134.1 (CH), 130.9 (CH), 130.3 (CH), 180123.8, 121.7 (CH), 120.4 (CH),
118.6, 114.9 (CH), 113.7 (CH), 110.6, 101.2, 98487 (CH;), 18.0 (CH), 12.9 (CH), -0.2
(CHs).

IR (ATR): U /cmi® = 2944 (s), 2892 (m), 2866 (s), 2222 (m), 2146 (BPAL(S), 1512 (s),
1486 (s), 1462 (m), 1368 (w), 1266 (s), 1248 (8)4L(m), 1042 (w), 996 (w), 908 (m), 882
(m), 838 (vs), 786 (m), 740 (m), 674 (m).

MS (El, 70 eV): m/z(%) = 635 (37, M), 594 (27), 593 (48), 592 (100), 564 (45), 536)(43
262 (23), 261 (38), 260 (82), 253 (42).

HRMS (EI): calcd. for GgHasNO,**S?Si,: 635.2710, found: 635.2711.

3.3 Preparation of Disubstituted Pyridines 81 via Dected Metalation and Sulfoxide-
Magnesium Exchange

3.3.1 Preparation of Sulfoxides 79

4-((4-Methoxyphenysulfiny)pyriding€79a)

o
SR\
Nx OMe

Prepared according t@P2 from 4-pyridinylmagnesium chloride (74.1 mL, 6@n&nol,
0.82M in THF) and 4-methoxybenzene sulfinyl chlorids,(15.1g, 79.0mmol) and purified
by flash chromatography (#2/EtOH 10:1, silica gel) furnishing9a as a colourless solid
(8.36 g, 59% vyield).

m.p. (°C): 87-89.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.65-8.63 (m, 2H), 7.56-7.51 (m, 2H), 7483 (m,
2H), 6.95-6.90 (m, 2H).

3C-NMR (CDCl3, 75 MHz): § (ppm) = 162.6, 155.9, 150.2 (CH), 135.2, 127.5CH8.3
(CH), 115.1 (CH), 55.4 (CH.
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IR (ATR): U /cmi* = 3034 (w), 2956 (w), 2836 (W), 1592 (s), 157Q {2)96 (m), 1458 (m),
1440 (w), 1404 (s), 1302 (m), 1266 (s), 1218 (M)72(m), 1086 (m), 1040 (vs), 1026 (vs),
844 (m), 820 (s), 808 (s), 796 (m), 640 (W), 622. (W

MS (El, 70 eV): m/z(%) = 233 (19, M), 186 (6), 185 (48), 156 (8), 155 (100), 139 (D3
(28), 92 (5), 77 (5), 51 (11).

HRMS (EI): calcd. for GoH1:NO,*%S: 233.0510, found: 233.0503.

3-((4-Methoxyphenysulfiny)pyridine79b)

Q
|
N OMe

Prepared according t@P2 from 3-pyridinylmagnesium chloride (58.1 mL, 5@ndnol,
0.86M in THF) and 4-methoxybenzene sulfinyl chlorids,(12.4g, 65.0mmol) and purified
by flash chromatography (E2/EtOH 20:1, silica gel), furnishing9b as a yellow oil (8.44 g,
72% vyield).

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.68 (ddJ = 2.27, 0.75 Hz, 1H), 8.60 (dd= 4.80,
1.55 Hz, 1H), 7.91 (ddd} = 8.11, 2.27, 1.55 Hz, 1H), 7.56-7.51 (m, 2H)57(8dd,J = 8.11,
4.80, 0.75 Hz, 1H), 6.95-6.91 (m, 2H), 3.76 (s, .3H)

3C-NMR (CDCl3, 75 MHz): § (ppm) = 162.3, 151.4 (CH), 146.2 (CH), 142.5, #33.32.1
(CH), 127.0 (CH), 124.0 (CH), 115.0 (CH), 55.4 (§H

IR (ATR): 7 /cmi* = 3048 (w), 2966 (w), 2942 (w), 2838 (w), 1592 (76 (m), 1494 (s),
1462 (m), 1410 (m), 1304 (m), 1250 (vs), 1172 (2032 (s), 1044 (vs), 1026 (s), 1014 (vs),
830 (s), 796 (s), 732 (M), 722 (m), 702 (s), 61K (W

MS (El, 70 eV): m/z(%) = 233 (21, M), 216 (100), 186 (9), 185 (81), 170 (9), 156 (&5
(100), 139 (16), 123 (36), 51 (7).

HRMS (EI): calcd. for G,H1iNO,**S: 233.0510, found: 233.0496.

2-((4-Methoxyphenysulfiny)pyridine799

Q
L
N OMe

Prepared according t@P2 from 2-pyridinylmagnesium chloride (61.7 mL, 5@ndnol,
0.81M in THF) and 4-methoxybenzene sulfinyl chlorids,(12.4g, 65.0mmol) and purified
by flash chromatography (i, silica gel), furnishingg9c as a colourless solid (7.11 g, 61%

yield).
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m.p. (°C): 98-99.

'H-NMR (CDCl 3, 300 MHz):  (ppm) = 8.54 (dJ = 4.05 Hz, 1H), 8.07 (dl = 7.87 Hz, 1H),
7.91-7.85 (m, 1H), 7.69 (d,= 8.82 Hz, 2H), 7.31-7.27 (m, 1H), 6.95 {d5 8.82 Hz, 2H).
13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 166.0, 162.0, 149.7 (CH), 138.0 (CH), 233.27.2
(CH), 124.4 (CH), 118.4 (CH), 114.7 (CH), 55.4 (§H

IR (ATR): v /cmi' =3080 (w), 2966 (w), 2838 (w), 1592 (m), 1574 (mB5& (m), 1494
(m), 1466 (m), 1442 (m), 1416 (s), 1300 (m), 1289, (1256 (s), 1170 (m), 1122 (m), 1086
(s), 1048 (vs), 1032 (vs), 1018 (vs), 990 (s), 828 812 (m), 776 (s), 740 (m), 640 (w), 620
(w).

MS (El, 70 eV): m/z (%) = 233 (69, M), 218 (25), 217 (10), 216 (61), 185 (25), 155 (75)
139 (100), 123 (53), 78 (36), 51 (18).

HRMS (EI): calcd. for G,H1.NO,*S: 233.0510, found: 233.0510.

2.6-Dichloro-4-((4-methoxyphenyl)sulfiny)pyridin&9d)

Cla~_$
NS | \©\0Me
Cl
Prepared according t®P2 from (2,6-dichloropyridin-4-yl)magnesium chlorid5.8 mL,
50.0mmol, 0.76M in THF) and 4-methoxybenzene sulfinyl chlorids,(12.4g, 65.0mmol)
and purified by flash chromatography (pentangdE#:6, silica gel) furnishingg9d as a
colourless solid (8.45 g, 56% vyield).
m.p. (°C): 121-123.
'H-NMR (CDCl 3, 300 MHz):  (ppm) = 7.60-7.55 (m, 2H), 7.41 (s, 2H), 7.03-6(88 2H),
3.83 (s, 3H).
13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 163.2, 162.0, 151.3, 134.0, 127.6 (CHY.Z{CH),
115.5 (CH), 55.6 (CH).
IR (ATR): v /cmi* = 3072 (vw), 2932 (vw), 2846 (vw), 1592 (m), 1518), 1556 (s), 1542
(s), 1494 (m), 1346 (s), 1314 (m), 1256 (s), 11%y, (154 (s), 1086 (s), 1048 (vs), 1020 (s),
884 (w), 858 (m), 838 (vs), 818 (s), 810 (s), 796 712 (w), 626 (w).
MS (El, 70 eV): m/z(%) = 303 (7), 255 (9), 253 (18), 156 (11), 155Q1A39 (5), 123 (22),
92 (6), 77 (5), 44 (15).
HRMS (El): calcd. for Go:HoCIoNO,S: 300.9731, found: 300.9720.

2-((4-Methoxyphenyl)sulfinyl)quinoline7@e
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In a dry and argon-flushed Schilenk-flask, equippéith a magnetic stirrer and a septum,
lithium hydride (160 mg, 20.0 mmol) was dissolvedn iDMF (15 mL). 4-
Methoxybenzenethiol (2.10 g, 15.0 mmol) was addedlg at 25 °C and the solution stirred

at that temperature for 30 min. 2-Chloroquinoligetb g, 15.0mmol) was added at 25 °C and
the solution stirred at that temperature for 1&lme reaction mixture was quenched with sat.
ag. KCOs-solution (50 mL) and extracted with EtOAc (3 x Q). The organic layers were
combined and the solvent was removed under redpcesisure. The crude sulfide was
dissolved in CHCI, (20 mL) and cooled to -30 °GnCPBA (4.40 g, 18.0 mmol, 70% in
water) dissolved in C¥Cl, (10 mL) was added slowly. After stirring at -30 f@ 3 h the
reaction mixture was quenched with a sat. agSpas-solution and extracted with EtOAc (3
x 50 mL). The combined organic layers were dried,80s) and after filtration the solvent
was removed under reduced pressure. Flash chromptdg purification (pentane/gd 3:7,
silica gel) furnished9eas a colourless solid (1.92 g, 45% vyield).

m.p. (°C): 120-122.

'H-NMR (CDCl 3, 600 MHz): § (ppm) = 8.31 (dJ = 8.58 Hz, 1H), 8.09 (dl = 8.58 Hz, 1H),
8.08 (d,J = 8.57 Hz, 1H), 7.82 (d1 = 7.63, 1H), 7.77-7.74 (m, 2H), 7.73-7.71 (m, 1HRE8-
7.55 (m, 1H), 6.93-6.91 (m, 2H), 3.75 (s, 3H).

3C-NMR (CDCl3, 150 MHz): § (ppm) = 165.9, 161.9, 147.4, 138.6 (CH), 135.2).43
(CH), 129.3 (CH), 128.2, 127.9 (CH), 127.8 (CH)p12(CH), 114.7 (CH), 114.5 (CH), 55.4
(CHs).

IR (ATR): U /cm® = 3060 (w), 2838 (w), 1590 (m), 1582 (m), 1512 \vi494 (m), 1462
(w), 1302 (m), 1246 (s), 1192 (m), 1172 (w), 1149,(1092 (m), 1078 (m), 1046 (vs), 1020
(s), 872 (vw), 828 (s), 822 (vs), 794 (m), 784 ()8 (s), 712 (w), 660 (vw), 626 (vw).

MS (El, 70 eV): m/z(%) = 284 (12), 283 (68, I, 268 (14), 266 (26), 235 (18), 155 (12),
139 (100), 128 (48), 123 (17), 101 (16).

HRMS (EI): calcd. for GeH13NO,>2S: 283.0667, found: 283.0659.

3.3.2 Preparation of Sulfoxides 80 by Metalation obulfoxides 79

4-((4-Methoxyphenyl)sulfiny)-3-((trimethylsilyN)é&tynyl)pyridine 80a)
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Prepared according T0P6 by treating sulfoxidg9a(1.17 g, 5.00 mmol) with tmpMgCl- LiCl
(5.00 mL, 5.50 mmol, 1.10 M in THF) at -30 °C fod éhin, with trimethylsilylethynylzinc
chloride (prepared from trimethylsilylacetylene5®.g, 6.00 mmol)jPrMg-LiCl (4.58 mL,
5.50 mmol, 1.20 M in THF) and Zn£{6.00 mL, 6.00 mmol, 1.00 M in THF) and Pd(BRh
(110 mg, 0.01 mmol,) for the cross-coupling (50 2v). Flash chromatographic purification
(Et,O, silica gel) furnishe@0aas a brown oil (1.13 g, 69% vyield).

'H-NMR (CDCl 3, 600 MHZz):  (ppm) = 8.69 (dJ) = 5.25 Hz, 1H), 8.55 (s, 1H), 7.96 (=
5.25 Hz, 1H), 7.58 (d] = 8.58 Hz, 2H), 6.87 (dl = 8.58 Hz, 2H), 3.74 (s, 3H), 0.22 (s, 9H).
13C-NMR (CDCl3, 150 MHz): 6 (ppm) = 162.3, 156.8, 153.0 (CH), 149.6 (CH), 43428.3
(CH), 116.5 (CH), 116.2, 114.5 (CH), 107.0, 973.35(CH;), -0.60 (CH).

IR (ATR): ¥ /cmi’ = 2958 (vw), 2840 (vw), 2160 (vw), 1590 (m), 1498, 1462 (w), 1446
(w), 1394 (w), 1302 (w), 1288 (w), 1254 (s), 1186,(1092 (m), 1054 (m), 1030 (m), 946
(vw), 860 (s), 842 (vs), 830 (vs), 798 (m), 760 ()4 (w), 694 (w), 656 (w).

MS (El, 70 eV): m/z (%) = 329 (20, M), 316 (8), 315 (19), 314 (100), 298 (10), 286 (10)
228 (11), 155 (32), 139 (12), 73 (65).

HRMS (EI): calcd. for G;H1gNO,%2S%Si: 329.0906, found: 329.0898.

4-(3-((4-Methoxyphenyl)sulfinyl) pyridin-4-yl)benzdnle (80b)

CN
(0]
1
‘T L
|
N OMe

Prepared according TP5 by treating sulfoxidg9b (1.63 g, 7.00 mmol) with tmpMgCl- LiCl
(7.00 mL, 7.70 mmol, 1.10 M in THF) at -30 °C fdd &in, with 4-iodobenzonitrile (1.92 g,
8.40 mmol), zZnCGl (8.40 mL, 8.40 mmol, 1.00M in THF) and Pd(RBRh(154 mg,
0.014 mmol) for the cross-coupling (50 °C, 2 h).add chromatographic purification
(Et,O/EtOH 20:1, silica gel) furnishegDb as a colourless solid (883 mg, 38% yield).

m.p. (°C): 212-215.

'H-NMR (CDCl 3, 600 MHz): 6 (ppm) = 9.30 (s, 1H), 8.78 (d,= 4.53 Hz, 1H), 7.68 (d] =
8.11 Hz, 2H), 7.30 (d] = 8.11 Hz, 2H), 7.12 (d] = 4.35 Hz, 1H), 7.04 (d] = 8.11 Hz, 2H),
6.76 (d,J =8.11 Hz, 2H), 3.77 (s, 3H).
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3C-NMR (CDCl3, 100 MHz): 6 (ppm) = 162.3, 152.1 (CH), 146.8 (CH), 146.3, B40.
139.2, 134.2, 132.4 (CH), 129.6 (CH), 127.9 (CH)3.8 (CH), 118.0, 114.7 (CH), 113.1,
55.5 (CHy).

IR (ATR): 7 /cm® = 3042 (w), 2998 (w), 2836 (W), 2222 (m), 1592 (m5§7& (s), 1494
(m), 1466 (m), 1444 (w), 1410 (w), 1396 (m), 1364),(1246 (vs), 1178 (m), 1080 (s), 1046
(vs), 1028 (s), 862 (w), 842 (m), 832 (vs), 806,(#96 (M), 758 (W), 724 (w).

MS (El, 70 eV): m/z(%) = 334 (18, M), 318 (18), 317 (23), 286 (8), 157 (5), 156 (&51
(100), 139 (13), 124 (5), 123 (33).

HRMS (EI): calcd. for GeH14N,0,%S: 334.0776, found: 334.0772.

4-(4-Chlorophenyl)-3-((4-methoxyphenyl)sulfinyl)pgine (800
cl

Prepared according TP5 by treating sulfoxidg9b (1.16 g, 5.00 mmol) with tmpMgCl- LiCl
(5.00 mL, 5.50 mmol, 1.10 M in THF) at -30 °C fo® éhin, with 1-chloro-4-iodobenzene
(1.43 g, 6.00 mmol), Zngl(6.00 mL, 6.00 mmol, 1.00 M in THF) and Pd(RRH110 mg,
0.01 mmol) for the cross-coupling (50 °C, 2 h). dRlachromatographic purification @&,
silica gel) furnishe@0cas an off-white solid (911 mg, 53% yield).

m.p. (°C): 139-140.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 9.26 (s, 1H), 8.72 (d,= 4.95 Hz, 1H), 7.38-7.35
(m, 2H), 7.14-7.03 (m, 5H), 6.76-6.73 (M, 2H), 3(Z53H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 162.1, 151.8 (CH), 147.1, 146.4 (CH), #3935.5,
134.5, 134.1, 130.1 (CH), 129.0 (CH), 127.8 (CH4.D (CH), 114.5 (CH), 55.5 (G}

IR (ATR): 7 /cm® = 2832 (w), 1740 (w), 1592 (m), 1578 (m), 1494 (964 (m), 1440
(W), 1408 (W), 1394 (w), 1304 (m), 1244 (vs), 1490, 1176 (m), 1080 (s), 1048 (vs), 1034
(s), 1012 (m), 860 (w), 832 (s), 826 (s), 800 (706 (M), 754 (M).

MS (El, 70 eV): m/z(%) = 345 (10), 343 (25, |, 328 (12), 327 (14), 326 (28), 295 (10),
155 (100), 139 (20), 124 (10), 123 (37).

HRMS (EI): calcd. for GgH14>>CINO,*’S: 343.0434, found: 343.0439.

2.,6-Dichloro-3-(4-chloropheny)-4-((4-methoxyphe)ysglifiny)pyridine @0d)
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Prepared according TP5 by treating sulfoxidg9d (1.51 g, 5.00 mmol) with tmpMgCl- LiCl
(5.00 mL, 5.50 mmol, 1.10 M in THF) at -30 °C fo® éhin, with 1-chloro-4-iodobenzene
(1.43 g, 6.00 mmol), Zngl(6.00 mL, 6.00 mmol, 1.00 M in THF) and Pd(RRH110 mg,
0.01 mmol) for the cross-coupling (50 °C, 2 h). dAlachromatographic purification
(pentane/BD 7:3, silica gel) furnishe80d as a colourless solid (1.53 g, 74% yield).

m.p. (°C): 134-136.

'H-NMR (CDCl 3, 600 MHz): 6 (ppm) = 8.16 (s, 1H), 7.50-7.49 (m, 1H), 7.25-7(&% 1H),
7.18-7.16 (m, 1H), 6.92 (d, = 9.06 Hz, 2H), 6.75 (d] = 9.06 Hz, 2H), 6.42-6.41 (m, 1H),
3.79 (s, 3H).

3C-NMR (CDCl3, 150 MHz): 6 (ppm) = 162.8, 160.5, 151.0, 149.8, 135.7, 13ZHl)(
131.5, 130.9 (CH), 130.6, 130.3 (CH), 129.0 (CH)8.X (CH), 127.4, 118.0 (CH), 114.8
(CH), 55.6 (CH).

IR (ATR): v /cmi* = 2966 (vw), 1592 (m), 1576 (w), 1562 (w), 1550 (@524 (w), 1496
(m), 1408 (m), 1396 (m), 1308 (m), 1298 (m), 128% 1244 (m), 1178 (w), 1154 (m), 1096
(s), 1082 (s), 1050 (s), 1028 (m), 994 (m), 880 @24 (vs), 796 (M), 778 (m), 734 (m).

MS (El, 70 eV): m/z (%) = 415 (30), 413 (92), 411 (92,"M 397 (42), 395 (42), 157 (33),
156 (56), 139 (29), 124 (100), 123 (27).

HRMS (EI): calcd. for GgH15>°ClsNO,*%S: 410.9654, found: 410.9653.

2.6-Dichloro-3-(4-methoxyphenyl)-4-((4-methoxyph8&sulfinyl)pyridine (808
OMe

ol
Prepared according ToP5 by treating sulfoxidg9d (1.51 g, 5.00 mmol) with tmpMgCl- LiCl
(5.00 mL, 5.50 mmol, 1.10 M in THF) at -30 °C foB thin, with 4-iodoanisole (1.40 g,
6.00 mmol), ZnCGl (6.00 mL, 6.00 mmol, 1.00M in THF) and Pd(BRZh(110 mg,
0.01 mmol) for the cross-coupling (50 °C, 2 h). dhlachromatographic purification

(pentane/BD 1:1, silica gel) furnishe80eas a colourless solid (1.38 g, 68% yield).
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m.p. (°C): 113-114.

'H-NMR (CDCl 3, 600 MHz): § (ppm) = 8.12 (s, 1H), 7.22 (dd,= 8.58, 1.91 Hz, 1H), 7.01
(dd, J = 8.58, 2.86 Hz, 1H), 6.89-6.87 (m, 2H), 6.74-6(it, 3H), 6.43 (dd) = 8.58, 1.91
Hz, 1H).

3C-NMR (CDCl3, 150 MHz): 6 (ppm) = 162.6, 160.8, 160.3, 150.2, 132.8, 13LCHI)(
131.5, 131.4, 130.6 (CH), 128.4 (CH), 123.9, 11(C6l), 114.7 (CH), 114.6 (CH), 113.5
(CH), 55.5 (CH)), 55.3 (CH).

IR (ATR): v /cm* =3000 (vw), 2838 (w), 1610 (w), 1592 (m), 1576 (1958 (m), 1510
(m), 1496 (m), 1404 (m), 1306 (m), 1258 (s), 124$),(1178 (s), 1152 (m), 1096 (m), 1084
(m), 1050 (s), 1034 (s), 1028 (s), 994 (m), 880 828 (s), 812 (M), 792 (s).

MS (El, 70 eV): m/z(%) = 409 (28), 408 (9), 407 (41,"M 391 (9), 261 (20), 156 (13), 155
(100), 139 (9), 124 (15), 43 (10).

HRMS (EI): calcd. for GeH1s5>°ClL.NO5**S: 407.0150, found: 407.0142.

4-(2-((4-Methoxyphenyl)sulfinyl)guinolin-3-yl)benndrile (82)
CN

Prepared according TP5 by treating sulfoxid&9e(1.42 g, 5.00 mmol) with tmpMgCI- LiCl
(5.00 mL, 5.50 mmol, 1.10 M in THF) at -30 °C fdd &in, with 4-iodobenzonitrile (1.37 g,
6.00 mmol), zZnGl (6.00 mL, 6.00 mmol, 1.00M in THF) and Pd(RRh(110 mg,
0.01 mmol) for the cross-coupling (50 °C, 2 h).dhlachromatographic purification (EtOAc,
silica gel) furnishe®2 as a colourless solid (1.46 mg, 76% yield).

m.p. (°C): 190-196.

'H-NMR (CDClI 3, 600 MHZz): § (ppm) = 8.84-8.42 (m, 1H), 7.95 (s, 1H), 7.86-7(BR 2H),
7.69-7.66 (m, 3H), 7.35-7.32 (m, 2H), 7.15-7.11 #H), 6.73-6.69 (m, 2H), 3.73 (s, 3H).
3C-NMR (CDCl3, 100 MHz): 6 (ppm) = 162.2, 160.4, 147.4, 140.6, 138.2 (CHB.13
132.1 (CH), 131.7, 131.1 (CH), 130.7 (CH), 130.H)C128.7 (CH), 128.6 (CH), 128.0,
127.6 (CH), 118.3, 114.5 (CH), 112.4, 55.4 ¢CH

IR (ATR): U /cmi® = 3040 (w), 2932 (w), 2840 (w), 2226 (w), 1664 (rh%88 (m), 1572
(w), 1490 (m), 1462 (w), 1440 (w), 1370 (w), 1300),(1252 (s), 1170 (w), 1092 (m), 1080
(m), 1064 (vs), 1030 (m), 838 (m), 828 (s), 794,(AB8 (m), 768 (M), 722 (w).
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MS (El, 70 eV): m/z(%) = 384 (22, M), 368 (16), 367 (27), 278 (44), 277 (100), 229)(21
201 (22), 199 (17), 139 (44), 43 (16).
HRMS (EI): calcd. for GaH16N»0,°S: 384.0932, found: 384.0923.

3.3.3 Preparation of Sulfoxides 81 by Sulfoxide-Magesium Exchange on Sulfoxides 80

3-((TrimethylsilyNethynylisonicotinaldehyd&1a)
™S

Prepared according TP7 by treating sulfoxid&0a (329 mg, 1.00 mmolyith iPrMgCI- LiCl
(0.92 mL, 1.10 mmol, 1.20 M in THF) at -50 °C fomdn and DMF (58 mg, 0.80 mmol) at
25 °C for 1 h. Flash chromatographic purificatiperftane/B0 8:2, silica gel) furnisheflla
as a yellow oil (94 mg, 58% yield).

m.p. (°C): 178-182.

'H-NMR (CDCl 3, 400 MHz): § (ppm) = 10.52 (dJ = 0.78 Hz, 1H), 8.89 (d] = 0.97 Hz,
1H), 8.71 (dd,) = 5.07, 0.78 Hz, 1H), 7.69 (dd~ 5.07, 0.97 Hz, 1H), 0.29 (s, 9H).
13C-NMR (CDCl3, 100 MHz): § (ppm) = 190.7 (CH), 154.6 (CH), 149.1 (CH), 141.93.6,
119.0 (CH), 106.3, 96.7, -0.4 (GH

IR (ATR): 7 /cmi'=2958 (w), 2924 (w), 2854 (vw), 2158 (vw), 1698 (598 (w), 1396
(m), 1304 (m), 1246 (m), 1202 (m), 1092 (w), 1060,(882 (m), 870 (m), 834 (vs), 798 (s),
788 (s), 756 (s), 698 (m), 670 (s).

MS (El, 70 eV): m/z(%) = 205 (16), 204 (92), 188 (34), 158 (19), 78)(I/3 (14), 70 (14),
61 (20), 45 (15), 43 (100).

HRMS (EI): calcd. for GiH1aNO?®Si: 203.0766, found: 203.0769.

Ethyl 4-(3-((trimethylsily)ethyny)pyridin-4-ybezoate 81b)
™S

l CO,Et

=
Nx

Prepared according TP7 by treating sulfoxid&0a (329 mg, 1.00 mmolyith iPrMgCI- LiCl
(0.92 mL, 1.20 mmol, 1.20 M in THF) at -50 °C fornbn, with ethyl 4-iodobenzoate
(221 mg, 0.80 mmol), Zngl(1.10 mL, 1.20 mmol, 1.00 M in THF) and Pd(BRK23 mg,
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0.02 mmol) for the cross-coupling (50 °C, 2 h). dRlachromatographic purification
(pentane/BD 7:3, silica gel) furnishefllb as a yellow oil (164 mg, 63% yield).

'H-NMR (CDCl 3, 400 MHz):  (ppm) = 8.76 (dJ = 0.78 Hz, 1H), 8.55 (dl = 5.17 Hz, 1H),
8.12-8.09 (m, 2H), 7.73-7.70 (m, 2H), 8.55 (s, 1HR9 (ddJ = 5.17, 0.78 Hz, 1H), 4.40 (q,
J=7.21 Hz, 2H), 1.40 (] = 7.21 Hz, 3H), 0.15 (s, 9H).

3C-NMR (CDCl3, 100 MHz): 6 (ppm) = 166.1, 154.0 (CH), 149.5 (CH), 148.9, 841.
130.7, 129.3 (CH), 128.9 (CH), 123.0 (CH), 118.01.9, 100.8, 61.1 (C§}, 14.3 (CH), -
0.48 (CHy).

IR (ATR): U /cm®=2960 (w), 2160 (w), 1716 (s), 1610 (w), 1580 (W76 (w), 1394 (m),
1368 (w), 1310 (w), 1270 (s), 1250 (s), 1182 (mM)P2A(s), 1032 (m), 1016 (w), 860 (s), 838
(vs), 780 (m), 750 (s), 702 (m), 662 (m), 650 (m).

MS (El, 70 eV): m/z (%) = 323 (33, M), 308 (36), 280 (22), 278 (12), 266 (12), 265 (20)
264 (100), 234 (11), 220 (10), 132 (11).

HRMS (EI): calcd. for GeH21NO,®Si: 323.1342, found: 323.1332.

Ethyl 4-(4-(4-cyanophenyl)pyridin-3-yl)benzoat&l €
CN

O O CO,Et
=

N

N

Prepared according tolrP7 by treating sulfoxide80b (334 mg, 1.00 mmol)with
iIPrMgClI-LiCl (0.92 mL, 1.10 mmol, 1.20 M in THF) a&0 °C for 1 h, with ethyl 4-
iodobenzoate (221 mg, 0.80 mmol), ZpG.10 mL, 1.10 mmol, 1.00 M in THF) and
Pd(PPh)s (23 mg, 0.02 mmol) for the cross-coupling (50 ). Flash chromatographic
purification (pentane/ED 2:8, silica gel) furnishe@1c as a colourless solid (132 mg, 50%
yield).

m.p. (°C): 140-141.

'H-NMR (CDCl 3, 600 MHz): 6 (ppm) = 8.72-8.68 (m, 2H), 7.96 (d= 8.58 Hz, 2H), 7.56
(d, J = 8.11 Hz, 2H), 7.34 (d] = 4.77 Hz, 1H), 7.24 (d] = 8.11 Hz, 2H), 7.18 (d] = 8.58
Hz, 2H), 4.37 () = 7.15 Hz, 2H), 1.38 (g} = 7.15 Hz, 3H).

3C-NMR (CDCl3, 100 MHz): 6 (ppm) = 166.0, 151.0 (CH), 149.6 (CH), 145.8, 942.
141.3, 134.8, 132.2 (CH), 130.0 (CH), 129.9 (CH)9.8 (CH), 129.7 (CH), 124.1, 118.3,
112.1, 61.2 (Ch), 14.3 (CH).
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IR (ATR): U /cmi* =2924 (w), 2228 (w), 1704 (s), 1608 (w), 1586 (W)7& (w), 1414 (w),
1394 (m), 1364 (w), 1280 (vs), 1248 (m), 1178 (21)28 (m), 1104 (m), 1020 (m), 1002 (w),
860 (m), 848 (m), 836 (m), 782 (m), 768 (m), 709,(690 (w).

MS (El, 70 eV): m/z(%) = 329 (14), 328 (70, I}, 300 (19), 284 (19), 283 (100), 255 (22),
254 (56), 253 (8), 252 (10), 227 (21).

HRMS (El): calcd. for GiH16N20,: 328.1212, found: 328.1209.

4-(4-Chlorophenyl)-3-((4-chlorophenyl)thio)pyridii@1d)
cl

PN
SN | \O\m

Prepared according ToP7 by treating sulfoxid&0c (344 mg, 1.00 mmolyith iPrMgCl- LiCl

(0.92 mL, 1.120 mmol, 1.20 M in THF) at -50 °C fds thin and §)-(4-chlorophenyl)benzene

thiosulfonate (228 mg, 0.80 mmol) at 25 °C for 1Mash chromatographic purification

(pentane/BD 7:3, silica gel) furnisheild as an off-white solid (179 mg, 67% vyield).

m.p. (°C): 80-82.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.52-8.48 (m, 2H), 7.40-7.36 (m, 2H), 7327 (m,

2H), 7.23-7.19 (m, 3H), 7.12-7.08 (m, 2H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 152.6 (CH), 149.6, 148.5 (CH), 136.1, 93433.8,

132.7, 132.6 (CH), 131.0, 130.1 (CH), 129.5 (CH28.6 (CH), 124.5 (CH).

IR (ATR): U /cmi* = 2926 (vw), 1724 (vw), 1592 (W), 1574 (w), 1492 (A%74 (m), 1462

(m), 1388 (m), 1292 (w), 1250 (w), 1174 (w), 1108,(1090 (s), 1042 (w), 1024 (w), 1010

(m), 824 (vs), 814 (vs), 776 (m), 758 (m), 722 (w).

MS (El, 70 eV): m/z(%) = 334 (17), 333 (76), 332 (37), 331 (100;)M330 (21), 298 (14),

296 (15), 207 (20), 126 (30), 75 (21).

HRMS (EI): calcd. for G;H1.>°ClLN%2S: 330.9989, found: 330.9973.

2.6-Dichloro-3-(4-chlorophenyl)-4-(4-nitrophenyiidine (818
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Prepared according torP7 by treating sulfoxide80d (412 mg, 1.00 mmol)with
iIPrMgCl-LiCl (0.92 mL, 1.10 mmol, 1.20 M in THF) a0 °C for 5 min, with 1l-iodo-4-
nitrobenzene (199 mg, 0.80 mmol), Zp([1.10 mL, 1.10 mmol, 1.00 M in THF) and
Pd(PPh)s (23 mg, 0.02 mmol) for the cross-coupling (50 ). Flash chromatographic
purification (pentane/ED 9:1, silica gel) furnishe8le as a colourless solid (186 mg, 61%
yield).

m.p. (°C): 140-142.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.14-8.10 (m, 2H), 7.39-7.37 (m, 1H), 7324 (m,
4H), 7.07-7.03 (m, 2H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 151.7, 150.7, 149.6, 147.6, 143.2, 1343.9,
132.6, 131.5 (CH), 129.9 (CH), 128.9 (CH), 123.6{C123.5 (CH).

IR (ATR): U /cm® =3114 (vw), 3080 (vw), 1604 (w), 1572 (m), 1562 (1528 (s), 1510
(s), 1494 (m), 1422 (m), 1398 (w), 1348 (vs), 18&§), 1228 (m), 1140 (m), 1108 (w), 1090
(m), 1078 (m), 998 (w), 854 (m), 836 (m), 826 @6 (vs), 774 (m), 736 (M), 722 (w), 698
(m).

MS (El, 70 eV): m/z(%) = 392 (29), 380 (96), 379 (18), 378 (100;)M299 (18), 297 (30),
261 (48), 227 (27), 226 (18), 225 (20).

HRMS (EI): calcd. for G;Hg>>ClsN,O,: 377.9730, found: 377.9726.

Ethyl 2'.6'-dichloro-3'-(4-methoxyphenyl)-[3.,4'-hifdine]-5-carboxylate §11)

OMe

Prepared according ToP7 by treating sulfoxid&0e (402 mg, 1.00 mmolyith iPrMgCl- LiCl
(0.92 mL, 1.10 mmol, 1.20 M in THF) at -50 °C fom®n, with ethyl 5-bromonicotinate
(184 mg, 0.80 mmol), Zn€l(1.20 mL, 1.10 mmol, 1.00 M in THF) and Pd(RRHK23 mg,
0.02 mmol) for the cross-coupling (50 °C, 5 h). dhlachromatographic purification
(pentane/BD 7:3, silica gel) furnishe8llf as a colourless solid (265 mg, 82% yield).

m.p. (°C): 120-121.

'H-NMR (CDCl 3, 300 MHz):  (ppm) = 9.07 (dJ = 1.73 Hz, 1H), 8.41 (dl = 2.23 Hz, 1H),
8.02 (dd,J = 2.23, 1.73 Hz, 1H), 7.36 (s, 1H), 7.02-6.97 pH), 6.83-6.78 (m, 2H), 4.37 (q,
J=7.18 Hz, 2H), 3.76 (s, 3H), 1.37 Jt= 7.18 Hz, 3H).
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3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 164.4, 159.6, 152.7 (CH), 151.2, 150.3 YCI49.6,
149.1, 137.1 (CH), 134.2, 133.1, 131.5 (CH), 12825.8, 123.6 (CH), 114.1 (CH), 61.7
(CHy), 55.2 (CH), 14.2 (CH).

IR (ATR): v /cm* =2936 (vw), 1716 (s), 1608 (w), 1564 (m), 1528 (4¥30 (m), 1370
(w), 1336 (m), 1306 (m), 1292 (s), 1272 (s), 126<),(1226 (m), 1178 (m), 1162 (m), 1136
(m), 1114 (m), 1088 (m), 1028 (m), 1016 (m), 883, (8568 (w), 840 (s), 820 (m), 794 (m),
764 (m), 706 (m), 698 (m).

MS (El, 70 eV): m/z(%) = 406 (14), 405 (18), 404 (73), 403 (48), 402Q, M), 401 (34),
375 (21), 373 (30), 357 (11), 44 (55).

HRMS (EI): calcd. for GoH16CI2N2O3: 402.0538, found: 402.0533.

3.3.4 Preparation of Cyclooxygenase-2 Inhibitor 9Qsing Ligand Coupling

2-(4-Methoxyphenypyridine88):

OMe
A dry and argon-flushed Schlenk-flask, equippechvdtmagnetic stirrer and a septum, was
charged with a solution of sulfoxid&c (233 mg, 1.00 mmolin THF (2 mL). The reaction
mixture was cooled to -50 °C amdrMgCl-LiCl (0.92 mL, 1.10 mmol, 1.20 M in THF) was
added dropwise. After stirring at -50 °C for 5 mihe reaction mixture was quenched with
sat. ag. NEClI-solution (5 mL) and extracted with EtOAc (3 x dfl). The combined organic
layers were dried (N&QO,) and after filtration the solvent was removed undeduced
pressure. Flash chromatographic purification (peetatO 1:1, silica gel) furnishe@8 as a
colourless solid (163 mg, 88% yield).

m.p. (°C): 53-54.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.65-8.63 (m, 1H), 7.97-7.92 (m, 2H), 77783 (m,
2H), 7.17-7.13 (m, 1H), 7.01-6.96 (m, 2H), 3.853}).

13C-NMR (CDCl3, 75 MHz): § (ppm) = 160.4, 157.1, 149.5 (CH), 136.6 (CH), 03228.1
(CH), 121.3 (CH), 119.7 (CH), 114.1 (CH), 55.3 ({H

IR (ATR): ¥ /cmi* = 3052 (vw), 2998 (w), 2836 (vw), 1602 (m), 1580 (1364 (w), 1514
(m), 1460 (m), 1432 (m), 1306 (w), 1272 (w), 1244 0176 (m), 1152 (w), 1112 (w), 1058
(w), 1036 (m), 1022 (m), 1006 (w), 988 (w), 838 (BY6 (w), 778 (vs), 738 (m), 718 (w).
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MS (El, 70 eV): m/z(%) = 186 (13), 185 (100, I, 170 (34), 142 (42), 141 (23), 115 (7), 70
(6), 63 (6), 51 (6), 43 (25).

HRMS (El): calcd. for GoH1:NO: 185.0841, found: 185.0834.

These data match the literature: L. Ackermann, Bhammer,Org. Lett.2006 8, 3457.

4-(2-((4-Methoxyphenyl)sulfinyl)pyridin-3-y)benzdrle (89)
CN

(0]
I
S

L
N OMe

Prepared according TP5 by treating sulfoxid&9c(1.17 g, 5.00 mmolvith tmpMgClI- LiCl
(5.00 mL, 5.50 mmol, 1.10 M in THF) at -30 °C fdd &iin, with 4-iodobenzonitrile (1.38 g,
6.00 mmol), zZnGl (6.00 mL, 6.00 mmol, 1.00M in THF) and Pd(RBRh(110 mg,
0.01 mmol) for the cross-coupling (50 °C, 2 h).dhlachromatographic purification (EtOAc,
silica gel) furnished®9 as a colourless solid (1.26 g, 63% yield).

m.p. (°C): 165-167.

'H-NMR (CDCl 3, 600 MHz): § (ppm) = 8.83 (ddJ = 4.65, 1.79 Hz, 1H), 7.72 (d,= 8.11
Hz, 2H), 7.56 (ddJ = 7.63, 1.79 Hz, 1H), 7.45 (dd,= 7.63, 4.65 Hz, 1H), 7.36 (d,= 8.11
Hz, 2H), 7.25 (dJ = 9.06 Hz, 2H), 6.80 (d] = 9.06 Hz, 2H), 3.77 (s, 3H).

3C-NMR (CDCl3, 150 MHz): 6 (ppm) = 162.2, 160.7, 150.5 (CH), 140.3, 138.5 JCH
135.3, 134.0, 132.2 (CH), 130.4 (CH), 128.0 (CH)5.1 (CH), 118.2, 114.6 (CH), 112.7,
55.5 (CHy).

IR (ATR): v /cmi' = 3070 (w), 3032 (w), 2228 (w), 1590 (m), 1574 (m38& (m), 1442
(m), 1408 (m), 1392 (m), 1304 (m), 1248 (vs), 118% 1166 (m), 1130 (w), 1100 (m), 1080
(vs), 1064 (vs), 1054 (s), 1024 (s), 1000 (m), 832814 (s), 796 (s), 758 (m), 710 (w), 640
(w).

MS (El, 70 eV): m/z(%) = 334 (33, M), 318 (34), 317 (100), 211 (22), 155 (80), 152)(25
139 (87), 124 (33), 123 (33), 44 (38).

HRMS (EI): calcd. for GoH14N,0,%%S: 334.0776, found: 334.0781.

4-(2-(4-methoxyphenyl)pyridin-3-ybenzonitril®Q):
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A dry and argon-flushed Schlenk-flask, equippedchvatmagnetic stirrer and a septum, was
charged with a solution of sulfoxid®9 (334 mg, 1.00 mmol) in THF (2 mL). The reaction
mixture was cooled to -50 °C amdrMgClI-LiCl (0.92 mL, 1.10 mmol, 1.20 M in THF) was
added dropwise. After stirring at -50 °C for 5 mihe reaction mixture was quenched with
sat. ag. NEClI-solution (5 mL) and extracted with EtOAc (3 x df.). The combined organic
layers were dried (N&QO,) and after filtration the solvent was removed undeduced
pressure. Flash chromatographic purification (peef@acO 1:1, silica gel) furnishe@0 as a
colourless solid (238 mg, 83% vyield).

m.p. (°C): 123-124.

'H-NMR (CDCl 3, 600 MHz): 6 (ppm) = 8.74 (ddJ = 4.77, 1.67 Hz, 1H), 7.72 (dd= 7.87,
1.67 Hz, 1H), 7.59 (dJ = 8.35, 2H), 7.36 (dd] = 7.87, 4.77 Hz, 1H), 7.32 (d,= 8.35 Hz,
2H), 7.26 (dJ = 8.82 Hz, 2H), 6.80 (d, = 8.82 Hz, 2H), 3.80 (s, 3H).

3C-NMR (CDCl3, 150 MHz): 6 (ppm) = 159.9, 156.5, 148.8 (CH), 144.8, 138.6 JCH
134.0, 132.2 (CH), 131.3 (CH), 130.2 (CH), 121.8)jC118.6, 113.7 (CH), 111.1, 108.7,
55.2 (CH).

IR (ATR): U /cm® = 2836 (vw), 2228 (w), 1604 (m), 1580 (w), 1574 (4510 (m), 1460
(W), 1444 (w), 1424 (s), 1396 (m), 1306 (w), 1298,(1248 (s), 1186 (m), 1174 (m), 1106
(w), 1042 (m), 1024 (m), 1000 (w), 842 (vs), 811 894 (s), 782 (vs), 740 (w), 722 (w).

MS (El, 70 eV): m/z(%) = 287 (10), 286 (63, N, 285 (100), 271 (2), 270 (3), 243 (5), 242
(22), 241 (4), 214 (2), 121 (2).

HRMS (EI): calcd. for GgH14N20: 286.1106, found: 286.1096.
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3.4 Preparation of Functionalized Heterocycles 93ybTransition Metal-Catalyzed Cross-
Coupling Reaction of Unsaturated Thioethers 91 withunctionalized Organozinc
Reagents 92

3.4.1 Preparation of Heterocyclic Thioethers 91

2.4-Dimethoxy-6-(methylthio)-1,3,5-triazin81a)

OMe
N/gN

A AN

MeO™ "N~ "SMe
2-Chloro-4,6-dimethoxy-1,3,5-triazine (1.76 g, 1ffhol) and sodium thiomethanolate
(780 mg, 11.0 mmol) were dissolved in DMF (10 mAjter stirring for 24 h at 25 °C, the
reaction mixture was quenched with sat. aqueopSCK solution (30 mL) followed by
extraction using EtOAc (3 x 30 mL). The combinedanric layers were dried (M&aO;) and
after filtration the solvent was removed under wEtlipressure. Recrystallisation from@t
furnished91aas a colourless solid (1.63 g, 87% yield).
m.p. (°C): 117-120.
'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 3.99 (s, 6H), 2.52 (s, 3H).
3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 185.4, 170.9, 55.2 (GH13.4 (CH).
IR (ATR): v /cmi' = 3000 (vw), 1549 (vs), 1531 (s), 1499 (s), 1453 (2895 (m), 1345
(vs), 1327 (s), 1296 (s), 1286 (s), 1194 (m), 1151045 (s), 980 (m), 940 (m), 901 (m),
806 (s).
MS (El, 70 eV): m/z(%) = 189 (4), 188 (7), 187 (100,"M 186 (5), 172 (16), 142 (7), 141
(11), 126 (17), 101 (5), 70 (4).
HRMS (EI): calcd. for GHgN3O,S: 187.0415, found: 187.0407.
These data match the literature: Tosato, M. L.;c8mi, L.J. Chem. Soc., Perkin Trans. 2,
1982 11, 1321-1326.

3-Methoxy-6-(methylthio)pyridazine9(f)
MeO

N-N"sMe

3-Chloro-6-methoxypyridazine (1.45 g, 10.0 mmol)dasodium thiomethanolate (780 mg,
11.0 mmol) were dissolved in DMF (10 mL). Afterratig for 24 h at 25 °C, the reaction
mixture was quenched with sat. aqueoufC®; solution (20 mL) followed by extraction

using EtOAc (3 x 20 mL). The combined organic Iayevrere dried (Ng&O,;) and after
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filtration the solvent was removed under reducedsgure. Recrystallisation from Bt
furnished91f as a colourless solid (1.49 g, 95% vyield).

m.p. (°C): 93-94.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.20 (dJ = 9.30 Hz, 1H), 6.80 (d} = 9.30 Hz, 1H),
4.06 (s, 3H), 2.66 (s, 3H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 163.2, 156.5, 129.0, 117.5, 54.6, 13.4.

IR (ATR): 7 /cm® = 2958 (vw), 1564 (s), 1542 (vs), 1454 (m), 1409 (2863 (vs), 1299
(m), 1258 (s), 1143 (m), 1104 (s), 1021 (s), 108} 41 (m), 815 (s), 808 (s), 605 (W).
MS (El, 70 eV):m/z(%) = 157 (7), 156 (100, K, 155 (26), 123 (6), 111 (5), 99 (5), 98 (10),
85 (13), 80 (6), 79 (6).

HRMS (El): calcd. for GHgN,0*S: 156.0357, found: 156.0363.

These data match the literature: Metzger, A.; Mglki; Despotopoulou, C.; Knochel, ®rg.
Lett 2009 11, 4228-4231.

6,7-Dimethoxy-4-(methylthio)guinazolin®1q)
MeO N

B

_N

MeO
SMe

4-Chloro-6,7-dimethoxyquinazoline (997 mg, 4.44 nhma@and sodium thiomethanolate
(346 mg, 4.88 mmol) were dissolved in DMF (5 mL)tek stirring at 25 °C for 24 h, the
reaction mixture was quenched with sat. aqueop8CK solution (10 mL) followed by
extraction using EtOAc (3 x 10 mL). The combinedaoric layers were dried (Ma0O,) and
after filtration the solvent was removed under wEtlipressure. Recrystallisation from@t
furnished91gas a colourless solid (1.00 g, 95% yield).

m.p. (°C): 165-166.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.85 (s, 1H), 7.24 (s, 1H), 7.18 (s, 1402 (s, 3H),
4.01 (s, 3H), 2.70 (s, 3H).

3C-NMR (CDCl3, 75 MHz): § (ppm) = 168.0, 155.5, 152.4 (CH), 149.9, 145.9.11107.0
(CH), 101.4 (CH), 56.4 (C#), 56.2 (CH), 12.6 (CH).

IR (ATR): v /cm*=2918 (w), 1614 (w), 1571 (w), 1542 (m), 1506 ()50 (m), 1411 (s),
1358 (s), 1342 (s), 1230 (vs), 1204 (s), 1158 (¥&p4 (s), 1019 (m), 970 (m), 871 (m), 845
(s), 827 (m), 799 (s), 700 (m), 658 (m).

MS (El, 70 eV): m/z(%) = 237 (14), 236 (100, W, 235 (21), 222 (7), 221 (48), 204 (7), 190
(10), 189 (11), 175 (9), 163 (14).

HRMS (EI): calcd. for GiH1:N20,°%S: 236.0619, found: 236.0616.
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These data match the literature: Alexandre, FBRrecibar, A.; Wrigglesworth, R.; Besson,
T. Tetrahedron2003 59, 1413-1419.

Tert-butyl 2-(methylthio)-H-pyrrole-1-carboxylateq1k)

@\SMe

N
Boc

In a dry argon-flushed Schlenk-flask, equipped veitmagnetic stirrer and a septunBuLi
(8.13 mL, 10.0 mmol, 1.23 Mn hexane) was slowly added to a solution of 22,6,
tetramethylpiperidine (1.41 g, 10.0 mmol) in THFO(L) at -78 °C. The mixture was
allowed to stir at -78 °C for 10 min and then & °C for 10 min, whereupon it was cooled to
-78 °C. To the resulting yellow solutioN-Boc-pyrrole (1.67 g, 10 mmol) was added
dropwise. The reaction mixture was stirred at Z8fér 1 h followed by rapid addition of
dimethyl disulfide (2.07 g, 22.0 mmol) at -78 °Chel'mixture was warmed to 25 °C slowly.
After stirring at 25 °C for 1 h, the reaction mirtuwas quenched with sat. aqueouyS&;
solution (20 mL) followed by extraction using EtOA8 x 30 mL). The combined organic
layers were dried (N&QO,) and after filtration the solvent was removed undeduced
pressure. Purification by flash chromatography {@ee/EtO 10:1, silica gel) furnishefllk
as a pale yellow liquid (0.77 g, 36% yield).

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.23 (ddJ = 3.34, 1.80 Hz, 1H), 6.18 (dd= 3.47,
3.34 Hz, 1H), 5.94 (dd} = 3.47, 1.80 Hz, 1H), 2.39 (s, 3H), 1.59 (s, 9H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 149.0, 129.3, 121.5 (CH), 111.4 (CH), 21(CH),
84.3, 28.0 (CH), 17.0 (CH).

IR (ATR): U /cmi'=2979 (w), 1763 (m), 1726 (s), 1476 (W), 1455 (vB92 (w), 1368 (m),
1327 (s), 1302 (s), 1252 (s), 1147 (vs), 10991858 (m), 1023 (m), 1001 (m), 969 (w), 843
(m), 775 (m), 712 (w).

MS (El, 70 eV): m/z(%) = 213 (10, M), 159 (13), 157 (79), 113 (54), 98 (45), 82 (13,
(100), 56 (15), 44 (19), 41(45).

HRMS (El): calcd. for GoH1sNO,*%S: 213.0823, found: 213.0825.

These data match the literature: Semmelhack, MCHenov, A. M.; Ho, D. MJ. Am. Chem.
So0c.2005 127, 7759-7773.

2-(Methylthio)nicotinonitrile 911)

CN

N SMe
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2-Chloronicotinonitrile (2.77 g, 20.0 mmol) and sod thiomethanolate (2.31 g, 33.0 mmol)
were dissolved in DMF (10 mL). After stirring at 26 for 24 h, the reaction mixture was
quenched with sat. aqueousQOs solution (50 mL) followed by extraction using EtOA x
100 mL). The combined organic layers were dried,8a) and after filtration the solvent
was removed under reduced pressure. Purificatiofidsyn chromatography (pentanefgt
3:1, silica gel) furnishe@1l as a yellow solid (665 mg, 22% yield).

m.p. (°C): 90-91.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 8.57 (ddJ = 5.01, 1.85 Hz, 1H), 7.77 (dd= 7.69,
1.85 Hz, 1H), 7.05 (dd] = 7.69, 5.01 Hz, 1H), 2.60 (s, 3H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 163.4, 152.0 (CH), 140.3 (CH), 118.2 (CH)5.5,
107.2, 13.1 (Ch).

IR (ATR): 7 /cmi* = 3046 (w), 2929 (w), 2224 (m), 1574 (m), 1546 (m§91 (vs), 1316
(m), 1232 (m), 1184 (m), 1143 (m), 1078 (m), 959, ®01 (vs), 736 (m), 721 (m), 667 (m).
MS (El, 70 eV): m/z(%) = 150 (100, M), 123 (27), 104 (40), 79 (30), 75 (11), 45 (18, 4
(16).

HRMS (El): calcd. for GHgNs**S: 150.0252, found: 150.0245.

2-(Methylthio)-4-(2-thienyl)-6-(trifluoromethyl)pymidine (91d)

4,4,4-Trifluoro-1-(2-thienyl)butane-1,3-dione (7.@1 32.0 mmol) and thiourea (2.43 g,
32.0 mmol) were dissolved in EtOH (20 mL). HCI co(tO0 mL) was added and the reaction
mixture was heated at 95 °C for 8 h. After cooltog?5 °C a precipitate formed which was
filtered off, washed with pentane and dried in \@cugiving 6-(2-thienyl)-4-
(trifluoromethyl)pyrimidine-2-(H)-thione (2.63 g, 31%) as an orange solid.
6-(2-Thienyl)-4-(trifluoromethyl)pyrimidine-2-{)-thione (2.63 g, 10.0 mmol) was dissolved
in THF (25 mL), and sodium hydride (288 mg, 12.0 oiynwas added in small portions at -
20 °C. The yellow mixture was warmed to 25 °C atidexl for 1 h. Then, iodomethane
(1.99 g, 14.0 mmol) was added. After stirring foh Jt 25 °C, the reaction mixture was
quenched with sat. aqueous®Os solution (40 mL) followed by extraction using EtOAZ x
40 mL). The combined organic layers were dried,@@) and after filtration the solvent was
removed under reduced pressure. Purification bghflehromatography (pentanef@t20:1,

silica gel) furnishe®1d as a yellow crystalline solid (1.68 mg, 61% yield)
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m.p. (°C): 69-71.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.83 (ddJ = 3.83, 1.12 Hz, 1H), 7.59 (dd= 5.05,
1.12 Hz, 1H), 7.45 (s, 1H), 7.17 (dbs 5.05, 3.83 Hz, 1H), 2.63 (s, 3H).

These data match the literature: Flores, A. F.Rizzuti, L.; Brondani, S.; Rossato, M.;
Zanatta, N.; Martins, M. A. R. Braz. Chem. So2007, 18, 1316-1321.

2-(Methylthio)-1,3-benzoxazol®19

o]
©: />—SMe
N

1,3-Benzoxazole-2-thiol (3.02 g, 20.0 mmol) wassdiged in THF (10 mL) and sodium
hydride (880 mg, 22.0 mmol) was added in smallipogt After stirring at 25 °C for 15 min,
iodomethane (3.12 g, 23.0 mmol) was added. Afterirgy at 25 °C for 1 h, the reaction
mixture was quenched with sat. aqueousC®; solution (40 mL) followed by extraction
using E3O (3 x 40 mL). Evaporation of the solvent furnistgdat as a brown oil (3.14 g, 95%
yield).

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.60-7.57 (m, 1H), 7.42-7.39 (m, 1H), 7288 (m,
2H), 2.73 (s, 3H).

These data match the literature: Kamat, M. N.; R&thP.; Demchenko, A. \d. Org. Chem
2007, 72, 6938-6946.

1-Methyl-2-(methylthio)iH-pyrrole ©1b)

@\SMe

|
Me

In a dry argon-flushed Schlenk-flask, equipped veitmagnetic stirrer and a septunBuL.i
(22.5 mL, 55.0 mmol, 2.44 M in hexane) was slowdged to a solution dfl-methyl-pyrrole
(4.06 g, 50.0 mmol) in THF (30 mL) at O °C. The tabe was allowed to warm to 25 °C and,
after stirring for 1 h at 25 °C, dimethyl disulfig¢.65 g, 60.0 mmol) was added at 0 °C. The
reaction mixture was warmed to 25 °C and afterisgrfor 1 h, quenched with sat. aqueous
K2CO;s solution (30 mL) followed by extraction using EtOA8 x 50 mL). The combined
organic layers were dried (b80O,) and after filtration the solvent was removed unéeluced
pressure. Purification by flash chromatography (@ee, silica gel) furnishefllb as a clear
liquid (4.32 g, 68% yield).

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 6.78-6.77 (m, 1H), 6.37-6.35 (m, 1H), 66142 (m,
1H), 3.71 (s, 3H), 2.28 (s, 3H).
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13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 124.4 (CH), 123.1, 115.7 (CH), 107.8 (CB3,8
(CHs), 21.1 (CH).

IR (ATR): 7 /cmi' =2918 (w), 1516 (W), 1460 (m), 1432 (w), 1422 (w302 (m), 1391
(w), 1311 (w), 1291 (s), 1216 (w), 1086 (m), 1044,(998 (w), 966 (m), 882 (w), 858 (vw),
789 (w), 712 (vs), 684 (m).

MS (El, 70 eV):m/z(%) = 129 (5), 128 (9), 127 (100,"M 114 (4), 113 (5), 112 (71), 85 (8),
78 (11), 71 (5), 68 (8).

HRMS (EI): calcd. for GHeN*?S: 127.0456, found: 127.0452.

These data match the literature: Nedolyaa, N. AanBsmab, L.; Verkruijsseb, H. D.;
Trofimova, B. A.Tetrahedron Let1997, 38, 7247-7248.

3-(Methylthio)pyridine 91r)

In a dry argon-flushed Schlenk-flask, equipped wathmagnetic stirrer and a septum, 3-
bromopyridine (3.16 g, 20.0 mmol) was dissolved ki (20 mL). The solution was cooled
to 0 °C andPrMgCI-LiCl (18.5 mL, 22.0 mmol, 1.19 M in THF) waslded dropwise. After
stirring at 25 °C for 1 hs&methyl methanethiosulfonate (3.03 g, 24.0 mmol¥ wdded and
the solution was allowed to warm to 25 °C and atirfor 1 h. The reaction mixture was
quenched with saturated aqueouy€Ry; solution and extracted with EtOAc (3 x 20 mL). The
combined organic layers were dried ¢(S@y) and after filtration the solvent was removed
under reduced pressure. Purification by flash clatography (pentane/f 4:1, silica gel)
furnished91r as a yellow liquid (1.74 g, 69% vyield).

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 8.47 (ddJ = 2.43, 0.80 Hz, 1H), 8.34 (dd= 4.79,
1.52 Hz, 1H), 7.52 (ddd] = 8.06, 2.43, 1.52, 1H), 7.16 (dd#i= 8.06, 4.79, 0.80 Hz, 1H),
2.46 (s, 3H).

These data match the literature: A. Doudouh, C.tévamiann, P. C. Gros, Org. Chem2007,

72, 4978.

3.4.2 Preparation of Alkynyl Thioethers 94

((Methylthio)ethynyl)benzene4a)

@%SMG
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In a dry argon-flushed Schlenk-flask, equipped wihmagnetic stirrer and a septum,
phenylacetylene (5.11 g, 50.0 mmol) was dissolwe@HF (50 mL). The solution was cooled
to -78 °C andnBuLi (55.0 mmol, 22.7 mL, 2.42 M in hexane) was eddiropwise. After
stirring at -78 °C for 10 min, dimethyl disulfidé&.65 g, 60.0 mmol) was added and the
solution was allowed to warm to 25 °C and stirredX h. The reaction mixture was quenched
with saturated aqueous NEI-solution and extracted with EtOAc (3 x 50 mLhélcombined
organic layers were dried (B80,) and after filtration the solvent was removed unéeluced
pressure. Purification by flash chromatography {@e®, silica gel) furnishefida as a clear
liquid (5.89 g, 79% yield).

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.40-7.37 (m, 2H), 7.28-7.25 (m, 3H), 2(453H).
These data match the literature: Stefani, H. AllaC®&.; Doerr, F. A.; de Pereira, C. M. P,
Gomes, F. P.; Zeni, Getrahedron Lett2005 46, 2001.

1-Chloro-4-((methylthio)ethyny)benzen@4b)

CI@%SMe

In a dry argon-flushed Schlenk-flask, equipped wathmagnetic stirrer and a septum, 1-

ethynyl-4-chlorobenzene (4.10 g, 30.0 mmol) wasaliged in THF (30 mL). The solution
was cooled to -78 °C andBuLi (33.0 mmol, 13.6 mL, 2.4@ in hexane) was added
dropwise. After stirring at -78 °C for 10 min, dithgl disulfide (3.39 g, 36.0 mmol) was
added and the solution was allowed to warm to reemperature and stirred for 1 h. The
reaction mixture was quenched with saturated aguéd,Cl-solution and extracted with
EtOAc (3 x 30 mL). The combined organic layers waried (NaSQO,) and after filtration the
solvent was removed under reduced pressure. Rairdficby flash chromatography (pentane,
silica gel) furnishe®4b as a clear liquid (4.83 g, 88% vyield).

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.34-7.31 (d) = 8.84 Hz, 2H). 7.27-7.24 (d,=
8.84 Hz, 2H), 2.46 (s, 3H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 134.0, 132.6 (CH), 128.6 (CH), 121.9, 9®Z.2,
19.3 (CH).

IR (ATR): 7 /cmi' = 2927 (w), 2166 (w), 1899 (vw), 1739 (vw), 1580v}, 1485 (s), 1432
(w), 1420 (w), 1398 (w), 1312 (w), 1243 (w), 1088,(1013 (m), 976 (m), 957 (w), 867 (w),
823 (vs), 709 (w), 688 (w)

MS (El, 70 eV): m/z(%) = 185 (3), 184 (33), 183 (9), 182 (100,)M169 (25), 168 (6), 167
(72), 132 (12), 125 (7), 123 (20).
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HRMS (El): calcd. for GH;*°CI*%S: 181.9957, found: 181.9949.

1-Fluoro-4-((methylthio)ethynyl)benzen@4

F@%SMe

In a dry argon-flushed Schlenk-flask, equipped wathmagnetic stirrer and a septum, 1-

ethynyl-4-fluorobenzene (2.40 g, 20.0 mmol) wassalged in THF (20 mL). The solution
was cooled to 0 °C andPrMgClI-LiCl (18.5 mL, 22.0 mmol, 1.19 M in THF) waslded
dropwise. After stirring at 0°C for 10 minSmethyl methanethiosulfonate (3.03 g,
24.0 mmol) was added and the solution was alloweslarm to 25 °C and stirred for 1 h. The
reaction mixture was quenched with saturated acguédd,Cl-solution and extracted with
EtOAc (3 x 20 mL). The combined organic layers wered (NaSO,) and after filtration the
solvent was removed under reduced pressure. Rardficby flash chromatography (pentane,
silica gel) furnishe®4cas a yellow liquid (2.77 g, 83% yield).

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.41-7.36 (m, 2H), 7.01-6.95 (m, 2H), 2(463H).
13C-NMR (CDCl3, 75 MHz): § (ppm) = 162.4 (dJ = 249.5 Hz, CF), 133.5 (d,= 8.53 Hz,
CH), 119.5 (dJ = 3.35), 115.5 (d) = 22.2 Hz, CH), 90.7, 80.6, 19.3 (@H

IR (ATR): V /cmi® = 2928 (w), 2170 (W), 1739 (w), 1600 (m), 1501 (V&34 (w), 1423
(w), 1313 (w), 1230 (s), 1217 (s), 1155 (m), 1082, (1013 (w), 977 (w), 957 (w), 873 (w),
831 (vs), 794 (s), 692 (vw).

MS (El, 70 eV): m/z(%) = 166 (100, M), 152 (11), 151 (74), 107 (84), 69 (10), 57 (159,
(12), 44 (17), 43 (20), 41 (12).

HRMS (El): calcd. for GH/F**S: 166.0252; found: 166.0246.

1-((Methylthio)ethynyl)-4-(trifluoromethyl)benzeri®4d)

F3C©%8Me

In a dry argon-flushed Schlenk-flask, equipped wathmagnetic stirrer and a septum, 1-
ethynyl-4-trifluoromethylbenzene (5.3 30.0 mmol) was dissolved in THF (30 mL). The

solution was cooled to -78 °C anBuLi (33.0 mmol, 13.6 mL, 2.48 in hexane) was added
dropwise. After stirring at -78 °C for Ifin, dimethyl disulfide (3.39 g, 36.0 mmol) was
added and the solution was allowed to warm to 2ai@ stirred for 1 h. The reaction mixture
was quenched with saturated aqueous®li$olution and extracted with EtOAc (3 x 30 mL).

The combined organic layers were dried {8la4) and after filtration the solvent was
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removed under reduced pressure. Purification ghflehromatography (pentane, silica gel)
furnished94d as a clear liquid (3.24 g, 51% yield).

'H-NMR (CDCl3, 300 MHz): § (ppm) = 7.55-7.52 (dJ = 8.33 Hz, 2H), 7.48-7.45 (d, =
8.33 Hz, 2H), 2.49 (s, 3H).

3C-NMR (CDCl3, 75 MHz): § (ppm) = 131.2 (CH), 129.5 (d,= 32.7 Hz), 127.2 () =
1.37 Hz), 125.2 (q] = 3.87 Hz, CH), 123.9 (¢, = 272.0 Hz, CF), 90.8, 84.4, 19.3 (C#l

IR (ATR): v /cmi* =2932 (vw), 2167 (m), 1613 (m), 1405 (w), 1318 (k42 (w), 1163
(s), 1120 (s), 1104 (s), 1064 (vs), 1016 (m), 9B 057 (w), 837 (s), 766 (W), 666 (W).

MS (EI, 70 eV): m/z(%) = 216 (100, M), 202 (9), 201 (71), 181 (12), 157 (50), 137 (B2
(8), 45 (8) 44 (17), 43 (11).

HRMS (El): calcd. for GoH7F3*%S: 216.0221, found: 216.0217.

1-((Methylthio)ethynyl)cyclohexen®4e

@%SMG

In a dry argon-flushed Schlenk-flask, equipped wathmagnetic stirrer and a septum, 1-

ethynyl-cyclohexene (3.18 g, 30.0 mmol,) was disolin THF (30 mL). The solution was
cooled to -78 °C andBuLi (13.6 mL, 33.0 mmol, 2.42 M in THF) was addéidpwise. After
stirring at -78 °C for 10 min, dimethyl disulfideg.89 g, 36.0 mmol) was added and the
solution was allowed to warm to 25 °C and stirredif h. The reaction mixture was quenched
with saturated aqueous,8Os-solution and extracted with EtOAc (3 x 30 mL). Téwnbined
organic layers were dried (B#0O4) and after filtration the solvent was removedier
reduced pressure. Purification by flash chromafoigygpentane, silica gel) furnish@de as

a clear liquid (3.90 g, 85% yield).

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 6.09-6.05 (m, 1H), 2.37 (s, 3H), 2.13-2(6% 4H),
1.65-1.51 (m, 4H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 134.9 (CH), 120.9, 93.7, 77.5, 29.2 (LH25.7
(CHy), 22.3 (CH), 21.5 (CH), 19.6 (CH).

IR (ATR): U /cm® = (vs), 2857 (m), 2830 (m), 1739 (w), 1626 (vw), 1446), 1434 (s),
1348 (m), 1311 (m), 1136 (w), 1077 (w), 1045 (Wf59qm), 956 (m), 918 (s), 840 (s), 802
(m), 797 (m), 706 (w).

MS (El, 70 eV): m/z(%) = 152 (51, M), 137 (61), 109 (100), 105 (43), 104 (39), 103)(56
97 (50), 93 (54), 91 (59), 77 (39).

HRMS (El): calcd. for GH15%S: 152.0660, found: 152.0653.
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1-(Methylthio)hex-1-yne44f)

Bu——=—=—SMe

In a dry argon-flushed Schlenk-flask, equipped wathmagnetic stirrer and a septum, 1-
hexyne (1.64 g, 20.0 mmol) was dissolved in THFf20. The solution was cooled to 0 °C
andiPrMgClI- LiCl (18.5 mL, 22.0 mmol, 1.19 M in THF) waslded dropwise. After stirring
at 0 °C for 10 minS-methyl methanethiosulfonate (3.03 g, 24.0 mmolys wdded and the
solution was allowed to warm to 25 °C and stirredX h. The reaction mixture was quenched
with saturated aqueous NEI-solution and extracted with EtOAc (3 x 20 mLhélcombined
organic layers were dried (B80O,) and after filtration the solvent was removed unéeluced
pressure. Purification by flash chromatography (e, silica gel) furnishefl4f as a clear
liquid (2.33 g, 91% vyield).

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 2.35 (s, 3H), 2.26 (3, = 6.81 Hz, 2H), 1.32-1.50
(m, 4H), 0.88 (tJ = 6.78 Hz, 2H).

These data match the literature: Zhao, S. H.; ShrtupKagan, H. B. Tetrahedrdi®87, 43,
5135.

2-((Methylthio)ethynyl)pyridine 949

Q%SMe

In a dry argon-flushed Schlenk-flask, equipped wathmagnetic stirrer and a septum, 2-
ethynylpyridine (3.09 g, 30.0 mmol) was dissolvedrfHF (30 mL). The solution was cooled
to 0 °C andPrMgCl-LiCl (33.0 mmol, 27.7 mL, 1.19 M in THF) waslded dropwise. After
stirring at 0 °C for 10 minS-methyl methanethiosulfonate (4.55 g, 36.0 mmol} wdded and
the solution was allowed to warm to 25 °C and atirfor 1 h. The reaction mixture was
quenched with saturated aqueous;NHsolution and extracted with EtOAc (3 x 30 mLher
combined organic layers were dried (S@y) and after filtration the solvent was removed
under reduced pressure. Purification by flash clatography (pentane/fE2 2:1, silica gel)
furnished94gas a clear liquid (2.12 g, 47% vyield).

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.52-8.50 (m, 1H), 7.62-7.56 (m, 1H), 7331 (m,
1H), 7.18-7.13 (m, 1H), 2.48 (s, 3H).

13C-NMR (CDCl3, 75 MHz): § (ppm) = 149.7 (CH), 143.2, 136.1 (CH), 126.2 (CH)2.3
(CH), 91.6, 83.0, 19.0 (CHl
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IR (ATR): U /cmi* = 3040 (w), 3002 (w), 2926 (w), 2170 (m), 2131 (WJ3® (w), 1638
(w), 1579 (s), 1560 (m), 1508 (m), 1459 (s), 1484 1312 (m), 1258 (m), 1148 (m), 1080
(m), 988 (m), 823 (w), 773 (vs), 738 (m), 664 (w).

MS (El, 70 eV): m/z(%) =149 (92, M), 148 (100), 134 (55), 83 (33), 69 (42), 57 (&5,
(44), 44 (56), 43 (36), 40 (35).

HRMS (El): calcd. for GH;N*?S: 149.0299, found: 149.0283.

(17b)-3,17Bis(methoxymethoxy)-17-((methylthio)ethynyestra-1\ P -triene 94i)

MOMO
In a dry argon-flushed Schlenk-flask, equipped wveitthagnetic stirrer and a septum, MOM-
protected ethinylestradiol (2.11 g, 5.48 mmol) wissolved in THF (10 mL). The solution
was cooled to 0 °C andPrMgClI-LiCl (6.03 mmol, 5.07 mL, 1.19 M in THF) waslded
dropwise. After 10 min of stirring at 0 °CSmethyl methanethiosulfonate (830 mg,
6.58 mmol) was added and the solution was alloweslarm to room temperature and stirred
for 1 h. The reaction mixture was quenched withursdeéd aqueous JOs-solution and
extracted with EtOAc (3 x 30 mL). The combined anigalayers were dried (N80O,) and
after filtration the solvent was removed under il pressutePurification by flash
chromatography (pentanefex 10:1, silica gel) furnishe®4i as a clear oil (1.96 g, 83%
yield).

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.20 (d,) = 8.37 Hz, 1H), 6.83 (dd] = 8.37, 2.61
Hz, 1H), 6.77 (dJ = 2.61 Hz, 1H), 5.14 (s, 2H), 5.02 @= 6.45 Hz, 1H), 4.79 (d] = 6.45
Hz, 1H), 3.47 (s, 3H), 3.40 (s, 3H), 2.86-2.84 @hl), 2.40 (s, 3H), 2.35-2.30 (m, 1H), 2.25-
2.20 (m, 2H), 2.17-2.11 (m, 1H), 1.89-1.85 (m, 1HB3-1.71 (m, 4H), 1.51-1.35 (m, 4H),
0.90 (s, 3H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 155.0, 138.0, 133.8, 126.3 (CH), 116.1 JCH3.7
(CH), 94.4 (CH), 93.5, 93.4 (CH), 86.1, 79.7, 55.8 (C}), 55.7 (CH), 48.9 (CH), 48.2, 43.6
(CH), 39.1 (CH), 37.5 (C}), 33.3 (CH), 29.7 (CH), 27.2 (CH), 26.3 (CH), 23.0 (CH),
19.4 (CH), 13.1 (CH).

IR (ATR): 7 /cmi'=2928 (m), 2162 (vw), 1739 (vw), 1497 (m), 1440 (@241 (m), 1231
(m), 1150 (s), 1094 (m), 1076 (m), 1033 (s), 104H,(920 (m), 871 (w), 819 (w), 735 (m).
MS (El, 70 eV): m/z(%) = 430 (2, M), 416 (13), 415 (45), 385 (12), 383 (38), 339 (=2
(12), 147 (11), 85 (13), 45 (100).
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HRMS (El): calcd. for GsH3404°%S: 430.2178, found: 430.2178.

3.4.3 Preparation of Heterocycles 93 via Pd-Catalgd Cross-Coupling Reaction

2.4-Dimethoxy-6-(4-methoxyphenyl)-1,3,5-triazirg8b)

OMe

N)%N

)I\ ~
MeO N
OMe

Prepared according t@P8 from dimethoxy-6-(methylthio)-1,3,5-triazine9ig 187 mg,
1.00 mmol), (4-methoxyphenyl)zinc iodid®2p, 1.38 mL, 1.50 mmol, 1.09 M in THF),
Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 m@¥®5 °C for 5 h. Purification
by flash chromatography (pentanef&t3:2, silica gel) furnishe®3b as a colourless solid
(205 mg, 83% yield).

m.p. (°C): 99-100.

'H-NMR (CDClI 3, 300 MHz): § (ppm) = 8.47-8.42 (m, 2H), 6.98-6.93 (m, 2H), 4(696H),
3.86 (s, 3H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 174.3, 172.7, 163.5, 130.9 (CH), 127.8.11CH),
55.4 (CH), 55.0 (CH).

IR (ATR): © /cmi' = 2959 (vw), 1592 (m), 1562 (s), 1540 (vs), 1523 ()90 (m), 1454
(m), 1421 (m), 1409 (m), 1372 (s), 1362 (vs), 1299, 1258 (s), 1190 (m), 1183 (m), 1171
(m), 1142 (s), 1103 (s), 1020 (s), 1011 (m), 9418%4 (vs), 807 (S).

MS (El, 70 eV): m/z(%) = 248 (14), 247 (100, N, 246 (25), 217 (20), 216 (8), 202 (26),
176 (16), 134 (43), 133 (8), 69 (7).

HRMS (El): calcd. for GoH13N303: 247.0957, found: 247.0943.

Ethyl 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)benzod880

OMe

N™ SN

)l\ ~
MeO™ N
CO,Et

Prepared accordingP8 from 2,4-dimethoxy-6-(methylthio)-1,3,5-triazin@®1g 181 mg,
1.00 mmol) and 4-(ethoxycarbonyl)phenylzinc iod{@2¢, 2.03 mL, 1.50 mmol, 0.74 M in
THF), Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 mo#wo)5 °C for 5 h.

Purification by flash chromatography (pentangZE?:3, silica gel) furnisheBi3cas a yellow
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solid (243 mg, 84% vyield). Alternatively, by applg TP9 (25 °C, 7 h)93cwas obtained in
81% vyield.

Large scale preparation:

Prepared according t®P8 from 2,4-dimethoxy-6-(methylthio)-1,3,5-triazin®1@ 3.74 g,
20.0 mmol in 1GnL THF), 4-(ethoxycarbonyl)phenylzinc iodidé2c 40.5 mL, 30.0nmol,

0.74 M in THF), Pd(OAg) (112 mg, 2.5 mol%) and S-Phos (41, 5.0mol%). After 3 h at
25 °C, the reaction mixture was quenched with agt.NaCO; solution (30mL) followed by

extraction using EtOAc (3 x 50L). Purification by flash chromatography (pent&igd 7:3,
silica gel) furnishe®3cas a yellow solid (4.98, 86% yield).

m.p. (°C): 97-98.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.53 (dJ = 8.58 Hz, 2H), 8.13 (dl = 8.58 Hz, 2H),
4.40 (q,d = 7.15 Hz, 2H), 4.12 (s, 6H), 1.41 Jt= 7.15 Hz, 3H).

13C-NMR (CDCl3, 75 MHz): d (ppm) = 174.0, 173.0, 166.0, 138.9, 134.0, 12€14)( 128.8
(CH), 61.3 (CH), 55.3 (CH), 14.3 (CH).

IR (ATR): 7 /cmi* =2990 (w), 1714 (m), 1590 (m), 1541 (vs), 1496 (€57 (s), 1354 (vs),
1274 (s), 1198 (m), 1128 (m), 1102 (s), 1034 (n918L(s), 940 (m), 852 (w), 820 (m), 782
(m), 718 (m), 676 (w).

MS (El, 70 eV): m/z (%) = 290 (17), 289 (97, K, 288 (21), 261 (13), 259 (27), 245 (13),
244 (100), 216 (14), 186 (18), 159 (12).

HRMS (El): calcd. for G4H1sN30,4: 289.1063, found: 289.1057.

4-(6-Methoxypyridazin-3-yl)benzonitril9Bd)
MeO

X

N.
N/

CN
Prepared according torP8 from 3-methoxy-6-(methylthio)pyridazine91f, 156 mg,
1.00 mmol), (4-cyanophenyl)zinc iodide92d, 2.11 mL, 1.50 mmol, 0.71 M in THF),
Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 m@¥®5 °C for 4 h. Purification
by flash chromatography (pentanef&t2:3, silica gel) furnishe®3d as a colourless solid
(161 mg, 76% yield).

m.p. (°C): 161-162.

'H-NMR (CDCl 3, 300 MHz):  (ppm) = 8.11-8.15 (m, 2H), 7.76-7.82 (m, 3H), 7(0J =
9.17 Hz, 1H), 4.20 (s, 3H).
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13C-NMR (CDCl3, 75 MHz): § (ppm) = 164.7, 140.2, 153.3, 132.7 (CH), 127.1 \CR7.0
(CH), 118.5, 118.0 (CH), 113.1, 55.2 (H

IR (ATR): 7 /cmi* =3059 (w), 2952 (w), 2224 (m), 1593 (m), 1548 (WA (s), 1408 (s),
1341 (m), 1299 (s), 1177 (m), 1116 (m), 1020 (nBN1(s), 860 (w), 834 (vs), 768 (w), 670
(w), 627 (w).

MS (El, 70 eV): m/z(%) = 212 (15), 211 (100, B, 210 (72), 204 (12), 182 (39), 140 (60),
129 (31), 127 (17), 113 (13), 53 (14).

HRMS (El): calcd. for GoHgN3O: 211.0746, found: 211.0738.

Ethyl 4-(6-methoxypyridazin-3-yl)benzoat@3e
MeO

X

N.
N/

CO,Et
Prepared according torP8 from 3-methoxy-6-(methylthio)pyridazine91f, 156 mg,
1.00 mmol), (4-(ethoxycarbonyl)phenyl)zinc iodid@2¢ 2.03 mL, 1.50 mmol, 0.74 M in
THF), Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 mo#wo)5 °C for 4 h.
Purification by flash chromatography (pentanglEtl:1, silica gel) furnishe®3e as a
colourless solid (199 mg, 77% yield).

m.p. (°C): 140-142.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 8.13-8.16 (m, 2H), 8.05-8.09 (m, 2H), 7(81J =
9.3 Hz, 1H), 7.06 (dJ = 9.3 Hz, 1H), 4.39 (q] = 7.2 Hz, 2H), 4.18 (s, 3H), 1.40 &= 7.2
Hz, 3H).

13C-NMR (CDCl3, 75 MHz): § (ppm) = 166.2, 164.5, 154.2, 140.1, 131.1, 13GH)( 127.2
(CH), 126.3 (CH), 117.8 (CH), 61.1 (GK155.0 (CH), 14.3 (CH).

IR (ATR): ¥ /cmi* =2951 (w), 1712 (vs), 1596 (m), 1463 (s), 1411 1804 (s), 1262 (vs),
1180 (m), 1100 (s), 1020 (s), 1014 (s), 1002 (8%, @n), 829 (s), 782 (m), 756 (s), 702 (m).
MS (El, 70 eV): m/z(%) = 259 (14), 258 (100, W, 257 (72), 229 (15), 213 (31), 199 (7),
187 (7), 176 (8), 159 (10), 129 (7).

HRMS (El): calcd. for GsH14N203: 258.1004, found: 258.1000.

6,7-Dimethoxy-4-(4-methoxyphenyl)quinazolir@Sf)
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OMe
Prepared according tdP8 from 6,7-dimethoxy-4-(methylthio)quinazolin®lg 236 mg,
1.00 mmol), 4-methoxyphenylzinc iodide©2p, 1.38 mL, 1.50 mmol, 1.09 M in THF),
Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 ma@#®@5 °C for 10 h. Purification
by flash chromatography (E2/EtOH 10:1, silica gel) furnishefi3f as a colourless solid
(211 mg, 71% yield).

m.p. (°C): 149-150.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 9.14 (s, 1H), 7.77-7.72 (m, 2H), 7.371(d), 7.36

(s, 1H), 7.10-7.05 (m, 2H), 4.06 (s, 3H), 3.913(4), 3.89 (s, 3H).

13C-NMR (CDCl3, 75 MHz): § (ppm) = 164.7, 161.0, 155.7, 153.3 (CH), 150.8.94131.1
(CH), 129.9, 118.6, 114.1 (CH), 106.8 (CH), 104CHYJ, 56.4 (CH), 56.1 (CH), 55.4 (CH).

IR (ATR): v /cmi' = 1608 (m), 1571 (w), 1516 (m), 1502 (vs), 1476, (t%58 (m), 1445
(m), 1412 (m), 1370 (m), 1300 (w), 1257 (s), 12@8§)(1218 (s), 1175 (s), 1137 (s), 1025 (s),
1004 (m), 860 (m), 831 (m), 816 (m), 792 (m).

MS (El, 70 eV): m/z(%) = 297 (21), 296 (100, W, 295 (43), 282 (17), 281 (86), 265 (37),
264 (54), 251 (10), 250 (11), 238 (11).

HRMS (EI): calcd. for G;H16N2O3: 296.1161, found: 296.1152.

4-(4-Methylpyrimidin-2-yl)benzonitrile430)

Me

P

Prepared according tolTP8 from 4-methyl-2-(methylthio)pyrimidine 9e 140 mg,
1.00 mmol), 4-cyanophenylzinc iodide2d, 2.31 mL, 1.50 mmol, 0.65 M in THF), Pd(OAc)
(5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 molg®@5a°C for 16 h. Purification by flash
chromatography (pentanefEXYEtOAc 2:6:1, silica gel) furnishe®3g as a colourless solid
(144 mg, 74% yield). Alternatively, applyingP9 (25 °C, 18 h),93g was obtained in 73%
yield.

m.p. (°C): 191-193.

'H-NMR (CDCl 5, 300 MHz): 6 (ppm) = 8.66 (dJ = 5.47 Hz, 1H), 8.60-8.52 (m, 2H), 7.78-
7.71 (m, 2H), 7.11 (d] = 5.47 Hz, 1H), 2.59 (s, 3H).
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3C-NMR (CDCl3, 75 MHz): § (ppm) = 167.7, 162.4, 156.9 (CH), 141.8, 132.3 \CI28.6
(CH), 119.5 (CH), 118.8, 113.8, 24.3 (H

IR (ATR): U /cmi' =3047 (w), 2224 (w), 1678 (w), 1606 (w), 1583 (950 (s), 1378 (s),
1288 (m), 1254 (w), 1197 (w), 1108 (w), 1018 (W49w), 949 (w), 868 (m), 860 (m), 836
(vs), 789 (vs), 706 (w).

MS (El, 70 eV):m/z(%) = 196 (1), 195 (100, K}, 194 (1), 180 (1), 129 (2), 128 (4), 102 (1),
101 (1), 67 (1), 50 (1).

HRMS (El): calcd. for GoHgNs: 195.0796, found: 195.0796.

2-(1-Naphthyl)pyrimidine 93h)

e
Prepared accordingfP8 from 2-thiomethyl-pyrimidine 91h; 126 mg, 1.00 mmol), 1-
naphtylzinc iodide42¢ 1.50 mL, 1.50 mmol, 1.00 M in THF), Pd(OA¢p.6 mg, 2.5 mol%)
and S-Phos (20.5 mg, 5.0 mol%) at 25 °C for 20umifieation by flash chromatography
(pentane/BDO 1:1, silica gel) furnishe®l3h as a yellow oil (154 mg, 75% yield).
'H-NMR (CDCl 3, 300 MHz):  (ppm) = 8.96 (d,J = 4.95 Hz, 2H), 8.64-8.61 (m, 1H), 8.06
(dd,J =7.18, 1.24 Hz, 1H), 7.97 (d,= 8.42 Hz, 1H), 7.93-7.90 (m, 1H), 7.62-7.49 (Hl)3
7.28 (t,J = 4.83 Hz, 1H).
13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 167.2, 157.1 (CH), 135.7, 134.0, 130.8).53CH),
129.3 (CH), 128.4 (CH), 126.9 (CH), 125.9 (CH), B28CH), 125.1 (CH), 118.8 (CH).

IR (ATR): V /cmi® = 3043 (w), 1519 (w), 1474 (m), 1386 (m), 1340 (W28& (w), 1251
(w), 1194 (w), 1188 (w), 1146 (m), 1070 (w), 10%d)( 1014 (s), 969 (w), 850 (w), 793 (s),
776 (s), 764 (vs), 733 (m), 644 (w).

MS (El, 70 eV): m/z(%) = 207 (6), 206 (50, K}, 205 (100), 153 (8), 152 (3), 151 (5), 127
(4), 126 (4), 103 (4), 76 (3).

HRMS (El): calcd. for GsH10N2: 206.0844, found: 206.0831.

2-(1-Naphthyl)pyrazine93i)

Prepared accordingP8 from 2-thiomethyl-pyrazined(li; 126 mg, 1.00 mmol), 1-naphtylzinc
iodide ©2¢ 1.50 mL, 1.50 mmol, 1.00 M in THF), Pd(OA¢p.6 mg, 2.5 mol%) and S-Phos
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(20.5 mg, 5.0 mol%) at 25 °C for 18 h. Purificatiby flash chromatography (pentanef&t
1.1, silica gel) furnishe@3i as a yellow oil (170 mg, 83% vyield).

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.90 (dJ = 1.49 Hz, 1H), 8.76 (ddl = 2.60, 1.49
Hz, 1H), 8.62 (dJ = 2.60 Hz, 1H), 8.12-8.06 (m, 1H), 7.99-7.91 () 27.65-7.48 (m, 4H).
13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 155.0, 145.8 (CH), 144.0 (CH), 142.8 (CH34.6,
133.9, 130.9, 129.9 (CH), 128.5 (CH), 128.1 (CH)7.D (CH), 126.2 (CH), 125.3 (CH),
124.9 (CH).

IR (ATR): v /cm*=3050 (w), 2921 (w), 1567 (m), 1551 (s), 1509 (W63 (w), 1432 (m),
1417 (s), 1388 (s), 1340 (w), 1252 (w), 808 (m)9 19s), 789 (vs), 773 (vs), 742 (m), 721
(m), 631 (m).

MS (El, 70 eV): m/z(%) = 207 (8), 206 (55, K), 205 (100), 153 (9), 152 (8), 126 (5), 85 (8),
71 (9), 57 (13), 43 (8).

HRMS (El): calcd. for GsH10N2: 206.0844, found: 206.0831.

2-(4-Methoxyphenyl)-1,3-benzothiazol@3()

@[2}—@01\/@
Prepared according P8 from 2-(methylthio)-1,3-benzothiazol8j; 181 mg, 1.00 mmol),
(4-methoxyphenyl)zinc iodide92b, 1.61 mL, 1.50 mmol, 0.93 M in THF), Pd(OAc)
(5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 mol#@5a°C for 2 h. Purification by flash
chromatography (pentanefex 9:1, silica gel) furnishe®3j as a colourless solid (176 mg,
73% yield). Alternatively, applyingP9 (25 °C, 2 h)93j was obtained in 85% yield.
m.p. (°C): 127-128.
'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.04-8.03 (m, 3H), 7.86 (@= 7.63 Hz, 1H), 7.48-
7.45 (m, 1H), 7.36-7.33 (m, 1H), 6.99 (& 8.58 Hz, 2H), 3.87 (s, 3H).
3C-NMR (CDCl3, 75 MHz): § (ppm) = 167.9, 161.9, 154.0, 134.7, 129.1 (CH.22126.2
(CH), 124.8 (CH), 122.8 (CH), 121.5 (CH), 114.4 (C55.4 (CH).
IR (ATR): U /cmi® = 2994 (w), 2835 (w), 1604 (m), 1483 (m), 1433 (m31Q (m), 1255
(s), 1225 (s), 1171 (m), 1027 (m), 968 (s), 832,(¥91 (m), 758 (vs), 731 (s), 691 (m), 623
(m).
MS (El, 70 eV): m/z(%) = 243 (5), 242 (14), 241 (100,"M 227 (6), 226 (33), 198 (27), 197
(8), 154 (5), 121 (5), 69 (4).
HRMS (El): calcd. for GqH1:NO**S: 241.0561; found: 241.0557.

Tert-butyl 2-(4-methoxypheny1H-pyrrole-1-carboxylate93k)
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/ \

N

I|300 OMe

Prepared according tdP8 from tert-butyl 2-(methylthio)-H-pyrrole-1-carboxylate(91k;
213 mg, 1.00 mmol), (4-methoxyphenyl)zinc iodid#2l§, 1.38 mL, 1.50 mmol, 1.09 M in
THF), Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 mo#o)25 °C for 2 h.
Purification by flash chromatography (pentangZES0:1, silica gel) furnishefl3k as a clear
oil (183 mg, 67% yield).

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.31 (ddJ = 3.47, 1.73 Hz, 1H), 7.29-7.24 (m, 2H),
6.90-6.86 (m, 2H), 6.20 (dd,= 3.47, 3.22 Hz, 1H), 6.13 (dd= 3.22, 1.73 Hz, 1H), 3.82 (s,
3H), 1.38 (s, 9H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 158.8, 149.4, 134.8, 130.4 (CH), 126.8.14CH),
114.0 (CH), 113.0 (CH), 110.4 (CH), 83.4, 55.2 ¢127.7 (CH).

IR (ATR): v /cm' =2978 (w), 1776 (m), 1733 (m), 1602 (m), 1513 (m)73 (m), 1393
(m), 1369 (m), 1334 (m), 1310 (s), 1246 (vs), 1149, 1075 (m), 1029 (s), 972 (m), 841
(m), 772 (m), 729 (m).

MS (El, 70 eV): m/z(%) = 273 (20, M), 218 (15), 217 (100), 173 (46), 158 (41), 135)(15
130 (13), 57 (89), 43 (39), 41 (31).

HRMS (El): calcd. for GeH1oNO3: 273.1365, found: 273.1356.

2.4-Dimethoxy-6-(3-(trifluoromethybenzyl)-1,3,Bdzine O3l)

OMe
L
MeO” N CF
Prepared according t6P8 from 2,4-dimethoxy-6-(methylthio)-1,3,5-triazin@1g 187 mg,
1.00 mmol), (3-trifluoromethyl)benzylzinc chlorid®2f, 1.03 mL, 1.50 mmol, 1.45 M in
THF), Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 mo#wo)5 °C for 5 h.
Purification by flash chromatography (pentangZEf:1, silica gel) furnishe@3l as a yellow
solid (208 mg, 70% yield). Alternatively, applyifig?9 (25 °C, 4 h)93l was obtained in 72%
yield.
m.p. (°C): 55-57.
'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.66 (s, 1H), 7.56 (d,= 7.6 Hz, 1H), 7.49 (d] =
8.1 Hz, 1H), 7.40-7.42 (m, 1H), 4.07 (s, 2H), 4(616H).
13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 180.6, 176.2, 137.3 (CH), 132.8 (CH), T3@,J =
32.17 Hz), 128.9, 126.3 (4,= 3.93 Hz, CH), 124.1 (¢, = 272.3 Hz, CF), 123.8 (gJ = 3.93
Hz, CH), 55.2 (CH), 44.8 (CH).

3



3.4.3 Preparation of Heterocycles 93 via Pd-Catalyzed Cross-Coupling Reaction 196

IR (ATR): U /cmi® =2944 (vw), 1548 (s), 1502 (m), 1472 (m), 1386 (1858 (s), 1326 (),
1235 (m), 1162 (m), 1107 (vs), 1090 (s), 1066 948 (m), 923 (w), 902 (m), 836 (m), 810
(m), 772 (m), 737 (m), 699 (m), 687 (m), 604 (w).

MS (El, 70 eV): m/z(%) = 300 (7), 299 (43, k), 298 (100), 284 (26), 227 (8), 226 (7), 200
(18), 184 (9), 159 (16), 58 (9).

HRMS (EI): calcd. for GsH12F3N3Os: calc.: 299.0882, found: 299.0872.

3-(4-Fluorobenzyl)-6-methoxypyridazin®@3m)

MeO X F

N.
N/

Prepared according torP8 from 3-methoxy-6-(methylthio)pyridazine91f, 156 mg,
1.00 mmol), 4-fluorobenzylzinc chloride9Zg 1.95 mL, 1.50 mmol, 0.77 M in THF),
Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 ma@A®®@5 °C for 5 h. Purification
by flash chromatography (pentane(&t3:7, silica gel) furnishe®3m as a colourless solid
(160 mg, 73% yield). Alternatively, applyingP9 (25 °C, 5 h),93m was obtained in 74%
yield.

m.p. (°C): 72-73.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.24-7.18 (m, 2H), 7.14 (@= 9.17 Hz, 1H), 7.01-
6.93 (m, 2H), 6.86 (d] = 9.17 Hz, 1H), 4.21 (s, 2H), 4.09 (s, 3H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 164.0, 161.8 (d,= 245.1 Hz, CF), 157.8, 134.2 (d,
J = 3.35 Hz), 130.5 (d] = 7.99 Hz, CH), 129.5 (CH), 117.9 (CH), 115.5, {d; 21.39 Hz,
CH), 54.7 (CH), 40.9 (CH).

IR (ATR): v /cm*=1596 (m), 1508 (m), 1472 (s), 1463 (s), 1418 (3D8L(vs), 1286 (M),
1232 (s), 1157 (w), 1090 (m), 1011 (vs), 872 (5 &), 827 (s), 788 (m), 775 (m), 604 (w).
MS (El, 70 eV): m/z(%) = 218 (29, M), 217 (100), 203 (3), 161 (4), 146 (10), 133 @9
(12), 83 (4), 44 (30), 43 (5).

HRMS (EI): calcd. for GoH1:FNO: 218.0855, found: 218.0842.

2-(3-(Trifluoromethyl)benzyl)pyrimidine93n)
SYSN
N CF,

Prepared according tdP8 from 2-thiomethyl-pyrimidine 41h; 126 mg, 1.00 mmol), 3-
(trifluoromethyl)benzylzinc chloride9ef, 1.03 mL, 1.50 mmol, 1.45 M in THF), Pd(OAc)
(5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 molg®@5a°C for 16 h. Purification by flash
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chromatography (pentanefex 3:7, silica gel) furnishe®3n as a yellow oil (140 mg, 59%
yield).

'H-NMR (CDCl 3, 600 MHZz):  (ppm) = 8.67 (dJ = 4.77 Hz, 2H), 7.62 (s, 1H), 7.54 (=
7.87, 1H), 7.47 (dJ) = 7.63 Hz, 1H), 7.40 (ddl = 7.87, 7.63 Hz, 1H), 7.14 @,= 4.77 Hz,
1H), 4.33 (s, 2H).

3C-NMR (CDCl3, 150 MHz): 6 (ppm) = 169.1, 157.4 (CH), 139.0, 132.6 Jo5 1.33 Hz,
CH), 130.7 (qJ = 32.2 Hz), 128.9 (CH), 125.9 (4,= 3.71, CH), 124.1 (g¢) = 272.1 Hz,
CRs), 123.5 (qJ = 3.97, CH), 118.9 (CH), 45.6 (GH

IR (ATR): U /cm® = 3044 (vw), 1562 (s), 1494 (vw), 1451 (w), 1418 (5324 (s), 1252
(w), 1193 (m), 1161 (s), 1117 (vs), 1099 (s), 1072, 994 (w), 879 (w), 794 (m), 742 (w),
701 (s), 668 (m), 658 (m), 635 (M).

MS (El, 70 eV): m/z(%) = 238 (71, M), 237 (100), 217 (15), 169 (14), 168 (16), 85 (1)
(29), 69 (11), 57 (32), 43 (16).

HRMS (EI): calcd. for GoHgF3N,: 238.0718, found: 238.0711.

2-(3-(Trifluoromethyl)benzyl)pyrazin@B0)

N\

(A,
Prepared according tdP8 from 2-(methylthio)pyrazine 9li; 126 mg, 1.00 mmol), 3-
(trifluoromethyl)benzylzinc chloride9ef, 1.03 mL, 1.50 mmol, 1.45 M in THF), Pd(OAc)

(5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 molg®@5a°C for 18 h. Purification by flash
chromatography (pentanefex 3:7, silica gel) furnishe@3o0 as a yellow oil (163 mg, 68%

yield).

'H-NMR (CDCl 3, 600 MHz): 6 (ppm) = 8.51 (ddJ = 2.5, 1.24 Hz, 1H), 8.48 (d,= 1.2 Hz,
1H), 8.44 (dJ = 2.5 Hz, 1H), 7.53-7.39 (m, 4H), 4.21 (s, 2H).

13C-NMR (CDCl3, 150 MHz): § (ppm) = 155.4, 144.6 (CH), 144.3 (CH), 142.7 (C139.0,
132.4 (qJ = 1.29 Hz, CH), 131.0 (¢, = 32.2 Hz), 129.2 (CH), 125.7 (= 3.87, CH), 124.0
(g, = 272.4 Hz, CR), 123.7 (gJ = 3.87, CH), 41.5 (Ch).

IR (ATR): v /cmi' = 3059 (vw), 1474 (w), 1450 (w), 1404 (w), 1326 (6230 (w), 1193
(m), 1160 (s), 1117 (vs), 1093 (m), 1073 (s), 10B%, 1018 (s), 918 (w), 878 (w), 825 (w),
797 (m), 768 (m), 744 (w), 701 (s), 658 (mM).

MS (El, 70 eV): m/z(%) = 239 (7), 238 (M+, 55), 237 (100), 217 (1%81(10), 85 (14), 71
(18), 57 (21), 55 (7), 43 (11).

HRMS (EI): calcd. for GoHgF3N»: 238.0718; found: 238.0712.
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2-(4-Fluorobenzynicotinonitrile93p)

~CN F
Prepared according P8 from 2-(methylthio)nicotinonitrile 41l; 150 mg, 1.00 mmol), (4-
fluorobenzyl)zinc chloride92g 2.21 mL, 1.50 mmol, 0.68 M in THF), Pd(OAq).6 mg,

2.5 mol%) and S-Phos (20.5mg, 5.0 mol%) at 25 W€ 2 h. Purification by flash
chromatography (pentanefex 1:1, silica gel) furnishe@3p as a yellow solid (175 mg, 83%

yield).

m.p. (°C): 57-58.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 8.73 (ddJ = 4.95, 1.86 Hz, 1H), 7.91 (dd= 7.93,
1.86 Hz, 1H), 7.24-7.36 (m, 3H), 6.94-7.02 (m, 2#R4 (s, 2H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 163.5, 161.8 (d, = 241.2, CF), 152.7 (CH), 140.6
(CH), 133.1 (dJ = 3.35 Hz), 130.6 (d] = 7.99 Hz, CH), 121.4 (CH), 116.8, 115.5 Jc&
21.39 Hz, CH), 108.9, 42.3 (GH

IR (ATR): 7 /cmi® =3043 (vw), 2925 (w), 2854 (vw), 2223 (m), 1886 (yd$04 (w), 1578
(m), 1561 (m), 1506 (vs), 1428 (s), 1417 (m), 124§), 1159 (m), 1099 (m), 815 (s), 794
(vs), 717 (w), 606 (m).

MS (El, 70 eV): m/z(%) = 295 (7), 294 (9), 212 (45,"y) 211 (100), 210 (14), 186 (15), 185
(10), 109 (22), 83 (8), 44 (7).

HRMS (El): calcd. for GsHgFNy: 212.0750, found: 212.0745.

4-(4,6-Dimethoxy-1,3,5-triazin-2-yl)butanenitril®3q)

OMe
i \/)N\/\/CN

MeO” "N
Prepared according t6P8 from 2,4-dimethoxy-6-(methylthio)-1,3,5-triazin@1g 187 mg,
1.00 mmol), (3-cyanopropyl)zinc bromid®2h, 1.49 mL, 1.50 mmol, 1.01 M in THF),
Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 m@¥®5 °C for 5 h. Purification
by flash chromatography (pentane&t3:7, silica gel) furnishe®3q as a yellow solid
(137 mg, 66% vyield). Alternatively, applyingP9 (25 °C, 48 h)93q was obtained in 68%
yield.
m.p. (°C): 48-50.
'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 4.01 (s, 6H), 2.88 @,= 7.31 Hz, 2H), 2.47 (1] =
7.18 Hz, 2H), 2.21-2.11 (m, 2H).
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3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 180.9, 172.4, 119.1, 55.2 (§H36.6 (CH), 22.4
(CHy), 16.6 (CH).

IR (ATR): 7 /cmi* =2931 (w), 2244 (vw), 1554 (vs), 1498 (m), 1456 (4884 (m), 1364
(s), 1323 (m), 1306 (m), 1202 (m), 1112 (s), 1084, (LO68 (M), 999 (m), 951 (m), 931 (m),
898 (m), 818 (s), 786 (m).

MS (El, 70 eV): m/z(%) = 208 (1, M), 207 (2), 169 (3), 168 (39), 156 (6), 155 (105
(6), 72 (2), 69 (3), 58 (3).

HRMS (El): calcd. for GH12N4O,: 208.0960, found: 208.0951.

2-Cyclohexyl-4,6-dimethoxy-1,3,5-triazin@3r)

OMe
N)%N

MeO/“\ N/J\O

Prepared according t6P8 from 2,4-dimethoxy-6-(methylthio)-1,3,5-triazin@1 187 mg,
1.00 mmol), cyclohexylzinc bromid®2i, 1.58 mL, 1.50 mmol, 0.95 M in THF), Pd(OAc)
(5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 molg®@5a°C for 20 h. Purification by flash
chromatography (pentanegbt 4:1, silica gel) furnishe@3r as a yellow oil (100 mg, 43%
yield).

'H-NMR (CDClI 3, 300 MHz): § (ppm) = 4.00 (s, 6H), 2.66-2.60 (m, 1H), 1.95-1(88 2H),
1.81-1.78 (m, 2H), 1.61-1.53 (m, 2H), 1.38-1.30 2H), 1.28-1.20 (m, 2H).

3C-NMR (CDCl3, 75 MHz): § (ppm) = 186.6, 172.5, 54.9 (GH 46.6 (CH), 30.8 (CH),
25.9 (CH), 25.8 (CH).

IR (ATR): U /cmi'=2929 (m), 2853 (w), 1543 (vs), 1499 (s), 1457 1885 (s), 1361 (s),
1343 (vs), 1293 (m), 1242 (m), 1200 (m), 1105 (982 (m), 1008 (m), 960 (w), 937 (w),
828 (s).

MS (El, 70 eV): m/z(%) = 223 (77, M), 222 (32), 208 (100), 194 (57), 182 (16), 181)(46
180 (25), 169 (15), 168 (80), 58 (18).

HRMS (El): calcd. for GiH17N3O,: 223.1321, found: 223.1320.

4-(6,7-Dimethoxyquinazolin-4-yl)butanenitril839

MeO N \\l
MeO N

CN
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Prepared according tdP8 from 6,7-dimethoxy-4-(methylthio)quinazolin®lg 236 mg,
1.00 mmol), (3-cyanopropyl)zinc bromid®2h, 1.49 mL, 1.50 mmol, 1.01 M in THF),
Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 m@¥®5 °C for 5 h. Purification
by flash chromatography (E/EtOH 10:1, silica gel) furnishefl3s as a colourless solid
(190 mg, 74% vyield).

m.p. (°C): 156-157.

'H-NMR (CDCl 3, 600 MHz): § (ppm) = 9.01 (s, 1H). 7.30 (s, 1H), 7.22 (s, 14D4 (s, 3H),
4.03 (s, 3H), 3.34 (1 = 7.18 Hz, 2H), 2.54 (1 = 6.81 Hz, 2H), 2.25-2.34 (m, 2H).
3C-NMR (CDCl3, 150 MHz): § (ppm) = 164.8, 155.8, 153.1 (CH), 150.5, 147.89.6]1
119.5, 107.2 (CH), 101.1 (CH), 56.4 (§H56.3 (CH), 31.7 (CH), 23.1 (CH), 16.8 (CH).

IR (ATR): v /cmi* = 2972 (vw), 1615 (m), 1578 (w), 1553 (w), 1508)(v1432 (s), 1361
(m), 1233 (vs), 1210 (s), 1175 (s), 1128 (m), 102%, 1007 (m), 983 (m), 854 (vs), 830 (s),
732 (m), 606 (m).

MS (El, 70 eV): m/z(%) = 257 (11, M), 242 (4), 218 (3), 217 (19), 205 (12), 204 (103
(3), 190 (5), 189 (15), 161 (7).

HRMS (EI): calcd. for G4H1sN3O,: 257.1164, found: 257.1156.

4-(3,5-Dichloropyridin-2-yl)butanenitrile9@t)

Cl Y
| NG CN

Prepared according tdrP8 from 3,5-dichloro-2-(methylthio)pyridine 9(m; 194 mg,
1.00 mmol), (3-cyanopropyl)zinc bromid®2h, 1.49 mL, 1.50 mmol, 1.01 M in THF),
Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 m@¥®5 °C for 5 h. Purification
by flash chromatography (pentane&t8:2, silica gel) furnishe®3t as a yellow solid
(116 mg, 54% yield).

m.p. (°C): 41-42.

'H-NMR (CDCl 3, 300 MHz):  (ppm) = 8.39 (dJ = 2.1 Hz, 1H), 7.68 (d] = 2.1 Hz, 1H),
3.04 (t,J=7.3 Hz, 2H), 2.46 (1] = 7.2 Hz, 2H), 2.09-2.19 (m, 2H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 154.9, 146.1 (CH), 136.4 (CH), 131.4, 13019.3,
32.9 (CH), 23.2 (CH), 16.7 (CH).

IR (ATR): U /cmi' = 3056 (m), 2929 (w), 2246 (w), 1723 (w), 1566 (4543 (W), 1444
(vs), 1384 (s), 1324 (m), 1116 (s), 1059 (s), 1(3)8916 (s), 858 (vs), 745 (vs), 700 (m), 657
(m).
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MS (El, 70 eV): m/z(%) = 176 (25), 174 (39), 165 (10), 164 (5), 163)(6162 (11), 161
(100), 160 (6), 147 (5), 126 (7).
HRMS (El): calcd. for GHgCIN,: 214.0065; found: 214.0071.

3.4.4 Preparation of Heterocycles 93 via Ni-catalgd Cross-Coupling Reaction

2-(p-Tolyl)pyridine O3u)

Me
Prepared according t@P9 from 2-(methylthio)pyridine 91n; 125 mg, 1.00 mmol), 4-
methylphenylzinc iodide 92j, 2.24 mL, 1.50 mmol, 0.67 M in THF), Ni(acad)6.4 mg,
2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 25f6€ 9 h. Purification by flash
chromatography (pentanegex 10:1, silica gel) furnishe@3u as a clear oil (145 mg, 86%
yield).
'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.69-8.66 (m, 1H), 7.91-7.87 (m, 2H), 77768 (m,
2H), 7.29-7.25 (m, 2H), 7.22-7.17 (m, 1H), 2.403).
13C-NMR (CDCl3, 75 MHz): § (ppm) = 157.3, 149.3 (CH), 139.0, 136.8 (CH), B36.29.5
(CH), 126.8 (CH), 121.8 (CH), 120.3 (CH), 21.2 (§fH

IR (ATR): V' | cmit = 3049 (vw), 3006 (w), 2919 (vw), 2862 (vw), 16(M), 1587 (m), 1562
(m), 1514 (w), 1465 (s), 1431 (m), 1298 (w), 1264, (1184 (w), 1152 (w), 1110 (w), 1094
(w), 1059 (w), 1036 (w), 1016 (w), 988 (w), 829 (miy0 (vs), 741 (m), 721 (m), 642 (w),
621 (w).

MS (El, 70 eV): m/z(%) = 170 (9), 169 (100, K}, 168 (58), 167 (20), 166 (4), 154 (6), 141
(3), 139 (3), 91 (4), 84 (8).

HRMS (El): calcd. for GoH1iN: 169.0891, found: 169.0884.

3-(4-Chloropheny)-6-methoxypyridazin@3V)

MeO N

|
N.
N/

of
Prepared according torP9 from 3-methoxy-6-(methylthio)pyridazine91f, 156 mg,

1.00 mmol), 4-chlorophenylzinc iodide2k, 1.92 mL, 1.50 mmol, 0.78 M in THF), Ni(acac)
(6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma@#®@5 °C for 6 h. Purification by flash
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chromatography (pentane¢ex 1:1, silica gel) furnishe@3v as a pale yellow solid (159 mg,
72% yield).

m.p. (°C): 177-178.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.97-7.92 (m, 2H), 7.74 @= 9.17 Hz, 1H), 7.48-
7.43 (m, 2H), 7.04 (d] = 9.17 Hz, 1H), 4.18 (s, 3H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 164.3, 154.1, 135.7, 134.6, 129.1 (CHY,.ZZCH),
126.8 (CH), 117.8 (CH), 54.9 (GH

IR (ATR): U /cm® =2945 (vw), 1598 (m), 1492 (vw), 1463 (s), 1412 (4932 (w), 1308
(m), 1176 (w), 1118 (w), 1089 (w), 1018 (m), 1010)( 1000 (m), 838 (m), 824 (vs), 767
(w), 748 (w).

MS (El, 70 eV): m/z(%) = 222 (30), 221 (38), 220 (100,"M 219 (81), 191 (40), 155 (20),
151 (20), 149 (59), 138 (38), 136 (23).

HRMS (El): calcd. for GiHgCIN,O: 220.0403, found: 220.0399.

Ethyl 4-(6,7-dimethoxyguinazolin-4-yl)benzoafS()

CO.Et
Prepared according tdP9 from 6,7-dimethoxy-4-(methylthio)quinazolin®lg 236 mg,
1.00 mmol), 4-ethoxycarbonylphenylzinc iodid#2¢ 2.03 mL, 1.50 mmol, 0.74 M in THF),
Ni(acac} (6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 motb 25 °C for 24 h.
Purification by flash chromatography ¢Bt silica gel) furnishe®3w as a sand-coloured
solid (276 mg, 82% yield).

m.p. (°C): 190-192.

'H-NMR (CDCl 3, 300 MHz): d (ppm) = 9.30 (s, 1H), 8.24 (d,= 8.11 Hz, 1H), 7.84 (dl =
8.11 Hz, 1H), 7.43 (s, 1H), 7.27 (s, 1H), 4.43Jq;, 7.15 Hz, 2H), 4.08 (s, 3H), 3.88 (s, 3H),
1.43 (t,J = 7.15 Hz, 3H).

3C-NMR (CDCls, 75 MHz): 6 (ppm) = 166.0, 163.9, 156.0, 152.9 (CH), 150.79.34
141.8, 131.6, 130.0, 129.8 (CH), 129.5 (CH), 10{CH#), 103.4 (CH), 61.3 (C}), 56.5
(CHg), 56.1 (CH), 14.3 (CH).

IR (ATR): v /cmi' = 2978 (vw), 1709 (m), 1498 (s), 1472 (m), 1425, (813 (m), 1279
(s), 1231 (vs), 1219 (m), 1137 (m), 1113 (m), 1093, 1020 (m), 878 (s), 858 (m), 805 (m),
773 (s), 723 (m), 707 (m).
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MS (El, 70 eV): m/z(%) = 339 (22), 338 (100, N, 337 (20), 323 (45), 307 (29), 295 (22),
293 (18), 279 (16), 265 (59), 221 (17).
HRMS (El): calcd. for GoH1gN20,4: 338.1267, found: 338.1259.

N,N-Dimethyl-4-(4-(2-thieny)-6-(trifluoromethypyrimdin-2-yNaniline ©3x)

S o

Z "N
o |
NMez

Prepared according toP9 from 2-(methylthio)-4-(2-thienyl)-6-(trifluoromest)pyrimidine

(91d; 276 mg, 1.00 mmol), 4-(dimethylamino)phenylzimalide ©2I, 1.52 mL, 1.50 mmol,
0.99 M in THF), Ni(acag)(6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma#@5 °C
for 6 h. Purification by flash chromatography (per/E:O 20:1, silica gel) furnishe@l3x as

a yellow solid (334 mg, 96% yield).

m.p. (°C): 152-153.

'H-NMR (CDCl 3, 600 MHz): § (ppm) = 3.06 (s, 3H), 6.76-6.79 (m, 2H), 7.17 (@d; 4.94,
3.84 Hz, 1H), 7.52 (s, 1H), 7.56 (dbi= 4.94, 1.10 Hz, 1H), 7.83 (dd= 3.84, 1.10 Hz, 1H),
8.43-8.46 (m, 2H).

3C-NMR (CDCl3, 150 MHz): 6 (ppm) = 40.2 (CH), 106.4 (q,J = 2.81 Hz, CH), 111.6,
120.9 (q,J = 275.1 Hz, CE), 128.1 (CH), 128.4 (CH), 129.9 (CH), 130.1 (CH#30.8 (CH),
142.4, 152.5, 156.1 (d,= 35.25 Hz), 160.7, 165.5.

IR (ATR): 7 /cmi* = 1602 (m), 1584 (m), 1541 (s), 1434 (m), 1401, (0377 (s), 1364 (s),
1257 (s), 1235 (m), 1188 (s), 1172 (m), 1141 (L8P5 (s), 1061 (m), 945 (m), 846 (m), 825
(s), 783 (m), 711 (s), 698 (S).

MS (El, 70 eV): m/z(%) = 351 (6), 350 (19), 349 (100,"M 348 (64), 333 (7), 332 (4), 305
(6), 175 (9), 174 (13), 134 (5).

HRMS (EI): calcd. for G/H14F3N332S: 349.0861, found: 349.0850.

2-(4-Methoxyphenyl)-1,3-benzoxazol@3y)

o)
E:[N)—@om
Prepared according BP9 from 2-(methylthio)-1,3-benzoxazol®Xc 165 mg, 1.00 mmol),

4-methoxyphenylzinc iodide9gb, 1.38 mL, 1.50 mmol, 1.09 M in THF), Ni(aca¢p.4 mg,
2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 25f6€ 3 h. Purification by flash
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chromatography (pentanegbt 9:1, silica gel) furnishe@3y as a colourless solid (182 mg,
81% yield).

m.p. (°C): 110-111.

'H-NMR (CDClI 3, 300 MHz): § (ppm) = 3.88 (s, 3H), 7.01-7.04 (m, 2H), 7.30-7(8% 2H),
7.55 (dd,J = 7.15, 1.91 Hz, 3H), 7.73 (dd= 7.39, 1.67 Hz, 3H), 8.19-8.21 (m, 2H).

These data match the literature: Bonnamour, JmB61.Org. Lett.2008 10, 2665-2667.

4-(1,3-Benzothiazol-2-yIN,N-dimethylaniline 932

S
@[ />—< >—NM62
N

Prepared according t6P9 from 2-(methylthio)benzothiazol®gj; 181 mg, 1.00 mmol), 4-
(N,N-dimethylamino)phenylzinc iodid®2I, 1.74 mL, 1.50 mmol, 0.86 M in THF), Ni(acac)
(6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma@#®@5 °C for 5 h. Purification by flash
chromatography (pentanebt 4:1, silica gel) furnishe@3z as a light brown solid (226 mg,
89% yield).

Large scale preparation:

Prepared accordingP9 from 2-(methylthio)benzothiazol®Zj; 3.63 g, 20.0 mmol in 10 mL
THF), 4-(N,N-dimethylamino)phenylzinc iodide (34.9 mL, 30.0 Mim@.86 M in THF),
Ni(acac) (129 mg, 2.5 mol%) and DPE-Phos (539 mg, 5.0 mols#ler 5 h at 25 °C, the

reaction mixture was quenched with sat. ag(\& solution (25 mL) followed by extraction

using EtOAc (3 x 25 mL). Purification by flash chratography (pentane/& 4:1, silica gel)
furnished93z as a light brown solid (4.30 g, 85% vyield).

m.p. (°C): 173-175.

'H-NMR (CDCl 3, 600 MHz): 6 (ppm) = 8.00-7.93 (m, 3H), 7.83 (@= 7.39 Hz, 1H) 7.46-
7.40 (m, 1H), 7.32-7.27 (m, 1H), 6.75-6.70 (m, 28ID2 (s, 6H).

3C-NMR (CDCl3, 150 MHz): § (ppm) = 168.7, 154.3, 152.1, 134.5, 128.8 (CH)%.22
(CH), 124.1 (CH), 122.2 (CH), 121.4, 121.3 (CH)1BL(CH), 40.1 (CH).

IR (ATR): v /cm' =1608 (vs), 1556 (m), 1514 (m), 1480 (s), 1454 (1430 (s), 1368 (s),
1314 (m), 1228 (s), 1186 (s), 1126 (m), 1062 (n6y €M), 942 (m), 816 (vs), 800 (m), 750
(s), 718 (s), 688 (m).

MS (El, 70 eV): m/z(%) = 256 (4), 255 (15), 254 (100,"M 253 (37), 239 (13), 238 (8), 237
(2), 210 (4), 127 (4), 126 (5).

HRMS (EI): calcd. for GsH14N>*%S: 254.0878, found: 254.0876.

2-(4-Fluorobenzyl)-4,6-dimethoxy-1,3,5-triazir#36a
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OMe
isSes

MeO” N
Prepared according t@P9 from dimethoxy-6-(methylthio)-1,3,5-triazine9Ya 187 mg,
1.00 mmol), 4-fluorobenzylzinc chloride94g 1.24 mL, 1.50 mmol, 1.21 M in THF),
Ni(acac} (6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol6 25 °C for 4 h.
Purification by flash chromatography (pentangZEtl:1, silica gel) furnishe®3aa as a
yellow oil (222 mg, 89% vyield).
'H-NMR (CDCl 3, 300 MHz): é (ppm) = 7.36-7.30 (m, 2H), 7.00-6.92 (m, 2H), 3(996H),
3.97 (s, 2H).
3C-NMR (CDCl3, 75 MHz):  (ppm) = 181.2, 172.5, 161.9 @@= 246.4 Hz, CF), 132.1 (d,
J = 3.35 Hz), 130.8 (d) = 7.73 Hz, CH, 115.3 (d,J = 20.88 Hz, CH), 55.1 (C) 44.3
(CHy).
IR (ATR): V /cmi* = 2953 (vw), 1546 (vs), 1500 (s), 1459 (s), 1379 (249 (vs), 1219
(s), 1158 (m), 1128 (m), 1108 (s), 1091 (s), 1089, (1016 (w), 937 (w), 862 (w), 820 (s),
784 (s), 724 (m), 602 (m).
MS (El, 70 eV): m/z(%) = 249 (45, M), 248 (100), 234 (16), 150 (23), 135 (14), 134)(16
109 (30), 107 (7), 83 (9), 44 (13).
HRMS (El): calcd. for GoH12FN3O,: 249.0914, found: 249.0895.

1-(3-((4,6-Dimethoxy-1,3,5-triazin-2-yl)methy)ph@ipentan-1-oneg3ab)
OMe

(2L
|v|eo/k N” COBuU

Prepared according t@P9 from dimethoxy-6-(methylthio)-1,3,5-triazine9Ya 187 mg,
1.00 mmol), 3-pentanoylbenzylzinc chlorid@2(m, 3.41 mL, 1.50 mmol, 0.44 M in THF),
Ni(acac (6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mo#b 25 °C for 5h.
Purification by flash chromatography (pentangZEtl:1, silica gel) furnishe®3ab as a
yellow oil (258 mg, 82% vyield).

'H-NMR (CDCl 3, 600 MHz): § (ppm) = 7.96-7.95 (m, 1H), 7.83-7.79 (m, 1H), 7584 (m,
1H), 7.50-7.35 (m, 1H), 4.06 (s, 2H), 3.99 (s, 6B1P3 (t,J = 7.43 Hz, 2H), 1.73-1.63 (m,
2H), 1.44-1.32 (m, 2H), 0.92 @,= 7.31 Hz, 3H).

3C-NMR (CDCl3, 150 MHz): 6 (ppm) = 200.3, 180.9, 172.5, 137.3, 136.9, 13&BI)(
129.0 (CH), 128.7 (CH), 126.7 (CH), 55.1 (§H44.9 (CH), 38.4 (CH), 26.4 (CH), 22.4
(CHy), 13.9 (CH).
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IR (ATR): v /cm* = 2955 (w), 1682 (m), 1546 (vs), 1500 (s), 1458 (2878 (m), 1350
(vs), 1264 (m), 1231 (m), 1202 (m), 1106 (m), 1@81, 1069 (m), 820 (m), 731 (m), 690
(m).

MS (El, 70 eV): m/z(%) = 316 (4), 315 (15, K), 274 (7), 273 (40), 259 (15), 258 (100), 245
(6), 231 (11), 230 (4), 158 (6).

HRMS (EI): calcd. for G;H21N3O3: 315.1583, found: 315.1577.

4-(2-Furyl)-6-(trifluoromethyl)-2-(3,4,5-trimethokenzyl)pyrimidine §3aq

OMe
egew
- |
F:¢7 N OMe

Prepared according t@P9 from 4-(2-furyl)-2-(methylthio)-6-(trifluoromethypyrimidine
(91g 260 mg, 1.00 mmol),9¢2n, 3,4,5-trimethoxybenzyl)zinc chloride (3.41 mL5Q.mmol,
0.44 M in THF), Ni(acag)(6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma#@5 °C
for 24 h. Purification by flash chromatography (ee/EtO 7:3, silica gel) furnishe@3ac
as a white solid (394 mg, 89% vyield).

m.p. (°C): 117-1109.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.73 (s, 1H), 7.64 (d,= 1.31 Hz, 1H), 7.38 (dl =
3.70 Hz, 1H), 6.72 (s, 2H), 6.60 (d#i= 3.70, 1.31 Hz, 1H), 4.26 (s, 2H), 3.84 (s, 6BIR0
(s, 3H).

3C-NMR (CDCl3, 75 MHz): § (ppm) = 170.6, 157.7, 156.3 (@= 35.62 Hz), 153.1, 151.1,
146.1 (CH), 136.7, 133.0, 120.6 (4= 275.2 Hz, CF), 114.1 (CH), 112.9 (CH), 108.0 (@~
2.99 Hz, CH), 106.2 (CH), 60.8 (G};156.0 (CH), 45.8 (CH),

IR (ATR): 7 /cmi* = 3124 (vw), 2968 (vw), 1606 (m), 1594 (m), 1487),(1458 (m), 1362
(m), 1336 (m), 1260 (m), 1238 (m), 1156 (m), 1144 {124 (vs), 1008 (m), 874 (w), 772 (s),
721 (w), 703 (m), 626 (w).

MS (El, 70 eV): m/z(%) = 395 (18), 394 (100, N, 380 (14), 379 (74), 351 (12), 319 (4),
293 (11), 265 (6), 182 (11), 147 (6).

HRMS (El): calcd. for GgH17F3N20,4: 394.1140, found: 394.1132.

2-(4-Methoxybenzyl)-4,6-dimethylpyrimidin®8ad)
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Prepared according tolP9 from 4,6-dimethyl-2-methylthiopyrimidine 9dp; 154 mg,
1.00 mmol), 4-methoxybenzylzinc chlorid®2@, 1.92 mL, 1.50 mmol, 1.78 M in THF),
Ni(acac} (6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mo#6 25 °C for 3h.
Purification by flash chromatography (pentangZEL:1, silica gel) furnishefi3ad as a white
solid (194 mg, 85% yield).

m.p. (°C): 92-94.

'H-NMR (CDCl 3, 300 MHz): d (ppm) = 7.32-7.27 (m, 2H), 6.83 (s, 1H), 6.82-6(# 2H),
4.14 (s, 2H), 3.75 (s, 3H), 2.43 (s, 6H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 169.1, 166.8, 158.2, 130.7, 130.0 (CHY,.51CH),
113.7 (CH), 55.2 (CH}, 44.9 (CH), 24.0 (CH).

IR (ATR): v /cmi* =1598 (s), 1542 (w), 1509 (s), 1462 (w), 1430 (n®64 (m), 1300 (m),
1240 (vs), 1176 (m), 1040 (s), 860 (m), 817 (mP {), 737 (w), 723 (w), 668 (m).

MS (El, 70 eV): m/z (%) = 229 (14), 228 (M 100), 227 (43), 214 (15), 213 (91), 212 (6),
196 (6), 185 (16), 121 (14), 77 (7).

HRMS (El): calcd. for G4H16N20: 228.1263, found: 228.1256.

2-(3-(Trifluoromethyl)benzyl)nicotinonitrile93ag

X

/

N CF3
Prepared according BP9 from 2-(methylthio)nicotinonitrile 41l; 150 mg, 1.00 mmol), (3-
(trifluoromethyl)benzyl)zinc chloride9@f, 1.58 mL, 1.50 mmol, 0.95 M in THF), Ni(acac)
(6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma@®®@5 °C for 8 h. Purification by flash
chromatography (pentane¢ex 1:1, silica gel) furnishe®3aeas a clear oil (192 mg, 73%
yield).

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 8.74 (ddJ = 5.01, 1.67 Hz, 1H), 7.92 (dd= 7.87,
1.67 Hz, 1H), 7.62 (s, 1H), 7.56 @= 7.61 Hz, 1H), 7.49 (dl = 7.65 Hz, 1H), 7.42 (dd, =
7.65, 7.61 Hz, 1H), 7.29 (dd,= 7.87, 5.01 Hz, 1H), 4.42 (s, 2H).

3C-NMR (CDCl3, 75 MHz): § (ppm) = 162.6, 152.8 (CH), 140.6 (CH), 138.2, 53@},J =
1.21 Hz, CH), 130.9 (gq] = 32.16 Hz), 129.1 (CH), 125.8 (@= 3.93 Hz, CH), 124.0 (¢, =
272.3, Ch), 123.8 (qJ = 3.83 Hz, CH), 121.6 (CH), 116.7, 109.1, 42.7 §CH

IR (ATR): 7 /cmi' = 2229 (w), 1582 (w), 1565 (w), 1451 (w), 1433 (327 (s), 1161 (s),
1118 (vs), 1099 (s), 1073 (s), 917 (w), 908 (w) &%), 803 (m), 782 (m), 700 (s), 660 (M),
649 (w).
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MS (El, 70 eV): m/z(%) = 263 (6), 262 (44, K), 261 (100), 260 (4), 241 (9), 236 (21), 235
(5), 216 (14), 193 (6), 192 (19).
HRMS (El): calcd. for G4HgF3N2: 262.0718, found: 262.0699.

2-(3-Pentanoylbenzyl)nicotinonitril®8af)

N COBu
Prepared according BP9 from 2-(methylthio)nicotinonitrile 41l; 150 mg, 1.00 mmol), (3-

pentanoylbenzyl)zinc chloride92m, 3.41 mL, 1.50 mmol, 0.44 M in THF), Ni(acac)
(6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma@®®@5 °C for 5 h. Purification by flash
chromatography (pentane¢ex 4:6, silica gel) furnishe®3af as a clear oil (221 mg, 79%
yield).

'H-NMR (CDCl 3, 600 MHz): 6 (ppm) = 8.73 (ddJ = 4.83, 1.36 Hz, 1H), 7.96-7.91 (m, 2H),
7.83-7.79 (m, 1H), 7.57-7.53 (m, 1H), 7.41-7.36 (iH), 7.28 (dd,] = 7.80, 4.83 Hz, 1H),
4.43 (s, 2H), 2.93 (f] = 7.43 Hz, 2H), 1.73-1.63 (m, 2H), 1.44-1.32 (H),20.92 (t,J = 7.31
Hz, 3H),

3C-NMR (CDCl3, 150 MHz): 6 (ppm) = 200.3, 162.9, 152.6 (CH), 140.7 (CH), 837.
137.5, 133.5 (CH), 128.9 (CH), 128.7 (CH), 126.64JC121.5 (CH), 116.7, 109.2, 42.8
(CHy), 38.3 (CH), 26.4 (CH), 22.4 (CH), 13.9 (CH).

IR (ATR): v /cm* = 2956 (m), 2931 (m), 2870 (w), 2227 (w), 1680)(\i580 (m), 1564
(m), 1429 (s), 1265 (m), 1255 (m), 1225 (m), 11,1157 (m), 1093 (m), 804 (s), 776 (m),
712 (m), 691 (s).

MS (El, 70 eV): m/z (%) = 278 (13, M), 237 (7), 236 (40), 235 (11), 222 (15), 221 (100)
219 (7), 194 (6), 193 (23), 192 (32).

HRMS (EI): calcd. for GgH1sN20O: 278.1419, found: 278.1417.

Ethyl 3-(isoquinolin-1-ylmethyl)benzoat83ag
X
A
O COzEt

Prepared according t®P9 from 1-(methylthio)isoquinoline9dqg;, 175 mg, 1.00 mmol), (3-
(ethoxycarbonyl)benzyl)zinc chlorid®Zp, 1.74 mL, 1.50 mmol, 0.86 M in THF), Ni(acac)
(6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mad¥25 °C for 48 h. Purification by
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flash chromatography (pentanefBtl:1, silica gel) furnishe@3agas a yellow oil (266 mg,
91% vyield).

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.49 (dJ = 5.72 Hz, 1H), 8.11 (dl = 8.58 Hz, 1H),
8.03 (s, 1H), 7.85 (d] = 7.63 Hz, 1H), 7.79 (dl = 8.11 Hz, 1H), 7.63-7.61 (m, 1H), 7.55 (d,
J = 5.72 Hz, 1H), 7.53-7.51 (m, 1H), 7.41 (s 7.63 Hz, 1H), 7.30-7.27 (m, 1H), 4.71 (s,
2H), 4.33 (qJ = 7.15 Hz, 2H), 1.34 (] = 7.15 Hz, 3H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 166.5, 159.4, 141.8 (CH), 139.6, 136.8.03CH),
130.7, 129.9 (CH), 129.7 (CH), 128.5 (CH), 127.5HjC127.4 (CH), 127.3 (CH), 127.0,
125.5 (CH), 120.0 (CH), 60.9 (GH 41.6 (CH), 14.3 (CH).

IR (ATR): 7 /cmi' = 2979 (w), 2916 (w), 1712 (vs), 1586 (w), 1567),(d443 (w), 1385
(w), 1366 (w), 1275 (vs), 1258 (vs), 1186 (s), 1168 1081 (s), 1018 (s), 866 (w), 822 (s),
798 (s), 745 (vs), 722 (s), 614 (w).

MS (El, 70 eV): m/z(%) = 291 (36, M), 290 (100), 263 (13), 262 (78), 246 (14), 244)(22
218 (19), 217 (49), 216 (24), 108 (19).

HRMS (EI): calcd. for GgH17/NO,: 291.1259, found: 291.1277.

2-(2-Chlorobenzyl)-1,3-benzoxazol@3ah)

o

Prepared according BP9 from 2-(methylthio)-1,3-benzoxazol®Xc 165 mg, 1.00 mmol),
2-chlorobenzylzinc chloride9@q, 1.70 mL, 1.50 mmol, 0.88 M in THF), Ni(aca¢b.4 mg,

2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 25f6C 18 h. Purification by flash
chromatography (pentanefex 9:1, silica gel) furnishe@3ah as a yellow oil (182 mg, 76%

yield).

'H-NMR (CDCl 3, 600 MHz): § (ppm) = 7.71-7.69 (m, 1H), 7.48-7.46 (m, 1H), 7430 (m,
1H), 7.39-7.36 (m, 1H), 7.31-7.28 (m, 2H), 7.2637(¢h, 2H), 4.42 (s, 2H).

3C-NMR (CDCl3, 150 MHz): § (ppm) = 164.2, 150.9, 141.2, 134.3, 132.8, 13CH)(
129.7 (CH), 128.9 (CH), 127.1 (CH), 124.7 (CH), Z24CH), 119.9 (CH), 110.5 (CH), 32.9
(CHy).

IR (ATR): v /cm® =3059 (vw), 1613 (w), 1568 (m), 1475 (w), 1454 (1344 (m), 1424
(w), 1240 (m), 1143 (m), 1123 (w), 1052 (m), 1040),(1002 (w), 841 (m), 760 (m), 739
(vs), 686 (m).

MS (El, 70 eV): m/z(%) = 243 (2, M), 209 (11), 208 (100), 207 (5), 180 (3), 178 (A7
(3), 125 (9), 89 (4), 63 (3).



3.4.4 Preparation of Heterocycles 93 via Ni-catalyzed Cross-Coupling Reaction 210

HRMS (El): calcd. for G4H10>"CINO: 243.0451, found: 243.0443.

Ethyl 3-(1,3-benzothiazol-2-yimethyl)benzoa®34i)

CO,Et
S
O
N

Prepared according BP9 from 2-(methylthio)-1,3-benzothiazol8j; 181 mg, 1.00 mmol),
(3-(ethoxycarbonyl)benzyl)zinc chloride94p, 1.74 mL, 1.50 mmol, 0.86 M in THF),
Ni(acac} (6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mot®b 25 °C for 48 h.
Purification by flash chromatography (pentangZET:3, silica gel) furnishefi3ai as a yellow
oil (207 mg, 70% yield).

'H-NMR (CDCl 3, 300 MHz): é (ppm) = 8.06 (s, 1H), 7.99 (dd= 8.35, 0.95 Hz, 1H), 7.97
(dd,J = 8.10, 0.95 Hz, 1H), 7.78 (d,= 8.11 Hz, 1H), 7.55 (dl = 7.63 Hz, 1H), 7.44 (ddd,

= 8.35, 7.16, 0.95 Hz, 1H), 7.40 (dil= 8.11, 7.63 Hz, 1H), 7.33 (ddd= 8.10, 7.16, 0.95
Hz, 1H), 4.48 (s, 2H), 4.36 (4,= 7.15 Hz, 2H), 1.38 (1] = 7.15 Hz, 3H).

3C-NMR (CDCl3, 75 MHz): § (ppm) = 170.3, 166.2, 153.1, 137.4, 135.5, 13&H)(
131.1, 130.2 (CH), 128.9 (CH), 128.6 (CH), 126.H)C124.9 (CH), 122.8 (CH), 121.5
(CH), 61.0 (CH), 40.2 (CH), 14.3 (CH).

IR (ATR): v /cmi' = 2980 (w), 1713 (vs), 1589 (w), 1515 (w), 1436),(1B66 (w), 1304
(m), 1275 (vs), 1190 (s), 1101 (s), 1080 (s), 106}, 1014 (m), 860 (w), 756 (vs), 728 (s),
713 (s), 678 (m), 640 (w).

MS (El, 70 eV): m/z(%) = 298 (18), 297 (100, W, 296 (21), 252 (46), 251 (58), 225 (67),
224 (42), 223 (98), 222 (12), 112 (20).

HRMS (EI): calcd. for GH1sNO,*S: 297.0823, found: 297.0825.

2-(4-Fluorobenzyl)-1-methylH-pyrrole ©3aj)

oI

N

Me

Prepared according tolfP9 from 1-methyl-2-(methylthio)H-pyrrole ©1b; 127 mg,

1.00 mmol), 4-fluorobenzylzinc chloride94g 1.24 mL, 1.50 mmol, 1.21 M in THF),
Ni(acac} (6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mot®b 50 °C for 18 h.
Purification by flash chromatography (pentangZEY:3, silica gel) furnishefl3aj as a yellow

oil (80 mg, 42% yield).
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'H-NMR (CDCl 3, 300 MHz): é (ppm) = 7.13-7.07 (m, 2H), 7.01-6.93 (m, 2H), 6697 (m,
1H), 6.08-6.05 (m, 1H), 5.88-5.86 (m, 1H), 3.912), 3.42 (s, 3H).

13C-NMR (CDCl3, 75 MHz):  (ppm) = 161.4 (dJ = 243.8 Hz, CF), 135.0 (d,= 3.35 Hz),
131.2, 129.8 (dJ = 7.73 Hz, CH), 121.9 (CH), 115.2 (d,= 21.14 Hz, CH), 107.9 (CH),
106.6 (CH), 33.7 (Ch), 32.0 (CH).

IR (ATR): v /cmi' = 2922 (w), 1706 (m), 1649 (m), 1630 (w), 1601 (nHP& (vs), 1471
(m), 1417 (m), 1300 (m), 1218 (vs), 1156 (m), 1129, 1089 (m), 1015 (w), 824 (m), 756
(m), 705 (vs).

MS (El, 70 eV): m/z(%) = 189 (33, M), 163 (18), 141 (36), 127 (74), 113 (46), 99 (ZB),
(27), 71 (87), 57 (24), 43 (100).

HRMS (EI): calcd. for GoH1FN: 189.0954, found: 189.0946.

4-(4,6-Dimethylpyrimidin-2-yl)butanenitriled@ak)
Me

/ﬁ)N\/vCN

Me N

Prepared according t@P9 from 4,6-dimethyl-2-(methylthio)pyrimidine 9lp; 154 mg,
1.00 mmol), 4-cyanopropylzinc bromide2h, 1.76 mL, 1.50 mmol, 0.85M in THF),
Ni(acac) (6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol&®b 25 °C for 48 h.
Purification by flash chromatography (pentangZE®:8, silica gel) furnishe®3ak as a
yellow oil (147 mg, 84% vyield).

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 6.84 (s, 1H), 2.95 @,= 7.27 Hz, 2H), 2.42 (1] =
7.63 Hz, 2H), 2.39 (s, 6H), 2.19-2.10 (m, 2H).

These data match the literature: Yamanaka, H.; KemaJ.; Tanji, K.; Ogawa, S.; Konno,
S.; Mizugaki, M.Yakugaku ZassHi979 99, 342-8.

6-(1,3-Benzoxazol-2-yl)-2,2-dimethylhexanenitri@Sal)

(o)
X H
N Me
CN
Me

Prepared according t6P9 from 2-(methylthio)-1,3-benzoxazo(@1¢ 165 mg, 1.00 mmol),
(5-cyano-5-methylhexyl)zinc bromid®Zr, 1.95 mL, 1.50 mmol, 0.77 M in THF), Ni(acac)
(6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mad¥25 °C for 12 h. Purification by
flash chromatography (pentanef8t7:3, silica gel) furnishe@3al as a yellow oil (198 mg,
82% yield).
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m.p. (°C): 65-66.

'H-NMR (CDCl 3, 300 MHz): é (ppm) = 7.67-7.64 (m, 1H), 7.49-7.46 (m, 1H), 7B27 (m,
2H), 2.96 (tJ = 7.53 Hz, 2H), 1.98-1.89 (m, 2H), 1.66-1.55 (H)41.32 (s, 6H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 166.7, 150.7, 140.9, 124.9, 124.6 (CH}.24CH),
119.4 (CH), 110.3 (CH), 32.3, 40.6 (©t28.3 (CH), 26.7 (CH), 26.6 (CH), 24.8 (CH).

IR (ATR): U /cm’ = 2944 (w), 2231 (vw), 1619 (m), 1573 (m), 1461),(1¥48 (m), 1388
(w), 1369 (w), 1241 (m), 1142 (m), 1105 (w), 1008,(942 (m), 836 (m), 786 (m), 773 (vs),
761 (m), 736 (M), 715 (w).

MS (El, 70 eV): m/z(%) = 242 (7, M), 227 (11), 175 (8), 174 (57), 147 (16), 146 (634
(9), 133 (100), 132 (19), 65 (6).

HRMS (EI): calcd. for GsH1gN2O: 242.1419, found: 242.1412.

3.4.5 Preparation of Heterocycles 93 using other &ttrophiles

N,N-Dimethyl-4-(pyridin-3-ylaniline 93am)

NMez

S

—

N
Prepared according f6P8 from 3-(methylthio)pyridine 1r; 125 mg, 1.00 mmol), 4N,N-
dimethylamino)phenylzinc iodide92l, 1.74 mL, 1.50 mmol, 0.86 M in THF), Pd(OAc)
(5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 mol#@5a°C for 4 h. Purification by flash
chromatography (pentanefex 7:3, silica gel) furnishe@3amas a colourless solid (100 mg,
50% yield). Alternatively, by applyingP9 (25 °C, 4 h)93amwas obtained in 62% yield.
m.p. (°C): 150-152.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 8.82 (s, 1H), 8.49-8.48 (m, 1H), 7.81Jd; 7.60
Hz, 1H), 7.50-7.47 (m, 2H), 7.29 (ddi= 7.60, 4.87 Hz, 1H), 6.83-6.79 (m, 2H), 3.0064).
13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 150.3, 147.6 (CH), 147.0 (CH), 136.6, 23EH),
127.6 (CH), 125.3, 123.4 (CH), 112.7 (CH), 40.4 {CH

IR (ATR): 7 /cmi' = 2988 (w), 2896 (w), 2814 (w), 1604 (m), 1526 (t¥78 (m), 1438
(m), 1398 (w), 1352 (m), 1330 (m), 1286 (m), 1288,(1218 (m), 1186 (m), 1166 (m), 1120
(m), 1058 (m), 1016 (m), 942 (m), 826 (m), 796 (V6 (s).

MS (El, 70 eV): m/z(%) = 198 (100, M), 197 (91), 182 (18), 168 (3), 154 (14), 140 @7
(11), 99 (5), 77 (6), 63 (4).

HRMS (El): calcd. for GsH14N2: 198.1157, found: 198.1148.
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Ethyl 3-((3-cyanopyridin-2-yl)methyl)benzoat@3an)

|
N CO,Et

Prepared according fBP8 from 2-(phenylthio)nicotinonitrileq1ls 212 mg, 1.00 mmol), (3-
(ethoxycarbonyl)benzyl)zinc chlorid®Zp, 1.74 mL, 1.50 mmol, 0.86 M in THF), Pd(OAc)
(5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 mol#@5a°C for 8 h. Purification by flash
chromatography (pentanefex 3:7, silica gel) furnishe@3an as a yellow oil (242 mg, 91%

yield).

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.73 (ddJ = 4.98, 1.86 Hz, 1H), 8.02-8.01 (m, 1H),
7.93-7.89 (m, 2H), 7.55-7.52 (m, 1H), 7.37X& 7.71 Hz, 1H), 7.27 (ddl = 7.91, 4.98 Hz,
1H), 4.42 (s, 2H), 4.34 (d,= 7.18, 2H), 1.36 (1) = 7.18 Hz, 3H).

13C-NMR (CDCl3, 75 MHz): § (ppm) = 166.4, 162.9, 152.7 (CH), 140.6 (CH), 731.33.5
(CH), 130.9, 130.1 (CH), 128.6 (CH), 128.2 (CH)1¥2(CH), 116.7, 109.1, 61.0 (G 42.7
(CHy), 14.3 (CH).

IR (ATR): v /cmi' = 2983 (w), 2228 (w), 1712 (vs), 1581 (m), 1564 ()31 (m), 1367
(m), 1276 (vs), 1240 (w), 1188 (s), 1106 (s), 121082 (m), 1022 (m), 1003 (w), 806 (m),
746 (vs), 714 (m), 691 (m), 670 (m), 621 (m).

MS (El, 70 eV): m/z(%) = 266 (62, M), 265 (94), 240 (18), 237 (46), 222 (21), 221 (100
194 (24), 193 (61), 192 (99), 43 (61).

HRMS (EI): calcd. for GgH14N20,: 266.1055, found: 266.1052.

2-(2-Chlorobenzyl)nicotinonitrile93a0

CN

\

Cl
Prepared according f©P8 from 2-(phenylthio)nicotinonitrileqls 212 mg, 1.00 mmol), 2-
chlorobenzylzinc chloride9@qg, 1.70 mL, 1.50 mmol, 0.88 M in THF), Pd(OAdb.6 mg,
2.5mol%) and S-Phos (20.5mg, 5.0 mol%) at 25 o€ 14 h. Purification by flash
chromatography (pentanefex 1:1, silica gel) furnishe@3aoas a colourless solid (199 mg,
87% yield).

m.p. (°C): 74-76.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.71 (ddJ = 5.01, 1.77 Hz, 1H), 7.96 (dd= 7.92,
1.70 Hz, 1H), 7.41-7.34 (m, 1H), 7.29 (dds 7.92, 4.68 Hz, 1H), 7.26-7.18 (m, 3H), 4.53 (s,
2H).
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3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 162.1, 152.3 (CH), 140.7 (CH), 135.2, #34CH),
131.4, 129.6 (CH), 128.5 (CH), 126.9 (CH), 121.4)C116.4, 109.8, 40.3 (GM

IR (ATR): 7 /cmi* = 3057 (vw), 2923 (vw), 2228 (w), 1579 (m), 1562 (74 (m), 1434
(s), 1164 (w), 1127 (w), 1090 (m), 1050 (m), 1088,(987 (w), 949 (w), 910 (w), 805 (m),
752 (vs), 717 (m), 704 (m), 678 (m), 623 (m).

MS (El, 70 eV): m/z(%) = 228 (1, M), 227 (14), 193 (100), 192 (81), 164 (4), 112 @9,
(4), 82 (2), 63 (2), 43 (66).

HRMS (EI): calcd. for GsHgCIN,: 227.0376 ([M-H]), found: 227.0377 ([M-H).

3,5-Dichloro-2-(2-chlorobenzyl)pyridin®8ap)

Cl Y

bz

N

ol
Prepared according toTP8 from 3,5-dichloro-2-(phenylthio)pyridine 91t; 256 mg,
1.00 mmol), 2-chlorobenzylzinc chloride92g, 1.70 mL, 1.50 mmol, 0.88 M in THF),
Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 m@®@5 °C for 16 h. Purification
by flash chromatography (pentane®t40:1, silica gel) furnishe®3ap as a clear oil
(184 mg, 68% yield).

'H-NMR (CDCl 3, 300 MHz):  (ppm) = 8.40 (dJ = 2.25 Hz, 1H), 7.71 (dl = 2.25 Hz, 1H),
7.39-7.37 (m, 1H), 7.22-7.16 (m, 2H), 7.06-7.03 ), 4.37 (s, 2H)

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 154.8, 146.3 (CH), 136.4 (CH), 135.7, 33431.6,
130.6 (CH), 130.0, 129.5 (CH), 128.0 (CH), 126.H}C38.4 (CH).

IR (ATR): U /cm® =3064 (vw), 1566 (w), 1542 (vw), 1474 (m), 1440 (8319 (m), 1376
(s), 1198 (w), 1113 (m), 1049 (s), 1040 (s), 889, @66 (m), 777 (m), 744 (vs), 717 (m), 699
(m), 680 (m), 655 (w).

MS (El, 70 eV): m/z(%) = 271 (6, M), 238 (31), 237 (11), 236 (47), 235 (9), 201 (A),
(13), 61 (19), 45 (15), 43 (100).

HRMS (El): calcd. for GoHg> ClsN: 270.9722, found: 270.9716.

3.4.6 Preparation of Alkynes 95 via Pd-Catalyzed @ss-Coupling Reaction

1-Methyl-4-(phenylethynyllbenzen85a)

D=
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Prepared according t6P10 from ((methylthio)ethynyl)benzen®4a 148 mg, 1.00 mmol),
4-methylphenylzinc iodide96a 2.24 mL, 1.50 mmol, 0.67 M in THF), Pd(OAdp.6 mg,
2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 25f6€ 5 h. Purification by flash
chromatography (pentane, silica gel) furnisB&d as a colourless solid (169 mg, 88% vyield).
m.p. (°C): 68-70.

'H-NMR (CDCl 3, 300 MHz): é (ppm) = 7.52-7.50 (m, 2H), 7.43 @= 7.76 Hz, 2H), 7.35-
7.30 (m, 3H), 7.15 (d] = 7.76 Hz, 2H), 2.36 (s, 3H).

These data match the literature: N. Kakusawa, Kn&guchi, J. Kurita]J. Organomet. Chem.
2005 690, 2956.

1-Methoxy-4-(phenylethynyl)benzen@qb)

Oy=on

Prepared according t6P10 from ((methylthio)ethynyl)benzen®4a 148 mg, 1.00 mmol),
4-methoxyphenylzinc iodide9gb, 1.61 mL, 1.50 mmol, 0.93 M in THF), Pd(OAdp.6 mg,
2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 25f6€ 2 h. Purification by flash
chromatography (pentanegbt 40:1, silica gel) furnishefl5b as a colourless solid (189 mg,
91% vyield).

m.p. (°C): 71-73.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.52-7.50 (m, 2H), 7.48-7.46 (m, 2H), 7339 (m,
3H), 6.89-6.86 (m, 2H), 3.82 (s, 3H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 159.6, 133.0 (CH), 131.4 (CH), 128.3 (CH}7.9
(CH), 123.6, 115.4, 114.0 (CH), 89.4, 88.1, 55.B{C

IR (ATR): U /cm® = 3010 (w), 2838 (w), 2360 (m), 2341 (m), 2213,(4$04 (m), 1592
(m), 1507 (s), 1457 (m), 1439 (m), 1286 (m), 124$),(1174 (s), 1137 (m), 1107 (m), 1025
(s), 836 (vs), 779 (m), 752 (vs), 688 (s), 668.(w)

MS (El, 70 eV): m/z(%) = 208 (100, M), 194 (10), 193 (64), 165 (46), 164 (12), 163 (11)
139 (11), 69 (9), 57 (11), 43 (22).

HRMS (El): calcd. for GsH1,0: 208.0888, found: 208.874.

1-Chloro-4-(phenylethynyl)benzen@5c)

D=
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Prepared according t6P10 from ((methylthio)ethynyl)benzen®4a 148 mg, 1.00 mmol),
4-chlorophenylzinc iodide9k, 1.92 mL, 1.50 mmol, 0.78 M in THF), Pd(OAdpk.6 mg,
2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 25f6C 24 h. Purification by flash

chromatography (pentane, silica gel) furnisB&das a colourless solid (145 mg, 68% yield).

m.p. (°C): 86-88.

'H-NMR (CDCl 3, 300 MHz): é (ppm) = 7.54-7.49 (m, 2H), 7.48-7.43 (m, 2H), B30 (m,
5H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 134.2, 132.8 (CH), 131.6 (CH), 128.7 (CH)8.5
(CH), 128.4 (CH), 122.9, 121.8, 90.3, 88.2.

IR (ATR): U /cmi*=3048 (w), 1910 (w), 1658 (w), 1585 (w), 1531 (W392 (s), 1479 (m),
1440 (m), 1399 (m), 1308 (w), 1268 (w), 1179 (W)61 (w), 1089 (s), 1071 (m), 1028 (w),
1010 (s), 909 (m), 830 (vs), 823 (s), 750 (vs), ®EYN685 (S).

MS (El, 70 eV): m/z(%) = 214 (35), 213 (16), 212 (100,"M177 (6), 176 (20), 151 (7), 149
(17), 88 (5), 57 (7), 43 (9).

HRMS (EI): calcd. for G4Hg>Cl: 212.0393, found: 212.0390.

4-((4-Chlorophenyl)ethynyl)benzonitril®%d)

cl Q — O CN
Prepared according tdP10 from 1-chloro-4-((methylthio)ethynyl)benzen84p; 182 mg,
1.00 mmol), 4-cyanophenylzinc iodid@2d, 2.11 mL, 1.50 mmol, 0.71 M in THF), Pd(OAc)
(5.6 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma@®®0 °C for 4 h. Purification by flash
chromatography (pentanegbt 20:1, silica gel) furnishefl5d as a colourless solid (198 mg,
84% vyield).

m.p. (°C): 179-181.
'H-NMR (CDCl 3, 300 MHz): é (ppm) = 7.65-7.62 (m, 2H), 7.60-7.57 (m, 2H), 7484 (m,
2H), 7.37-7.32 (m, 2H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 135.3, 133.0 (CH), 132.1 (CH), 132.0 (CH}8.9
(CH), 127.9, 120.7, 118.4, 111.7, 92.5, 88.6.

IR (ATR): V [ cmit = 2229 (m), 2216 (w), 1739 (m), 1604 (m), 1590 (W98 (m), 1484
(m), 1406 (m), 1398 (m), 1366 (m), 1229 (m), 124i),(1090 (m), 1080 (m), 1012 (m), 827
(vs), 770 (w), 679 (w).
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MS (El, 70 eV): m/z(%) = 239 (31), 238 (18), 237 (100,"M 202 (11), 201 (25), 176 (9),
175 (16), 119 (5), 87 (10), 42 (6).

HRMS (EI): calcd. for GsHg*CIN: 237.345, found: 237.0333.

1,1'-Ethyne-1,2-diylbis(4-chlorobenzen8b8

Cl Q = O Cl
Prepared according tdP10 from 1-chloro-4-((methylthio)ethynyl)benzen84p; 182 mg,
1.00 mmol), 4-chlorophenylzinc iodide94k, 1.92 mL, 1.50 mmol, 0.78 M in THF),
Pd(OAc) (5.6 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mot®b 50 °C for 12 h.
Purification by flash chromatography (pentanecailgel) furnishe®5eas a colourless solid

(180 mg, 73% vyield).

m.p. (°C): 172-174.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.46-7.42 (m, 4H), 7.34-7.30 (m, 4H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 134.5, 132.8 (CH), 128.8 (CH), 121.4, 89.2

IR (ATR): U /cm* = 2926 (w), 1912 (m), 1658 (w), 1593 (w), 1503 (1390 (s), 1400
(m), 1260 (w), 1086 (vs), 1053 (m), 1010 (s), 88)) 824 (vs), 770 (m), 736 (w), 704 (w),
654 (m), 635 ().

MS (El, 70 eV): m/z(%) = 250 (9), 249 (8), 248 (62), 247 (12), 246Q(1B1"), 177 (5), 176
(38), 175 (7), 123 (7), 88 (5).

HRMS (EI): calcd. for GsHg**Cl,: 246.0003, found: 246.0006.

Ethyl 4-((4-chlorophenyl)ethynyl)benzoaté5f)

o= )ens

Prepared according tdP10 from 1-chloro-4-((methylthio)ethynyl)benzen84p; 182 mg,
1.00 mmol), 4-(ethoxycarbonyl)phenylzinc iodid82¢ 2.59 mL, 1.50 mmol, 0.58 M in
THF), Pd(OAc) (5.6 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma¥%50 °C for 6 h.
Purification by flash chromatography (pentane/EtQAX1, silica gel) furnishe®5f as a

colourless solid (151 mg, 53% vyield).

m.p. (°C): 114-115.

'H-NMR (CDCl 3, 300 MHz): é (ppm) = 8.04-8.00 (m, 2H), 7.58-7.54 (m, 2H), 77484 (m,
2H), 7.35-7.31 (m, 2H), 4.38 (4,= 7.15 Hz, 2H), 1.40 (] = 7.15 Hz, 3H).
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3C-NMR (CDCl3, 75 MHz): § (ppm) = 166.0, 134.8, 132.9 (CH), 131.4 (CH), 130.29.5
(CH), 128.8 (CH), 127.5, 121.2, 91.0, 89.6, 61.Ri{14.3 (CH).

IR (ATR): U /cmi* = 2981 (vw), 2214 (vw), 1712 (s), 1604 (m), 1482 (M62 (W), 1386
(w), 1368 (w), 1306 (w), 1267 (vs), 1161 (w), 118®, 1100 (s), 1088 (s), 1010 (m), 858
(W), 826 (m), 784 (w), 767 (m), 694 (w), 639 (W).

MS (El, 70 eV): m/z(%) = 284 (100, M), 256 (29), 241 (26), 240 (15), 239 (86), 211 (13)
176 (56), 119 (12), 105 (10), 88 (12).

HRMS (EI): calcd. for G/H15°ClO,: 284.0604, found: 284.0603.

4-Chloro-2-((4-fluorophenylethynyl)-1-methoxybenee©5q)

MeO
H =)
Cl

Prepared according t&6P10 from 1-fluoro-4-((methylthio)ethynyl)benzen®4c 166 mg,
1.00 mmol), 5-chloro-2-methoxyphenylzinc iodid®2¢§ 1.79 mL, 1.50 mmol, 0.84 M in
THF), Pd(OAc) (5.6 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma®50 °C for 4 h.
Purification by flash chromatography (pentane,cailgel) furnished®5g as a yellow oll
(192 mg, 74% yield).

'H-NMR (CDCl 3, 300 MHz):  (ppm) = 7.48-7.55 (m, 2H), 7.44 (@ = 2.73 Hz, 1H), 7.24
(dd,J=8.92, 2.73 Hz, 1H), 6.99-7.01 (m, 2H), 6.81J¢, 8.92 Hz, 1H), 3.88 (s, 3H).
3C-NMR (CDCl3, 75 MHz): § (ppm) = 162.6 (dJ = 250.0 Hz, CF), 158.6, 133.6 (@=
8.51 Hz, CH), 132.8 (CH), 129.5 (CH), 125.2, 11@2] = 3.61 Hz), 115.6, (d] = 22.17 Hz,
CH), 113.9, 111.9 (CH), 93.3, 84.1, 56.1 ({tH

IR (ATR): V /cmit = 2939 (w), 2844 (vw), 2360 (vw), 1738 (W), 1591 (4508 (vs), 1486
(s), 1462 (m), 1397 (m), 1282 (s), 1263 (m), 12X)2 1224 (vs), 1154 (m), 1122 (s), 1024 (s),
896 (m), 833 (vs), 804 (s), 769 (m), 676 (w).

MS (El, 70 eV): m/z(%) = 261 (31), 260 (81, Ky, 259 (55), 217 (72), 197 (32), 196 (57),
182 (74), 181 (100), 167 (33), 165 (91).

HRMS (EI): calcd. for GsHig>>CIFO: 260.0404; found: 260.0384.

1-Chloro-4-((4-(trifluoromethyl)phenyl)ethynyl)besze 05h)

o= o




C. Experimental Section 219

Prepared according t©P10 from 1-((methylthio)ethynyl)-4-(trifluoromethyl)imzene 94d;
216 mg, 1.00 mmol), 4-chlorophenylzinc iodid@2k, 1.92 mL, 1.50 mmol, 0.78 M in THF),
Pd(OAc» (5.6 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 molt 25 °C for 12 h.
Purification by flash chromatography (pentanecailgel) furnishe®5h as a colourless solid
(213 mg, 76% yield).

m.p. (°C): 109-111.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.62-7.59 (m, 4H), 7.49-7.44 (m, 2H), 7382 (m,
2H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 134.9, 132.9 (CH), 132.8, 131.8 (CH), 13@,J =
32.7 Hz), 128.8 (CH), 126.8, (4= 1.55 Hz), 125.3 (q] = 3.87 Hz, CH), 123.9 (¢, = 272.1
Hz), 90.6, 88.9.

IR (ATR): v /cm® =2217 (w), 1915 (w), 1612 (w), 1588 (w), 1516 (w488 (w), 1478
(m), 1405 (w), 1315 (s), 1168 (s), 1128 (s), 1186 1089 (s), 1064 (s), 1013 (m), 964 (w),
844 (s), 829 (vs), 774 (m), 631 (w).

MS (El, 70 eV): m/z(%) = 282 (31), 281 (18), 280 (100,’M225 (15), 69 (15), 57 (22), 55
(20), 44 (40), 43 (16), 42 (26).

HRMS (EI): calcd. for GsHg> ClFs; 280.0267, found: 280.0253.

Ethyl 4-((4-(trifluoromethyl)phenyl)ethynyl)benz@af5i)

FsC Q — O CO,Et

Prepared according toP10 from 1-((methylthio)ethynyl)-4-(trifluoromethyl)imzene 94d;

216 mg, 1.00 mmol), 4-(ethoxycarbonyl)phenylzindide ©2¢ 2.59 mL, 1.50 mmol, 0.58 M
in THF), Pd(OAc) (5.6 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma®25 °C for 20 h.
Purification by flash chromatography (pentane/EtO2x:1, silica gel) furnishe®5i as a

colourless solid (195 mg, 77% vyield).

m.p. (°C): 71-72.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 8.06-8.02 (m, 2H), 7.66-7.57 (m, 6H), 4(89J =
7.15 Hz, 2H), 1.40 (1) = 7.15 Hz, 3H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 165.9, 131.9 (CH), 131.6 (CH), 130.1Jc; 32.8
Hz), 129.6 (CH), 129.5, 127.1, 126.6, J¢5 1.80 Hz), 125.4 (q] = 3.95 Hz, CH), 123.8 (¢,

= 272.2 Hz, Cp), 90.9, 90.6, 61.2 (ChHi, 14.3 (CH).

IR (ATR): v /cmi' =2994 (vw), 1712 (s), 1605 (m), 1403 (w), 1370 (%324 (m), 1307
(m), 1275 (s), 1163 (s), 1121 (s), 1101 (vs), 1¢§51027 (m), 1013 (m), 860 (m), 854 (m),
842 (s), 834 (m), 766 (s), 712 (w), 690 (m).
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MS (El, 70 eV): m/z(%) = 318 (84, M), 291 (6), 290 (26), 274 (23), 273 (100), 246 &5
(20), 225 (13), 176 (21), 137 (8).
HRMS (El): calcd. for GgH13F30,: 318.0868, found: 318.0857.

2.4-Dichloro-1-(cyclohex-1-en-1-ylethynyl)benze®&j)

o T gW

Prepared according toP10 from 1-(methylthio)hex-1-yn€94e 152 mg, 1.00 mmol), 2,4-
dichlorophenylzinc iodide9@t; 2.38 mL, 1.50 mmol, 0.63 M in THF), Pd(OAd)5.6 mg,
2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 25f6€C 10 h. Purification by flash
chromatography (pentane, silica gel) furnisB&gas a yellow oil (172 mg, 69% yield).
'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.39 (dJ = 1.92 Hz, 1H), 7.25 (dl = 8.36 Hz, 1H),
7.16 (dd,J = 8.36, 1.92 Hz, 1H), 6.29-6.25 (m, 1H), 2.26-2(&0 2H), 2.18-2.11 (m, 2H),
1.72-1.57 (m, 4H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 136.5 (CH), 136.3, 133.8, 133.5 (CH), 12&€CH),
126.8 (CH), 122.3, 120.4, 97.5, 82.7, 29.0 {£125.8 (CH), 22.2 (CH), 21.4 (CH).

IR (ATR): U /cm® = 2929 (m), 2859 (w), 2205 (w), 1674 (w), 1582 (4544 (w), 1471
(vs), 1446 (m), 1435 (m), 1379 (m), 1348 (w), 1@99 1053 (m), 918 (m), 866 (m), 842 (m),
829 (s), 817 (vs), 800 (m), 767 (m), 696 (w).

MS (El, 70 eV): m/z(%) = 252 (61), 250 (100, W, 224 (25), 222 (39), 215 (23), 180 (89),
179 (61), 178 (28), 165 (59), 152 (63).

HRMS (El): calcd. for G4H15>°Cl,: 250.0316, found: 250.0301.

Ethyl 4-(cyclohex-1-en-1-ylethynyl)benzoa®5k)

=i eos

Prepared according tdP10 from 1-(methylthio)hex-1-yn€94e 152 mg, 1.00 mmol), 4-
ethoxycarbonylphenylzinc iodide9Z¢ 2.59 mL, 1.50 mmol, 0.58 M in THF), Pd(OAc)
(5.6 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma@®®0 °C for 6 h. Purification by flash
chromatography (pentanefex 9:1, silica gel) furnishe@5k as a colourless solid (194 mg,
76% yield).

m.p. (°C): 80-82.

'H-NMR (CDCl 3, 300 MHz): é (ppm) = 7.98-7.94 (m, 2H), 7.47-7.43 (m, 2H), 66224 (m,
1H), 4.36 (gJ = 7.14, 2H), 2.24-2.12 (m, 4H), 1.72-1.57 (m, 4HR8 (t,J = 7.14, 3H).
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13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 166.2, 136.4 (CH), 131.3 (CH), 129.4 (CH)8.5,
120.5, 94.3, 86.2, 61.0 (GH 29.7 (CH), 25.8 (CH), 22.3 (CH), 21.5 (CH), 14.3 (CH).

IR (ATR): V /cmit = 2937 (w), 2196 (w), 1714 (vs), 1601 (m), 1403,(&B67 (m), 1283
(s), 1272 (vs), 1238 (m), 1176 (m), 1129 (m), 1{®¥, 1094 (m), 1028 (m), 1016 (m), 856
(m), 766 (s), 694 (m).

MS (El, 70 eV): m/z(%) =254 (100, M), 226 (10), 209 (24), 182 (9), 181 (49), 180 (H6
(30), 165 (21), 153 (11), 152 (16).

HRMS (EI): calcd. for G/H1402: 254.1307; found: 254.1298.

1-(Hex-1-ynyl)-4-methoxybenzen8§l)

Bu%@—OMe
Prepared according tdP10 from 1-(methylthio)hex-1-yne9df, 128 mg, 1.00 mmol), 4-
methoxyphenylzinc iodide9¢b; 1.61 mL, 1.50 mmol, 0.93 M in THF), Pd(OAdpb.6 mg,
2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 25f6€C 3 h. Purification by flash
chromatography (pentanesex 50:1, silica gel) furnishe@5l as a yellow oil (120 mg, 64%

yield).

'H-NMR (CDClI 3, 300 MHz): § (ppm) = 7.34-7.30 (m, 2H), 6.82-6.78 (m, 2H), 3(83H),
2.38 (t,J = 6.94 Hz, 2H), 1.41-1.63 (m, 4H), 0.94J& 7.18 Hz, 3H),

3C-NMR (CDCl3, 75 MHz): § (ppm) = 159.0, 132.8 (CH), 116.3, 113.8 (CH), 8®0.2,
55.2 (CH), 31.0 (CH), 22.0 (CH), 19.1 (CH), 13.6 (CH).

IR (ATR): V /cmi® = 2957 (w), 2932 (m), 1739 (w), 1607 (m), 1508 (€64 (m), 1442 (w),
1378 (w), 1288 (m), 1242 (vs), 1218 (w), 1171 ()06 (w), 1033 (s), 829 (s), 809 (m), 800
(W), 794 (w).

MS (El, 70 eV): m/z(%) = 188 (100, M), 187 (19), 173 (56), 159 (44), 158 (33), 146 (15)
145 (30), 144 (15), 115 (18), 102 (16).

HRMS (El): calcd. for G3H160: 188.1201, found: 188.1193.

2-Methyl-6-(phenylethynypyridinedbm)

Prepared according t6P10 from ((methylthio)ethynyl)benzen®4a 148 mg, 1.00 mmol),
6-methylpyridin-2-ylzinc iodide 92u; 3.41 mL, 1.50 mmol, 0.44 M in THF), Pd(OAc)
(5.6 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma@®®0 °C for 4 h. Purification by flash
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chromatography (pentane¢ex 8:2, silica gel) furnishe®@5m as a clear oil (141 mg, 73%
yield).

'H-NMR (CDCl 3, 300 MHz): é (ppm) = 7.61-7.52 (m, 3H), 7.37-7.30 (m, 4H), 7003 (m,
1H), 2.55 (s, 3H).

These data match the literature: Sorensen, U.dgpB-Villar, E.Tetrahedror?005 61, 269.

2-((4-Fluorophenyl)ethynyl)benzofura@5n)

L O
~O—=<1J

Prepared according t&6P10 from 1-fluoro-4-((methylthio)ethynyl)benzen®4c 166 mg,
1.00 mmol), 1-benzofuran-2-ylzinc iodid®2y; 2.14 mL, 1.50 mmol, 0.70 M in THF),
Pd(OAc) (5.6 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mo#6 50 °C for 6 h.
Purification by flash chromatography (pentanecailgel) furnishe®5n as a colourless solid
(194 mg, 82% vyield).

m.p. (°C): 95-96

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.60-7.53 (m, 3H), 7.50-7.46 (m, 1H), 7B81 (m,
1H), 7.29-7.23 (m, 1H), 7.11-7.04 (m, 2H), 7.00J¢; 0.95 Hz, 1H).

13C-NMR (CDCl3, 75 MHz): § (ppm) = 162.0 (dJ = 251.3 Hz, CF), 154.9, 138.6, 133.7 (d,
J = 8.76 Hz, CH), 127.7, 125.6 (CH), 123.3 (CH), 22(CH), 118.0, (dJ = 3.61 Hz), 115.9
(d,J = 22.17 Hz, CH), 111.6 (CH), 111.2 (CH), 93.9,479.

IR (ATR): V' [ cmit = 2360 (w), 1896 (w), 1739 (w), 1598 (w), 1564 (rhf98 (m), 1469
(m), 1448 (m), 1440 (m), 1346 (w), 1302 (w), 1286,(1210 (m), 1168 (m), 1155 (m), 948
(m), 835 (vs), 812 (vs), 749 (vs), 736 (S).

MS (El, 70 eV): m/z(%) = 238 (2), 237 (15), 236 (100,"M 208 (6), 207 (36), 206 (3), 187
(2), 182 (2), 104 (1), 44 (3).

HRMS (El): calcd. for GeHgFO: 236.0637; found: 236.0643.

2-(2-Thienylethynypyridine950)

N — &
Prepared according P10 from 2-((methylthio)ethynyl)pyridineddg 149 mg, 1.00 mmol),
2-thienylzinc iodide 92w; 1.90 mL, 1.50 mmol, 0.79 M in THF), Pd(OAc)5.6 mg,



C. Experimental Section 223

2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 50f6€ 8 h. Purification by flash

chromatography (pentanegex 7:3, silica gel) furnishe@i5o as a yellow solid (133 mg, 72%
yield).

m.p. (°C): 55-57.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 8.63-8.61 (m, 1H), 7.73 (ddii= 7.91, 7.72, 1.94
Hz, 1H), 7.54-7.51 (m, 1H), 7.41 (dd,= 3.62, 1.10 Hz, 1H), 7.35 (dd,= 5.22, 1.10 Hz,

1H), 7.30-7.27 (m, 1 H), 7.03 (dd= 5.22, 3.62 Hz, 1H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 149.3 (CH), 142.6, 136.9 (CH), 133.7 (CH}B.7
(CH), 127.3 (CH), 127.1 (CH), 122.9 (CH), 121.9,59B7.8.

IR (ATR): V /cmi! = 3103 (w), 2204 (m), 1739 (w), 1578 (m), 1560 (m)5Q (m), 1432
(m), 1416 (M), 1276 (W), 1212 (m), 1152 (m), 11@5, (1045 (w), 987 (w), 853 (m), 835 (m),
776 (s), 738 (W), 706 (vs), 669 (W).

MS (EI, 70 eV): m/z(%) = 185 (100, M), 184 (9), 159 (8), 158 (5), 152 (5), 141 (7), 181
114 (4), 113 (4), 79 (6).

HRMS (EI): calcd. for GiH,N*%S: 185.0299, found: 185.0284.

2-(Cyclohex-1-en-1-ylethynyl)thiophen85p)

S
O=<J

Prepared according tdP10 from 1-(methylthio)hex-1-yn€94e 152 mg, 1.00 mmol), 2-

thienylzinc iodide 92w; 1.90 mL, 1.50 mmol, 0.79 M in THF), Pd(OAcb.6 mg, 2.5 mol%)

and DPE-Phos (26.9 mg, 5.0 mol%) at 25 °C for 1Bdrification by flash chromatography

(pentane, silica gel) furnish&bp as a yellow oil (122 mg, 65% yield).

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.20 (ddJ = 5.01, 1.19 Hz, 1H), 7.14 (dd= 3.58,

1.19 Hz, 1H), 6.94 (dd] = 5.01, 3.58 Hz, 1H), 6.21-6.18 (m, 1H), 2.22-2(&¥, 2H), 2.16-

2.06 (m, 2H), 1.74-1.56 (m, 4H).

3C-NMR (CDCl3, 75 MHz): § (ppm) = 135.5 (CH), 131.2 (CH), 126.9 (CH), 1263H),

123.9, 120.5, 94.9, 79.9, 29.0 (§H25.8 (CH), 22.3 (CH), 21.5 (CH).

IR (ATR): V /cmi® = 2932 (m), 2859 (w), 2182 (m), 1720 (w), 1661 (MG1E (W), 1446
(w), 1434 (w), 1412 (m), 1353 (w), 1205 (m), 1138,(1076 (m), 1031 (m), 918 (w), 848
(m), 830 (m), 798 (w), 697 (vs).

MS (EI, 70 eV): m/z(%) = 188 (100, M), 187 (28), 173 (25), 160 (46), 153 (18), 147 (22)
135 (36), 129 (17), 128 (20), 115 (32).
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HRMS (EI): calcd. for G,H15>%S: 188.0660, found: 188.0652.

6-Phenylhex-5-ynenitriledsq)

@é\_/CN
Prepared according t6P10 from ((methylthio)ethynyl)benzen®4a 148 mg, 1.00 mmol),
(3-cyanopropyl)zinc bromide©gh; 1.47 mL, 1.50 mmol, 1.02 M in THF), Pd(OA¢p.6 mg,
2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 50f6C 16 h. Purification by flash
chromatography (pentaneex 4:1, silica gel) furnishe®5q as a clear oil (88 mg, 52%
yield).
'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.44-7.39 (m, 2H), 7.34-7.30 (m, 3H), 2(5§9 =
6.94 Hz, 2H), 2.55 (f) = 6.93 Hz, 2H), 1.99 (m, 2H).
3C-NMR (CDCl3, 75 MHz):  (ppm) = 131.5 (CH), 128.3 (CH), 128.0 (CH), 123129.1,
86.9, 82.4, 24.6 (C}), 18.5 (CH), 16.2 (CH).
IR (ATR): U /cmi* = 2942 (vw), 2361 (vw), 2248 (w), 1740 (vw), 1588, 1490 (m), 1442
(w), 1430 (w), 1348 (w), 1070 (w), 1028 (vw), 94W)( 756 (vs), 691 (vs), 669 (W).
MS (El, 70 eV): m/z (%) = 169 (76, M), 168 (47), 142 (15), 129 (31), 128 (67), 127 (22)
116 (18), 115 (100), 89 (14), 63 (17).
HRMS (El): calcd. for GoH1i1N: 169.0891, found: 169.0879.

1-Chloro-4-(cyclohexylethynyl)benzen@4r)

=0

Prepared according tdP10 from 1-chloro-4-((methylthio)ethynyl)benzen84p; 182 mg,

1.00 mmol), cyclohexanezinc bromidg2{; 1.58 mL, 1.50 mmol, 0.95 M in THF), Pd(OAc)
(5.6 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma¥%0 °C for 10 h. Purification by
flash chromatography (pentane, silica gel) furnis®&r as a yellow oil (153 mg, 70% yield).

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.33-7.29 (m, 2H), 7.25-7.21 (m, 2H), 2652 (m,
1H), 1.91-1.83 (m, 2H), 1.79-1.69 (m, 2H), 1.576L(t, 4H), 1.41-1.30 (M, 2H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 133.3, 132.8 (CH), 128.4 (CH), 122.7, 958.5,
32.6 (CH), 29.7 (CH), 25.9 (CbJ, 24.9 (CH).

IR (ATR): V /cmit = 2931 (m), 2855 (m), 2230 (vw), 1899 (vw), 1738 (2592 (vw), 1489
(s), 1447 (m), 1398 (w), 1304 (w), 1089 (s), 10@8, (1014 (m), 952 (W), 933 (W), 826 (Vs),
798 ().
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MS (El, 70 eV): m/z(%) = 218 (90, M), 189 (52), 183 (50), 175 (66), 155 (54), 141 (100
136 (36), 129 (49), 127 (40), 125 (74).

HRMS (EI): calcd. for G4H15>°Cl: 218.0862; found: 218.0859.

6-(4-(Trifluoromethyl)phenyl)hex-5-ynenitril®b9

F3C%;>%\_/CN

Prepared according t©P10 from 1-((methylthio)ethynyl)-4-(trifluoromethyl)imzene 94d;
216 mg, 1.00 mmol), 4-cyanopropylzinc bromi@2l; 1.47 mL, 1.50 mmol, 1.02 M in THF),
Pd(OAc)» (5.6 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mo#&6 50 °C for 4 h.
Purification by flash chromatography (pentanglE®:1, silica gel) furnishefl5sas a clear oll
(156 mg, 66% yield).

'H-NMR (CDCl 3, 300 MHz):  (ppm) = 7.55 (dJ = 8.51 Hz, 2H), 7.48 (dl = 8.51 Hz, 2H),
2.62 (t, J = 6.83 Hz, 2H), 2.55 = 7.20 Hz, 2H), 1.97 (d = 6.83, 7.20 Hz, 2H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 131.8 (CH), 129.8 (d, = 32.6 Hz), 127.0 (¢ =
1.55 Hz), 125.2 (q) = 3.87 Hz, CH), 119.0, 123.9 (d,= 272.1 Hz, CB), 89.7, 81.2, 24.4
(CH,), 18.5 (CH), 16.3 (CH).

IR (ATR): V [ cmit = 2942 (vw), 2361 (vw), 2248 (w), 2166 (m), 1744v), 1612 (m), 1598
(w), 1491 (m), 1444 (w), 1431 (w), 1346 (w), 132%)( 1102 (s), 1070 (w), 1026 (vw), 917
(w), 758 (vs), 690 (vs), 669 (w).

MS (El, 70 eV): m/z(%) = 237 (100, M), 236 (45), 218 (26), 197 (25), 196 (61), 183 (96)
177 (58), 168 (35), 133 (24), 43 (94).

HRMS (El): calcd. for GsHioFsN: 237.0765; found: 237.0754

1-(Cyclohexylethynyl)-4-(trifluoromethyl)benzen@st)

Prepared according toP10 from 1-((methylthio)ethynyl)-4-(trifluoromethyl)imzene 94d;
216 mg, 1.00 mmol), cyclohexanezinc bromi@gi( 1.58 mL, 1.50 mmol, 0.95 M in THF),
Pd(OAc) (5.6 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol®b 25 °C for 18 h.
Purification by flash chromatography (pentanecailjel) furnishe®5t as a pale yellow solid
(130 mg, 66% yield).

m.p. (°C): 35-37.
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'H-NMR (CDCl 3, 300 MHz): é (ppm) = 7.53-7.46 (m, 4H), 2.64-2.55 (m, 1H), 11985 (m,
2H), 1.77-1.72 (m, 2H), 1.57-1.52 (m, 3H), 1.4021(6, 3H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 131.7 (CH), 129.2 (§,= 33.0 Hz), 128.0 (g =
1.55 Hz), 125.0 (gqJ = 3.95 Hz, CH), 124.0 (g} = 271.9 Hz, CF), 97.3, 79.5, 32.5 (Chl
29.7 (CH), 25.9 (Ch), 24.9 (CH).

IR (ATR): U /cm® =2930 (m), 2856 (w), 2229 (W), 1614 (w), 1449 (w304 (w), 1322
(vs), 1300 (m), 1264 (w), 1258 (w), 1167 (s), 118p 1103 (vs), 1066 (vs), 1046 (m), 1014
(m), 952 (w), 888 (w), 840 (vs), 720 (w).

MS (El, 70 eV): m/z(%) = 252 (22, M), 210 (26), 209 (42), 196 (18), 184 (31), 183 (20)
141 (32), 67 (39), 54 (18), 41 (100).

HRMS (El): calcd. for GsHisFs: 252.1126, found: 252.1117.

4 4'-Ethyne-1,2-diylbid{,N-dimethylaniline) 95u)

o)

Prepared according t6P10 from bis(methylthio)acetylened4h; 118 mg, 1.00 mmol), 4-
(N,N-dimethylamino)phenylzinc iodid®2l; 3.03 mL, 3.00 mmol, 0.99 M in THF), Pd(OAc)
(5.6 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma@®®@5 °C for 8 h. Purification by flash
chromatography (pentane/@El, 6:4, silica gel) furnishe®5u as a yellow solid (215 mg,
81% yield).

m.p. (°C): 232-234

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.41-7.36 (m, 4H), 6.68-6.63 (m, 4H), 2(8712H).
¥C-NMR (CDCl3, 75 MHz): § (ppm) = 149.7, 132.3 (CH), 111.9 (CH), 111.2, 88la.3
(CHa).

IR (ATR): V [ cmit = 2890 (w), 2807 (w), 2361 (w), 1739 (w), 1608 (H2& (s), 1480 (m),
1444 (m), 1352 (s), 1321 (m), 1227 (s), 1190 ($B41(m), 1137 (m), 1062 (m), 941 (m), 827
(m), 816 (vs).

MS (El, 70 eV): m/z(%) = 265 (19), 264 (100, W, 263 (6), 250 (5), 249 (20), 248 (12), 247
(4), 233 (4), 132 (5), 131 (6).

HRMS (El): calcd. for GgHzoN2: 264.1626; found: 264.1617.

1,1'-Ethyne-1,2-diylbis(3,4-dimethoxybenzeng}y)
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MeO
OMe

Prepared according f6P10 from bis(methylthio)acetylene94h; 118 mg, 1.00 mmol), 3,4-
dimethoxyphenylzinc iodide9@x; 2.78 mL, 3.00 mmol, 1.08 M in THF), Pd(OAdp.6 mg,
2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 25f6€C 10 h. Purification by flash
chromatography (pentane¢ex 1:1, silica gel) furnishefl5v as an orange solid (235 mg, 79%

yield).

m.p. (°C): 132-134.

'H-NMR (CDCl 3, 300 MHz): é (ppm) = 7.14-7.09 (m, 2H), 7.02-6.99 (m, 2H), 66838 (m,
2H), 3.89 (s, 6H), 3.87 (s, 6H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 149.3, 148.7, 124.7 (CH), 115.7, 114.2 YCH1.1
(CH), 88.0, 56.0 (CH), 55.9 (CH).

IR (ATR): U /cmi* =2931 (w), 2837 (w), 1599 (w), 1575 (w), 1515 (508 (s), 1462 (m),
1414 (m), 1324 (m), 1264 (m), 1243 (s), 1228 (&)14L(s), 1170 (s), 1134 (s), 1019 (vs), 965
(w), 851 (m), 806 (s), 795 (M), 764 (M), 617 (WH26w).

MS (El, 70 eV): m/z (%) = 299 (9), 298 (49, K), 284 (12), 283 (15), 275 (20), 274 (100),
260 (24), 259 (44), 132 (12), 216 (16).

HRMS (El): calcd. for GgH1504: 298.1205, found: 298.1201.

1,1'-Ethyne-1,2-divlbis(4-(methylthio)benzen8bW)

wos—{ Y= )-oue

Prepared according t6P10 from bis(methylthio)acetylened4h; 118 mg, 1.00 mmol), 4-
thiomethylphenylzinc iodide9Qy; 2.14 mL, 3.00 mmol, 1.40 M in THF), Pd(OAdp.6 mg,
2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 25f6€C 14 h. Purification by flash
chromatography (pentane, silica gel) furnisB&das a yellow solid (198 mg, 73% yield).
m.p. (°C): 142-144.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.44-7.40 (m, 4H), 7.21-7.17 (m, 4H), 2(496H).
3C-NMR (CDCl3, 75 MHz): § (ppm) = 129.2, 131.8 (CH), 125.9 (CH), 119.6, 84.3.4
(CHs).

IR (ATR): v /cmi' =2915 (w), 1899 (w), 1593 (w), 1498 (m), 1478 (m352 (w), 1432
(m), 1397 (m), 1319 (w), 1220 (w), 1184 (w), 1089, 011 (w), 968 (w), 954 (w), 815 (vs),
808 (s), 746 (w), 723 (s), 692 (w).
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MS (El, 70 eV): m/z(%) = 270 (100, M), 255 (58), 240 (14), 239 (4), 209 (3), 208 (1H5
(5), 164 (3), 163 (5), 135 (6).
HRMS (EI): calcd. for GeH142S,: 270.0537, found: 270.0528.

Diethyl 4,4'-ethyne-1,2-diyldibenzoat@5X)

EtO,C Q = O CO,Et

Prepared according t6P10 from bis(methylthio)acetylened4h; 118 mg, 1.00 mmol), 4-
ethoxycarbonylphenylzinc iodide9Z¢ 5.17 mL, 3.00 mmol, 0.58 M in THF), Pd(OAc)
(5.6 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma¥%0 °C for 12 h. Purification by
flash chromatography (pentanef8t 10:1, silica gel) furnishe®5x as an orange solid
(216 mg, 67% vyield).

m.p. (°C): 143-145.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 8.03-8.00 (m, 4H), 7.59-7.56 (m, 4H), 4(§7J =
7.18 Hz, 4H), 1.39 (1) = 7.18 Hz, 6H).

13C-NMR (CDCl3, 75 MHz): § (ppm) = 165.9, 131.5 (CH), 130.3, 129.5 (CH), 22B1.3,
61.1 (CH), 14.3 (CH).

IR (ATR): U /cmi' =2975 (w), 1709 (vs), 1606 (m), 1560 (w), 1477 (2403 (m), 1368
(m), 1306 (m), 1271 (vs), 1175 (m), 1128 (m), 1188 1028 (m), 1014 (m), 881 (w), 855
(m), 846 (m), 830 (w), 764 (vs), 692 (s), 638 (vw).

MS (El, 70 eV): m/z(%) = 323 (22), 322 (89, N}, 294 (15), 278 (23), 277 (100), 266 (12),
249 (40), 176 (38), 116 (13), 102 (13).

HRMS (El): calcd. for GoH1504: 322.1205, found: 322.1209.

4 4'-Ethyne-1,2-diyldibenzonitrilQby)

NC Q = O CN
Prepared according t6P10 from bis(methylthio)acetylened4h; 118 mg, 1.00 mmol), 4-
cyanophenylzinc iodide9@d; 4.23 mL, 3.00 mmol, 0.71 M in THF), Pd(OAc}5.6 mg,
2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 50f6C 16 h. Purification by flash
chromatography (pentanefex 2:1, silica gel) furnishe@5y as a yellow solid (146 mg, 64%

yield).

m.p. (°C): 205-211.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.67-7.65 (m, 4H), 7.63-7.61 (m, 4H).
13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 132.3 (CH), 132.2 (CH), 127.1, 118.2, #191.5.
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IR (ATR): U /cmi' = 2958 (w), 2923 (m), 2853 (w), 2226 (m), 1661 (WHP2 (M), 1502
(w), 1491 (w), 1406 (w), 1398 (w), 1276 (w), 1261)( 1180 (w), 1099 (m), 1017 (m), 929
(w), 857 (w), 817 (vs),768 (w).

MS (El, 70 eV): m/z(%) = 229 (15), 228 (100, N, 227 (7), 204 (7), 202 (5), 201 (10), 200
(8), 175 (4), 114 (4), 100 (3).

HRMS (El): calcd. for GeHgN»: 228.0687, found: 228.0675.

1,1'-Ethyne-1,2-diylbis(2,4-dichlorobenzen8%b?)

Cl
CICI
Cl

Prepared according f6P10 from bis(methylthio)acetylene94h; 118 mg, 1.00 mmol), 2,4-
dichlorophenylzinc iodide92t; 4.76 mL, 3.00 mmol, 0.63 M in THF), Pd(OAd5.6 mg,
2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 50f6€ 4 h. Purification by flash
chromatography (pentane, silica gel) furnisB&das a colourless solid (246 mg, 78% yield).
m.p. (°C): 132-134.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.51 (dJ = 8.42 Hz, 2H), 7.46 (dl = 2.15 Hz, 2H),
7.24 (ddJ = 2.15, 8.42 Hz, 2H),

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 136.8, 135.2, 134.0 (CH), 129.5 (CH), 12(CH),
121.3, 91.0.

IR (ATR): V /cmit=1739 (w), 1722 (w), 1587 (W), 1544 (w), 1487 (971 (m), 1462 (m),
1426 (w), 1378 (m), 1230 (w), 1217 (w), 1141 (W)96 (s), 1051 (m), 873 (w), 859 (s), 816
(vs), 810 (vs), 737 (s).

MS (El, 70 eV): m/z(%) = 314 (100, M), 246 (18), 245 (6), 244 (31), 174 (8), 158 (1H7
(8), 123 (8), 122 (11), 104 (7).

HRMS (EI): calcd. for GsHg>>Cls: 313.9224; found: 313.9216.

2.2'-Ethyne-1,2-diylbis-1-benzofurafqag)

(=<1
0]

Prepared according t@P10 from bis(methylthio)acetylene94h; 118 mg, 1.00 mmol),
benzofuran-2-ylzinc iodide9v; 4.29 mL, 3.00 mmol, 0.70 M in THF), Pd(OAQp.6 mg,
2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 50f6€ 3 h. Purification by flash
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chromatography (pentane/@El, 40:1, silica gel) furnishe®5aa as a colourless solid
(191 mg, 74% vyield).

m.p. (°C): 139-140.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.60 (dJ = 7.15 Hz, 2H), 7.50 (d} = 7.39 Hz, 2H),
7.25-7.40 (m, 4H), 7.13 (s, 2H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 155.2, 137.6, 127.4, 126.2 (CH), 123.5 YCk21.5
(CH), 113.2 (CH), 111.4 (CH), 85.2.

IR (ATR): 7 /cm? =1739 (w), 1450 (m), 1442 (m), 1349 (m), 1296 (954 (m), 1200
(m), 1160 (m), 1142 (m), 1104 (w), 1012 (w), 960,(881 (m), 885 (w), 833 (m), 826 (m),
799 (m), 746 (vs), 735 (s), 692 (m).

MS (El, 70 eV): m/z(%) = 260 (2), 259 (17), 258 (100,"M 234 (4), 229 (5), 202 (5), 201
(4), 200 (5), 129 (3), 88 (2).

HRMS (El): calcd. for GgH1002: 258.0681, found: 258.0675.

2,2'-Ethyne-1,2-diyldithiophen®%ab)

Prepared according t6P10 from bis(methylthio)acetylened4h; 118 mg, 1.00 mmol), 2-
thienylzinc iodide 92w; 3.80 mL, 3.00 mmol, 0.79 M in THF), Pd(OA¢p.6 mg, 2.5 mol%)
and DPE-Phos (26.9 mg, 5.0 mol%) at 50 °C for 2Bdrification by flash chromatography
(pentane, silica gel) furnishé&babas a pale yellow solid (127 mg, 67% yield).

m.p. (°C): 105-106.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.30 (ddJ = 5.19, 1.13 Hz, 2H), 7.27 (dd= 3.70,
1.13 Hz, 2H), 7.00 (ddl = 5.19, 3.70 Hz, 2H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 132.1 (CH), 127.6 (CH), 127.1 (CH), 1288,2.

IR (ATR): V /cmi* =3098 (vw), 3081 (vw), 2919 (vw), 1432 (w), 1406 (&B61 (W), 1199
(m), 1194 (m), 1097 (w), 1083 (w), 1073 (w), 1048),(1028 (w), 895 (w), 849 (s), 824 (m),
748 (w), 723 (w), 693 (vS).

MS (El, 70 eV): m/z(%) = 190 (100, M), 189 (9), 158 (11), 146 (14), 145 (16), 114 (BD),
(9), 55 (10), 44 (10), 43 (13).

HRMS (El): calcd. for GoHg S,: 189.9911, found: 189.9903.

4-((3,17bBis(methoxymethoxy)estra-1(10),2,4-trien-17ayl)ethydyIN-dimethylaniline
95a
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MOMO
Prepared according to TP10 from 3,17b-bis(methoxymethoxy)-17a-
((methylthio)ethynyl)estra-1(10),2,4-triene  94; 431 mg, 1.00 mmol), AN N
dimethylamino)phenylzinc iodide92l; 1.52 mL, 1.50 mmol, 0.99 M in THF), Pd(OAc)
(5.6 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma@®®@5 °C for 8 h. Purification by flash
chromatography (pentanegex 7:3, silica gel) furnishe@5acas a yellow oil (377 mg, 75%
yield).

'H-NMR (CDCl 3, 600 MHz): 6 (ppm) = 7.36-7.34 (m, 2H), 7.24 (= 8.78 Hz, 1H), 6.85
(dd,J = 8.78, 2.74 Hz, 1H), 6.79 (d,= 2.74 Hz, 1H), 6.66-6.63 (m, 2H), 5.16 (s, 2H}L 5
(d,J =6.31 Hz, 1H), 4.89 (dl = 6.31 Hz, 1H), 3.49 (s, 3H), 3.45 (s, 3H), 2.976H), 2.89-
2.84 (m, 2H), 2.39-2.34 (m, 2H), 2.28-2.20 (m, 2R))8-2.03 (m, 1H), 1.92-1.83 (m, 4H),
1.56-1.36 (m, 4H), 0.97 (s, 3H).

3C-NMR (CDCl3, 150 MHz): § (ppm) = 154.9, 150.0, 138.0, 134.0, 132.8 (CHR.13
(CH), 126.3 (CH), 116.1 (CH), 113.6 (CH), 111.8,84CH;,), 93.6 (CH), 89.0, 87.6, 85.9,
55.8 (CH), 55.7 (CH), 49.0 (CH), 48.1, 43.6 (CH), 40.2 (g}k139.2 (CH), 37.7 (Ch), 33.4
(CHy), 29.8 (CH), 27.2 (CH), 26.4 (CH), 23.0 (CH), 13.1 (CH).

IR (ATR): U /cm® = 2928 (m), 2360 (w), 2213 (vw), 1739 (w), 1607, (520 (s), 1497
(m), 1444 (m), 1357 (m), 1230 (m), 1150 (s), 108)5 1061 (m), 1014 (vs), 972 (m), 945 (m),
919 (m), 871 (w), 815 (s), 784 (w), 730 (m).

MS (El, 70 eV): m/z(%) = 503 (16, M), 460 (22), 459 (69), 458 (32), 443 (46), 442 (46)
441 (100), 200 (40), 148 (50), 45 (21).

HRMS (El): calcd. for GoH41NO,4: 503.3036, found: 503.3035.

3.4.7 Preparation of Nitriles 97 via Ni-catalyzed @ss-Coupling Reaction

Benzonitrile 73

ar

Prepared according t6P11 from methyl thiocyanate96, 73 mg, 1.00 mmol), phenylzinc
iodide @2z 1.46 mL, 1.50 mmol, 1.03 M in THF), Ni(acadp.4 mg, 2.5 mol%) and DPE-
Phos (26.9 mg, 5.0 mol%) at 25°C for 2 h. Purffma by flash chromatography
(pentane/BO 50:1, silica gel) furnishe®i7aas a clear oil (84 mg, 81% yield).

'H-NMR (CDCI 3, 300 MHz): § (ppm) = 7.75-7.35 (m, 5H).
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These data match the literature: Z. Zhang, L. 8béskindOrg. Lett.2006 8, 4331.

[1,1'-Biphenyl]-4-carbonitrile §7b)

SaWa.

Prepared according P11 from methyl thiocyanatedg; 73 mg, 1.00 mmol), 4-biphenylzinc
iodide ©@2ag 2.03 mL, 1.50 mmol, 0.74 M in THF), Ni(aca¢p.4 mg, 2.5 mol%) and DPE-
Phos (26.9 mg, 5.0 mol%) at 50 °C for 10 h. Puamifien by flash chromatography
(pentane/BO 20:1, silica gel) furnished7b as a colourless solid (130 mg, 73% yield).

m.p. (°C): 89-90.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.74-7.66 (m, 4H), 7.60-7.56 (m, 2H), 7540 (m,
3H).

These data match the literature: O. Grossman, Dn&gOrg. Lett.2006 8, 1189.

4-(Tert-butyl)benzonitrile 970

Yo

Prepared according tdP11 from methyl thiocyanate9¢; 73 mg, 1.00 mmol), 4t¢rt-
butyl)phenylzinc iodide 92aly 1.46 mL, 1.50 mmol, 1.03 M in THF), Ni(acad)6.4 mg,
2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 25f6C 12 h. Purification by flash
chromatography (pentane, silica gel) furnisB&das a clear oil (130 mg, 82% vyield).
'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.59-7.55 (m, 2H), 7.49-7.45 (m, 2H), 1(829H).
These data match the literature: O. Grossman, Dn&gOrg. Lett.2006 8, 1189.

4-Methoxybenzonitrile§7d)

MeOOCN

Prepared according torP11 from methyl thiocyanate 96, 73 mg, 1.00 mmol), 4-
methoxyphenylzinc iodide9@b; 1.61 mL, 1.50 mmol, 0.93 M in THF), Ni(acaq6.4 mg,
2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 25f6€ 2 h. Purification by flash
chromatography (pentanefex 8:2, silica gel) furnishe®7d as a colourless solid (115 mg,
86% yield).

m.p. (°C): 63-64.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.60-7.55 (m, 2H), 6.96-6.91 (m, 2H), 3(853H).
These data match the literature: O. Grossman, Dn&gOrg. Lett.2006 8, 1189.
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4-(Methylthio)benzonitrile 978

MeSOCN

Prepared according torP11 from methyl thiocyanate 96, 73 mg, 1.00 mmol), 4-
thiomethylphenylzinc iodide9y; 2.14 mL, 3.00 mmol, 1.40 M in THF), Ni(acacb.4 mg,
2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 50f6€ 8 h. Purification by flash
chromatography (pentanegbex 10:1, silica gel) furnishefl7e as a colourless solid (115 mg,
77% yield).

m.p. (°C): 65-66.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.54-7.49 (m, 2H), 7.27-7.22 (m, 2H), 2(503H).
These data match the literature: V. DichiaranteF&gnoni, A. Albini,Chem. Commun.

2006 28, 3001.

4-(Dimethylamino)benzonitriled(7f)

MezNOCN

Prepared according tdP11 from methyl thiocyanate96, 73 mg, 1.00 mmol), 4N,N-
dimethylamino)phenylzinc iodide92l; 1.52 mL, 1.50 mmol, 0.99 M in THF), Ni(acac)
(6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma@®@5 °C for 2 h. Purification by flash
chromatography (pentanefex 4:1, silica gel) furnishe®7f as a colourless solid (133 mg,
91% vyield).

m.p. (°C): 78-79 (Lit).

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.49-7.44 (m, 2H), 6.70-6.65 (m, 2H), 3(836H).
These data match the literature: Z. Zhang, L. 8béskindOrg. Lett.2006 8, 4331.

3,4-Dimethoxybenzonitrile70)

MeO CN
ol

Prepared according tdP11 from methyl thiocyanate 96, 73 mg, 1.00 mmol), 3,4-

dimethoxyphenylzinc iodide9@x;, 1.39 mL, 1.50 mmol, 1.08 M in THF), Ni(aca¢p.4 mg,

2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 50f6€ 5 h. Purification by flash

chromatography (pentanegbx 7:3, silica gel) furnishe@7g as a colourless solid (137 mg,

84% yield).

m.p. (°C): 72-73.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.27 (dd) = 8.38, 1.86 Hz, 1H), 7.06 (d,= 1.86

Hz, 1H), 6.89 (dJ = 8.38 Hz, 1H), 3.92 (s, 3H), 3.89 (s, 3H).
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These data match the literature: E.-C. Wang, Kh&ang, H.-M. Chen, C.-C. Wu, G.-J. Lin,
J. Chin. Chem. So2004 51, 619.

2-Naphthonitrile 97h)

o

Prepared according tBP11 from methyl thiocyanatedg; 73 mg, 1.00 mmol), 2-napthylzinc
iodide ©@2ag 2.24 mL, 1.50 mmol, 0.67 M in THF), Ni(aca¢p.4 mg, 2.5 mol%) and DPE-
Phos (26.9 mg, 5.0 mol%) at 25°C for 6 h. Purtima by flash chromatography
(pentane/BD 40:1, silica gel) furnishe®i7h as a colourless solid (136 mg, 89% yield).

m.p. (°C): 72-74 (Lit).

'H-NMR (CDCl 3, 300 MHz): é (ppm) = 8.22-8.21 (m, 1H), 7.92-7.86 (m, 3H), 7637 (m,
3H).

These data match the literature: Z. Zhang, L. 8béskindOrg. Lett.2006 8, 4331.

6-Methoxy-2-naphthonitrileq7i)

B
MeO

Prepared according tdP11 from methyl thiocyanate 96, 73 mg, 1.00 mmol), (6-
methoxynaphthalen-2-yl)zinc iodid®4ad 2.00 mL, 1.50 mmol, 0.75 M in THF), Ni(acac)
(6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma@#®@5 °C for 6 h. Purification by flash
chromatography (pentane¢ex 20:1, silica gel) furnishe87i as a colourless solid (154 mg,
84% vyield).

m.p. (°C): 109-110.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 8.13-8.12 (m, 1H), 7.78-7.75 (m, 2H), 7(88,J =
8.52, 1.59 Hz, 1H), 7.23 (dd,= 8.82, 2.48, Hz, 1H), 7.14 (d= 2.48 Hz, 1H).

These data match the literature: P. Anbarasan,g@dménn, M. BellerChem. Eur. J201Q

16, 4725.

Thiophene-2-carbonitriled{))

{ Do

s
Prepared according t®P11 from methyl thiocyanatedg; 73 mg, 1.00 mmol), 2-thienylzinc
iodide ©2w; 1.90 mL, 1.50 mmol, 0.79 M in THF), Ni(acadh.4 mg, 2.5 mol%) and DPE-
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Phos (26.9 mg, 5.0 mol%) at 25°C for 24 h. Puaifien by flash chromatography
(pentane/BD 20:1, silica gel) furnished?j as a clear oil (55 mg, 50% vyield).

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.66 (ddJ = 3.78, 1.18 Hz, 1H), 7.63 (dd= 5.08,
1.18 Hz, 1H), 7.15 (d] = 5.08, 3.78 Hz, 1H).

These data match the literature: E.-C. Wang, Kh&ang, H.-M. Chen, C.-C. Wu, G.-J. Lin,
J. Chin. Chem. So2004 51, 619.

3-Chlorobenzonitrile§7k)

CN
o~

Prepared according tdalrP11 from methyl thiocyanate 96; 73 mg, 1.00 mmol), 3-

chlorophenylzinc iodide 92ae 1.46 mL, 1.50 mmol, 1.03 M in THF), Ni(acad6.4 mg,

2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 25f6C 24 h. Purification by flash

chromatography (pentanegbt 40:1, silica gel) furnishefl7k as a colourless solid (107 mg,

78% vyield).

m.p. (°C): 48-50.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.63-7.53 (m, 3H), 7.44-7.39 (m, 1H).

These data match the literature: C. Yang, J. Mli&ils, Org. Lett.2004 6, 2837.

Ethyl 3-cyanobenzoat®TI)

CN

Prepared according tdalrP11 from methyl thiocyanate 96; 73 mg, 1.00 mmol), 3-
ethoxycarbonylphenylzinc iodide92af, 3.00 mL, 1.50 mmol, 0.50 M in THF), Ni(acac)
(6.4 mg, 2.5 mol%) and DPE-Phos (26.9 mg, 5.0 ma@®®0 °C for 8 h. Purification by flash
chromatography (pentanefex 10:1, silica gel) furnishe@7] as a colourless solid (133 mg,
76% vyield).

m.p. (°C): 50-51.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 8.32-8.24 (m, 2H), 7.83-7.78 (m, 1H), 7592 (m,
1H), 4.40 (qJ = 7.15 Hz, 2H), 1.40 (] = 7.15 Hz, 3H).

These data match the literature: O. Exner, M. Bud&g, Mag. Res. Cheni989 27, 27.

Isophthalonitrile 97m)
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CN

e

Prepared according tdalrP11 from methyl thiocyanate 96; 73 mg, 1.00 mmol), 3-
cyanophenylzinc iodide9ag 2.23 mL, 1.50 mmol, 0.67 M in THF), Ni(acad)6.4 mg,
2.5 mol%) and DPE-Phos (26.9 mg, 5.0 mol%) at 50f6€C 8 h. Purification by flash
chromatography (pentaneex 10:1, silica gel) furnishefl7m as a colourless solid (101 mg,
79% vyield).

m.p. (°C): 165-166.

'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.95-7.94 (m, 1H), 7.91-7.90 (m, 1H), 7887 (m,
1H), 7.67-7.62 (m, 1H).

These data match the literature: R. S. Ramon, NiddaS. P. NolanChem. Eur. J2009 15,
8695.

3.5 Chlorine-Zinc Exchange with Biaryl Zincates usig Iron-Catalysis
3.5.1 Preparation of Chlorides 98

Ethyl 5-chlorothiophene-2-carboxylat@8(d)

EtO,C—_S~_Cl
2@/

In a dry and argon-flushed Schlenk-flask, equipp&ith a magnetic stirrer and a septum,

ethyl thiophene-2-carboxylate (3.12 g, 20.0 mmolyxd aN-chlorosuccinimide (2.94 g,
22.0 mmol) were dissvoled in DMF (10 mL) and stirrat 80 C for 16 h. The reaction
mixture was quenched with 2N HCI-solution (20 mindaextracted with EO (3 x 30 mL).
The combined organic layers were dried {8f&) and after filtration the solvent was
removed under reduced pressure. Purification shflehromatography (pentanef8t 50:1,
silica gel) furnishe®8d as a clear liquid (2.07 g, 54% vyield).

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.55 (dJ = 4.05 Hz, 1H), 6.89 (d] = 4.05 Hz, 1H),
4.32 (q,J =7.15 Hz, 2H), 1.33 (1 = 7.15 Hz, 3H).

3C-NMR (CDCl3, 75 MHz): 6 (ppm) = 161.1, 137.0, 132.7 (CH), 132.2, 127.1 (1.3
(CHy), 14.2 (CH).

IR (ATR): 7 /cmi' = 3104 (vw), 2982 (W), 1706 (s), 1536 (w), 1464,(dd44 (w), 1424
(vs), 1366 (w), 1332 (m), 1278 (s), 1248 (vs), 1242, 1172 (w), 1086 (vs), 1060 (s), 1018
(w), 996 (m), 892 (vw), 860 (w), 810 (m), 764 (w4 (s), 674 (vw), 664 (vw).
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MS (El, 70 eV): m/z(%) = 192 (7), 190 (33, ), 164 (10), 162 (32), 147 (37), 146 (14), 145
(100), 82 (7), 73 (18), 41 (6).

HRMS (EI): calcd. for GH,*°CI0,%*S: 189.9855, found: 189.9858.

These data match the literature: A. S.-Y. Lee, C\W, L.-S. Lin, H.-F. HsuSynthesis
2004 568.

2-Chloro-5-(3-methoxyphenyl)thiopheng8@

S_cl
MeO \_/

In a dry and argon-flushed Schlenk-flask, equipptti a magnetic stirrer and a septum, 2-
chlorothiophene (2.37 g, 20.0 mmol) was dissvoledTHF (20 mL) and cooled to O °C.
nBuLi (22.0 mmol, 9.36 mL, 2.35 M in hexane) was edlénd the reaction stirred at 0 °C for
2 h, then ZnGl (22.0 mmol, 22.0 mL, 1.0 M in THF) was added ahe s$olution stirred at
0 °C for 30 min. 3-Bromoanisole (4.14 g, 22.0 mmahd Pd(PP{, (231 mg, 0.20nmol)
were added and the reaction was stirred at 50 fG fo The reaction mixture was quenched
with sat. ag. NHCI-solution (20 mL) and extracted with BX (3 x 30 mL). The combined
organic layers were dried (B0O,) and after filtration the solvent was removed uneeuced
pressure. Purification by flash chromatography (pee/EtO, 10:1, silica gel) furnishe@i8e
as a clear liquid (3.27 g, 73% vyield).

'H-NMR (CDCl 3, 300 MHz):  (ppm) = 7.30 (ddJ = 7.89, 7.85 Hz, 1H), 7.13-7.10 (m, 1H),
7.08-7.05 (m, 2H), 6.90-6.85 (m, 2H), 3.85 (s, 3H).

13C-NMR (CDCl3, 75 MHz): 6 (ppm) = 159.9, 142.7, 134.9, 129.9 (CH), 129.7.0ZCH),
122.3 (CH), 118.0 (CH), 113.1 (CH), 111.2 (CH),58CH;).

IR (ATR): U /cmi’ = 3000 (vw), 2956 (w), 2936 (W), 2834 (w), 1738v]y 1598 (s), 1588
(m), 1578 (s), 1484 (m), 1454 (m), 1434 (m), 13@84, (1288 (m), 1266 (m), 1216 (s), 1200
(m), 1166 (s), 1070 (w), 1044 (m), 1010 (s), 988, @64 (w), 794 (s), 770 (vs), 684 (s), 644
(w), 622 (w).

MS (El, 70 eV): m/z (%) = 226 (41), 225 (13), 224 (100,"M 183 (10), 181 (26), 145 (9),
102 (10), 57 (9), 55 (7), 43 (10).

HRMS (EI): calcd. for GiHg>"CIO%*S: 224.0063, found: 224.0055.

Ethyl 5-chlorothiophene-2-carboxylat@sf)
NC
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In a dry and argon-flushed Schlenk-flask, equippétth a magnetic stirrer and a septum, 2-
chlorothiophene (2.37 g, 20.0 mmol) was dissvoledTHF (20 mL) and cooled to O °C.
nBuLi (22.0 mmol, 9.36 mL, 2.35 M in hexane) was edidnd the reaction stirred at 0 C for
2 h, then ZnCGl (22.0 mmol, 22.0 mL, 1.00 M in THF) was added #mel solution stirred at
0°C for 30 min. 4-Bromobenzonitrile (4.00g, 2t@ol) and Pd(PRl (231 mg,
0.20mmol) were added and the reaction was stirred &C5tbr 5 h. The reaction mixture
was quenched with sat. aq. MEH-solution (20 mL) and extracted withEX (3 x 30 mL). The
combined organic layers were dried (S@y) and after filtration the solvent was removed
under reduced pressure. Purification by flash clatography (pentane/f2, 4:1, silica gel)
furnished98f as an off-white solid (3.33 g, 76% vyield).

m.p. (°C): 99-100.

'H-NMR (CDCl 3, 300 MHz):  (ppm) = 7.65-7.61 (m, 2H), 7.58-7.54 (m, 2H), 7(&i7J =
4.05 Hz, 1H), 6.93 (d] = 4.05 Hz, 1H).

3C-NMR (CDCl3, 75 MHz): § (ppm) = 140.4, 137.7, 132.8 (CH), 131.7, 127.6 CI25.6
(CH), 124.4 (CH), 118.6, 110.9.

IR (ATR): v /cmi* = 3092 (vw), 2224 (w), 1738 (w), 1602 (w), 1494) (@434 (m), 1410
(w), 1334 (w), 1308 (w), 1252 (w), 1230 (w), 1214),(1178 (w), 1122 (w), 1108 (w), 1076
(w), 998 (w), 950 (w), 888 (vw), 836 (w), 824 (vB02 (vs), 774 (w), 736 (w), 720 (w), 666
(vw).

MS (El, 70 eV): m/z(%) = 222 (5), 221 (40), 220 (15), 219 (100;)ML83 (7), 140 (28), 139
(4), 109 (5), 92 (5), 91 (10).

HRMS (EI): calcd. for GiHg>>CIN3’S: 218.9909, found: 218.9901.

2-Chloro-5-(4-fluorophenyl)thiophen88§q)
F

SN
\ /

In a dry and argon-flushed Schlenk-flask, equipp#ti a magnetic stirrer and a septum, 2-
chlorothiophene (2.37 g, 20.0 mmol) was dissvoledTHF (20 mL) and cooled to O °C.
nBuLi (22.0 mmol, 9.36 mL, 2.35 M in hexane) was edidnd the reaction stirred at O C for
2 h, then ZnCGl (22.0 mmol, 22.0 mL, 1.00 M in THF) was added #mel solution stirred at
0 °C for 30 min. 1-Bromo-4-fluorobenzene (3.85 ¢.@®mmol) and Pd(PRBJa (231 mg,
0.20mmol) were added and the reaction was stirred &C5tbr 5 h. The reaction mixture
was quenched with sat. aq. MEH-solution (20 mL) and extracted withEX (3 x 30 mL). The

combined organic layers were dried (S@y) and after filtration the solvent was removed
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under reduced pressure. Purification by flash clatography (pentane/E2, 40:1, silica gel)
furnished98gas an off-white solid (3.49 g, 82% yield).

m.p. (°C): 90-92.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.49-7.42 (m, 2H), 7.10-7.02 (m, 2H), 6(618J =
4.04 Hz, 1H), 6.87 (d] = 4.04 Hz, 1H).

3C-NMR (CDCl3, 75 MHz): § (ppm) = 162.4 (dJ = 247.9 Hz, CF), 141.8, 130.0 @=
3.37 Hz), 129.1 (dJ = 1.12 Hz), 127.3 (d] = 8.13 Hz, CH), 127.1 (CH), 122.2 @= 1.12
Hz, CH), 116.0 (dJ = 21.88 Hz, CH).

IR (ATR): v /cmi*=3100 (w), 1754 (w), 1598 (m), 1544 (w), 1536,(2498 (s), 1462 (m),
1440 (m), 1412 (m), 1304 (w), 1232 (s), 1160 (n)A (m), 1072 (m), 1014 (w), 1002 (m),
946 (w), 878 (w), 832 (s), 810 (m), 794 (vs), 610),(630 (w).

MS (El, 70 eV):m/z(%) = 213 (11), 212 (30, K}, 133 (23), 70 (12), 69 (9), 61 (12), 57 (11),
55 (10), 46 (14), 46 (100).

HRMS (EI): calcd. for GoHe> CIF®?S: 211.9863, found: 211.9855.

(((6-Chlorohexyl)oxy)methyl)benzen8gj)

T e
In a dry and argon-flushed Schilenk-flask, equippéith a magnetic stirrer and a septum,
sodium hydride (0.60 g, 25.0 mmol, 60% in minendl was suspended in THF (20 mL). 6-
Chlorohexan-1-ol (2.73 g, 20.0 mmol) was added Blamd the reaction stirred at 25 °C for
2 h, then benzyl bromide (4.28 g, 25.0 mmol) wadeadand the reaction stirred at 25 C for
16 h. The reaction mixture was quenched with satN&l,Cl-solution (20 mL) and extracted
with EO (3 x 30 mL). The combined organic layers wered(iNaSO,) and after filtration
the solvent was removed under reduced pressureficBtion by flash chromatography
(pentane/BD 20:1, silica gel) furnishedi8j as a clear liquid (3.76 g, 80% yield).
'H-NMR (CDCl 3, 300 MHz): § (ppm) = 7.36-7.25 (m, 5H), 4.50 (s, 2H), 3.53)(t 6.68
Hz, 2H), 3.48 (tJ = 6.44 Hz, 2H), 1.82-1.73 (m, 2H), 1.68-1.59 (), 21.49-1.38 (m, 4H).
13C-NMR (CDCl3, 75 MHz):  (ppm) = 138.6, 128.3 (CH), 127.6 (CH), 127.5 (CF,9
(CHy), 70.2 (CH), 45.0 (CH), 32.5 (CH), 29.6 (CH), 26.7 (CH), 25.5 (CH).
IR (ATR): U /cm* = 3064 (vw), 3030 (vw), 2936 (m), 2858 (m), 27%v), 1738 (vw),
1496 (w), 1454 (m), 1362 (m), 1310 (w), 1204 (Wh5@ (vw), 1100 (s), 1028 (w), 964 (w),
948 (w), 906 (w), 818 (vw), 732 (vs), 696 (vs), G, 612 (w).
MS (El, 70 eV): m/z(%) = 226 (1, M), 108 (5), 107 (4), 93 (3), 92 (53), 91 (100),(7}, 65
(5), 55 (3), 41 (3).
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HRMS (EI): calcd. for GaH1g°>ClO: 226.1124, found: 226.1115.

These data match the literature: K. M. Penov G&sN. Kuhajda, S. M. Cvjeticanin, E. A.
Durendic, L. D. Medic-Mijacevic, V. M. Pejanovic, MN. Sakac, Acta Periodica
Technologic&2003 34, 111.

3.5.2 Preparation of Aromatic Products 101 via Chlone-Zinc Exchange using Zincate
100

(4-Chlorophenyl)(perfluorophenyl)methanod®{a

F O
o ae
F F Cl

F

Prepared according t@P12 from 1-chloro-2,3,4,5,6-pentafluorobenzen@8lf 203 mg,

1.00 mmol), zincatel00 (2.0 equiv.), Fe(acag)(35.3 mg, 0.10 mmol) and 4-fluorostyrene
(24.5 mg, 0.20 mmol) at 25 °C for 4 h. The reactmas cooled to -20 °C, 4-chlorobenzoyl
chloride (525 mg, 3.00 mmol) and CuCN-2LiCl (0.2thah, 0.20 mL, 1.00 M in THF) were
added and the reaction stirred at -20 °C for 30.rRiarification by flash chromatography
(pentane/BO 50:1, silica gel) furnishetl0laas a colourless solid (199 mg, 65% vyield).

m.p. (°C): 57-59.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.80-7.76 (m, 2H), 7.52-7.47 (m, 2H).

3C-NMR (CDCl3, 75 MHz): § (ppm) = 184.0, 141.8, 134.3, 131.0 (CH), 129.5 YCHC
omitted.

IR (ATR): 7 /cm' = 2962 (w), 1676 (m), 1650 (m), 1588 (m), 1572, (1520 (m), 1484
(s), 1400 (m), 1324 (m), 1260 (w), 1242 (m), 1288,(1176 (m), 1108 (m), 1088 (s), 1008
(S), 996 (s), 982 (s), 850 (w), 820 (s), 794 (vdB (w), 712 (m), 674 (w), 618 (w).

MS (El, 70 eV): m/z(%) = 306 (21, M), 141 (36), 139 (100), 111 (23), 83 (14), 69 (B,
(25), 55 (23), 43 (35), 41 (17).

HRMS (EI): calcd. for GsH4>>CIFs0: 305.9871, found: 305.9862.

Ethyl 4-(5-chlorothiophen-2-ylYbenzoat&X1b)

CO,Et
Cl—_S
\ /)

Prepared according t©P12 from 2,5-dichlorothiophened8¢ 153 mg, 1.00 mmol), zincate
100 (2.0 equiv.), Fe(acag)35.3 mg, 0.10 mmol) and 4-fluorostyrene (24.5 &g0 mmol)
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at 25°C for 12 h. Ethyl 4-iodobenzoate (828 mgd03nmol) and Pd(PRBh (23 mg,
0.02 mmol) were added and the reaction stirred mtQ for 2 h. Purification by flash
chromatography (pentane¢bex 10:1, silica gel) furnisheti0lb as an off-white solid (161 mg,
60% yield).

m.p. (°C): 76-78.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 8.02 (dJ) = 8.58 Hz, 2H), 7.54 (d] = 8.58 Hz, 2H),
7.16 (d,J = 3.81 Hz, 1H), 6.91 (d] = 3.81 Hz, 1H), 4.38 (q] = 7.15 Hz, 2H), 1.39 (1] =
7.15 Hz, 3H).

3C-NMR (CDCl3, 75 MHz):  (ppm) = 166.1, 141.6, 137.7, 130.7, 130.3 (CHY.52127.4
(CH), 125.0 (CH), 123.6 (CH), 61.0 (G}114.3 (CH).

IR (ATR): v /cmi' = 2984 (w), 1708 (vs), 1604 (m), 1464 (w), 1434,(4%#10 (m), 1392
(w), 1364 (m), 1314 (w), 1272 (vs), 1246 (s), 12089, 1182 (m), 1106 (vs), 1072 (m), 1018
(m), 1004 (m), 948 (w), 868 (w), 848 (m), 794 (MH4 (vs), 712 (w), 694 (m), 658 (w).

MS (El, 70 eV): m/z(%) = 268 (35), 267 (14), 266 (98,"M 240 (11), 238 (29), 223 (34),
222 (13), 221 (100), 158 (43), 79 (14).

HRMS (EI): calcd. for GsH1:>°ClO,*%S: 266.0168, found: 266.0167.

Ethyl 5-(4-fluorobenzoylthiophene-2-carboxylai®19d

]

EtO,C—_-S

F
Prepared according toTP12 ethyl 5-chlorothiophene-2-carboxylate98¢; 191 mg,
1.00 mmol), zincatel00 (2.0 equiv.), Fe(acag)(35.3 mg, 0.10 mmol) and 4-fluorostyrene
(24.5 mg, 0.20 mmol) at 25 °C for 12 h. The reactieas cooled to -20 °C, 4-fluorobenzoyl
chloride (476 mg, 3.00 mmol) and CuCN-2LiCl (0.26hat, 0.20 mL, 1.00 M in THF) were
added and the reaction stirred at -20 °C for 30.rRiarification by flash chromatography
(pentane/BD 40:1, silica gel) furnishetl01cas a yellow solid (145 mg, 52% yield).

m.p. (°C): 93-95.

'H-NMR (CDCl 3, 400 MHz): 6 (ppm) = 7.94-7.89 (m, 2H), 7.78 (d= 3.90 Hz, 1H), 7.57
(d,J=3.90 Hz, 1H), 7.22-7.16 (m, 2H), 4.39 {5 7.15 Hz, 2H), 1.39 (1 = 7.15 Hz, 3H).
3C-NMR (CDCl3, 100 MHz): § (ppm) = 186.5, 165.6 (d} = 255.2 Hz, CF), 161.6, 147.4,
140.4, 133.6 (CH), 133.5, (d,= 3.07 Hz), 132.9 (CH), 131.9 (@= 9.32 Hz, CH), 115.8 (d,
J=21.88 Hz, CH), 61.9 (ChHi 14.2 (CH).
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IR (ATR): U /cm® = 3118 (vw), 2986 (W), 1704 (s), 1626 (m), 1595 (526 (m), 1504
(m), 1452 (w), 1406 (w), 1366 (w), 1272 (s), 128p (154 (m), 1130 (m), 1098 (s), 1050 (s),
1008 (m), 878 (m), 850 (s), 840 (s), 748 (vs), {iDY, 688 (M), 632 (W), 614 (m).

MS (El, 70 eV): m/z(%) = 279 (11), 278 (72, K}, 250 (12), 234 (12), 233 (69), 205 (12),
183 (28), 155 (19), 123 (100), 95 (34).

HRMS (El): calcd. for G4sH1:FO5*%S: 278.0413, found: 278.0401.

1-(5-(3-Methoxyphenythiophen-2-y)-2.2-dimethyiran-1-one101d)

o
S Me

Me
MeO W
Me

Prepared according tdP12 from 2-chloro-5-(3-methoxyphenyl)thiophen88€& 225 mg,
1.00 mmol), zincatel00 (2.0 equiv.), Fe(acag)(35.3 mg, 0.10 mmol) and 4-fluorostyrene
(24.5 mg, 0.20 mmol) at 25 °C for 24 h. The reacinas cooled to -20 °C, pivaloyl chloride
(362 mg, 3.00 mmol) and CuCN-2LiCI (0.20 mmol, On2D, 1.00 M in THF) were added
and the reaction stirred at -20 °C for 30 min. fReation by flash chromatography
(pentane/BD 10:1, silica gel) furnishetl0ldas a colourless solid (185 mg, 67% yield).
m.p. (°C): 100-102.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.76 (d,) = 4.05 Hz, 1H), 7.37-7.31 (m, 1H), 7.30
(d, J = 4.05 Hz, 1H), 7.28-7.25 (m, 1H), 7.20-7.19 (H)16.92 (dd,J = 7.99, 2.50 Hz, 1H),
3.87 (s, 3H), 1.44 (s, 9H).

13C-NMR (CDCl3, 75 MHz): § (ppm) = 198.7, 160.0, 150.9, 141.2, 134.7, 13¢18)( 130.1
(CH), 123.7 (CH), 118.8 (CH), 114.3 (CH), 111.8 (¢bb.3 (CH), 43.8, 28.2 (CH).

IR (ATR): U /cmi* = 2966 (w), 1634 (s), 1608 (m), 1578 (m), 1474, (1456 (s), 1436 (m),
1368 (w), 1334 (w), 1284 (s), 1274 (s), 1228 (98A (s), 1170 (vs), 1096 (w), 1070 (m),
1048 (s), 984 (m), 898 (m), 868 (m), 820 (s), 793, (776 (s), 750 (m), 688 (M).

MS (El, 70 eV): m/z (%) = 275 (11), 274 (64, K}, 219 (22), 218 (63), 217 (100), 174 (8),
145 (52), 102 (14), 57 (11), 41 (11).

HRMS (EI): calcd. for GeH160,°%S: 274.1028, found: 274.1015.

2-(3-Methoxyphenyl)-5-(4-methoxyphenyl)thiophed®18

o
S
MeO \_/

Prepared according tdP12 from 2-chloro-5-(3-methoxyphenyl)thiophen88€& 225 mg,

1.0 mmol), zincatel00 (2.0 equiv.), Fe(acag)(35.3 mg, 0.10 mmol) and 4-fluorostyrene
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(24.5 mg, 0.20 mmol) at 25 °C for 24 h. 4-lodoal@s(r02 mg, 3.00 mmol) and Pd(Rh
(23 mg, 0.02 mmol) were added and the reactioresdtiat 25 °C for 2 h. Purification by flash
chromatography (pentaneex 10:1, silica gel) furnishetiOleas a colourless solid (195 mg,
64% yield).

m.p. (°C): 115-117.

'H-NMR (CDCl 3, 300 MHz): 6 (ppm) = 7.58-7.53 (m, 2H), 7.32-7.27 (m, 1H), 7(86J =
3.84 Hz, 1H), 7.23-7.20 (m, 1H), 7.16 (= 3.84 Hz, 1H), 7.15-7.14 (m, 1H), 6.95-6.90 (m,
2H), 6.83 (ddd,) = 8.06, 2.54, 1.05 Hz, 1H), 3.86 (s, 3H), 3.843(9).

3C-NMR (CDCl3, 75 MHz): § (ppm) = 160.0, 159.3, 143.7, 142.4, 135.7, 12THi)(
127.2, 126.9 (CH), 124.1 (CH), 122.9 (CH), 118.H)C114.3 (CH), 112.8 (CH), 111.2
(CH), 55.4 (CH), 55.3 (CH).

IR (ATR): 7 /cm? = 2934 (w), 2834 (w), 1602 (m), 1576 (m), 1510 (1982 (M), 1464
(m), 1438 (m), 1284 (m), 1244 (s), 1212 (m), 1189, (1168 (m), 1114 (w), 1048 (m), 1032
(s), 982 (w), 864 (m), 832 (m), 796 (vs), 772 692 (M), 656 (w).

MS (El, 70 eV): m/z(%) = 298 (9), 297 (20), 296 (100,"M 282 (9), 281 (45), 253 (8), 210
(14), 148 (15), 69 (6), 57 (4).

HRMS (EI): calcd. for GgH160,°2S: 296.0871, found: 296.0859.

4-(5-Pivaloylthiophen-2-y)benzonitrilel Q1)
NC 0
\ /)

Prepared according t@P12 from 4-(5-chlorothiophen-2-yl)benzonitrile9&f, 220 mg,
1.0 mmol), zincatel00 (2.0 equiv.), Fe(acag)(35.3 mg, 0.10 mmol) and 4-fluorostyrene
(24.5 mg, 0.20 mmol) at 25 °C for 16 h. The reacinas cooled to -20 °C, pivaloyl chloride
(362 mg, 3.00 mmol) and CuCN-2LiCl (0.20 mmol, On2D, 1.00 M in THF) were added
and the reaction stirred at -20 °C for 30 min. fleation by flash chromatography
(pentane/BD 10:1, silica gel) furnishetlO1fas a colourless solid (166 mg, 62% yield).

m.p. (°C): 153-154.

'H-NMR (CDCl 3, 600 MHz): § (ppm) = 7.75 (dJ = 4.00 Hz, 1H), 7.74-7.72 (m, 2H), 7.69-
7.67 (m, 2H), 7.38 (d] = 4.00 Hz, 1H), 1.41 (s, 9H).

3C-NMR (CDCl3, 150 MHz): § (ppm) = 198.6, 148.0, 143.2, 137.6, 132.9 (CHR.83
(CH), 126.6 (CH), 125.3 (CH), 118.4, 112.0, 43.8,12(CH;).
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IR (ATR): v /cmi' = 3100 (w), 2972 (m), 2224 (m), 1636 (vs), 1609, (536 (w), 1476
(m), 1446 (s), 1368 (w), 1284 (s), 1256 (m), 1189),(1082 (s), 1026 (m), 964 (w), 940 (w),
894 (s), 838 (s), 828 (s), 812 (vs), 800 (s), 16 696 ().

MS (El, 70 eV): m/z(%) = 270 (2), 269 (9, K), 214 (6), 213 (17), 212 (100), 185 (2), 141
(3), 140 (22), 57 (16), 41 (10).

HRMS (EI): calcd. for GeH1sNO®S: 269.0874, found: 269.0864.

4-(5-(4-Methoxyphenyl)thiophen-2-yl)benzonitril&d(1g

NC OMe

Prepared according t@P12 from 4-(5-chlorothiophen-2-yl)benzonitrile9&f, 220 mg,

1.00 mmol), zincatel00 (2.0 equiv.), Fe(acag)35.3 mg, 0.10 mmol) and 4-fluorostyrene
(24.5 mg, 0.20 mmol) at 25 °C for 16 h. 4-lodoal@s(r02 mg, 3.00 mmol) and Pd(Rh
(23 mg, 0.02 mmol) were added and the reactioresdtiat 25 °C for 2 h. Purification by flash
chromatography (pentanefex 4:1, silica gel) furnishetl01lgas a yellow solid (165 mg, 57%
yield).

m.p. (°C): 157-158.

'H-NMR (CDCl 3, 600 MHz): § (ppm) = 7.68-7.66 (m, 2H), 7.56-7.54 (m, 2H), 7(86J =
3.79 Hz, 1H), 7.20 (d] = 3.79 Hz, 1H), 6.94-6.92 (m, 2H), 3.84 (s, 3H).

3C-NMR (CDCl3, 150 MHz): § (ppm) = 159.7, 146.1, 139.9, 138.7, 132.7 (CH)7.12
(CH), 126.5, 126.1 (CH), 125.5 (CH), 123.3 (CH)8%], 114.4 (CH), 110.1, 55.4 (GH

IR (ATR): v /cm® = 2964 (vw), 2228 (w), 1600 (m), 1538 (w), 1514),(4496 (m), 1452
(w), 1436 (w), 1348 (vw), 1294 (w), 1276 (w), 1264), 1