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INTRODUCTION

[. Introduction

1. CobaltCatalyzed Reactions with Functionalized Zinc Reagents

Transitionmetal caalyzedG-Cbondforming reactiondhaveconsiderablyshaped the landscape of modern
synthetic organic chemistryhar success culminatesh 2003by awarding Richard Heck,-iEhi Negishi
and Akira Suzuki the Nobel prirechemistry?® Although thediscovery otransitionrmetalpromoted GC
bond famation reactionscan be dated back to the end of the8entury? the constantneed for highly
active but also cheap catalytic systemsnore relevant than eveMetal complexes based on palladium
salts are the most common catalg$or these transformationsTheir broad reaction scope araceptional
high catalytic activity led tewumerous applications in academia but also indudtiowever, major
drawbacls of palladiumbased catalysiare the need of often sophisticated and costly ligaradswell as
the highprice of themetal itself.® Thus, the search for viabldternatives is ohugeimportance forthe
chemicakommunity. In this context, obaltsaltsare of greatinterest, sinceheir relatively high abundance
makesthem rather inexpensivecatalysts* The low price combined witha highcatalytic activity have

triggered research towards the usage of colualtalyss for severatransformations®

1 The Nobel Prize in Chemistr01Q NobelPrize.org. Nobel Media AR02Q Wed.11Mar 2020.
<https://www.nobelprize.org/prizes/chemistry/2010/summary/>.

2a) C. GlaserBer. Dtsch. Chem. Gds369, 2, 422424; b) CGlaser, Ann.Chem. Pharm187Q 154, 137171; c) A.
Baeyer Ber. DtschChem. Ged.882 15, 50-56;d) F. Ullmann, J. BielecBier.Dtsch.Chem. Ged.901, 34, 21742185;

e) C. C. C. Johanss®eechurn, M. O. Kitching, T. J. Colacot, V. Sniekkgew. Chem. Int. EB012 51, 50625085.

3 a) CrossCoupling Reactions: A Practical Guided.:N. Miyaurg, Springer, Heidelber@002 b) Metal-Catalyzed
CrossCoupling Reactions, Second Edi(igds.: A. de Meijere, F. Diederich), WA&gH, Weinhein2004, c)Modern

Drug SynthesigEds.: J. J. Li, D. S. Johnson), Vditey & Sons, HobokeR01G d) A. Biffis, P. Centomo, A. Del Zotto,

M. ZeccaChem. Re2018 118 HH N pb HH Pp @

4a) H. Pellissier, H. Clavie@hemRev.2014 114, 2775Hy Ho T 00 - ®nmD® [ AdzZ /| &dnWP K2 dzZ
Li, H. WangAngew.Chem. Int. EQ2018 57, 1309613100.

5a) H. Shinokubo, K. Oshintayr. J. Org. Cher@004, 2004, 20812091; b) W. Hess, J. Treutwein, G. ISinthesis
2008 22, 353%3562; c) C. Gosmini;NI. Bégouin, A. Moncombl&hem.Commun2008 32213233;d) G. Cahiez,

A. Moyeux,ChemRev.2010 110, 14351462; e) C. E. I. Kppke, S. Grupe, D. Gartner, M. Corpet, C. Gosmini, A. J.
von WangelinChem. Eur. 2014 20, 68286842; f) M. S. Hofmayer, J. M. Hammann, F. H. Lutter, P. Knochel,
Synthesi®017, 49, 39253930; g)Non-Noble Metal Catalysi€Eds.: R. J. M. Klein Gebbikk;E. Moret), WileVCH,
Weinheim, 2019 f) C. Dorval, C. Gosmihiowvalent Cobalt Complexes inXCCoupling and Related Reactiams
Cobalt Catalysis in Organic Synth¢gid.:M. Hapke, G. Hilt WileyVCH Weinheim 2020.



INTRODUCTION

Whereascobaltcatalyzed reactions using organomagnesium reagents have égely reported? a
growing interest in the application @iganozinc reagentas reaction partnerbecameapparent®

Zinc organometallicprovide some highly advantageous propertiedn comparison to the rather ionic
carbonrmetal bond of lithium or magnesium organometallitbe carbonzincbond has anore covalent
character thus enablinghe tolerance ofa plethora of sensitive functional groupshis, in turncauses a
comparably low reactivity with a range of electrophilekwever the low lyingp-orbitals of organozinc
reagents enable a fast transmetalation to trarmitimetal catalysts, which opens the way fowariety of
reactionsdue to the presence of mpty d-orbitals at the transitiormetal centre.”* Furthermore,the
comparably low toxicityand constantly increasig commercial availability makanc reagents a unique
class of compunds’ The following part outlines the most common mettsofbr the preparation of

functionalized organozinc regants.

6 a) J-M. Bégouin, C. Gosmirl, OrgChem.2009, 74, 32213224 b)J. M. Hammann, D. Haas, P. Knochahew.
Chem. Int. EQRO15 54, 44784481, c)D. Haas, J. M. Hammann, F. H. Lutter, P. Knoshgéw. Chem. Int. EA016

55, 38093812; d)L. Thomas, F. H. Lutter, M. S. Hofmayer, K. Karaghiosoff, P. KQwghektt2018 20, 24412444;
e)F.Liu, JZhong,Y.Zhou,Z. GaoP.J.Walsh,W. WangS.Ma, S. HouS$.Liu,M. WangM. Wang,Q.Bian,Chem. Eur.
J.2018 24, 20592064.

7a) P. Knochel, R. D. Singghem. Rev1993 93, 21172188; b)P. Knochel, N. Millot, A. L. Rodriguez, C. E. Tucker,
Preparation and Applications of Functionalized Organozinc Compounds in Organic Reactions,(Btht. I58E.
Overman), Wiley, New YorR002; c)P. Knochel, H. LeuserZLGong, S. Perrone, F. F. KneiBelyfunctional Zinc
Organometallics for Organic Syntheisi$iandbook of Functionalized Organometalli€d.:P. Knoche), WileyVCH
Weinheim 2005 d)P. Knochel, H. Leuser;4..Gowg, S. Perrone, F. F. Kneiselnctionalized Organozinc Compounds
in Patai's Chemistry of Functional Groups: Functionalized Organozinc Compound&®&srtd. Rappoport, |. Marek),
Wiley, Chichester2006 e)A. Sidduri, J. Tilley, N. FotouBynthesi®014 46, 430444, f)D. Haas, J. M. Hammann,
R. Greiner, P. KnochdlCS CataR016 6, 15401552; g) A. D. Dilman, V. V. Leviatrahedron Lett2016 57, 3986
3992; h) A. D. Benischke, M. Ellwart, M. R. Becker, P. Kn8ghéhesi®016 48, 11011107; i)F. H. LutterM. S.
Hofmayer, J. M. Hammann, V. Malakhov, P. Kno&eheration and Trapping of Functionalized Amhd
Heteroarylmagnesium an&Zinc Compoundi® Organic Reactions, Vol. 1(Bd.:S. EDenmark), Wiley, New York,
2019
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2. Preparation of Rolyfunctional Organozinc Reagents

2.1 Oxdative Insertion of Zinc &wder

Organozinc reagents can be obtaineid oxidativeinsertion of zinc powder into a carbehalide bond.
However,zinc dust is often covered by an oxide layer, which significhathypersthe reaction Thus,
order to ensure a fast ahcomplete insertion eaction, the surfacef the metal has to be activated prior

to use. Treatment of the metal powder with a comhition of trimethylsilyl chloride and 1;2

dibromoethane enables the preparation of various alkylzinc reagents from the corresponding i6dides.

Hence the reaction of zinc with i -amino acidderivative 1 proceededwithin 15min affording the
polyfunctional alkylzinc reage@ which underwent a subsequent cressuplingleading tothe alkylated
arene 3 in 89% yield (SchemB. Using DMF as solvefur the generation o2 wasO NHzOA | f - (i 2

elimination of the amino group.

OZN—Q—I

Zn (6.0 equiv), (1.0 equiv)
BrCH,CH,Br (0.3 equiv), Pd;(dba); (2.5 mol%),
MeOZC/Y\I TMSCI (6 mol%) . MeOQC/Y\ZnI (o-tol)3P (10 mol%) _ MeO,C
NHBoc  puME tt, 15 min NHBoc DMF, 1t, 3 h Boc” NO,
1 2 3,89%

Schemel: Preparation of a chiral alkylzinc reagent and subsequent pallagiatalyzed crossoupling.

Alternatively,Rieckefound that in situ reduction ofZnClwith alkaline metals producdsighly active zinc
(Rieckezing. Thisallows the formation of various zinc organometallics from alkgHides and even
bromides Also, (hetero)aryl halideare readily transformed into the corresponding zinc reagehf\
convenient alternative is the activatioof the zinc surfacewith lithium chloride which endbles the
preparationof a variety of alkly, alkenyd, aryl and heteroarylzinc reagent§ Mechanistic studiesevealed
that LiCl promoteshe solubilization osurfacebound organometallic specigus enabling the progress

of the insertion reactiort! Under thes conditionszinc powder insertedegioselectively into the carben

8C. S. Dexter, R. F. W. Jackson, J. Elligdg. Cheni999, 64, 75797585.

%a) R. D. Rieck&ciencd 989 246, 12601264, b) R. [Rieke M. V.Hanson Tetrahedronl 997, 53, 19251956.

10 A, Krasovsl, V. Malakhov,A. GavryushinP.Knochel Angew.Chem. Int. EQR006 45, 60406044.

11a) CFengD. W.CunninghamQ. T EasterS. ABlum,J. Am. Chem. Sd&016 138, 1115611159; b) CFengQ. T.
EasterS. ABlum,Organometallic2017, 36, 23892396
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INTRODUCTION

iodinebond of the polyfunctional aryl tosylatleading to the zinc reagebt A mpper-catalyzed allylation

affordedthe polyfunctional arené in 82% yield (Schen®.'?

/\/Br
Zn (1.5 equiv), LiCI (1.5 equiv), ,
OTs BrCH,CH,Br (5 mol%), OTs (1.1 equiv) oTs
NC | TMSCI (2 mol%) NC Znl CuCN - 2LiCl (0.5 mol%) NC P
THF, 0°C, 12 h THF, -20 °C
| | I
4 5 6, 82%

Scheme2: Regioselective zinc insertion and subsequent comaealyzed allylation.

Later, it was foundthat the addition of indium salts further accelerates the insertion reaction. Thus,
thiophenylzinc reagent was prepared from the correspondifgterocyclidoromide 8 within 2 h in 74%
yield. Subsequent acylatidn the presence of a palladium catalyst kedthe unsymmetricalketone9in
95% yieldSchemes).?

o)
o
F
Zn (3.0 equiv), .
LiCI (1.5 equiv), (0.83 equiv) F
In(acac)s (3 mol%) Pd(PPh3)4 (10 mol%)
RS . A .
Et0,C™ g~ ~Br  Et0,C7Ng” ~ZnX > / \
THF, 50 °C, 2 h THF, 2 h, 50 °C EtO,C™ g
o)
8 7, 74% 9, 95%
(X = Cl, Br)

Scheme3: Zinc insertionin the presence of indium and lithiusalts.

Recently, a nickedatalyzed generation of various arylzinc reagents from aryl sulfonates was reported.
Tosylatel0 was treated with zingowder in the presence of 1,2libromoethane, a nickel catalysind
diazadiene ligand.1 furnishingthe corresponding arylzintosylate 12. Trapping reaction with iodine

afforded aryl iodidel3in 86% yieldSchemet).1* Mechanistically, the authors proposinitial reduction

12N. Boudet, S. Sase, P. Sinhay @.iu, AKrasovskiy, P. Knochdl,AmChem. SoQ007, 129, 1235812359
13A. D. Benischke, G. Le Corre, P. Kno€&mEur.J.2017, 23, 778782
14p. KleinV. D.LechnerT. Schimmel, L. Hinterman@hem. Eur. 2020, 26, 176180.
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INTRODUCTION

of the Ni(ll) catalydteadingto the corresponding Ni(@omplex which undergoesraoxidative addition to

the aryltosylate Subsequenin situtransmetalation affords the arylzinc tosylate.

Zn (4.0 equiv), .
BrCH,CH,Br (0.2 equiv),
NiCly(dme) (3 mol%),

CN » ! CN . CN :
OTs (6 mol%) _ Zn0Ts I2 (4.0 equiv) o I | 5 Dip—N\ ;\J—Dip
[ :[OMe DMF, rt, 20 h OMe DMF, 0 °C, 10 min OMe / N \
10 12 13, 86% - (Dip = 2,6-diisopropylphenyl)

Schemet: Nickelcatalyzed inc insertioninto aryl sulfonates

2.2 Transmetalation

Another approach towardsrganozinc reagentss their preparationvia transmetalation Lithium or
magnesium organometallics undergo fast transmetalatigith zinc s#ts, driven by theformation of a
more covalent andthus thermodynamicallymore stable carbormetal bond For example, the
asymmetric lithiation of N-boc pyrrolidine 14 in the presence of H)-spartein and subsequent
transmetalation with ZnGlafforded the chiral organozinc reagerit5. A palladiumcatalyzed cross
coupling of 15 with 3-bromo pyridinefurnished the arylated pyrrolidie 16 in 60% yield(er =96:4,
Schemeb).t®

| X Br

_ :

N .

0.83 equi :

1) sBuLi (1.0 equiv), (0.83 equiv) :

(=)-spartein (1.0 equiv) Pd(OAc), (4 mol%), .

( 5 MTBE, -70 °C, 3 h / \ tBusP-HBF, (5 mol%) ( \ :

> "ZnCl > K '

N > N > N© :

Boc 2) ZnCl, (0.6 equiv) Boc MTBE/Et,0, 20 °C, o/n Boc N .
MTBE/Et,O, =74 tort, 1 h © (-)-spartein

14 15 16, 60% (er = 96:4) !

Schemes: Asymmetric lithiation oN-Bocpyrrolidine and subsequent crossoupling of the corresponding zinc reagent.

K. R. Campos, A. Klapars, J. H. Waldman, P. G. Dor¥ieEhén,J. Am. Chem. S&006 128, 35383539.
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Alsq the reaction ofmagnesiummetal with (hetero)aryl halides irthe presence of Zngallowed the
efficient preparationof variouspolyfunctional zinorganometallics® Later, his method was extended to
functionalized alkylzinc reagentEhus, he reaction of ¢yl 6-bromohexanoate(17) with a mixture of
magnesiumand ZnCJ provided 70% of alkylzinc reagerit8 within 2.5h at 20°C Coppetcatalyzed
acylationled toketone19in 70% yieldSchemes).!” Remarkably, theelatedreactionof zinc powdemwith
17in the presence ot.iClproceeded significantly slower furnishing 70% of readeéafter 70h reaction
time at 50°CY’

Me—@—COCI

Mg (2.5 equiv), (0.7 equiv)

LiCl (1.25 equiv),
ZnCl, (1.1 equiv), o}

CuCN-2LiCl (1.0 equiv)
- - CO,Et
EtO,C [, Br > EtO,C g znXl > A
THF, 20 °C, 2.5 h THF, -30 °C, 2.5 h

Me

17 18, 70% 19, 70%
(X=Cl, Br)

Schemes: Preparation ofainalkylzirc reagentviamagnesium insertion followed by situtransmetalation with ZnGl[a] Saltsare

omitted for clarity.

2.3 Halogen/ZineExchange

Furthermore, finctionalized alky] alkenyt, aryl and heteroarylzinc reagents can be prepafeamn the
corresponding halidegiahalogen/zineexchangeising diorganozinc reagents or zincaté general, he
rate of halogen/metatexchangereactiors is highlydependenton the nature of the carbormetal bond
presentin the exchange reagent. The more iothics bond the faster the exchange reaction. Due to the
covalent character of the carbezinc bond an exchange reactiondsmparablyslow andrequiresmore
polar solvents orather forcing reaction conditiond.Thus,performing aniodine/zincexchangereaction
using alkyl iodide20 required treatment with anexcessEtZn at 50°C The orrespondingdialkylzinc
reagent21 was subsequently trapped vhit2-cyclohexenone affordinthe alkylated cyclohexanor? in
83% yieldSchemer).1®

a)F. M. Piller, P. Appukkuttan, A. Gavryushin, M. Helm, P. Kndaiggw. Chem. Int. EB008 47, 68026806; b)
F. M. Piller, A. Metzger, M. A. Schade, B. A. Haag, A. Gavryushin, P. ICteaaheur. 2009 15, 71927202.

17T. D. Blumke, F. M. Piller, P. KnocBlem. Commur2010Q 46, 40824084.

18 M. Balkenhohl, P. Knoch&hem. Eur. 2020 Dol: 10.1002/chem.201904794.

M. J. Rozema, A. Sidduri, P. Knochéyg.Chem.1992 57, 19561958.
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0O

O

(0.6 equiv)
CuCN - 2LiCI (0.5 equiv),

Et,Zn (5.0 equiv) TMSCI (1.2 equiv)
neat, 50 °C, 12 h THF, -78 to -10 °C, o/n CN

20 21 22,83%

Scheme7: Preparation ofdialkylzinc reagentsiaiodine/zincexchange using &Zn

Alternatively, highly reactive alkylzincatesenable the halogen/zineexchange of various aryl iodides.
However, low reaction temperatures were requiredatiow the tolerance ofsensitivefunctionalgroups
under the reaction condition® In 2004 a milchalogen/zineexchangereaction of various (hetero)aryl
iodidesusing eitheriPrZnor sBwZnwas reported displaying an exceptional functional group tolerance.
The addition of Li(acac) was found ittcrease the reactivity of the exchange reagehie to in situ
formation of zincates. Treating polyfunctional aryl iodi28 with sBwZnin the presence of 1Mol%
Li(acac¥or 3h at room temperature providethe diarylzinc reagen®4. Trapping reaction ith BusSnCl
afforded arylstannane25in 66% yieldSchemes).%

sBu,Zn (0.55 equiv),
/@ENCS Li(acac) (10 mol%) /@)/[NCS Bu3SnCl (1.5 equiv) /@[NCS
EtO,C | NMP, 0 °C, 30 min EtO,C 2 Zn NMP, rt, 4 h EtO,C SnBuj
thenrt, 3 h
23 24 25, 66%

SchemeB: Li(acackatalyzed preparation of diorganozinc reagevitsiodine/zincexchange.

Recently, it was founthat the complexation o8BwZn with two lithium alkoxides resulted in a highly
reactive but yet selective exchange reagent, which ersthle prepaation of di(hetero)aryl zinc reagents
from various electrorrich as well asdeficient halo arenes.Thus, iodo ampyrine 26 underwenta fast

iodine/zincexchange leading to 27 within 10min. A copperfcatalyzed allylation furnishedhe

20a)Y. Kondo, N. Takazawa, C. Yamazaki, T. Sakam@ug. Cheni994 59, 47174718; b)Y. Kondo, M. Fujinami,
M. Uchiyama, T. Sakamotd, Chem. S0, Perkin Trans. 1997, 799800, c) Kondo, N. Takazawa, A. Yoshida, T.
Sakamoto,). Chem. Soc., Perkin Trah$995 12071208.

21F. F. Kneisel, M. Dochnahl, P. Knochetjew.Chem. Int. EQ2004 43, 10171021.
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functionalized heterocycl@8 in 74% yield (Schem@). Remarkablythe bimetallic exchange reagent

enabledthe first halogen/zineexchange reactionsingaryl bromides??

CO,Et
Br
(1.5 equiv)
0 0 o
Ph\N sBuyZn - 2LiOR (0.6 equiv) Ph\N Cul (20 mol%) Ph\N
| | > | Zn r { Y/
N
e 7 THF, 0 °C, 10 min ve 77, THF, rt, 12 h Me”
Me Me Me CO,Et
26 , Me 27 28, 74%
R= \l'\/\N/\/N\Me
[}
Me

Scheme9: Preparation of a diorganozinc reagent ussy,Zrt2LiOR

2.4 Directed Metalation

The directed metalation of @mes and heterocycles has provexbe a powerful tool for the selective
functionalization of various scaffold€® Especially TMPmagnesium or-zinc basesfound broad
application in academic as well as industrial rese&fthTMP.Zri2MgCit2LiCY¥* and TMPZnGLiCF,
which are preparediatransmetalation from thecorrespondingMg- or Liramide are the most common
reagents for the milddeprotonation of various sensitive substratéBhe nonrnucleophiliczinc amide
TMPZri2MgCH2LiCl enabled the selectiveetalation of3-formylindole 29 affordingthe heteroarylzinc
reagent30 within 30min at 25°C After a coppercatalyzed allylation, the functionalized indd& was
obtained in 71% yielSchemel 0).24

22M. Balkenhohl, D. S. Ziegler, A. Desaintjean, L. J. Bole, A. R. Kennedy, E. Hevia, PAkgeel@hem. Int. Ed.
2019 58, 1289812902.

22a)V. SnieckuszhemRev.1990 90, 879933; b) B. Haag, M. Mosrin, H. lla, V. Malakhov, P. Kndahngéw.Chem.
Int. Ed.2011, 50, 97949824. b) M. Balkenhohl, P. KnocH&ynOper2018 2, 7895.

243, H. Wunderlich, P. Knoch&hgew. Chem. Int. EA007, 46, 76857688.

25M. Mostin, P. KnocheDrg. Lett2009 11, 18371840.
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/\/Br
1.2 i
CHO TMP,Zn - 2MgCl »+2LiCl CHO (1.2 equiv) CHO
(0.55 equiv) CuCN - 2LiClI (5 mol%)
\ >~ AT -~ \
N THF, 25 °C, 30 min N 72 THF, 0 °C, 10 min N —
Me Me Me
29 30 31, 71%

Schemel 0: Directed metalation of an indole derivative usifiNIRZri2MgCH2LiCl

Interestingly the regioselectivity othe metalation of chromoné32) can be adjustedby the composition
of the metal amide used for the deprotonatiofihus treating32 with TMPZnGLiClled to the metalation
in 3-position (33), whereasTMP.Zrt2MgCit2LiClafforded the correspondingliheteroarykincreagent34
in 2-position This might be explained by the presenceatef magnesium salithin the reaction mixture
MgCt is coordinated byhe ketonemoiety, thus blockinghe preferentialcoordinationsite for the zine
amide. Trapping the zinc reager88 and 34 with |, affordediodo-chromones 35 and 36 in 77 and80%
yield, respectivelySchemel 1).26

TMPZnCI - LiCl 0} (0]

(1.2 equiv) ZnCl I2 (1.2 equiv) . I
9 THF, 25°C, 15 min I THF, 25 °C, 15 min |
0 0
@flja 33 35, 77%
0 2

TMP,Zn -2MgCl , - 2LiCl 0 o
32 2 2 .
(0.6 equiv) I, (1.2 equiv) _
THF, 25 °C, 30 min | THE. 25 °C. 15 min |
O Zn 0 |

Schemell: Regioselectivenetalationof chromone.

Y

\

Remarkablyaone-pot late-stagezincation/crosscouplingsequencenas reported for the synthesis of the
PI3K inhiltor GD@)908(37). Treatingl,2,4triazole 38 with TMPZnGLiClin the presence of a palladium
catalyst and heteroaryl bromida9 led to the formation of the corresponding cressupling product

Qbseqent benzoyl deprotection afforde@DE0908(37) in 83% yield ovetwo steps(Schemel 2).?’

26|, Klier, T. Bresser, T. A.31id. Karaghiosoff, P. KnochElAmChem. So@012 134, 1358413587.
2TH. Zhang, B. X. Li, B. Wong, A. Stumpf, C. G. Sowell, F. GbsSe{jithem 2019 84, 47964802.
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1) TMPZnClI-LiCl (3.3 equiv), 0

0 PdCl,(tfp), (5 mol%), ©
o) tfp (10 mol%), MeHN
. NN MeHN THF, 85 °C, 20 h //
N"Snmez * = . - S
S/ 2) HySO4 (5.0 equiv), <N
THF, 65 °C, 65 h F N, /J\
Br  3) K3PO, (20 mol%), N"“NH,: H,0
THF/H,0 F
38 39 37, 83%

GDC-0908

Schemel2: Synthesis of GD@Y08(37) viaa late stage zincation/crosupling sequence

Remarkably, manozinc reagentexhibita highthermal stability enablingthe zincation of less activated
arenesusing TMRZrt2MgCit2LiClat elevated temperature$?® Therefore,N,N-diethylbenzamide 40)
was treated with the zinbasefor 5 h at 120°Cunder microwave irradiation yieldingfl in more than90%
yield. Remarkably,performing the reaction in an oil batiat the samereactionconditions only afforded
10-20% of thecorresponding orgarmnc reagent41. Zincated arene4l was used in a subsequent

palladiumcatalyzed crossoupling leading tehe arylated benzamidé2in 85 yield (Schem#3).2°

L,

3

(1.2 equiv)
o TMP,Zn-2MgCl , - 2LiCl o Pd(dba), (5 mol%), 0
(0.6 equiv) _ tfp (10 mol%) _ NEt,
NEt, > NEt, > CFs
THF, MW 120 °C, 5 h Zn THF, 25°C, 24 h O
2
40 41, >90% 42, 85%

Schemel3: Hightemperature zincation oN,N-diethylbenzamide

28a)L. Zhu, R. M. Wehmeyer, R. D. Rigk€@rgChem1991, 56, 14451453; b) M. Mosrin, G. Monzon, T. Bresser, P.
KnochelChem Commun2009 56155617.
293, Wunderlich, P. Knochélrg.Lett. 2008 10, 47054707.
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Besides the directed zincation gariousarenes and heterocycles, TMihc bases also allow for the
metalation at benzyl® or allylié* positions and the deprotonation ofunctionalizedalkenes® The
metalation inh -position to several electromwithdrawing groups haalsobeen reported33

Recently, Wang showethat "-metalated alkyl compounds bearing phosphonate, phosphine oxide,
sulfonanide orsulfoxide groups undego a coppercatalyzed crossoupling with alkenyl iodonium salts.
Thus, treating phosphonaté3 with TMPZn@LiCl afforded the zinc reaged#, which led aftercopper
catalyzd alkenylatiorusingan alkenyliodonium st to thei Zunsaturated phosphonatd5in 95% vyield
(Schemel 4).34

“oTf
Ph Ph

\|+/\/

(1.2 equiv.)
o TMPZnCI-LiCl (1.5 equiv.) Q Cu(OTH), (10 mol%) Q

EtO—P._ _H o EtO—P.__ZnCl o> EtO—P<__\_Ph
/ ’ / - h
EtO 7\/1:; THF, 50 °C, 1 h EtO \,\% THF, 50 °C EtO 7\,:\/

43 44 45 95%

Schemel4: Metalation of an alkyl phosphonate

3. CobaltCatalyzed Cros€oupling Reactionsvith Organozinc Reagents

Therelatively highabundanceand catalytic activitgpf cobalt salts combined withasyaccessible and mild
zincorganometallics led to aisingnumber of publicationsvithin this field® In the following part, an

overview on recent developmenis cobalt catalyzed Nesgini crosscouplings will be given.

30a)S. Duez, A. K. Steib, S. M. Manolikakes, P. Kndalggw. Chem. Int. EB011, 50, 76867690; b)S. Duez, A. K.
Steib, P. KnocheDrg.Lett. 2012, 14, 19531953; c) A. Casteldlicd, P. Knochebynthesi®018 2, 155169.

31S. Duez, S. Bernhardt, J. Heppekausen, F. F. Fleming, P. Kdaghelt. 2011, 13, 16961693.

32T, Bresser, P. Knoch@lhgew. Chem. Int. EA011, 50, 19141917

33a) I. Popov, S. Lindeman, O. DaugdlismChem. So@011, 133, 92869289; b) R. J. Mycka, S. Duez, S. Bernhardt,
J. Heppekausen, P. Knochel, F. F. Flemdir@gChem 2012 77, 7671-7676; c) T. Knauber, J. TuckkrOrgChem.
2016 81, 56365648; d) M. E. Dalziel, P. Chen, D. E. Carrera, H. Zhang, F. Gossélatt. 2017, 19, 34463449.

34C. Liu, Q. Wang\ngew.Chem. Int. EQ018 57, 47274731.
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3.1 CobaltCatalyzed Cros€ouplingsof Si-Hybridized Organozinc Reagents

In 2013 Inoue and ceworker developed a protocol for thecobaltcatalyzed arylation of ethyl
bromodifluoroacetate(46). A catalytic systencomprising 5 mol% CaCind 6 mol%MesDACH Trans
N,N,N Nxtetramethylcyclohexand,2-diamine 47) enabled the coupling of functionalized arylzinc
reagents Thus various arylatecethyl difluoroacetatessuch as48 were obtainedat room temperature
within 18 h (Schemel5) 3

MeOZCOZnCI - TMEDA

(2.0 equiv) :
R F :
RF CoCly (5 mol%), 47 (6 mol%) OFt | )\
Br}QI(OEt - | Me,N  NMe,
THF, rt, 18 h :
© MeO,C © i | Me,DACH (47)
46 48: 51% :

Schemel5: Cobaltcatalyzed crossoupling of arylzinc reagents with bromo difluoroacetates.

Furthermore (hetero)aryl zinc reagents generatedvia directed deprotonation using
TMPZr2MgCHt2LiCI*% as a metalation agentwere efficiently coupled with various primary and
secondary alkyl iodides or bromides. Thus, the conversion of etlilglo®benzoate 49) to the

corresponding diarylac derivative50 usingTMPZrt2MgCit2LiCFollowed by the crossoupling with the
primary iodide51 provided the alkylated benzoate? in 58% yieldAdditionally,the coupling proceeded
with high diastereoselectivitysingthe 1,2disubstituted TBS protected iodohyd&3 affording54 in 68%

yieldand dr = 99:1Schemel 6).5°

35 K. Araki, M. Inou€Tetrahedror2013 69, 39133918.
36a) M. Mosrin, P. KnocheGhem. Eur. 2009, 15, 14681477;b) S. H. Wunderlich, C. J. Rohbogner, A. Unsinn, P.
KnochelOrg.Process Res. D010 14, 339345.
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CO,Et CO,Et
TMP,Zn - 2MgCl ,-2LiCl (0.60 equiv) Zn
' 2
. THF, 25°C, 8 h .
49 50:>77%
CO,Et
17 N"Nco,Et — CO,Et
51 50 (1.43 equiv) E
20% CoCly" 2LiCl, 30% TMEDA 52: 58%
Q THF, 0°C, 6 h
I =
OTBS
53 54: 68%
(d.r. =99:1)

Schemel6: Cobaltcatalyzed crossoupling of diarylzin60with primary and secondary alkyl iodidé$and53.

An enantioselective cobattatalyzed Negishi crosugding was reported by Biarand co-workers A
variety of racemic"-bromo esters was coupled with functionalized (@et)aryl zinc reagents using
10mol% Calin combination withthe tailored bisoxazolidine ligan86. Remarkablythe protocolenabled
the efficientcoupling of sterically hindereartho- arylzinc reagents with-bromo esterdor the first time
Thus the method gives access to a varietyherylated chiral esters, such &%-60 (Schemel 7).% Later,

thisprocedurewas applied to the enantioselective synthesis®4dgreclamd.?’

(Het)Ar—2ZnCl (2.0 equiv)

o Col, (10 mol%), 56 (12 mol%) 9
RZ . RZ @] O,
RO ; > RO I \\7
THF, 25 °C, 24 h N  N—t
B

Br (Het)Ar

o) o)

0 0/>
Meo)wo BnO)H/\/\)LNEtz
Ph

Ph

o (0}
M
/@/\O Me /©/\O e
MeO N MeO
\
S cl

57:91%, 91% ee 58: 92%, 92% ee 59: 83%, 92% ee 60: 92%, 92% ee

Schemel 7. Enantioselective cobattatalyzed crossoupling of racemit-bromo esters.

37Y. Zhou, C. Liu, L. Wang, L. Han, S. Hou, Q. Bian, J.Zmtei2019 30, 860862.
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Recently, Wang et al. reported a cobaltcatalyzed decarboxylative cressupling of functionalized
N-hydroxyphthalimideesters withdiaryl, dialkenyl and dialkynylzinc reagentslo additional ligandvas
required to obtain various arylated, olefinated and alkynylated alkyl compounds suct61a85
(Sheme18). Remarkablythe use ofalkynylzinc pivalates instead of therrespondinglialkylzinc reagent

led toimprovedcouplingyieldsin some case®

R,Zn (3.3 equiv)

0 CoBr; (20 mol%)
)J\ N » Ak—R
Ak” YO DMF, rt, 15 h
o)
Ph
S N Z
° s (I
N N
o o] TsN Ts Ts
61:61% 62: 37% 63: 44% 64: 55% 65: 59%

(72%)8l

Schemel8: Cobaltcatalyzeddecaboxylative crossoupling. [a]The correspondinglkynylzinc pivalate was used

Furthermore Gosminidescribed thecoupling of substituted aryinc reagents with-thloropyrimidine and
2-chloropyrazine.Organometallicreagens were formed in situ from the corresponding halidin the
presence ofzinc powderand 10 mol% CoBrSubsequent addition adin N-heterocyclichalide to the

reaction mixture led to productsuch a6 (Schemel 9).%2

1) MeCN, CF3COOH | j
CoBr, + AN C o+ Zn - NG
(10 mol%) (0.4 equiv) @5equv) /©/' /[N\j MeO
MeO cI N 66: 69%
(1.0 equiv) (1.0 equiv)
50°C, 1h

Schemel9: Cobaltcatalyzed crossoupling of 2chloropyrazine

Later, t was foundthat the addition of carboxylate salts, such as sodium formate or pivdiaie
beneficial effecton cobaltcatalyzedCsp-Csp crosscouplings. These salts presumably act as ligands for

the cobalt catalyst thusaking the crossoupling more selective bsuppressing sidesactions. Various

14
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ortho-activated halides or electron deficieM-heterocycleswere coupled with arylor heteroarylzinc

organometallics affording produc&7-71in 61-88%yield (Scheme20).%

Ar—2ZnCl (1.20 equiv)

s | N CoCly- 2LICl (5 mol%), HCOzNa (50 mol%) -~ | N
] Ll ]
= ° [N =
SNy X THF, 25°C, 8 h e Ny Ar
Y=N,CH
X =Cl, Br

* 0
\ ﬁN (%N
C CLn e wndsypoe S

67: 88% 68: 67% 69: 61% 70: 65% 71:61%
(without HCO,Na: 65%)

Scheme20: Cobaltcatalyzed crossoupling using sodium formate as additive.

These findings led to the development of a cokmtalyzedcrosscoupling using organozinc pivalates as
reaction partners. Tis class of organometallics shawmsignificantlyenhanced stability towardsoisture
andair and can be stored as solids under argon at room temperdirseveral month$® Remarkably,
the use of theseeagents considerably improved tly&ld of thecoupling. Thughe reactionof anisylzinc
pivalate 72 with bromo benzonitrile73 afforded the biaryl product 74 in 80%yield, whereasthe

corresponding arylzinc chlorid ledto a significantlyower yield of 41%(Scheme21). *°

38a) S. Bernhardt, G. Manolikakes, T. Kunz, P. Kndahggw. Chem. Int. EA011, 50, 92059209; b) C. |. Stathakis,

S. Bernhardt, V. Quint, P. Knoch&hgew. Chemint. Ed.2012 51, 94289432; c) J. R. Colombe, S. Bernhardt, C.
Stathakis, S. L. Buchwald, P. Knodbed, Lett2013 15, 57545757, d) C. I. Stathakis, S. M. Manolikakes, P. Knochel,
Org. Lett201315,1302vo np T S0 ! @ | SNYt yanAd R.Kénhedy, P. Knodh&, KR<Bsziiowskil SS @ A
M. Manolikakes, R. E. Mulvey, C. Schnegelsi®argew. Chem. Int. EB014 53, 27062710; f) S. M. Manolikakes,

M. Ellwart, C. |. Stathakis, P. Knocl#em. Eur. 2014 20, 1228912297;g) M. Ellwart, PKnochelAngew. Chem.

Int. Ed.2015 54, 1066210665;h) Y-H. Chen, M. Ellwart, V. Malakhov, P. KnocBeghthesi®017, 49, 32153223; i)

Y. H. Chen, C. P. Tullmann, M. Ellwart, P. Kndaigeéw. Chem. Int. EB017, 56, 92369239; j) Y-H. Chen, M. Ellwart,

G. Toupalas, Y. Ebe, P. Knochelgew. Chem. Int. EQ017, 56, 46124616; k) C. P. TullmannH. Chen, R. J.
Schuster, P. Knoch&rg.Lett.2018 20, 46014605;

39J. M HammannF. H Lutter, D HaasP.Knoclel, Angew.Chem. Int. ER2017, 56, 10821086.
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MeO—@—ZnX (1.5 equiv)

72: X = OPiv; 75: X = Cl CN
@[CN CoCly (5 mol%) _ O
- F
Br F THF, 40 °C, 16 h O
MeO

73 74: 80% (X = OPiv)
41% (X = Cl)

Scheme21: Comparison of arylzinc pivalates and arylzinc chlorides in cobtdtyzed crossouplings.

Furthermore, thecombination of cobalt salts andrganainc pivalatesexpandd the scopeof cobalt
catalyzed CspCsp crosscouplings Thus, metsubstituted hdo arenes, stericallyhindered metal
reagents and unactivated heterocyclic halides could be Ussading to functionalizedoupling products
such asr6-78. Also, d&enyl halides and bromo alkynes underwent coluatalyzed crossouplings with
arylzinc pivalates leading to stilbemerivative 79 and the arylated alkyne80 (Scheme22).*° Later, a

further extension of the scope and the scalability of thethodwasreported.>

Ar(Het)—ZnOPiv (1.2 equiv)

(/\ oocl, & molh) - r/“

[} Ll ]

S ° S

~r X THF, 40 °C, 16 h ~or (Het)Ar

X = Cl, Br
EtO,C N CF30 EtO,C
X
P =
L T g 4
OMe OMe OMe OMe
76: 72% 77:71% 78: 74% 79: 97%:; E/Z = 99:1 80: 71%

Scheme22: Cobaltcatalyzed crossouplings using aryand heteroarylzinc pivalatefa] reaction was carried out &40 °C

In addition functionalized benzylzisgproved to besuitableorganometalliceagents forcobaltcatalyzed
coupling with variousortho- andpara-activated aryl and heteroaryl halidgs/zing access tdi(hetero)aryl
methane derivative4®

Electrondeficient as well as lectron-rich arylzinc reagents could be coupled with a variety of

functionalizedbromo alkynesHence the reaction ofthe zinc reagengenerated from aryl bromid&81

40 A. D. Benischke, I. Knoll, A. Ré&tosminj P.Knoche] Chem Commun2016 52 3171-3174.
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with functionalizedbromo alkyne82 proceededsmoothly in the presence of 1ol% CoBfphen)
affording the arylated alkyn83in 91% yield (Schengs8).*

1) CoBry(phen) (10 mol%),
Zn (2.0 equiv), MeCN

<o:©/8r 2) filtration, then: o = NPhtal
(o) Br%\_/NPhtal <O
81

_ 82 (0.95 equiv) 83: 91%
(1.0 equiv) MeCN, 0 °Ctort, 1 h

Scheme23: Cobaltcatalyzed coupling of arylzinc reagents with bromoalkynes

3.2 CobaltCatalyzed CrosSouplingsof SpHybridized Organozinc Reagents

Alkynylzinc pivalates are a versatile class of organometallic reagents, whichasfp@atly enhanced
stability towards air and moisture in comparison the corresponding zinc halide derivative<obalt
catalysisallowstheir couplingwith variousaryl and heteroaryl halides in thagsence offMEDAThus,
variouspyridine, benzonitrile or benzophenone halides @atkynylated furnishing the producgd-86 in
up to 95% vyield Furthermore, a steroid derived alkynylzinc pivalatevas coupled with

chlorobenzophenone providing the cressupling producB7 in 75% yield$cheme24).43

R—==—2nOPiv (1.9 equiv)
e CoCl, - 2LiCl (20 mol%), TMEDA (2.0 equiv) o P
L _ T
Se” X dioxane, 25 °C, 8 h S

X=Cl, Br, |

OTES

| = g TIPS COPh iPr

Z z Z

FiC7 NT N N Z Me
TIPS Z

84: 81% 85a: 0-CN 65% 86: 90%
85b: m-CN 84%
85c: p-CN 95%

Scheme24: Cobaltcatalyzed crossouplingsof alkynylzinc pivalatewith heteroaryl halides

41 M. Corpet, X1t.1Baj C.Gosminj Adv. SynthCatal.2014 356, 29372942.
42Y:H. Chen, .TullmannM. Ellwart P. KnochelAngew.Chem. Int. EQ2017, 56, 92369239.
43J. M. Hammann, L. ThomasH.Chen, D. Haas, P. Knockely. Lett.2017, 19, 38473850.
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Furthermore, he use of a combination of CeCind diamine ligand47 allowed for the highly
diastereoselective preparation of various alkynylated cycloalkyhipounds Various14-, 1,3 and 1,2
substituted cyclalkyl halides underwenthighly diastereoselective crossuplings with alkynylzinc
pivalatedeading to highly functionalizeshti-1,4-, syn1,3-, oranti-1,2-disubstituted productssuch a88-
90in 62-76% yieldFurthermore, the mildeaction conditions enablethe couplingof " -bromo gylcosides
or steroid scaffolds bearing sensitiftenctionalties suchas ketonesfurnishingthe coupling product91
and92 (Scheme5s).™

R2-—=——2ZnOPiv
(1.5 equiv) R2
X CoCl, (20 mol%) =z A
1 > 1 Me,N NMe
R O 47 (2.0 equiv) R d 2 2
THF, 0°C, 8 h Me,DACH (47)
X =Br, |
Me
iPr/\rOTES Ph
; Ph” SO
CO,Et
88: 71% 89: 76% 90: 75% 91: 54% 92: 84%
dr =90:10 dr=93:7 dr = 99:1 dr=94:6 dr=92:8

Scheme25: Diastereoselective cobattatalyzed crossouplings between alkynylzinc pivalatasdiodo cycloalkanes.

3.3 CobaltCatalyzed Cros€ouplingsof Sp-Hybridized Organozinc Reagents

In 1996 Knocheland Cahiezlescribed thesterecselectivealkylation of akenyl halides* However, the
reaction requied a high catalystoading and ahuge excess fothe correspondingdialkylzinc reagent.
Recently, McNallgevelopeda cobalt catalyzed alkylation a situ formed N-heterocyclic phosphonium
salts harnessingzinc organometallicsThe reaction proceededvith a variety of functionalized

N-heterocycles providing alkylated complex molecules, su@84Scheme26).4°

44H. Avedissian, L€HIllon, G. Cahiez, P. KnochEdtrahedronl998 39, 61636166.
45 X.Zhang A. McNallyACS CataR019 9, 48624866
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Tf,O (1.0 equiv) nBuZnCl (2.0 equiv)

T
PPh; (1.1 equiv) PhaP* © Co(acac)z (5 mol%) nBu
| N DBU (1.1 equiv) ligand (5 mol%) N
Z » A » ||
N o/\? - | P
BocN DCM, -78 °C to rt N o/\? NMI/THF, rt 12 h N o/\3
BocN BocN
82% 93: 82%
CyO OCy
7\ ®
=N N
ligand

Scheme26: Cobaltcatalyzedalkylation of heteroaryl phosphonium salts.

4. CobaltCatalyzed Acylation Reactions

The reaction of an activated carboryoup, such as amcyl halide, or thioesterswith highly reactive
orgarolithium or -magnesium reagestoften proceeds unselectivelgading toundesiredside producs
due to enol formation or over addition to the newly formed keton&*’ However, less reactive
organometallics, such as zinc reagents usuddlynot undergo this addition without further activation.
Transitionmetal catalyzed acylation reactisrare a valuable alternative, since they ensure a high
selectivityand enable the use of organozinc reagents, which allows the toleranceriofisdunctonal
groups in boththe metal reagent as well as the electropkifé’ Besideswell-established procedures

utilizingcopper,#8 palladiunt® or nicket’ catalyststhe use ofcobaltsalts has receivegrowingattention.

46 R. K. DieteTetrahedron1999, 55, 41774236.

47 D. A. ShirleySynthesis of Ketones from Acid Halides and Organometallic Compounds of Magnesium, Zinc, and
Cadmium in Organic Reactions, VQIES.: R. Adams\Viley, New York1 954

483) J:E. Dubois, Y. J. BonzougdiGhem. Res. (MP78 826835;b) J. P. Gillet, R. Sauvétre, J. F. Norn®&ntthesis
1982 297301;c) C. R. Johnson, D. S. Dhado®rgChem.1987, 52, 18851888;d) L. Zhu, R. M. Wehmeyer, R.D.
RiekeJ. Org. Chenl991], 56, 14451453;e) F. Langer, L. Schwink, A. Devasagayatdj,Ghavant, P. Knoch&l Org.
Chem1996 61, 82298243;f) R. K. Dieter, R. R. Sharma, W. Ryatrahedron Lett1997, 38, 783786.

4 a) T. Sato, K. Naruse, M. Enokiya, T. Fujis@lam. Lett1981, 11351138;b) E. Nakamura, |. Kuwajima,
Tetrahderon Lett1986 27, 83-86; c) Y. Tamaru, H. Ochiai, T. Nakamurd, YoshidaAngew. Chem. Int. Ed. Engl.
1987, 26, 11571158;d) M. M. Faul, L. L. WinnerosKietrahedron Lett1997, 38, 47494752;¢e) H. Tokuyama, S.
Yokoshima, T. Yamashita, T. Fukuyaret&rahedron Lett1998 39, 31893192;f) K. Kunchithapatham, C. C. Eichman,
J. P. StambulChemCommun2011 47, 126791268L; g) A. H. Cherney, S. E. Reisniatrahedron2014 70, 3259
3265.

50 a) M. Onaka, Y. Matsuoka, T. Mukaiyai@aem. Lett1981, 10, 531:534;b) C. Cardellicchio, V. Fiandanese, G.
Marchese, L. Ronzinfetrahedron Lett1985 26, 35953598;c) C. Malangal. A. Aronica, L. LardicEetrahedron
Lett. 1995 36, 91859188;d) T. Shimizu, M. SeKietrahedron Lett2002 43, 10391042;e) Y. Zhang, T. Rovis Am.
Chem. SoQ004 126, 1596415965;f) P. H. Gehrtz, P. Kathe, I. FleisciremEur.J.2018 24, 87748778.
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In 1996 a cobaltcatalyzedacylation of dalkykzincswas reportedusing 10mol%CoBs in a mixture of THF
and NMP Thus, the reaction afi-octanoy! chloridg94) with the bisalkylzinc reager®b afforded ketone
96in 78% yield(Scheme27) >

PivO
[\ \/\/)Z\Zn
95 (1.0 equiv
(0} ( o) O
CoBr, (10 mol%)
(o > OPiv
THF/NMP, -10 °C, 0.5 h
94 96: 78%

Scheme27: Cobaltcatalyzedacylation of a diorganozinc reagent

This method was extended to argnd heteroarylzinc reagents. Varicasomaticketoneswere obtained
by the acylation ofrylzinc ragents, which were prepareelectrochemically using a zinc anode in the
presence oZnBg together withcobalt salt owiaa cobalt catalyzed zinc insertionanetonitrilefrom the
corresponding aryl halid& Later, the use ofarboxyic anhydrides aacylating agents waseported, which
enablal the preparation of various unsymmetrical ketones in a preparatively simpdgoot procedure.
Thus, after cobaltatalyzed activation of the zinc dugtbromoanisole(97) and acetic anhydridevere

added affordinghe ketone98in 81% yieldScheme28).>3

1) MeCN, CF;COOH, tt, 5 min 0
CoBr, + AN C Zn > /@)‘\
2) .
(5 mol%) (0.15 equiv) (1.49 equiv) MeO@—Br 97 (1.0 equiv) MeO
98: 81%
Ac,0 (1.1 equiv)
rt, 2 h

Scheme28: Preparation olunsymmetrical ketones using a cobattalyzed ongot procedure

This cobakcatalyzed formation of arylzinc reagemstiso enabld the synthesis of symmetrical (hetero)aryl
ketones by usingethyl chloroformate, which acts as a carbon monoxide surrogate in the presence of

13 mol% CoBrand a bipyridine liganéf.

51C. K. Reddy, P. Knochshgew. Chem. Int. E&1996 35, 17061701.

52H. Fillon, C. Gosmini, J. Périchibetrahedror2003 59, 81998202.

53], KazmierskiM. Bastienne C.Gosminj J-M. Paris J.Périchon]. OrgChem2004 69, 3,936-942.
54 A. Rérat, QMichon, F. AgbosseNiedercorn, CGosminiEur. J. OrgChem 2016 45544560.
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Recently, Gosmini reported a cobalt catalyzed acylation ingllizariousN-benzoyl glutarimides as
electrophilic coupling partnergading toproducts such a89 (Scheme29). Remarkablythe reaction can

be performed in a siple onepot procedure and does not require precautions towards moisturean®

1) MeCN, CF3COOH, rt, 15 min

2) Me—@—Br (1.0 equiv) o

rt, 1h
3 o o
(10 mol%) (0.4 equiv) (4.0 equiv) ) L Me
Ph™ N (0.8 equiv) 99: 92%
0

Scheme29: Cobaltcatalyzed acylation of arylzinc reagentng amide electrophiles

rt, o/n

55 C. DorvalE.Dubois,Y. BourneBranchu, CGosmini,G. DanounaAdv. SynthCatal.2019 361, 17771780.
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OBJECTIVES

Il. Objectives

Transitionmetalcatalyzed € bondforming reactions are indispensable tools in modern synthetic
organic chemistry. Cobalt catalysts proved to be auspicious alternatives to commonly used palladium and
nickel catalysts. As described before, variowbatt-catalyzed NegisHiype crosscouplings utikzing
(hetero)aryl and alkynyl zinreagents have been reported. Howevite usageof alkylzincreagents in

these reactionss still barley investigatedThus a simple and cheap catalytic system based on cobalt salts
for the crosscoupling of functionatied alkyl zinc reagents with various aryl and heteroaryl hatilesld

be developed Furthermore, the amenability afiastereomericcrosscouplings using secondary alkylzinc

reagentsshould be examine{Schemes0).5

R3
CL
AN
R RZ>zncl or ZnCl N R'f
C =R d e o S
X" “Hal Cobalt catalysis X R

Scheme30: Cobaltcatalyzedcrosscouplingof alkylzinc reagents with (hetero)aryl halides.

Moreover, the application of alkylzinc reagent$n crosscouplingswith other electrophilic coupling
partners using a nopreciouscobalt catalysis highly desirableTherefore the development of aobalt
catalyzedCsp-Csp crosscoupling utilizing functionalized alkylzinc reagents witirious alkyl halides

should be investigate(Schemesl).

Alk2—ZnClI
Alk'—X = Alk'—Alk2
Cobalt catalysis

Scheme31: Cobaltcatalyzedcrosscouplingof alkylzinc reagents with alkyl halides.

A protocol developed by Fukuyamilizesorganothioester as féicient acylation agents of various zinc
organometallics in the presence of alpdium catalyst. Especiallgpyridylesters can beeadily prepared

from the corresponding carboxylic acid without theed of harshreactionconditions. This enablabe

%6 This project was developed in cooperation wiitiicie Grokenbergesee: F. H. Lutter, L. Grokenberger, P. SpieR, J.
M. Hammann, K. KaraghiosoF, KnochelAngew. Chem. Int. E@02Q Dol: 10.1002/anie.20191449@nd Lucie
GrokenbergerPhD Dissertatior020, LMU Munich.
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tolerance of various sensitive functional moieties including stereocenters, which are prone to
racemization. TherefordunctionalizedSpyridyl estersshould be tested fotheir suitability as acylating
agents in a cobaltcatalyzed BEkuyamatype acylation using functionalized (hetero)arylzinc

organometallic§Scheme32).>’

N
XZn—-
0 z =z

0
X & | N
R2Jl\s \Nl > R (xj

Cobalt catalysis

Scheme32: Cobaltcatalyzedacylation ofSpyridyl esters with organozineagents

The aim of thdast part of thighess was to develop a highly regigectivemonofunctionalization of aryl

azoles at the aryl moiety. These motifs are of great interest, since they appear as core structure in several
blockbuster drugs. By now, a regioselective functionalization is enabled by transititah catalyzed €
arylation. tbwever, theneed of often precious metal catalysts, the harsh reactmnditions and the
predominantformation of thebis-functionalized arene significantly limits this methodology. Thhesuse

of sterically hindered metal amiddsr aregioselectiveanono-metalation of the aryl moiety in presence of
severalpossible metalation sites at the azole ring shoulceRemined The generated arylmetal reagents

should be tested for theiusein crosscoupling and other trappingsequencegSchemes3).>8

Ly Ly L X
X ) X ) X
metal amide base electrophile (E-X)

Met E

L
vy

\

(Palladium catalysis)

R R R

Scheme33: Regioselective metalation of aryl azoles using metal amide bases and subsegppimgreactions.

57 This project was developed in cooperation with Lucie Grokenberger, see: F. H. Lutter, L. Grakenbe)
Hofmayer, P. KnocheLhem. ScR019 10, 82418245and Lucie Grokenberger, PhD Dissertatz20 LMU Munich.
8This project was sponsored by Janssen Pharmaceutica @toHBtyers Squib and developed in cooperation with
Janssen Pharmaceutica
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RESULTS AND DISCUSSION

[1l. Results and [Bcussion

1. / 20 faGm/ FGFrfelT SR / NRaamn/ 2dzd Ay3d 27F Cdzy
(Hetero)Aryl Halide®

1.1 Introduction

The transitioametalcatalyzed construction of newC bonds is of utmost importance in modern organic
chemistry, and finds widepplication in academic and industrial proces&eSspecially, Negishi cress
couplings are among the most versatile methods for the formation obararbonds tocreate highly
functionalized scaffold€.Organozinc reagents represent an attractive class of organometallic reagents for
crosscouplings, combining both, the low toxicity of zinc salts as wellhéghafunctional group tolerance
Albeit, various examples of palladitf®® or nickelcatalyzed®®6 Csp-Csg crosscouplings using
alkylzinc reagents have been reported, the search for cheaper and more abundant alternativeaatalyti
systems is highly desirable. Coksdits have been found to display several beneficial characterf$fis.

In comparison to palladium, cobalt is a fairly cheap metal and for many transformations no sophisticated
ligands are required for an efficient cataly$i§22 Additionally, several reported protocols showed, that
cobalt salts are especially well suited catalysts for various types of reactions utilizing organozinc reagents

as nucleophilic coupling partnéf§26? including acylation8>°5% crosscoupling reactiong®f353941434564

%9 Adapted with permission fronf( H. Lutter, L. Grokenberger, P. SpieR, J. M. Hamra#@raghiosoff, P. Knochel,
Angewn. Chem. Int. EQR020, 59, 55465550). Copyright (202Qphn Wiley & Sons, Inc.

03) C. Dai, G. C. RuAmChem. SoQ001, 123 27192724;b) C. Han, S. L. BuchwaldAmChem. So009 131,
7532-7533; c) S. Calimsiz, M. G. Orgahem. Commur2011, 47, 5181-5183;d) Z. Qureshi, C. Toker, M. Lautens,
Synthesis2017, 49, 1-16; e) R. Jana, T. P. Pathak, M. S. Sig@ham. Rev2011, 111, 14171492;f) Y. Yang, K.
Niedermann, C. Han, S. L. Buchw@idy.Lett 2014 16, 46384641.

61a) V. B. Phapale, D. J. Carde@imm. Soc. Re2009 38, 15981607;b) A. JoshPangu, M. Ganesh, M. R. Biscoe,
Org. Lett 2011, 13, 12181221;c) J. Cornella, J. T. Edwards, T. Qin, S. Kawamura, J. Wdn®a@, R. Gianatassio,
M. Schmidt, M. D. Eggate, P. S. Barad, Am. Chem. Sa#2016 138, 21742177;d) E. C. Hansen, C. Li, S. Yang, D.
Pedro, D. J. Weiy, Org. Chen2017, 82, 70857092.

62a) C. Gosmini, A. Moncomblsy. J. Chen201Q 50, 568576;b) J. M. Hammann, M. S. Hofmayer, F. H. Lutter, L.
Thomas, P. Knochébynthesi®017, 49, 38873894.c) F. H. Lutter, S. Gralil, L. Grokenberger, M. S. Hofmayer, Y. H.
Chen, P. KnochefhemCatChen2019 11, 51885197.

83F. H. Lutter, L. Grokenberger, Bl.Hofmayer, P. Knoch@hem. ScR019 10, 82418245.

643) B-H. Tan, J. Dong, N. Yoshikaigew. Chem. Int. EB012 51, 96169614;b) J. Yan, N. YoshikACS CataR016

6, 37383742; ¢ A. D. Benischke, I. Knoll, A. Rérat, C. Gosmini, P. Kridisbel, Commur2016 52, 31713174;d)

R. Sallio, M. Corpet, L. Habert, M. Durandetti, C. Gosmini, |. Gillaiz€2ng. Chen2017, 82, 12541259.
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or amination§®. Using this beneficial combination, a cobadttalyzed crossoupling of functionalized

primary and secondary alkylzinc reagents with a variety of aryl, heteroaryl and alkyny! fsatielesrted

1.2 Optimization of the Reaction Conditions

In a preliminary experiment,-6hloronicotinonitrile (00a) was treated with (Z1,3-dioxan2-yl)ethyl)zinc

chloride (01a) under various conditions (Takl®

Tablel: Optimization of the reaction conditions for the cressupling of100a with alkylzinc reagentOla

(o\)o\/\an

Ne | Nj i 101a (1.5 equiv) _ Ne | Nj o
a0y L
100a THF, 0°Ctort, 16 h 102a

Entry Catalyst Ligand Yield of102a[%]?

1 - - 0

2 MnCb - 0

3 Cud - 0

4 Fed - 0

5 crcd - 0

6 NiCh - 51

7 Codl - 52

8 Cod bipy® 66

9 CoC dtbbpyt 63

10 Cod neocuproine 65

11 Codl TMEDA 39
12 CoC} bipy™® 80 (75¢!
139 CoCff bipy®! 82

[a] Reationswere performed on a 0.2Bimol scale. Yields were determined by -@@alysis. Tetradecane 1(z0) was used as
internal standard. [b] 2,2Bipyridine. [c] 4,4Dktert-butyl-2,2-dipyridyl. [d] 20 mol% of bipy was used. [&dlated yield of ie

reaction peformed on a 1.00nmol scale. [f] Co€(99.99% purity) was used.

8 3a) X. Qian, Z. Yu, A. Auffrant, C. Gosr@ihem. Eur. 2013 19, 62256229;b) Y:H. Chen, S. GraRl, P. Knochel,
Angew. Chem. Int. EA018 57, 11081111, c¢) S. Gralfl, 3. Chen, C. Hamze, C. P. Tullmann, P. Kn&2itel ett.
2019 21, 494497.
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In the absence of a catalyst, the desired coupling prodd&a could not be detectedentry 1) Various
metal halides such as MnCCuCl FeGlor CrClwere tested. However, no catalytctivity was observed

for this crosscoupling (entries 5). As expected, NilGlias able to catalyze the reaction leadingl@ain

51% yield (entry 6). However, Cpélko proved to be a suitable catalyst for this transformation affording
the desired alklated heterocyclel02a in 52% yield (entry 7). Various ligands were tested to further
improve the reaction outcome (entries®). Thus, using the unsubstituted 2tpyridine led to the best
coupling yield of 66% (entry 8). Increasing the amount ohtgirnished102a in 75% isolated yield
(entry 12). Variation of the reaction solvent, the amounts of metal species or the catalyst loading did not
further improve the yield® At this pointit wasverified that no other metal contaminants are responsible
for this catalysis. Using Ce(89.99% purity) in combination with a new stirring Sand reaction vessel

afforded the pyridine derivativé02ain 82% yield (entry 13

1.3 CobaltCatalyzed Cros€oupling of Primary Alkylzinc Bagents withN-HeterocyclicHalides

With these results in hand the scope of this croesipling reaction was examing@cheme34). N-
heterocyclic halides of typ#00 were coupled with various fictionalized alkylzinc reagents of typé1
Thus, the reaction o0fl00a with (3-phenylpropyl)zinc chloride afforde@i020 in 73% yield. Also, the
corresponding bromopyridine was used leading to coupling produ0f and 102d in 62-75% vyield.
Several alkylzinc reagents bearing various functional groups were excellent substrates for this cross
coupling. Zinc organometallicentainingnitrile groups, masked amines, and acetates were successfully
coupled furnishing the alkylatepyridines102e-g in 66-87% yield.The reactios of zinc species derived
from natural products such as o6 bnopol and §-citronellol with ethyl 6chloronicotinate afforded
102h and102 in 76-83% yield. Alsausing 2halonicotinic esters in combinatiomith zinc reagents bearing

a hderocyclic or an alkyne moietgoupled smoothly leading t0103 and 10X in 7883% yield.
Furthermore, otherN-heterocyclic halides, such as quinoline, isoquinoline, quinazoline, and pyrimidine
derivativeswere successfullycrosscoupled with various functionalized alkylzinc reagents furnishing
products102-sin 5895% yieldHowever, the reaction with less activated heterocyclic halides led to poor

coupling result$®

86 For further details, seeV. Experimental PartTablelO.
67E. O. Pentsak, D. B. Eremin, E. G. Gorde&,AhanikovACS CataR019 9, 307G3081.
%8 For unsuccessful substrates s¥eExperimental PartSchemes7.
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Alk—ZnY 101 (1.5 equiv)

Tz CoCl, (10 mol%), bipy (20 mol%) Yz
| | ’ ! |
Leo- /)\ oL /)\

NT X THF, 0°Ctort, 16 h S~ TSN Ak
100 1020l
X,Y =Cl, Br
Z=N,CH
NC Me_ Me NC
NC = A
Z
N | Ph N | | N7
N N A
T™S
102b: 73% 102¢: 75% 102d: 62%
(X =Cl) (X =Br) (X =Br)
Me
CF3 = CF; a | — EtO,C z
! S N/ U\/\/\
S CN S
N N N OAc
Me
102e: 87%! 102f: 87% 102g: 66%!®!
(X =Br) (X = Br) (X=Cl)
E10,C._ Me. Me @ COEt
| S
M N \ A\
S
102h: 76% 102i: 83% 102j: 78%
(X =cCl) (X =Cl) (X=Cl)

CO,Me S

QA
74
)=
\
(@]
P
QA
5
e
\\

™S Me
102k: 102I: 95% 102m: 85% (X = Br)
83% (X =Br) 102m: 82% (X = Cl)
(X =Br)
Me. Me Me
f | z ¢ Z |
N | N
¥ CN N OAc
102n: 75% 1020: 70%! 102p: 58%!!
(X =Br) (X=Cl (X=Cl
C . $
|
MeO
~-N l s e \)N \N \ N
Y Z
MeO N S
102q: 61% 102r: 60% 102s: 71%
(X =Br) (X=Cl) (X =Br)

Scheme34: Compounds of typd 02 obtained by the Cecatalyzed reaction o-heterocyclic halides of typ&00 with primary
alkylzinc reagents of typ#01 [a] Reactions were performed on a GrBnol scale. Yields are determined from the purified and

analytical pure poduct. [b] 20% Co&140% dtbbpy and 1.8quivof the corresponding alkylzinc reagent were used.
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1.4 CobaltCatalyzed Cros€oupling of Primary and Secondary AlkylzinceRgents with Electron
Deficient Aryl Halides

Next, this cobalt catalyzed cressuplingwas extended tovarious electrordeficient aryl halides as
electrophilic coupling partnersScheme35). Thus, (2Z1,3-dioxan2-yl)ethyl)zinc chloride 101a) was
coupled with 4bromo-2-fluorobenzonitrile and ethyl 4odobenzoate furnishing02t-u in 66-82% yield.
Benzophenone was successfully alkylatediitiho- and para-position, respectively, starting from the
corresponding halide, leading 02y and 102w in 70-85% yield. The crosoupling of a zinc reagent
containing an estemoiety with a functionalized chlorobenzophenone led 102x in 73% yield. Also,
cyclopropylzinc chloride was used in this procedure, affording the benzopheridifysand 102z in
70-71% vyield.

Alk—=ZnY 101 (1.5 equiv)
CoCl, (10 mol%),

X bipy (20 mol%) X
RT > R
X Alk

THF, 0°Ctort, 16 h
100 1020l

NG EtO,C o>_/
O SRS
( )

|
o

0
I
102t: 66% 102u: 82%! 102v: 0-(O)CPh: 70% (X = CI
(X=Br) X=1) 102w: p-(O)CPh: 85% (X = Br)
o CO,Et 0 o)
g a ) L C
Cl
F \
102x: 73%! 102y: 70%!° 102z: 71%!c!
(X =Cl) (X =Br) (X=cl

Scheme35: Compounds of typd 02 obtainedby the Cecatalyzed reaction adiryl halides of type 00with alkylzinc reagents of
type 101 [a] Reactions were performed on a GrBnolscale. Yields are determined from the purified and analytical pure product.
[b] 20% Co@l40% dtbbpy and 1.8quivof the corresponding alkylzinc reagemére used. [c] Dtbbpy was used instead of bipy.

The reaction was performed at rt.
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1.5 Diastereoselectiv€obaltCatalyzd CrossOoupling of Secondary Alkylzincdagents with Heteroaryl

Halides

Encouraged by the results with the secondary cyclopropylzinc reagent, the-omoghng of various
substituted sixmembered cycloalkylzinc reagies was examinedIn the past, several diastereoselective
Csp-Csp Negishitype crosscouplings using palladiu#i®® and nickel salt§ have been reported. Also, a
cobaltcatalyzed version applyindjarylzinc reagents is knowh.However, this method only allows the
coupling of 1,Zsubstituted cycloalkyl iodides with (hetero)aryl zinc reageintsa diastereselective
manner. To overcome this limitation, the problewas approachedby using substituted cycloalkylzinc
species with heteroaryl halides as coupling partners. Previous stiidiee shown that the carbezinc
bond is prone for an easy epimerization in the presence of metal8tEhus, a highly diastereoselective
crosscoupling isonly enabled by a fast transmetalation of the thermodynamically more stable alkylzinc
species to the transitiometal catalysf®

To evaluate the scope of a aitereoselective crossouplingusing substituted cyclohexylzinc reagents,
2-methylcycldnexylzinc iodide was coupled witHBomonicotinonitrile. A short screening revealed that a
catalytic system of 10% Ce@hd 20% 4,4di-tert-butyl-2,2-dipyridyl in acéonitrile led to the best yield

and diastereomeric ratid! Hence,the coupling of various 1;3and 1,4functionalized cycloalkylzinc
reagenswith N-heterocyclic bromides was examined (Sche&@e The reaction of ®romonicotinonitile

with 3-methylcyclohexydinc iodide led to the thermodynamically more stabes1,3-disubstituted
cyclohexand 02aain 80% yield and dr91:9. However, sing the corresponding zinc reagent bearing the
bulkier iso-propy! residue led tal02ab in 63% yield and an improved diastereomeric ratio of 96:4.
Additionally, this zinc reagent was coupled witHor®@mopyrimidine furnishingl02ac (52% yield,

dr =94:6"). Also, 1,4substituted cyclohexylzinc reagents could be used in this protocol. Thus, the cross
coupling of zinc reagents bearing an ester or a pyrrole substituent with a trifluoromethylated

bromopyridine led to the correspondirtgans-1,4-bifunctionalized gclohexaned.02ad and 102aein 51-

8 a) T. Thaler, B. Haag, A. Gavryushin, K. Schober, E. Hartmann, R. M. Gschwind, H. Zipse, P. MayerNatKnochel,
Chem201Q 2, 125130;b) T. Thaler, IN. Guo, P. Mayer, P. Knoch&hgew. Chem. Int. EA011, 50, 21742177;c)

S. Seel, T. Thaler, K. Takatsu, C. Zhang, H. Zipse, B. F. Straub, P. Mayer, B. KnadBbem. Sd011, 133 4774
4777;d) P. Knochel, C. Dienepmpt. Rend. Chird011, 14, 842850;e) K. Moriya, P. Knochérg. Lett 2014 16,
924-927.

03) H. Gong, M. R. Gagdé AmChem. SoQ008 130, 1217712183;b) H. Gong, R. Sinisi, M. R. Gagndm. Chem.

So0c 2007, 129, 19081909.

"L For further details, seeV. Experimental PartTablell.

2. The stereochemistry of102ac was determined by NOESMR, see VI. Appendix 1.1 2-(3-
Isopropylcyclohexyl)pyrimidind.Q2ag.
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54% yield (dr80:2098:2%). Bromopyrimidine derivatives were coupled with functionalized cyclohexyl

reagents affordind.02af-ahin 6473% yield and diastereomeric ratios of up to 98:2.

RC i
101 (1.5 equiv)
Znl

N
GY
Ru/QY CoCl, (10 mol%), dtbbpy (20 mol%)‘ R y /)%
P ” N 1 R2
N™ "Br MeCN, rt, 16 h
100 1020l
Y =CH, N
1,3-relation ' 1,4-relation
 CF
4, \\ ' Z ‘,
OSSR G SO
: CO,Et
102aa: 80% 102ab: 63% 102ac: 52% : 102ad: 51%
(dr=91:9) (dr = 96:4) (dr = 94:6) : (dr = 80:20)

CF3 \
~ “, ~ ., B ’/,
QN L YL Q
D CFs Ph
102ae: 54% yield 102af: 73% yield 102ag: 67% 102ah: 64% yield

(dr = 98:2) (dr = 98:2) (dr = 96:4) (dr =91:9)

Scheme36: Diastereoselective cobattatalyzed crossoupling of heteroaromatic bromides of typEOO with 1,3- and 1,4
substituted secondary alkylzinc reagents of tyj#d leading to products of typ&02 [a] Reactions were performed on a Grénol
scale. Yields are determined from the purified and analytical pure product. The diastereomeridratim¢ determined by GC

analysis. The major diastereomer is shown.

Remarkably, bromopyrimidine could be coupled with complex alkylzinc reagprépared from steroid
and sesquiterpene derivativeS¢heme37). Thereaction of cholesterylzinc chlorid€1b furnished102ai

in 78% vyield and a diastereomeric ratio of 98:2. Also, the corresponding coupling using zinc i€dgent
derived from a reduced nootkan derivative proceeded in a highly diastereoselective fashion leading to
102aj in 52% yielddr =98:2).

#The stereochemistry df02aewas determined by crystal structure analysis, Sé¢e:Appendix3. Single Crystal-X
Ray Diffraction Studies
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jPr

iPr

101b (1.5 equiv)
CoCl, (10 mol%), dtbbpy (20 mol%)

VA
o
Y

MeCN, rt, 16 h

from cholesterol
102ail?: 78%
(dr =98:2)

Me Me

Me
oS
1Zn ﬁ 101c (1.5 equiv)

N Br CoCl; (10 mol%), dtbbpy (20 mol%)

VA
o
Y

MeCN, rt, 16 h
from a nootkatone derivative

102ajl2l: 52%
(dr =98:2)
Scheme37: Diastereoselective cobattatalyzed crossoupling of 2bromopyridine with zinc organometallick01b and 101c
derived from cholesterol and nootkatone derivativés] Reactions were performed on a OrBmol scale. Yields are determined
from the purified aml analyticdly pure product. The diastereomeric ratiarf was determined by GC analysis. The major

diastereomer is shown.

1.6 CobaltCaalyzed Crossoupling of Primary andSecondary Alkylzincdagents withAlkynyl Bromides

Finally, this cobaltatalyzedcrosscoupling was further extended to alkynyl bromides (Sché&®)e
(Bromoethynybhbenzene {03a) reacted smoothly with @1,3-dioxan2-yl)ethyl)zinc chloride 101a)
affording the alkylated alkyn&04a in 55% yield. Interestingly, the coupling of the TIPS protected alkyne
103b with the 1,4phenyl substituted cyclohexylzinc reagetld furnished thetrans-1,4-alkynylated
cyclohexane derivativé04b in 54% yield andr =99:1.
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(0]
(\ 101a (1.5 equiv.)
o)\/\an

0
CoCl, (10 mol%), bipy (20 mol%) E\
Ph—=—a8r > 0)\/\

103a THF, 0°C, 16 h Ph

PhO Znl 101d (1.5 equiv)
CoCl;, (10 mol%), bipy (20 mol%)

TIPS——Br » TIPS :|m<:>—Ph

103b MeCN, rt, 16 h

104a: 55% yield!®

104b: 54% vyield!!
(dr = 99:1)l!

Scheme38: Cobaltcatalyzed crossoupling ofalkynyl bromidesvith primary and secondary alkylzinc reagefe$ Reactions were
performed on a 0.5nmolscale. Yields are determined from the fied and analytical pure produdib] The diastereomeric ratio

(dr) was determined by GC analysis. The major diastereomer is shown.

1.7 Mechanistic Considerations

To gain an insight into the reaction mechanism, radiGping experiments using
2,2,6,6tetramethylpiperidine toxyl (TEMPO) were performed. Previous studies showed that TEMPO is
able to significantly inhibit cobattatalyzed reactions, which might indicatee involvement of radical
intermediates within the course of theseeactions®*’* Thus, to a standard coupling setup of 6
chloronicotinonitrile (00a) with (2(1,3-dioxan2-yl)ethyl)zinc chloride101a) 2.0 equivof TEMPO were
added® However, the coupling produdtO2a was afforded ira similar yield, compared to the standard
conditions without the radical trapping agent. This indicates that this new cab#dlyzed crossoupling

might not proceedriaradical intermediates.

74L. Nicolas, P. Angibaud, I. Stansfield, P. Bonnet, L. Meerpoel, S. Reymond, AnGessghem. Int. EQ2012 51,
1110311104.
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2. Cdoalt-Catalyzed CspCsp CrossCoupling of Functionalized Alkylzinc Reagents with
Alkyl lodideg®

2.1. Introduction

Transitionmetal catalyzed crossoupling reactions are among the most powerful tools for the
construction of complex structures. Over tipast decades, significant progress has been made in the
formation of new & bonds, which led to numerous applications in academic as well as in industrial
research®® The most common catalysts for performing crassiplings are palladium and nickel s&ks.
TheseCsp-Csp crosscouplings are pdicularly difficult due to a hampered oxidative insertion of the
transition-metal catalyst into the alkyX bond and the propensity of the subsequently formed alkyl
GNF yaAriaGAz2y YSOl thydidelslidiheicrt™ 8 BspedafiyRtBeNiBEef mild organometallic
reagents in these couplings, such as organozinc compounds, is still a ch&fiefige.organometallics
display several beneficial properties, including a high functional group compatibility and the ability to
undergo a fast transmetalatioto a transitionmetal catalyst:®® Additionally, a growing commercial
availability of these reagents and the low toxicity of zinc salts make them an attractive class of metal
reagents”®® Various palladium and nickel catalyzed 88pg crosscouplings using zinc organometallics,
including enantioselective versions have been reported by Gfgdni® and other§® % 76artcers

However, the high price and the need of often sophisticaigdrds triggered the search for cheaper and

s Adapted with permission fronf( H. Lutter, L. @kenberger, M. Benz, P. Knoch@tg. Lett202Q 22, 30283032.
Copyright (2020) American Chemical Society.

76 a) D. J. Cardenagngew. Chem. Int. EA003 42, 384387;b) M. R. Nethaon, G. C. FuAdv.Synth.Catal.2004
346, 15251532;c) A. C. Frisch, M. Belldmgew. Chem. Int. EA005 44, 674688;d) A. Rudolph, M. Lauten&ngew.
Chem. Int. EQR009 48, 26562670;e) J. Choi, G. C. Bcienc®017, 356, eaaf7230.

7a) N. Hadei, E. A. B. Kantchev, C. J. O'Brien, M. G. Qr@g, Chen2005 70, 85038507;b) N. Hadei, E. A. B.
Kantchev, C. J. O'Brie, M. G. Orgarg. Lett.2005 7, 38053807;c) G. A. Chass, C. J. O'Brien, N. Hadei, E. A. B.
Kantchev, WH. Mu, D-C. Fang, A. C. Hopkinson, I. G. Csizmadia, M. G. Gtgan, Eur. 2009 15, 42814288;d)

G. T. Achonduh, N. Hadei, C. Valente, S. Avola, C. J. O'Brien, M. GCClrga@pmmun201Q 46, 41094111;e) N.
Hadei, G. T. Achonduh, C. Valente, C.Bri&, M. G. OrgarAngew. Chem. Int. E@011, 50, 38963899;f) L. C.
McCann, H. N. Hunter, J. A. C. Clyburne, M. G. Okggiew. Chem. Int. E&012 51, 70247027.

®a) J. Zhou, G. C. Ru,Am. Chem. Sd2003 125, 1252-12530;b) J. Zhou, G. C. Ru,Am. Chem. Sd003 125,
1472614727;c) F. O. Arp, G. C. FBuAm. Chem. SAd2005 127, 1048210483;d) C. Fischer, G. C. BuAm. Chem.
Soc2005 127, 45944595;e) S. Son, G. C. BuAm. Chem. S&008 130, 27562757;f) C. J. Cordier, R. J. Lundgren,
G. C. Fu). Am. Chem. Sa2013 135, 1094610949;g) J. Schmidt, J. Choi, A. T. Liu, M. Slusarczyk, G SCidhege
2016 354, 12651269;h) X. Mu, Y. Shibata, Y. Makida, G. CARgew. Chem. Int. EA017, 56, 58215824, i) G. M.
Schwarzwalder, C. D. Matjgs. C. FLtAngew.Chem. Int. E2019, 58, 35713574.

a) C. E. Tucker, P. KnochelOrg. Cheml993 58, 47814782;b) A. Devasagayaraj, T. Stiidemann, P. Knochel,
Angew. Chem., Int. Ed. Eng@96 34, 27232725;c) R. Giovannini, T. Stidemann, G. Dussin, P. Knéaigaw.
Chem. Int. EAL998 37, 238%2390;d) A. E. Jensen, P. KnoclelDrg. Chen2002 67, 79-85;e) A. Lei, X. Zhan@rg.
Lett.2002 4, 22852288; f) C. F. Malosh, J. M. Reathipm.Chem. SoQ004 126, 1024010241;g) V. B. Phapale, E.
Bufiuel, M. Garcifglesias, D. J. Cardenasigew.Chem. Int. ER007, 46, 87968795.
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more abundant metal catalysts. Although if&ncobalf!, and mangane$é salts have been found to
catalyze the crossoupling of alkyl halides withlkylmagnesium reagents there is no protocol utilizing
alkylzinc oganometallics as coupling reagentowever, this would be highly desirable thus enabling the
tolerance of sensitive functional groups attached to the electrophile as well as in the organometallic
reagent itself.

In the following the first cobaltcatalyzed Negishi type Cspsp crosscoupling of various primary

dialkylzinc reagents witprimary and secondary iodides is reported.

2.2 Optimization of the Reaction Conditions

In preliminary experiments the coupling of -&opropylpenzene {05a) with (2(1,3-dioxan2-
yl)ethyl)zinc chloridel(01a) was investigated (Tab®). Without a metatatalyst no product formation of
107awas observed (emy 1). Transitiormetal chlorides such as CueGlor MnC} in combination with
both, the monealkylzinc reageni0la or the dialkylzinc speciekD6a did not catalyze the formation of
107a (entries 24). However, Cogshowed catalytic activity, espedly in combination with the dialkylzinc
reagent106g furnishing the desired produdtO7a in 32% yield (entries 5). Switching to acetonitrile as
solvent was beneficial leading to 39% vyield16f7a (entry 6). Various ligands were tested to further
improvethe crosscoupling (entries 710). MeDACH47)%3583 turned out to be superior to other ligands
affording 107a in 50% vyield (entry 10). Previous reports showed the beneficial effects of

tetrabutylammonium halides in alkglkyl crosscouplings/.77.7%d84

803) K. G. Dongol, H. Koh, M. Sau, C. L. L.AZvaiSynth. Cata2007, 349, 10151018;b) M. GuisarCeinos, F. Tato,
E. Bufiuel, P. Calle, D. J. Carde@asm. Sck013 4, 10981104.

81 a) G. Cahiez, C. Chaboche, C. Duplais, A. Giulliani, A. MégeuSynth. CataR008 350, 14841488;b) C.
Andersen, V. Ferey, M. Daumas, P. BernardellGuérinot, J. Coss9rg.Lett.2019 21, 22852289.

82J. G. Donkervoort, J. L. Vicario, J. T. B. H. Jastrzebski, R. A. Gossage, G. Cahiez, GJvangaotmgt. Chem.
1998 558, 61-69.

83a) H. Ohmiya, H. Yorimitsu, K. OshihhaAmChem. SoQ006, 128, 18861889; b) H. Someya, A. Kondoh, A. Sato,
H. Ohmiya, H. Yorimitsu, K. Oshinggnlett2006 2006 306%13064; c) W. M. Czaplik, M. Mayer, A. Jacobi von
Wangelin,Synlett2009 2009, 29312934.

84M. Piber, A. E. Jensen, M. Rottlander, P. KnoGhelLett. 1999 1, 13231326.
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Table2. Optimization of the reaction conditions for theosscoupling of alkyl iodidel05g with zinc reagents of typ20laor

106a.

(\o (\o
o)\/\chHa] or OJ\/th[a]

101a (1.50 equiv) 106a (0.75 equiv)
catalyst (20 mol%), ligand (20 mol%),
PR ads(:::/\;it(x )r(t,e1q : ir\: ) > Ph/\/\/J\or\oJ
105a (1.00 equiv) 107a
Entry  Catalyst Zinc Reagent Solvent Ligand Additive  Yield ofL07a[%]!
1 - 101a THF - - traces
2 CuGl  101a(106d) THF - - 1 (3)d
3 FeCl  101a(1063 THF - - 1 (2)°
4 MnCb 101a (1069 THF - - Traces (trace$)
5 CCh  101a(1069 THF - - 11 (32%
6 CaChb 106a MeCN - - 39
7 Cod 106a MeCN neocuproine - 46
8 Cod 106a MeCN PPR - 11
9 Cod 106a MeCN TMEDA - 42
10 Cod 106a MeCN MesDACH47) - 50
11 Cod 106a MeCN MesDACH4T) TBAB! 44
12 Cod 106a MeCN MesDACH4T) TBAF 57
13 CoC} 106a MeCN  MesDACH47)  TBAF 74 (72§ (78"

[a] MgXLiX(X = Cl or Br) is omitted for clarifip] Reactions were performed cm 0.25 mmol scale. Yields were determined by
GGCanalysis. Tetradecane 1¢Bko) was used as internal standar@] 106awas used[d] 40mol% of the ligand were usegk]
1.00equiv. of the additive were useff] 2.25 equiv. of the additive were us€dj] Isolated yield[h] CoC of 99.99% purity and a

new stirring bar were used

A screening revealed, that 2.25 equiv of tetrabutylammonium iodide (TBAI) signifigaordasedthe
yield leading to the coupling produdiD7a in 72% (entries 1-13). Variationof the equivalents of the
organozinc reagent, the cobalt source, or the amount of catalyst did not further improve the reaction

yield® Additionally,it was verified that no metal contaminants are responsible for the catalysis. Thus,

85 For further details, seeV. Experimental PartTable12.
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performing the reactia with CoCGl(99.99% purity)a new stirring bar and reaction vessel furnisidiya

in 78% yield (entry 13).

2.3 CobaltCatalyzed Crossoupling of Bis(2-(1,3-dioxan-2-yl)ethyl)zinc with Primary and Secondary
Alkyl lodides

With these results in hand the scope of this croesipling was examined (Scher@@). Thus, dialkylzinc
reagent 106a was coupled with primary alkyl iodides containing nitrile, aryl or heteroaryl moieties
furnishing the corresponding produci®7b-d in 61-67% yield. Switching to newgroine as ligand enabled

the use of various secondary alkyl iodides. The coupling with cyclohexyl iodide afforded the corresponding
product 107e in 76% vyield. Also, tetralyopyranyl andpiperidyl iodides underwenta smooth coupling

with 106a Thus, the arresponding productd07-h were obtained in 5&4% yield. The coupling with
aSO2yRINE O8O0t AO0 A2RARSA 0 Siondik ¥dAtol07f in T2NEA yiel. 2 A S &
Variousother secondary iodides containing alkyl, aryl or heteroaryl essteere suitable electrophiles for

the coupling with the dialkylzinceagent 106a furnishing 107k-n in 51-91% yield. Interestingly, TBS
protected iodohydrin and a cyclic iodide derived from menthol caallsb be used for the coupling
affording 1070-p in 6567% yield and up to 89:11 dr. Furthermore, benzylic and allylic halides could be
coupled under these conditions furnishing the expected prod6t)-sin 60-98% yield?
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(0]
(\)\/)\Zn[a] 106a (0.75 equiv)

o 2
CoCl; (20 mol%), N

Me4DACH or neocuproine (20 mol%) —N N—
TBAI (2.25 equiv) Alk~,’/\r0 N/
Alk—I - ! Me4DACH, 47 neocuproine
MeCN, rt, 16 h 0
105 (1.00 equiv) 107!
primary[C] - q,o secondary[d]
O . 0
O/j /j o) |
\ ' \\
N /©/\\’\)\o @f\C O ~Ao
Me Me MeO N E
107b: 67% 107c: 61% 107d: 63% : 107e: 76%

0 Of‘ F e
BocN L/\r -7- Me
Me
Me

107f: 70% 1079: 74% 107h: 58% 107i: 72% 107j: 77%

© O)/O O)/O OTBS o
Me\(u\o/\;\_Me /@)k /\/\Me <j)k /\/\Me JJ\/K
Me MeO \

107k: 91% 1071: 67% 107m: 86% 107n: 51% 1070: 65%
dr = 86:14[0¢]
\)\/j , benzylic / allylic® Me
X ; % o} EtO v o}
: o) o] o] )
Ve z
107p: 67% ' 107q: 98%!1, 77%!9] 107r: 90%!" 107s: 60%!"
dr= 89:11[¢] ;

Scheme39. Products of typed07 obtained by the cobaltatalyzed crossoupling of alkyl iodideslQ5) with dialkylzincspecies
106a. [a] MgX%LiX (X = Cl or Br) is omitted for clarjbj.All reactions were performed on a OrBmol scale.lsolated yields of
analyticaly pure producs. [c] MesDACH47) was used as a liganftl] Neocuproine was used as a ligafe]. The diastereomeric
ratio (dr) was determined by G&nalysif the crude reaction mixture. The major diastereomer is shdfjrBenzyl bromide was

used as an electrophil¢g] Benzyl chloride was used as an electroplfiigAllyl bromide derivatives were used as electrophiles.
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2.4 Qobalt-Catalyzed Crossoupling ofDialkylzincawith Primary and $condaryAlkyl lodides

Next, crosscouplingsof various dialkylzinc reagentsth secondary iodides were examined (TaBleThe
reaction of iodotetrahydropyrai05bo and piperidinyl iodidel05c with dialkylzinaeagent106b led to the
coupling productd07-uin 66-71% yield. Also, di{dhlorobutyl)zincd 06c undemwent a crossoupling with

iodo piperidine105d affording the alkylated heterocycl) A 66% yield. At this point the scalability of the
method wasexamined Thus, the reaction 0106c with N-boc protected 4iodo piperidine105c was
performed on a Bnmolscale, leading to the-dlkylated piperidindl0Av in 58% yield. Zinc organometallics
106d-f bearing sensitive functional groups such as acetates, carbamates and esters were conveniently
prepared from the corresponding bromides performing a magnesium insertion in the presence of
0.5equiv ZnGI*" The reaction of the dialkylziri®6d with cyclic and acyclic iodides afforded the products
107y in 65-72% vyield. The secondary iodidel05g was coupled with the Beprotected 4
piperidylalkytinc106eleading to the producl07zin 72% yield. Also, dialkylzinc reag&f6fbearing an

ester function was coupled with various substituted secondary alkyl iodides affak@ifagracin 6880%

yield.

Table3: Productsof type 107 obtained by the cobaltatalyzed crossoupling of secondary alkyl iodidestype 105with dialkyl
zincs of typel06.

R\/\%Zn[a‘] 106 (0.75 equiv)

CoCl, (20 mol%), neocuproine (20 mol%)

Alk—| TBAI (2.25 equiv) . Ak g
MeCN, rt, 16 h
105 (1.00 equiv) 107
Entry Alkyl lodide 105 Zinc Reagent 106 Product 107: yield™!
F
| Zn
91 :
o)
: "
1 105b 106b 107t: 71%
F
| Zn
2 \\
BocN F '
BocN
2 105¢ 106b 107u: 66%
| \\/\/\/CI
z
/N ,O/ C|W n N\ O
g il
N N

3 105d 106¢c 107v: 66%
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Table3: continued

Entry Alkyl lodide 105 Zinc Reagent 106 Product 107: yield[
| \ Cl
4 NN
C|/\/\)’ n \
BocN 2 BocN
4 105¢ 106¢c 107w: 58% (5 mmol scale)
| ) OAc
A NN
ACOW " '
0] (0]
5 105b 106d 107x: 65%
Me Me Me Me. Me Me
Z /
é(\)\' ACO/\/\‘); " é\/\)\/,\/\/\OAC
Me Me
6 105f 106d 107y: 72%
Me Me
Zn ’
BocN
NB
MeO MeO ¢
7 105¢g 106e 107z: 72%
0 /\)M\e
0 Me ! CO,Et
Z 2
R)j\o/\)\| EtOzC/\(V);\)Z’Zn /©)‘\O / \/\(vra
MeO

8 105h 106f 107aa: 68%

R = (4-OMe)CsH4

I BocN
E10,c ¥} zn (:L, COLEt
BocN ; \/\(V)’3 2

N

9 105¢ 106f 107ab: 70%
o) <\o
/O\o Etozc/\(v)QZn O/O ,
| ,,\/\%COZEt
10 105h 106f 107ac: 80%

[a] MgX%LiX(X = Cl or Br) is omitted for clariig] All reactions were performed on a Orbmol scaleIsolated yield ofinalyticaly

pure producs.

Additionally, primary alkyl iodides were coupled with various dialkylzinc reagents @abléaus, the
coupling of di(3,3,arifluoropropyl)zinc {069 with iodide 105a afforded the coupling productO7al in

75% yield. Moreover, primary alkyl iodides containing sensitive functionalities such as hitfleof ester
groups (05) could be coupled using cobalatalysis leading to the corresponding produt@vae-af in

3% and62%, respectively.
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Table4. Productsof type 107 obtained by the cobailtatalyzed crossoupling ofprimary alkyl iodidesof type 105 with dialkyl

zincs of typel06.
R/\%anal 106 (0.75 equiv)
CoCl, (20 mol%), Me4,DACH (20 mol%),
Ak—] TBAI (2.25 equiv) . Alk R
MeCN, rt, 16 h
105 (1.00 equiv) 107
Entry Alkyl lodide 105 Zinc Reagent 106 Product 107: yield®!
/
I CF ~NCE
©/\/\ 3\/\)2\2n ©/\/‘ ,
1 105a 106g 107ad: 75%
Me  Me Me  Me
W Zn MII
NC | 2 NC /
2 105i 106h 107ae: 62%
Cl
NN \/\/th EtO:C A
3 105j 106¢ 107af: 39%

[a] Mg LiX(X = Cl or Br) @mitted for clarity.[b] All reactions were performed on a OrBmol scale.Isolated yield ofnalyticaly

pure producs.

2.5 Mechanistic Considerations

To shed some light on the reaction mechanism, experiments with raglimei precursord05% and 104

were performed (Schem&0) 28 Thus, treatment of iodohydne 105k with dialkylzinc reagent06a in

the presence of the cobalt catalyst only led to the cyclization prod0Gag in 45% yield (dr = 90:10).
Furthermore, the reaction with (iodomethyl)cyclopropari®pl) afforded the ringopening productil07ah

in 44%yield. These findings suggest the involvement of radical intermediates during the course of the
reaction potentially formedvia a stepwise onelectron oxidation of the cobalt catalyst to the alkyl

iodide 880067

8 a) H. Ohmiya, H. Yorimitsu, K. Oshifay. Lett.2006 8, 30933096; b) H. Someya, ®hmiya, H. Yorimitsu, K.
Oshima,Org. Lett.2007, 9, 15651567; b) T. Tsuji, H. Yorimitsu, K. Oshi&reggew. Chem. Int. EA002 41, 4137
4139; c) K. Wakabayashi, H. Yorimitsu, K. Oslinfan. Chem. SA&001, 123, 53745375.

8 a) H. Ohmiya, K. Wakabayashi, H. Yorimitsu, K. Osfieta@hedron2006 62, 22072213;b) L. Gonnard, A.
Guérinot, J. Cossghem. Eur. 2015 21, 1279712803; c) F. Kreyenschmidt, S. E. Meurer, K. Koszin@skn. Eur.
J.2019 25, 59125921.
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O

: O
)\/\)Zn[a]msa (0.75 equiv)
2
CoCl, (20 mol%)

Y O\/\ neocuproine (20 mol%)
(I TBAI (2.25 equiv)
|

\

MeCN, rt, 16 h

105k (1.00 equiv) 107ag: 45%! OJ
dr = 90:101

: O
)\/\)anal 106a (0.75 equiv)
2

(0)

CoCl, (20 mol%) o
A/' Me,DACH (20 mol%) \/\/\)\/j

TBAI (2.25 equiv)

\

MeCN, rt, 16 h
1051 (1.00 equiv) 107ah: 44%"!

Scheme40. Mechanistic experiments using radigdbck precursord05k and 105l. [a] 2MgX%2LiX (X = Cl or Br) is omitted for
clarity.[b] Reactions were performed on a Ormol scale. Isolated yield of analytically pure prathi [c] The diastereomeric ratio

(dr) was determined by GC analysis from the crude reaction mixture. The major diastereomer is shown.
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3. CobaltCatalyzed AcylatiorReadions of (Hetero)Arylzinc Pivalates with Thiopyridyl

Ester Derivative®

3.1. Introduction

The carbonyl group is a central functionality in organic chemistry and the performance of acylation
reactions employing organometallic reagents represents a gemaecass to various ketoné%!’ A major
drawback of these reactions is the moderate chemoselectivity or the use of expensive cat#{/atsid
chlorides are the most common acylation reagerit§#6475528% However, their preparation requires

harsh conditions, thus lowering the functional group tolerance. In contrast, the use of thioesters is a
valuable alternative since Fukuyama showed in pioneering work that these acylating reagents react readily
with organozit halides in the presence of a palladium cataf§istAdditionally, Seki™® Rovis3®
FleischeP and otherg*95:b90 showed that these reactions nebe performed using various transition

metal catalysts. Recentlit,was showrthat organozinc pivalates (RZnOPiv) are an attractive class of zinc
organomedtllics due to their enhanced aiand moisture stability and their excellent compatibility with
various transition metatatalyzed transformation¥°! Especially, cobatltatalyzed reactions have prade

to be advantgeous®" 6439436265

In the followinga new cobaltcatalyzed acylation reaction of various satuhgnd unsaturated thioesters

of type RC(O)SPy108) with aryt and heteroarylzinc pivalates of typéZROPiv109), leading to a broad

range of polyfunctional ketones of tydd Ois reported Although thioesters are readily available from the
corresponding acid chlorides and thiof$the pyridyl thioesterd 08were prepared under exceedingly mild

and neutral conditions from the corresponding carboxylic acid of typedza A y3 adzl F A el YI Q&
(Schemet1) 3

88 Adaped with permission fromK. H. Luer, L. Grokenberger, M. S. Hofmay®&. KnochelChem. Sci2019, 10,
8241-8245). Copyright (2019) Royal Society of Chemistry.

89 S:H. Kim, R. D. RiekEetrahedron Lett2011, 52, 15231526

% a) W. Oppolzer, C. Darcel, P. Rochet, S. Rosset, J. De Brabmhd&him. Actal997, 80, 13191337;b) B. Li, R.
A. Buzon, C. K. F. Chiu, S. T. Colgan, M. L. Jorgensen, N. Kasthurikrittateedron Lett2004, 45, 6887%6890;c)
R. Haraguchi, $.Tanazawa, N. Tokunaga;| SrukuzawaQrg.Lett.2017, 19, 16461649.

%M. S. Hofmayer, F. H. Lutter, L. Grokenberger, J. M. Hammann, P. K@ughettt. 2019, 21, 36-39.

92B. P. Bandgar, P. E. More, V. T. Kamble, S. S. SAwstnt]). Chen2008 61, 1006-1010.

%a) T. Endo, S. lkenaga, T. MukaiyaBidl. Chem. Soc. Jpt970Q, 43, 26322633;b) T. Mukaiyama, M. Araki, H.
TakeiJ. Am. Chem. Sd973 95, 47634765;c) T. Hofmann, P. Schieberle AgricFood. Cheml998 46, 616619.
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R2—ZnOPiv (109)

o PySSPy, PPhs, MeCN o O CoCl, dtbbpy o
J\ o R1JJ\S X, - R1JJ,“'-/R2

1
R OH  (eflux, 3hor0°C, 16 h N THF, 0°Cor25°C, 4 h
11 108 110

R': 1°, 2° and 3° alkyl, benzyl, (hetero)aryl
R (hetero)aryl

Schemetl: Preparation of thiopyridyl esters of tyd®8from carboxylic acid$11and cobalicatalyzed acylation with organozinc

pivalates109, affording ketones of typd&10. Py = Zpyridyl.

3.2 Optimization of the Reactiondhditions

In preliminary experiments,S(pyridin2-yl)-cyclohexanecartthioate (108a) was treated with 4
(methoxyphenyl)zinc pivalat&?) under various conditions (TalB® In the absence of a catalyst, ketone
11C0awas obtained in only 9% vyiel@igble 5 entry1). Although palladium and nickale weltknown metal
catalysts for the Ftuyama acylation, the use of cheaper and more abundant catalysts is highly desirable.
Whereas, MnG] CrGJ, FeClor CuGlgave unsatisfying results (entrie?, CoClproved to be an excellent
catalyst for this transformation (entry 6). Its catalytiti@ency could be further improved by the addition

of various ligands. After a short screening it became clear thatdit{étt-butyl-2,2-dipyridyl (dtbbpy)

gave the best results leading to the ketoh&0ain 88% isolated yield (entry 11).
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RESULTS AND DISCUSSION

Table5: Optimization of the reaction conditions for the acylation of thioest®Bawith arylzinc pivalat&2.
MeO—@—ZnOPiv
(0]
0 @ 72 (1.9 equiv)
~ -
S N -
O)‘\ catalyst (10 mol%),
ligand (10 mol%), OMe

108a THF, 25°C, 4 h 110a
Entry Catalyst Ligand Yield of110a[%]%

1 - - 9

2 MnCb - traces

3 CrCl - traces

4 FeCl - 50

5 Cud - 29

6 Cod - 67

7 Cod PPRP! 63

8 Cod TMEDA 64

9 Cod neocuproine 49

10 Codl bipy®©! 71

11 CoCl dtbbpy! 90 (88¥!(87)"
12 CoQld dtbbpy™ 86

[a] Reactions were performed on a GrBnol scale. Determined by G#halysis. Tetradecane 1#B30) was used as internal
standard. [b] 20% of the ligand was used. [c]-B®Yyridine. [d] 4,4Ditert-butyl-2,2-dipyridyl. [e] Isolated yield. [f] Reaction was
performed on a Snmolscale. [g] Co&({99.99% purity) was used.

At this point,it wasverified that no other metal contaminations are responsible for this catalysis. Thus,
using CoGK99.99% purityjogether with anew stirring bar and reaction vesdet to 110ain 86% yield

(entry 12)%” Furthermore, a screening showed that RC(O)SPy thioesters are superior to thioesters of type
RC(O)SEt or RC(0)&Ph.

3.3 CobaltCatalyzedAcylationof Alkylthiopyridyl Esters with (Hetero)Arylzic Pivalates

With the optimized conditions in hand, the scope of the acylation reactionexamined In a typical

experiment palmitic acidvas treated wih 2,2 dipyridyl disulfide (1.Equiv) and PPh(1.5equiv) in

% For further details, seev. Experimental PartTablesl3and 14.
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acetonitile (0.3M) under reflux for 31. Short purification using flash column chromatography afforded
108b in 98% yieldZincpivalate109awas prepared by treating-thromo-3,4-(methylenedioxy)benzene
with Mg (1.2equiv) and anhydrous LiCl.2kquiv) for 2h at 0°C leading to the corresponding
arylmagnesium derivative (91% yietd)Transmetalation with Zn(OPivj1.0equiv) afforded the zinc
organometallic109a in 93% yield® The thioester108b was treatedwith 3,4(methylenedioxy)1-
phenylzinc pivalate109g in the presence of 10 % Cp@hd 10%dtbbpy in THF (25C, 4h) furnishing
after standard workup and chromatographic purification the ketdd®bin 90% yield (Tabl&, entry 1).
According to this procedure various ketones of typ20 were prepared. Hence, the heterocyclic
indolylzinc pivalate1(09b) was acylated with palmiti€pyridyl thioate (08b) furnishing ketonel10cin
74% vyield (entry 2). Additionally, secondary thioesters derived from cyclobutél®Bc) and
cyclohexanecarboxylic cal (108a) were employed to this acylation procedure leading to the
corresponding ketonesl(0d-g) in 6395% vyield (entries -8). TertiarySpyridyl esters108d and 108e
derived from tadamantanecarboxylic acid and the lipid regulating drug gemfiBfaeicted smoothly
with various functionalized arylzinc pivalates affording acylation prodadeh¢k) in 6181% yield (entries
7-10).

% A. Krasovskiy and P. Knochel, Synth26i86 890891.
%P, A. Todd, A. War@rugs1988 36, 314339.
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Table6: Ketonesl10obtained by the acylation of various alkylthiopyridyl este@8with (hetero)arylzinc pivalates09.[2!

PivOZn X
| —FG
4
. (0}
o) A 109 (1.9 equiv)
J > Alk X
Alk S N CoCl, (10 mol%), | /—FG
dtbbpy (10 mol%),
108 THF, 25°C,4 h 110
Entry Thiopyridyl ester Zinc reagent PivOZn-R Product
108 (yield)®! 109 110: yield[®
(o}
i T °
C5H34
C15H31)j\spy (0] >
O
1 108b (98%) 109a 110b: 90%
. (0]
o) A\
CqsH SP
15M31 y I‘Vle N‘
Me
2 108b (98%) 109b 110c: 74%
(o}
O ~
e T 70
CF
8 CFs
3 108¢c (79%) 109¢ 110d: 84%
I L i
D)J\ SPy NMe; D)J\Q\
NMBZ
4 108c (79%) 109d 110e: 95%
10 o}
O)I\SPy | :
F
F
5 108a (76%) 109¢e 110f: 60%
O
o] .~ F
F
dSPy | :l
CN
CN
6 108a (76%) 1091 110g: 79%
(o] O
J ~ C _CF3 CF
SPy 8
7 108d (85%) 109g 110h: 61%
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Table6: continued

Entry Thiopyridyl ester Zinc reagent PivOZn-R Product
108 (yield)®! 109 110: yield(
O . O
~ E
SPy ©:
CN CN
8 108d (85%) 109f 110i: 81%
Me
/©i h o /@ i
CN
H*j\ Py ©/ Me (@)
Me Me Me Me
9 108e (98%) 109h 110j: 72%
Me
/@E -~ oTBS /@ ©
OTBS
M Py O/ Me 9)
Me Me Me Me
10 108e (98%) 109i 110k: 78%

[a] The reactions were performed @n0.5mmol scale [b] Isolated yield of th&pyridyl ester prepared from the corresponding
carboxylic acid, PySSPy (&dquiv), PPh (1.5equiv), MeCN, reflux, B. [c] Isolated vyield. [d] Prepared usingrMgdiLiCl
(1.1equiv), THF20°G 2h.

3.4 Colalt-Catalyzed Acylabn of (Hetero)Arylthiopyridyl Bters with (Hetero)Arylzinc Pivalates

Furthermore, the acylation reaction was extended to aayld heteroandSpyridyl esters (Tabl&). Ttus,
(4-(ethoxycarbonybphenylyinc pivalate 109)) preparedvia I/Mg-exchange usingPrMgdiLiCl followed

by transmetalation with Zn(OP®J was readily acylated wittSpyridyl ester 108f affording the
benzophenonelld in 71% vyield (entry 1)Also, 2benzothiophenylzinc pivalaté09k generatedvia
directed metalation of benzothjshene using TMPMGgICI and subsequent transmetalation with
Zn(OPiw® underwent a cobalt catalyzed acylation reaction wihef leading to the ketond.10m in 68%

yield (entry 2). Various substituted aryl thioesters and ferrocenyl derivatives reacted successfully with
functionalized (hetero)arylzinc pivalates affording the diaryl ketdtiE®-r in 81-96% yield (entrie8-7).
Additionally, 4trifluoromethoxyphenylzinc pivalatelQ9n) was acylated using quinoline thioested§
furnishing ketonel10sin 68% yield (entrg).%’

9 For unsuccessful acylation reactions with (hetero)arylzinc pivalates including several electréwpeterocyclic
and sterically hindered organozinc reagents, sé&xperimental PartSchemes8.
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Table 7: Ketonesl10obtained by the acylation of (hetero)ar@ipyridyl thioestersl08with (hetero)arylzingivalates1092l

PivOZn X
| —FG
o4
. 0}
o) A 109 (1.9 equiv)
| Z > (Het)Ar A
(Het)Ar” s N CoCl, (10 mol%), | _JFG
dtbbpy (10 mol%),
108 THF, 25°C,4 h 110
Entry Thiopyridyl ester Zinc reagent PivOZn-R Product
108 (yield)!! 109 110: yield[®
o) O
i L SRS
CO,Et CO,Et
1 108f (84%) 109j( 1101: 71%
0}
-
- <10
o :
2 108f (84%) 109ke!
O F
o O
Cl OMe
3 1089 (66%) 1091 110n: 92%
0} o}
~ SMe
~ SM
| A SPy f AN e
MeOy— MeOy-
4 4
4 para: 108h (69%) 109m para: 1100: 96%
ortho: 108h' (96%) ortho: 1100': 71%
0} - (0]
SPy ©\
F
MeO MeO F
5 108h (69%) 109e 110p: 86%
OCF;,
S
1 N ]
F|e e} ©\ F|e le)
= OCF; =
6 108i (91%) 109n 110q: 81%
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Table7: continued

Entry Thiopyridyl ester Zinc reagent PivOZn-R Product
108 (yield)®! 109 110: yield®
I\Ille
N
/
SP S~
ST
1] '
Fle le} N\ F|e o)
= Me =
7 108i (91%) 109b 110r: 84%
(0]
Z -
N I SPy | \
N OCF N
S 3 O OCF,4
8 108j (75%) 109n 110s: 68%

[a] The reactions were performed on a @rnol scale [b] Isolated yield of th&pyridyl ester prepared from the corresponding
carboxylic acid, PySSPyl(&équiv), PPh(1.5equiv), MeCN, reflux, B[c] Isolated yield [d] Prepared usiiRyMgdiLiCl (1.Zquiv),
THF;40°G 2h. [e] Prepared using TMPM@GCI (1.Gquiv), THF, G 3h. [f] TMEDA was used instead of dtbbpy.

35Cobal I Gt @1 SR !CO@ISPyid) Btgrssanikh Arylzinc Pivalates

The synthesis of -chiral ketones is of great interg8t%5:9%% hyt often challenging under basic
conditions due to epimerization. Also, reactions under-rgtral conditions have been reported by
Liebeskinckt al.for the synthesis of highly enantiopure peptidyl ketoig¥/e also tested the applicability
of thiscobakkOl G t 8T SR F O0eft I GA2y (2 (&hBal e®dntdUkIfyEchi@mlS2 T
pyridylesters at *Cafforded several -chiral ketores wth high stereoretention (Tabl8). Thus Spyridyl
ester 108k prepared fromN-Boc protected §-proline was treated with arylzinc reagenf® and 109a
leading to the corresponding -chiral ketones110t-u in 7282% yield and >99%e (entries 12).
Furthermore, thioester108 derived from enantiopure §-ibuprofen reacted smoothly with the
functionalized arylzinc pivalatd9oand 109mleading to theproducts110ww in 71-89% yield and 94

97%ee (entries 34). Also, arylzinc pivlalates09p and 109q bearing an amide or dimethylamino

%a) G. T. Crisp, T. P. Bubrigynth. CommuriL99Q 20, 16651670;b) G. Cahiez, E. Metaiketrahedron Lett1995

36, 64496452;c) T. Fukuyama, H. Tokuyamddrichimica Act2004, 37, 106101;d) A. H. Cherney, N. T. Kadunce,
S. E. Reismad, Am. Chem. S&013 135, 74427445;e) R. Oost, A. Misale, N. Maulidengew.Chem. Int. EQR016

55, 45874590.

% a) H. L, H. Yang, L. S. Liebeskifudg. Lett. 2008 10, 43754378;b) L. S. Liebeskind, H. Yang, HAhgew.Chem.
Int. Ed.2009 48, 14171421.
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RESULTS AND DISCUSSION

functionality were acylated using optically pusépyridin-2-yl)-(§-2-methylbutanethioate furnishing the
h-chiral ketonesl10xy in 69-84% yield and 998%ee (entries 56).

Table8: Preparation of' -chiral ketonesl10by acylation of thiopyridyl esterf8with (hetero)arylzinc pivalateg09.[2

PivOZn X
| —FG
fe) | S 109 (1.9 equiv)
R! Z
S N CoCl; (10 mol%), —FG
R2 dtbbpy (10 mol%),
THF, 0°Ctort, 4 h

108
Entry Thiopyridyl ester Zinc reagent PivOZn-R Product
108 (yield)[! 109 110: yield®
OMe
SPy s
N
Boc (0] OMe ,}j
Boc 0
1 108k, (73%; >99% ee) 72 110t, 72%, >99% ee
p
Oﬁ(spy N 0 (0]
N >
Boc 0 0o '}‘
Boc 0o
2 108k, (73%; >99% ee) 109a 110u, 82%, >99% ee
Pr 0 . Pr O Q
w OO 0
Me M
Me e OMe
3 108l, (96%; 98% ee) 1090 110v, 89%, 97% ee
i-Pr O .- SMe iPr (0]
SMe
SPy
Me Me
4 1081, (96%; 98% ee) 109m 110w, 71%, 94% ee
. o}
o N
Me
Me/\HLSPy ° Me 0
Me NMe,
NM62
5 108m, (97%; 98% ee) 109p! 110x, 69%, >95% ee
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Table8: continued

Entry Thiopyridyl ester Zinc reagent PivOZn-R Product
108 (yield)r! 109 110: yield(
(0] (0]
S NM
©2 NMe,
Me SPy Me
Me Me
6 108m, (97%; 98% ee) 109q 110y, 84%, 98% ee

[a] The reactions were perforad on a 0.5mmolscale and at 0C instead of 258C [b] Isohted yield of the $yridylester prepared
from the correspondig carboxylic acid, PySSPy €qQiv), PPh(1.0equiv), MeCN, 0Cto 25°C 16h. [c]lIsolated vyield. [d]
Prepared usingPrMgdLiCl (1.1 equiv), THF?Q 2h.

3.6 Mechanistic @nsiderations

To gain insights into the reaction mechanism, radical giag experiments were carried out. Thus, to a
standard acylation setup of the developed protocol ustqyridyl ester108a and organozinc pivalaté2
various amounts of the radical trapping agent 2,2-@&@amethylpiperidinyloxyl (TEMPO) were added
(Schene 42). With 10% of the trapping reagent a decrease of the yield by 19% was observed for the
acylation productl10a. However, using 1.8quiv of TEMPO the product formation is almost completely

suppressedThis may indicate the involvement of radical intermediates within this acylation rea€tion.

7(,\1} (xx mol%)

0.
(TEMPO)
MeOOZnOPiv entry TEMPO  GC-yield of 110at
0 A , *
72 (1.
| _ (1.9 equiv) _ 1 i 90
S” N >
COC|2 (10 mol%), 2 10% 71
dtbbpy (10 mol%), OMe
108a THF, 25°C, 4 h 110a 3 150% 6

Schemed2: Cobaltcatalyzed acylation reaction in the presence of various amounts of TEP@tradecane (GHso) was used

as internal standard

100 For further details, seeV. Experimental PartTablel5.
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3.7 Application of the CobalCatalyzed Acylation Reaction to Synthesis of Fenofibrat

The utility of this acylation weademonstrated in the synthesis tife anitlipedemic drug fenofibraté
(110z, Scheme43). Alkylation of 4dodophenol (12) with isopropyl 2bromo-2-methylpropanoate {13)
affords the corresponding iodaryl ether114in 70% yield114 was treated withMg, LiCl an&n(OPiw)
generating the arylzinc pivalat®9rin 72% yield® Using the new cobaltatalyzed acylation procedure,
fenofibrate (L10z) was obtainedn 65% yield.

Y

|
I Me, Me oPr KOH (1.0 equiv) Me  Me
\©\ " Br)ﬂ( O)Qn/o/'Pr
OH (0]

EtOH, reflux, 24 h 5
112 (1.0 equiv) 113 (1.0 equiv) 114, 70% yield

Mg (1.2 equiv),
= o LiCl (1.2 equiv),

~ | Zn(OPiv); (1.0 equiv),
N™ 7S THF, 25 °C, 4 h
0 Cl .
ZnOPiv
108g, (0.53 equiv) Me, Me
Me, Me < iPrO
iPro o 0
0 (o] CoCl, (10 mol%), dtbbpy (10 mol%),

(0] THF, 25°C, 4 h

110z: 65% yield 109r, 72% yield
fenofibrate

Schemet3: Synthesis of fenofibratel(0z) using the Ceatalyzed acylation.

101G, M. Keating, K. F. Croobrugs2007, 67, 121:153.
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4. Mild and Regioselective Magnesiation and Functionalization of Aryl Azoles as a

Powerful Tool for the Synthesisf Pharmaceutically Relevant Targets

4.1 Introduction

Aryl azoles are widely spread scaffolds in biologically active compolralyl azoles are present in
various blockbuster drugs, such as rimonabdhtelecoxib® and apixaband® (Figurel). The synthesis

and future derivatization of such compounds is therefore of high importance.

0 F3C, 0
HN Me fq H,N
N Vo 2
3 ~ 5 -
.N Me .N \ [\Q
Cl
Cl g
O=§=O
Cl NH, OMe
Rimonabant Celecoxib Apixaban
(antiobesity) (anti-inflammatory) (anti-coagulant)

Figurel: Biologically active compound®ntaining an aryl azole motif.

A commonly usedrtho-functionalization of the aryl ring in these scaffolds involves transition metal

catalyzed @4 arylations®% However, these reactions usually require harsh conditions and often

1025, Henness, D. M. Robinson, KLysengWilliamson,Drugs2006 66, 21092119.

103 T, D. Penning, J. J. Talley, S. R. Bertenshaw, J. S. Carter, P. W. Collins, S. Docter, M. J. Graneto, L. F. Lee, J. W.
Malecha, J. M. Miyashiro, R. S. Rogers, D. J. Rogier, S. S. Yu, G. D. Andersotori. JGNBCogburn, S. A. Gregory,
C. M. Koboldt, W. E. Perkins, K. Seibert, A. W. Veenhuizen, Y. Y. Zhang, P. Cl.IséédoGhenl 997, 40, 1347

1365.

104D, J. P. Pinto, M. J. Orwat, S. Koch, K. A. Rossi, R. S. Alexander, A. Smallwood, PACRWRengina, J. M.
Luettgen, R. M. Knabb, K. He, B. Xin, R. R. Wexler, P. Y. B.Math,Chen2007, 50, 53395356.

195 For seleted reviews on & activationa) D. Alberico, M. E. Scott, M. LauteBaemRev.2007, 107, 174238;b)

L. AckermannSynlett2007, 2007, 507526;c) P. B. Arockiam, C. Bruneau, P. H. Dix@hdmRev.2012 112, 5879
5918;d) N. Kuhl, N. Schroder, F. Gloriddy. Synth. Cata2014, 356, 14431460;e) Y. Yang, J. Lan, J. YChem. Rev.
2017, 117, 878%8863;f) P. Gadeepan, T. Miller, D. Zell, G. Cera, S. Warratz, L. Acker@ham. Re\2019 119,
21922452.

106 3) F. Kakiuchi, M. Matsumoto, K. Tsuchiya, K. Igi, T. Hayamizu, N. Chatani, S. Kugaipomet. Cher2003

686, 134144;b) S. Oi, E. Aizawa, Y. Ogino, Y. Indu&rg. Chem2005 70, 31133119;c) L. Ackermann, A.
Althammer, R. Borr§ynlett2007, 2007, 28332836;d) S. Oi, H. Sasamoto, R. Funayama, Y. I@hem. Lett2008

37, 994995; e) M. Simonetti, D. M. Cannas, XistBaringo, |. J. Vitoriedrezabal, |. Larrosdlat. Chem2018 10,
724-731;f) L. Ackermann, A. Althammer, R. Bofiefrahedron2008 64, 61156124;g) S. H. Kwak, N. Gulia, O.
DaugulisJ. Org. Chen2018 83, 58445850;h) S. Oi, H. Sato, S. Sugsaay Y. InoueQrg. Lett.2008 10, 18231826;

i) L. Ackermann, R. Born, R. Vice@@eemSusChe009 2, 546549;j) C. J. Teskey, S. M. A. Sohel, D. L. Bunting, S.
G. Modha, M. F. Greanefngew. Chem. Int. EA017, 56, 52635266.
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predominantly lead to alouble arylated product, which severely limits this methodol&f/0%-106a.107

An alternative for the selective functionalization of aryl azoles may be the directed tdeatmn with a
sterically hindered metal amide base. Especially, magnmesand zinederived TMFbaseshave provedo

be powerful and selective reagents for the functionalization of various (hetero)areiies®® However,

a regioselective metalation of aryl rings linked to adwd¢erocycles is especialljhallenging, due to the
competitive metalation of thé\-heterocycle itself. A potential approach to achieve a highly regioselective
metalation at the aryl ring is the avoidance of coordinating solvents such as THF, which competes in a
selective complexationf the base with the nitrogen atom of the azole rif§Thus, the use of hindered
magnesium amides in hydrocarbons or related solvents should be beneficial. In the past, Hagadorn
showed, that TMR2y A & |y SE OS t-dn&ioid of ddricuSarbdhgl bdmioén8s ahd the
metalation of pyridineN-oxide in toluene*° Furthermore, Mulvey and eworkers reported several mixed
bimetallic amide bases, which were used for metalation reactions incoondinating hydrocarbon
solventst!?

In the following ahighly selective and broadly applicable magnesiation of various aryl azoles in toluene

and subsequent crossouplings and electrophilic quench reactions is reported.

4.2 Optimization of the Metalation Conditions

In preliminary experiments, the selectiveagnesiation oN-aryl-1,2,3triazole 115a using various metal

amide basesvasinvestigatedTable9). As expected, the use of strong bases like TMPLI did not lehd to t

1073) O. Daugulis, V. GaitsevAngew. Chem. Int. EA005 44, 40464048;b) S. Oi, R. Funayama, T. Hattori, Y. Inoue,
Tetrahedron2008 64, 60516059.

198 For recent publications on directed metalation using Fii€tal bases, see a) D. S. Ziegler, R. Greiner, H. Lumpe,
L. Kqgiku, K. Karaghiosoff, P. Knoctef). Lett.2017, 19, 57605763; b) M. Balkenhohl, R. Greiner, I. S. Makarov, B.
Heinz, K. Karaghiospffl. Zipse, P. Knoch&hem. Eur. 2017, 23, 1304613050; c) S. B. Boga, M. Christensen, N.
Perrotto, S. W. Krska, S. Dreher, M. T. Tudge, E. R. Ashley, M. Poirier, M. Réilhawkk, Streckfuss,d..Campeau,

R. T. Ruck, I. W. Davies, P. VadRahct. Chem. Eng017, 2, 446450; d) M. Balkenhohl, B. Salgues, T. Hirai, K.
Karaghiosoff, P. Knoch€yg.Lett.2018 20, 31143118; e) M. Balkenhohl, H. Jangra, T. Lenz, M. Ebeling, H. Zipse, K.
Karaghiosoff, P. Knochélngew.Chem. Int. EQ2019 58, 92449247.

109M, C. Whisler, S. MacNeil, V. Snieckus, P. Bemjew. Chem. Int. EB004 43, 22062225.

110 3) M. L. Hlavinka, J. R. Hagaddbrganometallics2007, 26, 41054108; b) M. L. Hlavinka, J. R. Hagadorn,
Tetrahedron Lett2006 47, 50495053.

1113) V. L. Blair, L. M. Carrella, W. Clegg, B. Conway, R. W. Harrington, L. M. Hogg, J. Klett, R. E. Mulvey, E. Rentschler,
L. RussoAngew. Chem. Int. E@008 47, 62086211;b) A. J. MartineMartinez, S. Justice, B. J. Fleming, A. R.
YSYyySRe&I L® 5@ | dScitndesAdiare@017 3pelf0ds832hdp A.[INMaRinkartinez, D. R.
Armstrong, B. Conway, B. J. Fleming, J. Klett, A. R. Kennedy, R. E. Mulvey, &t90nRGb T. O'Har&hemical
Science014, 5, 771781, d) R. E. MulveyOrganometallic2006 25, 10601075;e) A. J. MartineMartinez, A. R.
YSYySReI wod 9o Scimic@® 4 H6 834 S B Roberisdn, N\ Uzelac, R. E. MulZégm Rev.

2019 119, 83328405;g) M. A. Stevens, F. H. Hashim, E. S. H. Gwee, E. |. Izgorodina, R. E. Mulvey,Ghémiity,

A European Journ2018 24, 1566915677;h) M. A. Fuentes, A. Zabala, A. R. Kennedy, R. E. MGlvemistryA
European Joual 2016 22, 1496814978.
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desired aryllithium reagend, but exclusively afforded the unwanted metalation at the 1;2i&zole ring

(B, entry 1). Similarly, mixtures éfandBwere obtained with TMPMgIiCl or TMEMg in THF? (entries
2-3). As mentioned abovd, wasanticipatedthat the use of the highly coordinating solvent THF hampers
a selective coordination at the N¢@jom.However,TMPMg in toluene proved to be too reactive, leading

to extensive decomposition of the staring materdidba (entry 4).

Table9: Screeningf the metalation ofl15a

" ™S ™S ™S
N N
i
! 3 54
N N N M

1 base (xx equiv) N N
solvent, temp, time - M '
Cl Cl Cl
115a A: M = Lj or MgX B: M = Li or MgX
Entry Base Equiv Solvent Time Temp A Bl
1 TMPLI 1.2 THF 0.5 -718°C 0% 99%
2 TMPMgCLICI 1.2 THF 1 rt 39% 19%
3 TMRBMg 1.2 THF 1 rt 67% 23%
4 TMBMg 1.2 toluene 1 rt decomposition
5 TMPMgBu 1.0 toluene 1 rt 81% 3%
6 TMPMgBu 1.0 THF 1 rt 78% 3294
7 iPLNMgBuU 1.0 toluene 1 rt 67% 3%
8 CyNMgBuU 1.0 toluene 1 rt 65% 2%

[a] Metalation yields were determined from;D quenched reaction aliquots and subsequafNMRanalysist3 [b] including

bismetalated species.

Therefore the attention wasturned to TMPMgBt*, which was conveniently prepared by treating TMP
H with commercially available Bvg in hexane (28C 48h) affording a clear 0.7@.81 M solution (9498%

yield, Schemd4). Ananalysis of iodolyzed samples of the reagent revealed, that the reagent contdins 60

1123) P. E. Eaton, C. H. Lee, Y. Xihingn. Chem. Sd989 111, 80168018;b) P. E. Eaton, Y. Xiong, R. Gildrd\m.
Chem. S0d 993 115, 1019510202; c) T. Ooi, Y. Uematsu, K. Marudkarg.Chem2003 68, 45764578.

113 For further details, seeV. Experimental Part5.2 Preparation of Organometallic Reagents and Metalation
Optimization

114 3) E. Hevia, A. R. Kennedy, R. E. Mulvey, S. Weatherstogew. Chem. Int. EQ004, 43, 17091712;b) B.
Conway, E. Hevia, A. R. Kennedy, R. E. Mulvey, S. WeatheBsitioa Trans2005 1532-1544.
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n-butylmagnesium and 4@ secbutylmagnesium specie$hismetal amideproved to be highly selective
affording the desired metalated 1,2t8azole A within 1h (A:B = 81%3% entry 5). The choice of the
solvent was crucial in this experiment, since performing the metalation with TMPMgBu in THF provides a
mixture of A:B including double metala&d product(entry 6). Otheralkyl magnesium amides, such as

iPENMgBu or CGNMgBu did not improve the reaction outcome (entrié8).'*°

Bu,Mg (1.0 equiv, in hexane)
;: :k > N.
N M

H t, 48 h

94-98Y
TMP-H ( %) 60%al 40%2l

TMPMgBu (0.74-0.81 M)
Composition of Bu,Mg: 60% nBu, 40% sBul?l

Schemed4: Preparation andcomposition of TMPMBu. [a]Yieldsand compositiorwasdetermined by G@nalysis of iodolyzed
aliquots using undecan&iiH4) as internal standard by comparison with a calibration curve of various amounts of the respective

molecule and undecane.

4.3 Metalation ofFunctionalized Aryl Triazoles

With these results in handhe scope of the metalation reactiomasexamined.Thus, various substituted
aryl triazoles were successfully deprotonated using TMPMgBu (SchA&neélhe metalation of the
electrondeficient (4-fluorophenyl}4-(trimethylsilyl}1H-1,2,3triazole (@(15b) proceeded within h
leading to 86% of the organomagnesium reag&mhéb. The unsubstituted phenyl derivatiEl5c was
metalated in 4h affording 72% of the desired metal reagehtiéc. The electrorrich 1-(p-tolyl)-4-
(trimethylsilyl}1H-1,2,3triazole (15d) required a prolonged metalation time oft6furnishingl16d in
68% vyield. Interestingly, the metalation ofdlemethoxy aryl triazolel15e proceeded significantly faster
(4h) leading toll6e in 77% vyield. This might be explained thg electronpushing propertyof the
methoxy group, which leads to an increased electron density in the triazole moiety, thus facilitating a
coordination of the TMPMgBu ba$¥.The metalation of the correspondimgeta-methoxy derivativel 15f
and theortho-fluoro triazole115g afforded 116f and 116g in 70% and 80% yield, respectively. However,

115 For further details, seeV. Experimental PartTablel6.
116D, W. Slocum, E. A. Maulden, P. E. Whitley, T. K. Reinscheld, C. S. Jackson, J. EEuvlatidorg. Cher2017,
2017, 68826884.
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using 4butyl-1-(4-fluorophenyl}1H-1,2,3triazole only afforded mixtures of metalation at the arene and

the triazole!'”

TMS
TMS /N {
!
D N,
N B N
R TMPMgBu (1.0 equiv)  Rs MgX
3 A >
toluene/hexane R2
R? rt, 1-6 h R’
R1
115a-g 116a-gl!
A:BP!
TMS TMS TMS TMS TMS TMS TMS
b B N ke ke b N
N R N N N N N
MgX MgX ©/ng MgX MgX @ng F\©/ng
OMe
Cl F Me OMe

116a 81% (1 h) 116b 86% (1 h) 116¢ 72% (4 h) 116d 68% (6 h) 116e 77% (4 h) 116f 70% (6 h) 1169 80% (3 h)
A:B =96:4 A:B >99:1 A:B =94:6 A:B =99:1 A:B >99:1 A:B=97:3 A:B =98:2

Schemed5: Metalation of various aryl triazole derivativestype 115. [a] Metalation yieldsvere determined by!H-NMR analysis
of D,O-quenched reaction aligus. Metalation time in bracket’t3[b] Metalation ratio in[%)] determinedby 'H-NMR analysis of

D,O-quenched reaction aliqus.113

4.4 Pdladium-Catalyzed Cros€oupling of Arylzinc @&agentsderived from Aryl Triazoles

Next,the applicabilityof the arylmetal specie$l6a-gin palladiumcatalyzed Negiskirosscouplingsvas
examined(Schemet6). After transmetalation with Znglthe resulting arylzinc reagent was coupled with
a (hetero)aryl bromide using 1% Pg@bpf). The coupling reactions proceeded smoothly with several
electronrich and-deficientaryl bromides furnishing the corresponding produti§at'®-ein 75-87% yield.
Remarkably, the reactiowith the sterically demanding-Bromo naphthalene led td17 in 74% yield.
Also, various fluorinated aryl bromides containing a trifluoromethpxypentatuorosulfinyt,
trifluoromethyl-, or fluorosubstituentwere coupled withvariousarylzinc reagentsffording the desired

productsl17g-jin 7095% yieldFurthermore, aange of heteroaryl bromides, such as pyridgyrimidy},

117 For unsuccessful substrates s¥eExperimental PartSchemeés9.
118 The structure ofll7awas confirmed by NOESWR, seeVI. Appendix 1.2 1-(5-Chloro-4'-methoxy[1,1"
biphenyl}2-yl)-4-(trimethylsilyl}1H-1,2,3triazole (117a).
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indolyt, and various thienyland furyl bromidescould beused as coupling partners leading to the

corresponding product$17k-r in 62-96% yield.

N
N N
1. ZnCl, (1M in THF, 1.2-1.5 equiv) N
Rs MgX 1, 10 min
R2 2. (Het)ArBr (2.0-2.5 equiv)
Pd(dppf)Cl, (1.0 mol%)
55°C, 18 h

2
W,
W

117a 84% 117b 78% 117¢ 87% 117d 85% 117e 75%

TMS TMS TMS TMS

&S i ¢ 3

T LT LT g
SASES & SRt
F F F OMe
117f 74% 1179 88%, 76%! 117h 95% 117i 70% 117 71%
T™MS ™S T™MS ™S
'8 '8 b8 0w
N p N p N /NW N N
| I ' /
N N N O
OMe
Cl Me Cl OMe
117k 84% 1171 69% 117m 62% 117n 84% 1170 89%
T™MS TMS ™S
'8 '8 '8
LS ~S [ CO,Et
(o]
Cl Cl
117p 65% 117q 96% 117r 94%

Schemel6: Palladium-catalyzed crossoupling of magnesiunergents of type 16. [c] All yields refer to isolated analytically pure

compounds[d] Reaction performed on Bhmol scale.
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4.5 Metalation of Functionalized Aryl Azoles

The metalation was extendkto other aryl azoles (Schem@). Treating 4(4-chlorophenyl3,5-dimethyt
1H-pyrazole {18a) with TMPMgBu (1.6quiv) for 1h afforded11%in 82% vyield. Also, the unsubstituted

aryl pyrazolel18 was selectively metalatedt @#he aryl moiety leading to the magnesium reagénib

(78% vyield). Remarkably, no competitive metalation of the azole ring was observed in any case.
Furthermore, 2,Edipheny}1,3,40xadiazole 118c) underwent a selective monmagnesiation affording

119 in 76% yield after B metalation time. The metalation of phenyl oxazolih#sd proceeded within

1 h leadingto the metalated substratd19d (77% yield).

TMPMgBu (1.0 equiv) _ MgX
toluene/hexane
rt, 1-2 h
R R
118a-d 119a-dl!
A:BP!
Ph (
Z I\

Iﬁ / N >=N\

N N O /N 0) /N

MgX MgX
MgX MgX

Cl Cl

119a 82% (1 h)P! 119b 78% (1 h)! 119¢ 76% (2 h) 119d 77% (1 h)

Scheme47: Metalation of various aryl azole derivatives. [a] Metalation yieldse determined by!H-NMR analysis of J0-

guenched reaction aliquots. Metalation time in brack&ts[b] No metalationat the heterocycle was observed3

4.6 Paladium-Catalyzed Cros€ouplingof Arylzinc reagentslerivedfrom Aryl Azoles

Negishi crossouplings were performed with metal reagenid9a-d after transmetalation to the
correspondingarylzincs (Scheme48). Negishicrosscouplings starting from reagent19a afforded the
compoundsl20a-b in 6895% vyield. Substrates containing a-8igethyl pyrazole group are of special
interest, since an oxidative removaia ozonolysis affords the corresponding anil#i®. Also, the

unsubstitutedN-aryl pyrable magnesium reageritl% was coupled with functionalized aryl bromides
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bearing a tosyl or nitrile group leading to the produt0c and 120d'!°in 8889 yield. The reaction of
119 with phenyl bromidefurnished2-(1,1*biphenyt2-yl)-5-phenyt1,3,40xadiazole 120e) in 80% yield,
which is a valuable precursor for the synttsesf organic electroluminescent compound$Furthermore,
a more electrordeficient derivative was synthesized followithgs procedure leading td20f in 75% yield.

Finally, the crossoupling of119d led tothe corresponding products20g and 120n'?'in 91-96% vyield.

X 1. ZnCl, (1M in THF, 1.2-1.3 equiv) X
MgX rt, 10 min (Het)Ar
2. (Het)ArBr (2.0-2.2 equiv),

Pd(dppf)Cl5 (1.0 mol%),
R 55°C, 18 h R

Y

Cl Cl
120a 95% 120b 68% 120c 89% 120d 88%

10 L., LOoT oo

120e 80% 120f 75% 120g 96% 120h 91%

N\

pd

Scheme48: Palladiumcatalyzed crossouplingof N-aryl azoles with (hetero)aryl bromidelg] All yields refer to isolated yields of

analytically pure compounds.

4.7 ElectrophilicTrappingReactions

The versatility of the new method was shown by performing various trapping reactions of arylmagnesium

reagent116a with several commonly useélectrophiles (Schemd9). Thus a reaction with J afforded

119 The structure of 120d was confirmed by crystal structure analysis, seél. Appendix3. Single Crystal-Ray
Diffraction Studies

1203, Feldmann, K. D. Dobbs, T. C. Gehret, C. D. McLaang,. US 20150236278 £D15

121 The structure of 120h was confirmed by crystal structure analysis, seét. Appendix3. Single Crystal-Ray
Diffraction Studies
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121ain 98% yield. Addition reactions @fl6a to benzaldehyde or MeS9®e led to the corresponding
alcohol 121b*?2 or the thioether 121c in 7586% vyield. Also, a tnemetalation with CuGiRLICl and
subsequent reaction with benzoyl chloride or an allyl bromide derivgtireeeeded smoothly furnishing

the productsl21d-e in 6277% yield.

N TMPMgBu (1.0 equiv) E*

toluene/hexane, rt, 1 h

cl cl Cl
115a 116a 81%@ 121a-el!
T™MS T™MS T™MS T™S ™S
'8 '8 '8 N”j ta \
N N~ OH N N
I M
Ph SMe
CO,Et
cl cl Cl Cl
121a 98%!°! 121b 86%!] 121¢ 75%¢ 121d 62%!1 121e 77%!9

Schemed9: Trapping of magnesium reagebt 6a with various electrophileda] Metalation yieldswvere determined by'H-NMR
analysis of BD-quenched reaction aliqus; 112 [b] All yields refer to isolated yieldsf analytically pure compound$g] I» (4.3
equiv); [d] Benzaldehyde (2.5 equiv);][MeSS@Me (2.5equiv); [ Transmetalation with CuGRLIiCl (3.@quiv), then benzoyl
chloride (2.5equiv); [d Transmetalation with CuGRLICI (3.@quiv), then ethyl Zbromomethyl) acrylte (2.5equiv).

4.8 Late-StageModifications

Demonstrating the synthetic utility of the cressupling products, various lattagemaodifications were
performed(Schemé0). Thus, dluoride mediated desilylation df17g affordedtriazole122in 91% vyield.
Treatingl17g with TMPMgBuU for 2 in toluene led to the arylmagnesium reageti23in 80% vyield. After
transmetalation with Zngh palladiumcatalyzed crossoupling with Sbromo-N-methyl indolefurnished
the bisarylated triazole124 in 88% yield.Furthermore the reaction of117g with 1,3-dibromo-5,5
dimethylhydantoin (DBDMHgd tothe corresponding bromid&25in 93%yield. Asubsequenpalladium

122 The structure of 121b was confirmed by crystal structure analysis, seét. Appendix3. Single Crystal-Ray
Diffraction Studies
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catalyzed Suzudrosscoupling of bromidel25 with an aryl boronic acid allows for the smooth

functionalization of the triazole moiety, affordidg@6'2%in 86% vyield.

H
N
TBAF N“_§
(1.5 equiv) N O OCF3
—_—
THF, 1t, 18 h O
Foo12291%
N TMS T™S T™S
1.ZnCly, 1 Min THF
n 23
N\‘g OCF3 TMPMgBu N"g OCF, (1.3 equiv) ° r\i’\‘g
N

M
s OCF
N O (1.0 equiv) N rt, 10 min N 3
—>XMg —> N\
O toluene/hexane 2. HetArBr (2.1 equiv)
rt,2 h Pd(dppf)Cl; (1.0 mol%)

°C,18h
F 123 80%!al 55°C, 18 F 124 88%

cl
Br .
:NA§ ArB(OH), (1.5 equiv)
1 0,
N’ OCF, PA(PPha)s (10 mol%) N
N O K,CO3 (2.0 equiv) R\

N OCF,4
O dioxane/H,0 3:1 O
reflux, 16 h O
F
125 93% 126 86%

F

Schemeb0: Latestage functionalization 0117g. [a] Metalation yields was determined B¥H-NMR analysis of D-quenched

reaction aliquots!13All other yields refer to isolated yields of analytically pure compounds.

123 The structure of 126 was confirmed by crystal structure analysis, se¥l. Appendix3. Single Crystal-Ray
Diffraction Studies
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SUMMARY

V. Summary

The first partof this thesis was focused on the development of new coloalialyzed reactions using
functionalized zinc organometallic8.cobaltcatalyzed alkylation of various aryl and heteroaryl halides
with functionalized primary and secondary alkylzinc reagemtss developed The catalytic system
comprisingan abundant cobalt catalysind abipyridyl ligandallowed the mild alkylation of several
N-heterocyclic halides, such as pyridines, pyrimidines, (iso)quinolines andzqglines, but alsaaryl
halides bearig ester, nitrile or ketone moietiesl,3- and 1,4disubstituted cyclohexylzinc reagents
including complex scaffoldderived from cholesterol onootkatorne were coupled withN-heterocyclic
halides affording the corresponding products in high diasteroseleitiés of up to 98:2Scheme51).

Furthermore, primary and secondary alkylzinc reagents were sucdgssiubled with alkynyl halides

Alk—ZnHal (1.5-1.9 equiv)
CoCl, (10-20 mol%)

Ir"\l Sy bipy or dtbbpy (20-40 mol%) 'r/\ | Sy
LAl A > U

~ X Hal THF, 0°Ctort, 16 h ~ X Alk

X,Y=N,CH 24 examples
58-95% yield

Selected examples:

Et0,C._~ Me. Me (\N EtO.C 0 CO-Et
M \NJ\/\E> \©\/\’/O
N & DO AG
S o E

76% 71% 82% 73%
Diastereoselective Cross-Couplings:

iPr

from cholesterol from a nootkatone derivative
63% 78% 52%
(dr=96:4) (dr =98:2) (dr =98:2)

Schemeb1: Cobaltcatalyzed crossoupling of primary alkylzinc reagents with (hetero)aryl halides.
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Moreover, acobaltcatalyzedCsp-Csp crosscoupling of functionalized dialkylzinc reagents with various
primary and secondary alkyl iodides was develoidlkylzinc reagents bearing sensitive funectlities
were readily preparedviamagnesium insertio in the presence of 0.5 equAnCJ. With 1,2-disubstituted
cyclohexyl iodidesthe crosscoupling proceeded in a diastereoselective fashiaffording the
corregponding couplingproducts with diastereoselectivities up to 89:1Furthermore, the catalytic
systemallowedthe smoothcoupling of benzylic and allylic halidg€&chemé?2). Mechanistic investigations
with radicalclock precursorsuggest the involvement of radical intermediateghivi the course of the

reaction.

R/‘);Zn (0.75 equiv)

CoCl; (20 mol%),
Me4DACH or neocuproine (20 mol%)
TBAI (2.25 equiv)
Alk—I - Alk;,L/R
MeCN, rt, 16 h

Selected examples:

- (@)
f} e
O\) \/D 4 AN OAC
©j\c N CX/\/\/ /@/\)\, \/\C‘\J . CO
oc
N MeO
Ts

63% 62% 2% 65%

Me__Me
\ (0)
NN 0 Me /j
N O\ o/\)\,f'\/\M'SC%Et :\\\)\O EtO\ﬂ/\/\/\/\ro
N MeO 2
Me

66% 68% 67% 90%
dr= 89:11

Scheme52: CobaltcatalyzedCsp-Csp crosscoupling of various primary and secondary alkyl iodides with functionalized

dialkylzinc reagents.
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Also, a cobaitatalyzed Fukuyamtype acylation of organ&pyridyl esteravith (hetero)aryl zinc pelates
was developedThe reaction proceeded with a varietymfmary, secondary and tertiary alkyl, benzyl and
(hetero)aryl Spyridyl esters which were readily preparedtarting directly from the corresponding
carboxylic acidsinder mild reaction condibns This method avoidthe preparation of atransient acyl
chloridethus enablinga smooth synthesis of polyfunctional ketones. Furthermore, tblsatt-catalyzed
acylation allow forthe synthesis2 ¥ & S@S NI t 2 LdbhifalCketdnés&ronStyeRifespansing b
enantiopure Spyridyl esters with very high stereoretention(94% to >99%e€). Additionally, the

antilipidemic drug fenofibrate was synthesized in a short sequéBchemes3).

R2—ZnOPiv

CoCl; (10 mol%),
le) PySSPy, PPhs, MeCN o) Z | dtbbpy (10 mol%) _ 0

- I L)

/
1 17, p2
R™ "OH (efiux,3horo°c,16h R 87 °N”  THF 0°Cor25°c,4h R ‘R

y

R': 1°, 2° and 3° alkyl, benzyl, (hetero)aryl 66-98% yield 60-95% vyield
R?: (hetero)aryl

Selected examples: Me
0 N (0] OMe
F / A®
N
1 ~
CN Fe © O OCFs Nl
= Boc
81% 84% 68% 72%, >99% ee
(o}
iPr O 0 o)
NMe, Me  Me
CoQ,, ot A U
© OMe Me o
89%, 97% ee 84%, 98% ee 65%

fenofibrate

Schemeb3: Cobaltcatalyzedacylation of organdpyridylesters using (hetero)arylzinc pivalates.
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The second part ofthis thesis dealt with the development @f highly regioselectivenagnesiationof
arylazoleausingthe mixed magnesium amide TMPMgBu. This base sftivihe selective deprotonation
of the aryl moiety circumventing théeprotonationof the moreacidicsites at the N-heterocycle The key
for ahighregioselectivity was theeplacement of THF ifie non-coordinating hydrocabostoluene and
hexaneasreactionsolvents The metalation proceesivith excellent regioselectiwtat various substituted
aryl 1,2,3triazoles, pyrazoles, oxadiazoles and oxazolines affordftey transmetalation with Zngand
subsequent palladium catalyzed crassupling several mono-arylated N-aryl azolesin high yields
(Schemebd). Furthermore,the arylmagnesium reagent was trapped with vari@lsctrophilesincluding

iodine, thiomethylsulfonate and benzoyl chlorid&ordingfunctionalizedN-aryl azoles

Afo TMPMgBu (1.0 equiv) Ler 1.ZnCl, LX'N
S toluene/hexane X MgX o (Het)ArBr, N (Het)Ar
R—./ R—./ Pd(dppf)Cly (1.0 mol%) R—./
68-86% 62-96%

N N — N
[ CO,Et S /
O O CO,Et O OTs
OMe
Cl Cl
94% 65% 84% 75% 89%

Schemeb4: Regioselective magnesiation of variddsiryl azoles and subsequent palladiaatalyzed cres-coupling.

Finally, the versatility of the resulting scaffolds was showpédisforminglate-stage modifications. Thus, a
second metalation and subsequent crasmipling afforded thedifunctionalized N-aryl triazole
Furthermore, transformation of the TMSoietyinto a bromidefollowed bySuzukicrosscoupling enabled

the diversfication ofthe triazole moiety (Schentsb).
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1. TMPMgBu (1.0 equiv),
toluene/hexane

(80%)
2.2ZnCl,
TMS 3. HetArBr, Pd(dppf)Cl,,
,l>l \ 55°C, 18 h
N (88%)

O 1. DBDMH (1.2 equiv),

DMF, 5 °C, 16 h
(94%)

2. ArB(OH),, Pd(PPh3),, K,COg3,
dioxane/H,0, reflux, 16 h
(86%)

Schemes5s: Latestage diversification of a functionalized aryl triazole.

Cl

OCF,
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EXPERIMENTAL PART

V. Experimental Part

1. General Considerations

All reactions were carried out with magnetic stirring and in dry glassware under an argon atmosphere
using Schlenkechnique. Syringes used to transfer solvents or reagents were purged with argon three

times prior to use.

1.1 Solvents

DCMwas predried ove€aCGland distilled from Ca

DMEwas predried over Cadnd distilled from sodium benzophenone ketyl under argon atmosphere.
DMFwas refluxed over Calil4 h), distilled from Catand stored over 4 A MS under argon atmosphere.
DMPUwas predried over &+ (4 h) and distilled.

MeCNwas purchased from Acros (99.9+% extra dry)

THFRwas purchased from Acros (99.5% exdrg, stored over molecular sieve, stabilized)

Toluenewas continuously refluxed and freshly distilled from sodium under nitrogen

Solventdor column chromatography were distilled prior to use.

1.2Reagents

Preparation of ZnGlsolution in THF (M)

In a dry and and argon flushe&thlenkflask ZnGI(40.9 g, 300nmol) was dried under high vacuum at
150°Cfor 4h. After cooling to 28C anhydrous THF wasdded until a total volume of 3DmL was
reached. The suspension was left stirring overnight at@and after 12h the salts had completely
dissolved. The stirring was stopped and the solution was left for some hours to become coyngliedel

The solution was stored over 4ndolecular sieveinder argon upon use.
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Preparation of Zn(OPiyy**

A dry, tared, 500 mL rourdottomed flask equipped with a magnetic stirring bar and a septum is charged
with toluene (250 mL, 0.2 m). Pivalic a@@.5 mL, 11.3 g, 1I@mol, 2.2 equiv) is added to form a colorless
solution. Zinc oxide (4.07 g, Btimol, 1.0 equiv) is added indLportions at 25Cover 15min to form a
colorless suspension. The flask was equipped with a {S¢ank apparatus (10 misyapped in aluminum

foil and toped with a reflux condenser (26n) and the suspension is stirred under nitroggrreflux in

an oil bath for 1éh. A viscous colorless suspension was obtained aftdr. Xdter cooling to 25C the
mixture is concentratedy rotary evaporation (50050 mmHg). The remaining pivalic acid and water
were removedn vacuofrom the reaction nixture using a vacuum line (OmimHg) and diquid nitrogen

cold trap (1000nL). The white solid was warmed to 180in an oil bath and ded for at leas 6 h. Zinc
pivalate (13.£13.2¢g, 48.249.7mmol, 98;99% vyield), is obtained as a puffy amorphous white solid.

CUuCN-2LiCl solution in THF ()%

LiCl (8.40 g, 20@émol) and CuCN (8.96 g, 1060nol) were driedin aSchlenkflask under higlvacuum at
150°Cfor 4 h. After cooling to 258G dry THF was added until a total volume of 100 mL was reached. The
suspension was left stirring overnight atom temperatureuntil all salts had completely dissolved. The

solution was stored under argon upon use.

Preparation ofiPrMgCI-LiCG#®

Magnesium turnings (2.67 g, 1ifmol) and anhydrous LiCl (4.66 g, Xafhol) were placed in an argen
flushed flask and THF (50 mL) wadext A solution oiPrCl (9.13 mL, 1a8mol) in THF (50 mL) was slowly
added at 25°C The reaction starts within a few minutes. After addition, the tescmixture was stirred
for 12h at 25°C The grey solution ofPrMgCl-LiCl was cannulated to anotliieisk under argon and

removed in this way from excess of magnesium. A yield of ¢8890fiPrMgCI-LiCl is obtained.

TMPH/ g landk MJ weredistilled from Caklunder argon prior to use.

124M. Ellwart, YH.Chen, C. P. Tullmann, V. Malakhov, P. KnobhslA ® H /& §yp K dwH ™ @
125p, Knochel, M. C. P. Yeh, S. C. Berk, J. Tdlb®ry. Cheni988 53, 2390-2392.
126 A, Krasovskiy, P. Knoch&hgew. Chem. Int. EB004 43, 33333336.
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Preparation of TMPLi

nBuLi (4nL, 10mmol, 2.5 M in hexaneyas slowly dded to a solution of TMPH (1m7L, 10mmol) in THF
(10Y[ 0 I°Gandstirred for30r Ay °G b nn

Preparation of TMPMg@LiCt?

A dry and argosilushed 256mL Schlenklask, equipped with a magnetic stirring bar and a septum, was
charged with freshly titratedPrMgCI-LiCl (100 mL, 1.2 m in THFd&wl). TMPH (17.8 g, 126mol, 1.05
equiv) was added dropwise at 26 The reaction mixture was stirred at 26until gas evolution ceased
(ca. 24 h).

t NBLI N} GAa2ly 2F ¢at

In a dry and argofiushedSchlenilask equipped with a magnetic stirring bar and rublseptum, TMPH
(2.69 ml, 10.00nmol, 2.00 equiv) was placed and R1g (7.04ml, 5.00mmol, 1.00 equiv, 0.7M in
hexane) was added at®@ The mixture was stirred for 48at room temperature resulting in a pale yellow

solution.

t NB LI NJ Gbra23/. a2 F / @&

In a dry and argoflushed Schlenkilask equipped with a magnetic stirring bar and rubkssptum,
dicyclohexylamine (1.99 ml, 10.@@mol, 2.00 equiv) was placed and Blg (7.04ml, 5.00mmol, 1.00
equiv, 0.7 in hexane) was added at°’@ The mixture was stirred for 48at room temperature resulting

in a pale yellow solution.

t NB LI Nk iaZydz2 F

In a dry and argoflushed Schlenklask equipped with a magnetic stirring bar and rubbseptum,
diisopropylamine(1.41 ml, 10.00mmol, 2.00 equiv) was placed and 84g (7.04ml, 5.00mmol, 1.00
equiv, 0.7 in hexane) was added at’@ The mixture was stirred for 48at room temperature resulting

in a pale yellow solution.

12T A, Krasovskiy, V. Krasovskaya, P. Kno8hgew.Chem. Int. EQR006 45, 29582961.
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t NBLI N} GA2y 2F ¢atad. dz

In a dry and argoflushedSchlenklask equipped with a magnetic stirring bar and rublseptum, TMPH
(2.18 ml, 7.06mmol, 1.00 equivyvas placed and BiMg (9.86ml, 7.00mmol, 1.00 equiv, 0.711in hexane)
was added at OC The mixture was stirred for 48at room temperature resulting in a pale yellow solution.
The yield was determined to be ®8% yield (0.70.81M).

t NB LI NIGKS2 WB2 By Y (h a @altth / f

A dry andA flamedried and argorflushed Schlenflask, equipped with a magnetic stirring bar and rubber
septum, was charged with a solution of TMPMgCI-KiG5mL, 5mmol, 1.00 equiv) andooled to 0°C
Then, ZnGk2.5 mL, 2.5nmol, 0.50 equiv) waand the mixture was stirred for & at 0°C

The content of organometallic reagent was determined either by the method of PadtfatsngiPrOH
and 1,10phen as indicator (organolithiumeagents) or the method of KnocHelusing 4 in THF

(organomagnesium arwinc reagents).

TMRBases were titrated against benzoic acid usifghenylazo)diphenylamine as indicator in THF.

BwMg was titratedagainstdin a 0.5v solution of LiCl in THF.

1.3 Chromatography

Flash column chromatographyas performed using silica gel 60 (0.@@63 mm, 239400 meshASTM)

from Merck.

Thin layerchromatographywas performed using aluminum pés covered with SiO2 (Merck @8254).
The chromatograms wergisualizedby UV detectionat 254 nm and/or by staining of the Th@ate with

one of the solutions given below followed by heating with a tepat:

- KMnQ stain: KMnQ(3.0 g), KCQ (20 g), 5% NaOH solution (5.00 mL), water (300 mL).
- PMA stainDissolve 10 g PMA in 100 mL absolute ethanol.

1284, S. Lin, A. Paquett8ynth. Commurl994 24, 25032506.
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1.4 Analytical Data

NMR spectravererecorded on Bruker Avance Il HD 400 WW# 400and Bruker AMX @Dinstruments.
Chemical shiftsd) are reported in parts per million (ppm) relative to the residual solvent peak o @GHCI
H=7.26dC = 77.0)Jds DMSO @ H = 2.50d C = 39.52) ods.benzened H = 7.16d C = 128.06)For the
characterization of th@bserved signal multiplicities the following abbreviations were used: s (singlet), d

(doublet), t (triplet), g (quartet), quint (quintet), sept (septet), m (multiplet), br (broad).

Mass spectraand high resolution mass spectra (HRM®gre recorded on a Rhigan MAT 95Q (EIl) or a
Thermo Finnigan LTQ FT instrument (ESI). Electron impact ionization (EI) was conducted with an electron
energy of 70 eV. Electrospray ionization (ESI) was conducted with an lonMauiae equipped with an

ESI head. It was perfmed with a voltage of 4 kV at the spray capillary tube, a heating filament

temperature of 250 Cand a nitrogen flow of 25 units.

Gas Chromatography (G@)as performed withmachines of the types HewleRackard 6890 or 5890
Series Il (Hewlett Packard, #fenylmethylpolysiloxane; column length: 15 m, diameter: 0.25 mm; film
thickness: 0.28m). For the combination of gas chromatography with mass spectroscopic detection, a GC
MS from Hewlett Packard of type 6890/MSD 5973 was used.

Infrared spectra (IRyere recorded from 4500 crhto 650 cm' on a Perkin Elmer Spectrum B%343
instrument. For detection a Smiths Detection Dura S#rjpl Diamond ATR sensor was used. The

absorption bands’ () are reported in wave numbers (ch

Melting points (m.p.)were measured using a Bluchidl0 apparatus and are uncorrected.

Single Crystal ;Ray Diffraction StudiesSingle crystals of the corresponding compounds, suitable-for X

ray diffraction, were obtained by slow evaporation of a DCM, €@y®@tOAc solution. The crystals were
introduced into perfluorinated oil and a suitable single crystal was carefully mounted on the top of a thin

glass wireData collection was performed with an Oxford Xcalibur 3 diffractometer equipped with a
Spellman geerator (50 kV, 40 mA) and a Kappa CCD detector, operatitig Ma-Y h NI} RALF GA2Yy
6 =0.71071A). Data collection and data reduction were performegth the CrysAlisPro softwar@®

Absorption correction using the multiscan meti&twas applied. The structures were solved with

129 program package CrysAlisPro 1.171.39.46e (Rigakp(Q8),
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SHELXS7%°, refined with SHELXA7*%! and finally checked using PLAT&NDetails for data collection
and structure refinement aressnmarized in the appendix sectiofhe single crystal structures are shown
in DIAMOND2109 representatidf®

Enantiomeric excess2g). The enantiomeric excess of optical enriched compounds was determviaed
chiral HPLC analysis on a Shimadzu Prominence 20A HPLC system. For developing a chiral resolution
method, different chiral hormal phase columns were tested witheptane andiPrOH as mobile phase

(isocratic) using a racemic mixture of the compound.

Speciic Rotation =|= r values of chiral products were measured in GHCR0°C using a wavelength
<=589nm and a Idm cuvette on aAnton PaarMCP200 instrument. The sample concentration was

0.01g/mL and the values are reported imfltdmtg?.

10 sheldrick, G. M19897) SHELXS7: Program for Crystal Structure Solutjdimiversity of Géttingen, Germany.
131 Sheldrick, G. M.1097) SHELX®7: Program for the Refinement of Crystal Structurgsiversity of Gottingen,
Germany.

B323pek, A. L1099 PLATONA Multipurpose Crystallographic Tebltrecht University, Utrecht, The Netherlands.
133DIAMOND, Crystal Impact GbR., Version 3.2i.
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2. ol tadm/ Gl ¢
(Hetero)Aryl Halides

81T SR / NRaam/ 2dzLJ Ay3a 27

2.1 Optimization of the Reaction Conditions

Tablel0: Further optimization of the reaction conditions for the crassipling ofL00awith alkylzinc reagentOla

(Fn
Ne | t 151a(1.59quzi\:§:l N Ne | j 5
NToa cobalt salt (xx mol%) B N \J
bipy (20 mol%) o
100a solvent, temp, 16 h 102a
Entry Cobaltsalt CoCl Amount of101a Solvent temp  GGYield of 102a

[mol%] [equiv] [°C] [%0]
1 CoC 10 15 THF 0 80
2 CoBs 10 15 THF 0 78
3 Co(acae) 10 1.5 THF 0 79
4 Co(acaeg) 10 1.5 THF 0 71
5 CoGl 2.0 15 THF 0 51
6 CoG 5.0¢ 15 THF 0 73
7 CoC 20 15 THF 0 12
8 Cod 10 1.2 THF 0 62
9 CoG 10 1.7 THF 0 81
10 Cod 10 15 toluene 0 56
11 Cod 10 15 MeCN 0 79
12 Cod 10 15 EtO 0 79
13 Cod 10 15 tBuOMe 0 76
14 Cod 10 15 THF -10 65
15 Cod 10 15 THF 25 50

[a] Tetradecane (aHsg) was used as internal standaftl] 5% bipy was used. [c] 10% bipy was used. [b] 40% bipy was used.
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Tablel1: Further gotimization of the reaction conditions for thBiastereoselective formation df02aa

Me\O/ZnI

NC NC

| N (1.5 equiv.) | N
P > 2o, Me
N Br catalyst (10 mol%) N O
ligand (20 mol%)
solvent, T, 16 h 102aa
Entry catalyst Ligand[mol%]  T[°C] solvent dr GGYield® of 102aa[%]
1 Cod - 25 THF 40:60 13
2 Cod neocuproine 25 THF 69:31 6
3 Cod bipy 25 THF 91.9 33
4 Cod bipy 0 THF 91:9 24
5 Cod dtbbpy 25 THF 90:10 28
6 Codl bipy 25 MeCN  79:21 81
8 Codl dtbbpy 25 MeCN 91:9 85
9 NiC} dtbbpy 25 THF 88:12 19
10 NiC} dtbbpy 25 MeCN 88:12 29
11 NiCh(PPRh), - 25 THF 80:20 70
12 NiChH(PPRh), - 25 MeCN  79:21 76
[a] Tetradecane (aHsg) was used as internal standard.
2.2 Mechanistic Experiments
7(,\1} (xx mol%)
o.
(TEMPO)
(\o entry TEMPO GC-yield [%][®
NC. 0)\/\2”0' NC. 1 80
| 101a (1.5 equiv.) |
P > ~ o 2 10% 69
N cl catalyst (10 mol%) N \J 3 100% 81
ligand (10 mol%) o
100a THF, 0°C, 16 h 102a 4 200% 82

Schemes6: Radical trapping experiments using TEMR{Tetradecane (GHso) was used amiternal standard.
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To gain an insight into the reaction mechanism, radiagping experiments using 2,2,6,6
tetramethylpiperidine 1oxyl (TEMPO) were performed. To a standard coupling setup -of 6
chloronicotinonitrile {00a) with (2(1,3-dioxan2-yl)ethyl)zinc chloride X01a) various amounts of TEMPO
were added (entry 21). However, the coupling produtf2a was obtained in a similar yield, compared to
the standard conditions without the radical trapping agent. This indicates that the developed -cobalt

catalyzed crosgsoupling might not proceediaradical intermediates.

2.3 Selected UnsuccessfuliSstrates

MeO EtOQC N N
Electrophiles: | _ | _
Br Br N Br MeO N Br

Me Znl Znl
Zinc reagents: TBSO\)\/ZnCI Me—2ZnCl

Schemes7: Selected unsuccessful substrates the cobaltcatalyzed crossoupling.

2.4 Preparation ofStarting Materials

(1R 59-2-(2-bromoethyl)-6,6-dimethylbicyclo[3.1.1]hept2-ene'*

Me_ _Me

3

The title compound was prepared according to literature procedure frd@r@1lbnopol (6.7 mL, 4éhmol)
affording (R59-2-(2-bromoethyl}6,6-dimethylbicyclo[3.1.1]hepR-ene as pale yellow oil (8.25 g,
36.0mmol, 90 %). The analytical data is in full consistency with the data reported in the literature.
IH-NMR (400 MHz, CDLppm):4 =5.32 (tq,J= 2.9, 1.5 Hz, 1H), B3td,J= 7.7, 3.8 Hz, 2H), 2.§62.48
(m, 2H), 2.37 (dt)= 8.6, 5.6 Hz, 1H), 2.82.15 (m, 2H), 2.09 (ttd= 5.8, 2.8, 1.3 Hz, 1H), 2.01 {1¢,5.6,
1.5 Hz, 1H), 1.27 (s, 3H), 1.17Xd,8.6 Hz, 1H), 0.83 (s, 3H).

134B, Akgun, D. G. Hafingew.Chem. Int. E®016 55, 39093913.
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(4-Bromobut-1-yn-1-yl)trimethylsilane'*®
Br.
\/\

The title compound was prepared according to literature procedure froitrigethylsilyl}3-butyn-1-ol
(3.00 g, 2Inmol), affording (4bromobut-1-yn-1-yl)trimethylsilane as a colords liquid(3.10 g, 16.6nmol,
76 %). The analytical data is in full consistency with the data reported in the literature.

IH-NMR (400 MHz, CDCppm):4 = 3.43 (tJ= 7.5 Hz, 2H), 2.77 @= 7.5 Hz, 2H), 0.16 (s, 9H).

1-(3-Bromopropyl)2,5-dimethyl-1H-pyrrole!®

Me

Bra~N
Me

The title compound was prepared according to literature procedure frohroBnopropylammonium
bromide (5.00g, 22.8mmol) affording }(3-bromopropyl}2,5-dimethyt1H-pyrrole as a yellow oil (2.50 g,
11.6mmol, 54%). The analytical data is in full consistency with the data reported in the literature.
IH-NMR (400 MHz, CDELppm):t =5.77 (s, 2 H), 3.953.88 (m, 2 H,), 3.42 (m, 2 H), 2.24 (s, 6 H),
2.20¢ 2.15 (m, 2 H).

3-(2-Bromoethyl)thiophené?’

HO
\/\[§

The title compound was prepared according to literature procedure fro(thidphen3-yl)ethan1-ol

(2.56g, 20mmol), affording 3(2-bromoethyl)thiophene as a colorless liquid (2.75L4,4mmol, 72 %).
The analytical data is in fudbnsistency with the data reported in the literature.

IH-NMR (400 MHz, CDCppm):4 = 7.29 (ddJ= 4.9, 2.9 Hz, 1H), 7.07 (& 2.9 Hz, 1H), 6.98 (@ 4.9Hz,
1H), 3.57 (tJ= 7.5 Hz, 2H), 3.21 (= 7.5 Hz, 2H).

1354, M. Wisniewska, E. C. Swift, E. R. Jdrvdn Chem. So®013 135, 9083;9090.
1365, P, Brekelman, S. E. Leach, G. D. Meakins, M. D. Jiehem. SoBerkinTrans. 11984 2801¢2807.
7 P, Taranekar, A. Baba, T. M. Fulghum, R. Advirdatzomolecule®005 38, 3673;3687.
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Preparation of cyclohexylodides TP¥8

A dry round bottom flask equipped with a magnetic stirring bar was charged{itt20 equiy which was
dissolved in Ci€} (0.5 m) and cooled to 8C PPh (1.10 equiy was carefully added at this temperature.
The resultingsuspension was stirred for 1tb Then,N-methylimidazole 1.25 equiv) was added. After
10min of stirring, the respective cyclohexanol (1.00 equiv) was added. The reackturanvas stirred

for another 4h, was allowed to warm to rt and stirred overhtgThe reaction mixture was quenched with
sat. agueous N&QO;s solution. The phases were separated and the aqueous layer was extracted 3x with
CHCE. The combined organic layers were washed with brine and dried owSQNarhe solvents were
evaporated ad the crude product was subjected to column chromatography furnishing the analytical pure

cyclohexyl iodide.

1-lodo-3-methylcyclohexane
Me\O/I
1-lodo-3-methylcyclohexangvas prepared according fBP1from 3-methylcyclohexandl.56 g, 40nmol)
and was obtained as a pale pink oil (6.05 giaiol, 68% yield). The analytical data is in full consistency
with the data reported in the literature®

IH-NMR (400 MHz, CDCppm):4 = 4.91¢ 4.79 (m, 1H), 4.15 (t9= 12.3, 4.0 Hz, 0.5H), 2.40 (tds; 10.9,
3.6, 1.9 Hz, 1H), 2.141.80 (m, 4H), 1.891.33 (m, 5H), 1.32 1.18 (m, 3H)1.07¢ 0.81 (m, 5H).

1-iodo-3-isopropylcyclohexane

iPr\O/I

1-lodo-3-isopropylcyclohexane was prepared accordingTi®l from 3-isopropylcyclohexanol (124,
85mmol), which was prepared according to literature procedétand was obtained as a colorless oil
(15.1 g, 6Gnmol, 70%) The analytical data is in full consistency with the data reported in the liter3ture.
IHNMR (400 MHz, CDLppm):4 = 4.93 (qtJ= 3.3, 2.0 Hz, 1H), 2.05 (ddit 145, 10.5, 3.5, 1.8 Hz, 2H),
1.81c 1.58 (m, 5H), 1.58 1.38 (m, 2H), 1.29 (ddd= 14.4, 11.0, 3.4 Hz, 1H), 14.3.00 (m, 1H), 0.87 (s,
4H), 0.85(s, 3H).

18 G. L. Lange, C. Gottarddynth.Commun199Q 20, 14731479.
19T, Thaler, B. Haag, A. Gavryushin, K. Schober, E. HartmannGBchwind, H. Zipse, P. MayerKRochelNat.
Chem201Q 2, 125130.
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Ethyl 4iodocyclohexanel-carboxylate

[
Et0,C” :

Ethyl 4iodocyclohexand-carboxylate was prepared according®®1from ethyl 4hydroxycyclohexane
1-carboxylate (2.15 g, 12rimol) and was obtained as a colorless oil (2.39 gn&l, 68%yield). The
analytical data is in full consistency with the data reported in the literattfre.

IH-NMR (400 MHz, CDCppm):t = 5.66 (s, 1H), 4.183.96 (m, 2H), 2.5¢ 2.42 (m, 2H), 2.48 2.28 (m,
2H), 2.24; 2.13 (m, 1H), 2.182.00 (m, 2H), 1.96 1.88 (m, 2H), 1.2 1.11 (m, 3H).

1-(4-lodocyclohexyh1H-pyrrole
r
o

1-(4-lodocyclohexyhlH-pyrrole was prepared according fP1from 4-(1H-pyrrol-1-yl)cyclohexari-ol

(6.60 g, 40.0nmol), which was prepared accordingltterature proceduré* from 4-aminocyclohexa#i-

ol. 1-(4-iodocyclohexyhlH-pyrrole and was obtained as colorless crystals (6.08 g,ragal, 55% vyield).
Purification:ihexaneethyl acetate = 95:5.

m.p.:51.0¢52.7°C

IH-NMR (400 MHz, CDCppm):{ = 681 (t,J= 2.1 Hz, 2H), 6.20 #= 2.1 Hz, 2H), 4.994.80 (m, 1H),

3.92 (tt,J= 11.7, 3.9 Hz, 1H), 2.88.13 (m, 4H), 2.1& 1.95 (m, 2H), 1.82 1.65 (m, 2H).

13GNMR (100 MHz, CDLppm):+ = 118.6, 107.8, 57.6, 35.8, 33.2, 30.6.

FFIR (ATR, cr):’ = 2945, 2934, 2832, 1490, 1438, 1428, 1410, 1346, 1392, 1276, 1258, 1238, 1214,
1188, 1160, 1088, 1068, 1054, 1021, 1005, 961, 904, 875, 864, 820, 772, 723, 712, 697.

MS (El, 70 eV)n/z (%) = 275 (31), 149 (11), 148 (100), 120 (11), 118 (16), 106 (10), 81 (31), 80 (17), 79
(27), 68 (16).

HRMS (EI, 70eV]CioHhaNI], calcd.: 275.0171; foun@75.0167

140K, Moriya and P. Knoch®kg Lett.2014 16, 924927.
141N.N. Bhuvan Kumar, O. A. Mukhina, and A. G. Kutatelhdre.Chem.S02013 135, 96080611.
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1-lodo-4-(trifluoromethyl)cyclohexane

o
CF3

1-lodo-4-(trifluoromethyl)cyclohexane was prepared according tdP1 from ethyl 4
(trifluoromethyl)cyclohexati-ol (1.00g, 6.00mmol) and was obtained as a colorless oil (A%
2.74mmol, 46% yield). The analytical data is in full consistency with therdptated in the literature’®"
IH-NMR (400 MHz, CDCppm):4 = 4.74 (pJ= 3.4 Hz, 1H), 2.172.06 (m, 2H), 2.06§1.89 (m, 1H), 1.90
¢ 1.69 (M4H), 1.60; 1.41 (m, 2H).

(4-lodocyclohexyl)benzene

AT

(4-lodocyclohexyl)benzene was prepared accordinglRifrom (4-hydroxycyclohexyl)benzene (335
20.0mmol) and was obtained as colorless crystals (5.31g, m&16l, 90%). The analytical data is in full
consistency with the data reported in the literaturé&

H-NMR (400 MHz, CDCppm):4 = 7.37¢ 6.99 (m, 5H)2.49 (dddd,)= 15.4, 118, 7.5, 3.6 Hz, 1H), 2.11
(ddt, J= 18.7, 7.0, 3.3 Hz, 2H), 1.96 (4d,12.5, 3.2 Hz, 2H), 1.8&.54 (m, 4H), 0.8§ 0.70 (m, 1H).

(1S2S54aS8a9-6-lodo-2-isopropyt1,8adimethyldecahydronaphthalene
Me '\?/Iel\_lle
Me Y
geeol
(+)>Nootkatone (20.0nmol, 4.40 g) and Pd/C (10%, 70@) were suspnded in EtOAc (3%1L) in a 250nL
round-bottom flask charged with a stirring bar. Albhlloon was attachetb the flask was stirred for 72
until full reduction of the olefinic double bonds was detected according teMBCand NMR analysis of a
crude reaction aliquot. The reaction mixture was filtered through a short silica plug using EtOAc as eluent.
After solvent evaporation the obtained pale yellow o#svdissolved in MeOH (50 mL), cooled t&Z0
NaBH was added portion wise and the reaction mixture was stirred overnight. The reaction mixture was
guenched with HCI (1.00 m) and extracted with DCM. After solvent evaporation the crude product was
purified by a short silica column (9:1 hexanes/EtOAc), affording the corresponding alcohol as a colorless
oil. (1S2S54aS8a9-6-lodo-2-isopropytl,8adimethyldecahydronaphthalene was prepared according to
TP1from the corresponding alcohol and was obtained as pihk14.8mmol, 4.95 g, 75% over 3 steps).

The analytical data is in full consistency with the data reported in the literaffire.
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IH-NMR (400 MHz, CDCppm):4 = 4.88 (ttJ= 4.0, 2.1 Hz, 1H), 1.72 (dd 13.8, 10.3, 3.2 Hz, 2H), 1¢67
1.54 (m, 4H), 1.4 1.10 (m, 6H), 0.98 (ddi= 14.3, 12.3, 5.2 Hz, 1H), O(Z@l, J= 6.8, 4.3 Hz, 6H), 0.75
(dd,J= 6.7, 4.2 Hz, 3H), 0.63 (s, 3H).

(Bromoethynyl)benzene (44}

Ph——=——"Br

The title compound was prepared according to literature procedure from ethynylbenzenem@06
3.00mmol), affording (bomoethynyl)benzene as a pale yellow liquid (463, 2.58mmol, 86%).The
analytical data is in full consistency with the data reported in the literature.

IH-NMR (400 MHz, CDCppm):t = 7.49¢ 7.42 (m, 2H), 7.3 7.27 (m, 3H).

(Bromoethynyl)triisopropylsilane (452

TIPS——Br
The title compound was prepared according to literature procedure fronmyrethriisopropylsilane
(546mg, 3.00mmol), affording(bromoethynyl)triisopropylsilan@s a colorless oil (734g, 2.80mmo],
93%).The analytical data is in full consistency with the data reported in the literature.
'H-NMR (400 MHz, CD£Cppm):4 = 1.07 (s, 21H)

142Y, Ping, K. Wang, Q. Pan, Z. Ding, Z. Zhou, Y. Guo, and VAGRI&al.2019, 9, 73357342.
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2.5 Preparation of Organometallic Reagents

Preparation of alkylzinceagentsvia magnesium insertiorand subsequent transmetalatiofiTP2)!%

Dry LiCl (1.2 equiv.) was placed in a dry and argon flushed Sehitknkube equipped with a magnetic
stirring bar and a septum and was dried over 5 min at @hder high vacuum (0.1 mbar). Magnesium
turnings (1.2 equiv.) were added followed by dry THF (inG®lution relating to the aryl halide) and the
respective alkyl bromide (1€quiv.). After the exothermic reaction started, the mixture was cooled with
anice bath. To monitor the progress of the insertion reaction, reaction aliquots quenched with iodine were
analyzed as watequenched samples by G@alysis. When the insertion was completethe
concentrations of the magnesium reagent were determin@ltitration of a small aliquot withzI(50mg

in 2mL THF). AnCj solution (1.00m in THF, 1.equiv.) was added at @ and stirred at ambient

temperature for 15min affording the corresponding alkylzinc chloride.

Preparation of alkylzinc halidegia zincinsertion (TP3)06%

Dry LiCl (1.5 equ) was placed in a dry amdgonflushed 25 mISchlenkube equipped with a magnetic
stirring bar and a septum, was dried over 5 min at 30Qnder high vacuum (0.1 mbar). Zn powder (3.0
equiv.) was added undargonand the heterogeneous mixture of Zn and LiCl was dried one more time at
300°Cfor 5 min under high vacuum. The reaction flask was evacuated and refilled with argon three times.
THF £.00m solution relating to the alkyl iodideand 1,2dibromoethane (0.8 equiv.) were added. The
mixture was then gently heated in order to activate the Zn surface. TMSCI (0.05 equiv.) was added and the
reaction mixture was again gently heated.

The respective primary alkyl bromide or cyclohexyl iodide (1.0 equiv.) was addedtnt in one portion.

The resulting reaction mixture was stirred until full consumption of the alkyl halide, in case of the primary
alkyl bromides the insertion reaction was stirred at 50°@€monitor the progress of the insertion reaction,
reaction diquots quenched with iodine and quenched with sat. aqueousslMere analyzed by GC
analysis. When the insertion was completbé solution was then filtered from the remaining Zn powder

via syringe filter (30nm with 0.45> Y 3f | &4 T A 0 S NansteSed doMl-dgy &rgon Fughied (i
Schlenkube. The concentrations of all cyclohexylzinc reagents were determiiagtitration of a small

aliquot with b (50mgin 2 mL THF).
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2.6 CobaltCatalyzed Cros€oupling of Polyfunctional Alkylzinc Reagents withetero)Aryl Halides

Cobaltcatalyzed acylation of arylzinc pivalates with thiopyridyl esters (TP4):
A dry and argon flushe8chlenkube, equipped with a magnetic stir bar and a septum was charged with
dry CoGl(6.5mg, 0.05mmol, 10mol%), which was @d at 300°Cunder high vacuum prior to use.

A) For primary alkylzinc spezies:
Bipyridine (17ng, 0.1mmol, 20 mol%) the respective (hetero)aryl halide (@&ol, 1.0 equiv.) and dry
THF (1.0nL) were added. The reaction mixture was cooled t&€®&ith an ice bath and a solution of the
appropriate alkylzinc halide (0.78mol, 1.5 equiv.) was addeda syringe.

B) For secondary alkylzinc spezies:
4,4-Ditert-butyl-2,2-bipyridine (27mg, 0.1, 20 mol), the respective (hetero)aryl halide (®sol, 1.0
equiv.) and dry MeCN (1.0 mL) were added (for the synthedidZafand 102y the reaction was performed
in THF). The appropriate alkylzinc halide (Gurdol, 1.5 equiv.) was addedia syringe at room
temperature.
In both caseshe reaction was stirred fot6 h at room temperature. The solvent was removed and the
crude product was subjected to column chromatography purification on silica yielding the corresponding

coupling product.

6-(2-(1,3-Dioxan-2-yl)ethyl)nicotinonitrile (102a)

NC\(]\/\(

X | O
N

I

Following TP4A 6-chloronicotinonitrile (1a, 138mg, 1.00mmol, 1.0 equiv.) was coupled with-(2,3
dioxan2-yl)ethyl)zinc chloride 2a, 1.50mmol, 1.5 equiv.) prepared according t®P2 from the
corresponding bromide.

Isolated yield:163mg, 0.75mmol, 75%, white solid.

Purification: pentane:ethyl acetate = 7:3.

m.p.:100.1¢ 102.7°C

IH-NMR (400 MHz, CDCppm):4 = 8.73 (ddJ= 2.2, 0.9 Hz, 1H), 7.78 (d; 8.1, 2.2 Hz, 1H), 7.83%.90
(m, 1H), 4.50 (t)= 5.0Hz, 1H), 4.03 (ddfi= 10.5, 4.9, 1.4 Hz, 2H), 388.52 (m, 2H), 3.002.76 (m, 2H),
2.18¢ 1.89 (m, 3H), 1.28 (dtd= 13.5, 2.6, 1.4 Hz, 1H).

13GNMR (100 MHz, CDCbpm):t = 166.4, 152.2, 139.4, 123.1, 117.13, 107.3, 101.1, 67.0, 34.2, 32.8,
2509.
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FFIR (ATR, cfl):’ = 2966, 2934, 2865, 227, 1979, 1596, 156, 1492, 1474, 1453, 1424, 1381, 1318, 1290,
1266, 1241, 1191, 1138, 1121, 1070, 1040, 1029, 998, 952, 943, 926, 888, 865, 856, 834, 758, 668.

MS (EI, 70 eV)n/z (%) = 217 (12), 159 (49), 143 (13), 132 (25), 131 (96), 118 (31), 101 (20), 87 (100).
HRMS (El, 70eV]CiHhaN,07], calcd.: 217.0972; found:217.0970 ).

6-(3-Phenylpropyl)nicotinonitrile (020)

NC

=z
\N Ph

Following TP4A 6-chloronicotinonitrile (1a, 69mg, 0.50mmol, 1.0 equiv.) was coupled with -(3
phenylpropyl)zinc chloride (0.#8mol, 1.5 equiv.) prepared according TdP2from the corresponding
bromide.

Isolated yield:81 mg, 0.36mmol, 73%, white solid.

Purification:i-hexane:ethyl acetate = 8:2.

m.p.:62.3¢ 64.1°C

IHNMR (400 MHz, CDLCppm):4 = 8.87¢ 8.74 (m, 1H), 7.84 (dd= 8.1, 2.2 Hz, 1H), 7.8%.19 (m, 3H),

7.20¢ 7.16 (m, 3H), 2.96 2.83 (m, 2H), 2.69 (8= 7.6 Hz, 2H), 2.09 (b= 7.7 Hz, 2H).

13GNMR (100 MHz, CDCppm):t = 166.8, 152.3, 141.6, 139.4, 128.6, 128.6, 126.1, 123.0, 117.1, 107.3,
38.2, 35.5, 30.9.

FTFIR (ATR, cl):’ = 3045, 3021, 2946, 2922, 2858, 2229, 1594, 1553, 1495, 1484, 1452, 1387, 1316,
1289, 1204, 1187, 1156, 1129, 107643, 1027, 1017, 934, 914, 868, 849, 827, 750, 700, 677.

MS (El, 70 eV)n/z (%) = 223 (1), 131 (3), 119 (8), 118 (100), 117 (1), 91 (5).

HRMS (El, 70eV]CisHisNy], calcd.: 223.1230; found: 223.1229 .

6-(2-((1R4R-5,5-Dimethylbicyclop.1.1]hex2-en-2-yl)ethyl)nicotinonitrile (102c)

NC yZ Me_ Me
|
N

FollowingTP4A 6-bromonicotinonitrile(92mg, 0.50mmol, 1.0 equiv.) was coupled with-(2IR4R)-5,5
dimethylbicyclo[2.1.1]he®-en-2-yl)ethyl)zinc chloride (0.781mol, 1.5 equiv.) prepared according T¢°2
from the corresponding bromide.

Isolated yield:98 mg, 0.39mmol, 78%, red crystals.

Purification: i-hexane:ethyl acetate = 9:1.

m.p.:34.2¢ 358 °C
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IH-NMR (400 MHz, CDECppm):4 = 8.79 (ddJ= 2.2, 0.9 Hz, 1H), 7.85 (di; 8.1, 2.2 Hz, 1H), 7.80/7.26

(m, 1H), 5.23 (tpJ= 3.0, 1.4 Hz, 1H), 2.28.86 (M, 2H), 2.44 2.31 (m, 3H), 2.39 2.12 (m, 3H), 2.1&

2.02 (m, 2H), 1.27 (s, 3H), 1.10Jd,8.5 Hz, 1H), 0.80 (s, 3H).

BBGNMR (100MHz, CDGJ ppm):t = 166.8, 152.1, 146.8, 139.5, 123.0, 117.2, 117.1, 107.3, 45.9, 40.8, 4.1,
36.6, 36.4, 31.7, 31.7, 26.4, 21.3.

FFIR (ATR, crf):’ = 2975, 2925, 2834, 2231, 1595, 1554, 1482, 1447, 1382, 1364, 1338, 1304, 1264,
1202, 1119, 1098025, 1003, 936, 886, 862, 838, 806, 725.

MS (El, 70 eV)n/z (%) = 252 (5), 251 (6), 237 (7), 223 (7), 211 (5), 209 (52), 207 (7), 184 (13), 183
(100), 181 (7).

HRMS (EI, 70eV]Ci7HioN;], calcd.: 251.1548; found: 251.1539.

Optical rotation: § -34(c 0.83, CHg)l

6-(4-(Trimethylsilyl)but3-yn-1-yl)nicotinonitrile (102d)

NC =

\N | % TMS
Following TP4A 6-bromonicotinonitrile (92mg 0.50mmol, 1.0 equiv.) was coupled with (4
(trimethylsilyl)but3-yn-1-yl)zinc chloride (0.7Bhmol, 1.5 equiv.) prepared according TP2from the
corresponding bromide.
Isolated yield:71 mg, 0.31mmol, 62%, yellow solid.
Purification:i-hexane:ethyl acetate = 8:2.
m.p.:70.0¢ 71.2°C
H-NMR (400 MHz, CDLppm):4 = 8.81 (ddJ= 2.3, 0.9 Hz, 1HY.87 (ddJ= 8.1, 2.2 Hz, 1H), 7.35 (dd,
J=8.1, 1.0 Hz, 1H), 3.05 {t= 7.2 Hz, 2H), 2.67 (= 7.2 Hz, 2H), 0.09 (s, 9H).
BBGNMR (100 MHz, CDLppm):4 = 164.6, 152.3, 139.2, 123.5, 117.0, 107.8, 105.3, 86.4, 37.4, 19.7, 0.1.
FTFIR (ATR, c):’ = 2925, 2231, 2172, 1591, 1551, 1482, 1434, 1384, 1242, 1048, 1025, 999, 843, 757,
699.
MS (EI, 70 eV)n/z (%) = 229 (3), 228 (11), 227 (93), 213 (59), 157 (12), 156 (11), 155 (100).
HRMS (El, 70eV]CisHisNLSi], calcd.: 228.1083; found: 228.1036.
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4-(5-(Trifluoromethyl)pyridin-2-yl)butanenitrile (102)

CF3 =
N

FollowingTP4A using CoGl(13mg, 0.1mmol, 20 mol%) and bipyridine (3tig, 0.2mmol, 40mol%), 2
bromo-5-(trifluoromethyl)pyridine (113ng, 0.50mmol, 1.0equiv.) was coupled with {8yanopropyl)zinc
bromide (0.95mmol, 1.9 equiv.) prepared according T@3from the corresponding bromide.

Isolated yield:93 mg, 0.43mmol, 87%, colorless oil.

Purification:i-hexane:ethyl acetate = 7:3 to 6:4.

IH-NMR (400MHz, CDG) ppm):4 = 8.92¢ 8.73 (m, 1H), 7.86 (dd= 8.2, 2.4 Hz, 1H), 7.32 (t; 8.1 Hz,
1H), 3.03 (t)= 7.4 Hz, 2H), 2.44 (= 7.1 Hz, 2H), 2.17 (s 7.2 Hz, 2H).

BGNMR (100 MHz, CDCppm):t = 8.92¢ 8.73 (m, 1H), 7.86 (dd= 8.2, 24 Hz, 1H), 7.32 (d= 8.1 Hz,
1H), 3.03 (t)= 7.4 Hz, 2H), 2.44 (= 7.1 Hz, 2H), 2.17 (s 7.2 Hz, 2H).

FFIR (ATR, cr):’ = 2940, 2247, 1608, 1574, 1496, 1430, 1396, 1325, 1166, 1121, 1079, 1017, 940, 854,
750.

MS (El, 70 eV)n/z (%) = 175 (4), 174 (41), 161 (100), 147 (5), 146 (5), 141 (3), 126 (3).

HRMS (EI, 70eV]CioHiosNy], caled.: 215.0791; found: 215.0783H\H].

2-(3-(2,5-Dimethyl-1H-pyrrol-1-yl)propyl)-5-(trifluoromethyl)pyridine (10Z)

F3sC Me

FollowingTP4A 2-bromo-5-(trifluoromethyl)pyridine (113ng, 0.50mmol, 1.0 equiv.) was coupled with
(3-(2,5dimethyt1H-pyrrol-1-yl)propyl)zinc chloride (0.78mol, 1.5 equiv.) prepared according P2
from the corresponding bromide.

Isolated yield:107mg, 0.38mmol, 76%, brown oil.

Purification:i-hexane:ethyl acetate = 8:2.

IHNMR (400 MHz, CDLCppm):4 = 8.80 (dtJ= 2.0, 1.0 Hz, 1H), 7.897.80 (m, 1H), 7.28 (d= 8.2 Hz,
1H), 5.76 (s, 2H), 3.88.77 (M, 2H), 2.92 (8= 7.7 Hz, 2H), 20 (s, 6H), 2.182.04 (m, 2H).

13GNMR (100 MHz, CDCppm):4 = 164.8, 146.1 (ql= 4.1 Hz), 133.7 (4= 3.5 Hz), 127.4, 124.5 (@r
33.0 Hz), 123.6 (§= 272.0 Hz), 122.6, 105.3, 43.0, 35.2, 30.1, 12.5.

FTIR (ATR, cH:’ = 2933, 2575, 1608, 1573, 1395, 1332, 1161, 1128, 1081, 1017, 853, 750.

MS (EI, 70 eV)n/z (%) = 282 (42), 189 (11), 188 (100), 187 (43), 186 (25), 178 (9), 174

(73), 161 (27), 160 (10), 121 (7), 120 (9), 109 (7), 108 (32), 94 (15).
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HRMS (El, 70eV]CisHi7R:N2], calcd.: 282.1344; found: 282.1335.

Ethyl6-(4-acetoxybutyl)nicotinate (108)

EtOZC\(j\/\/\
o |
N OAc

FollowingTP4A using CoG(13mg, 0.1mmol, 20 mol%) and bipyridine (3tg, 0.2mmol, 40mol%), ethyl
6-chloronicotinate (93ng, 0.50mmol, 1.0 equiv.) was coupled with -&tetoxybutyl)zinc bromide
(0.95mmol, 1.9 equiv.) prepared according T 3from the corresponding bromide.

Isolated yield:87 mg, 0.33mmol, 66%, colorless oil.

Purification:i-hexane:ethyl acetate = 1:1.

IH-NMR(400 MHz, CD&lppm):4 = 9.13 (dd,J= 2.3, 0.9 Hz, 1H), 8.20 (d; 8.1, 2.2 Hz, 1H), 7.25.20

(m, 1H), 4.40 (q)= 7.1 Hz, 2H), 4.08 (= 6.5 Hz, 2H), 2.962.83 (m, 2H), 2.03 (s, 3H), 1.89.77 (m,

2H), 1.765 1.63 (m, 2H), 1.40 (8= 7.1 Hz, 3H).

13GNMR (100 MHz, CDLppm):4 = 171.3, 166.3, 165.6, 150.7, 137.6, 124.1, 122.5, 64.3, 6.4, 38.1, 28.4,
26.1,21.2,14.4.

FTFIR (ATR, ct):’ = 2955, 1718, 1598, 1568, 1464, 1385, 1366, 1278, 1234, 1173, 1112, 1026, 855, 763.
MS (EI70 eV):m/z (%) = 206 (33), 192 (23), 178 (100), 165 (72), 164 (45), 150 (40), 137 (87).

HRMS (El, 70eV]CiHoNQy, calcd.: 266.1387; found: 266.1383H\H].

Bhyl 6-(2-((1R 4R)-5,5-dimethylbicyclo[2.1.1]lex-2-en-2-yl)ethyl)nicotinate (102)

EtO,C = Me_ Me
|
N

FollowingTP4A ethyl 6-chloronicotinate (93ng, 0.50mmol, 1.0 equiv.) was coupled with-(2LR4R)-5,5
dimethylbicyclo[2.1.1]he2-en-2-yl)ethyl)zinc chloride (0.78mol, 1.5 equiv.) prepared according T¢°2
from the coresponding bromide.

Isolated yield:108mg, 0.36mmol, 72%, yellow oil.

Purification:i-hexane:ethyl acetate = 9:1.

IH-NMR (400 MHz, CDChpm):4 = 9.12 (ddJ= 2.3, 0.8 Hz, 1H), 8.22 (di; 8.1, 2.2 Hz, 1H), 7.29.22

(m, 1H), 5.23 (ttJ= 3.0, 1.5 Hz, 1H), 4.39 (& 7.1 Hz, 2H), 2.992.89 (m, H), 2.45 2.30 (m, 3H), 2.28

¢ 2.10 (m, 2H), 2.1§2.01 (m, 2H), 1.40 (8= 7.1 Hz, 3H), 1.26 (s, 3H), 1.11&8.5 Hz, 1H), 0.80 (s, 3H).
13GNMR (100 MHz, CDCbpm):4 = 166.4, 165, 150.0, 147.1, 138.0, 124.2, 122.8, 117.0, 61.5, 45.8,
40.9, 38.1, 36.7, 36.2, 31.7,31.4, 26.4, 21.3, 14 4.
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FTIR (ATR, cl):’ = 2982, 2913, 2831, 1678, 1619, 1600, 1563, 1504, 1468, 1427, 1381, 1364, 1312,
1319, 1264, 1220, 1140, 1115, 1082, 135, 886, 869, 824, 782, 753.

MS (El, 70 eV)n/z (%) = 299 (10), 298 (10), 284 (15), 270 (20), 258 (13), 256 (31), 231 (13), 230 (100),
228 (36), 216 (15), 204 (12), 203 (11), 202 (84), 188 (13), 174 (11), 165 (60), 150 (10), 137 (62), 91 (12).
HRMS (El70eV):[CisHsNGy], caled.: 299.1885; found: 299.1885.

Optical rotation: | -23 (c 1.35, CHgJl

Ethyl §-6-(3,7-dimethyloct-6-en-1-yl)nicotinate (102)

EtO,C = |
\N N Me

Me Me
Following TP4A ethyl 6-chloronicotinate (93ng, 0.50mmol, 1.0 equiv.) was coupled withR((3,7-
dimethyloct6-en-1-yl)zinc chloride (0.7Bhmol, 1.5 equiv.) prepared according tdP2 from the
corresponding bromide.
Isolated yield:120mg, 0.42mmol, 83%, colorless oil.
Purification:i-hexane:ethyl acetate = 95:5.
IH-NMR (400 MHz, CDLppm):4 = 9.18¢ 9.04 (m, 1H), 8.18 (dd= 8.1, 2.1 Hz, 1H), 7.22 (ts 8.1 Hz,
1H), 5.15% 5.01 (m, 1H), 4.39 (4= 7.1 Hz, 2H), 2.85 (qdik 13.8, 10.1, 5.6 Hz, 2H), 240.84 (m, 2H),
1.74 (ddgJ= 15.2, 9.6, 5.0, 4Bz, 1H), 1.67 (s, 3H), 1.58 (s, 3H), t.564 (m, 1H), 1.39 (= 7.1 Hz,
4H), 1.44 1.33 (m, 1H), 1.19 (ddddz= 18.8, 11.6, 9.3, 4.3 Hz, 1H), 0.95)&l6.3 Hz, 3H).
13GNMR (100 MHz, CDLbpm):4 = 167.5, 165.6, 150.6, 137.5, 131.4, 12428.9, 122.4, 61.4, 37.1,
37.0, 36.3, 32.5, 25.9, 25.6, 19.6, 17.8, 14.4.
FFIR (ATR, crh):’ = 2961, 1719, 1598, 1568, 1462, 1380, 1368, 1276, 1173, 1112, 1027, 972, 856, 773,
736.
MS (El, 70 eV)n/z (%) = 260 (4), 246 (31), 206 (7), 178 (37), 165 (100), 150 (17), 137 (40).
HRMS (El, 70eV]CieHoNOy, calcd.: 260.1651; found: 260.1647 ‘Hit].
Optical rotation: | 5 (c 0.75, CHg}!

88



EXPERIMENTAL PART

Ethyl 2(2-(thiophen-3-yl)ethyl)nicotinate (103)

_~ COEt

|

(NL\@
s

FollowingTP4A ethyl 2-chloronicotinate (93ng, 0.50mmol, 1.0 equiv.) was coupled with-(ghiophen3-
yl)ethyl)zinc chloride (0.7&mol, 1.5 equiv.) prepared according i®2from the corresponding bromide.
Isolated yiet: 111 mg, 0.42mmol, 85%, pale yellow oil.

Purification:i-hexane:ethyl acetate = 8:2.

'H-NMR (400 MHz, CD£Lppm):t = 8.68 (ddJ= 4.9, 1.8 Hz, 1H), 8.28.18 (m, 1H), 7.327.27 (m, 1H),

7.24 (ddJ= 4.9, 2.9 Hz, 1H), 7.@%6.95 (m, 2H), 4.38 (§= 7.1 Hz, 2H), 3.573.46 (m, 2H), 3.14 3.04

(m, 2H), 1.39 (tJ= 7.1 Hz, 3H).

13GNMR (100 MHz, CDCppm):4 = 165.9, 161.7, 150.6, 141.6, 139.8, 128.4, 126.4, 125.3, 121.5, 120.7,
61.7, 30.4, 27.1, 14.3.

FFIR (ATR, cr):’ = 2982, 2118, 1714.2, 1587, 1568, 1439, 1389, 1366, 1277, 1249, 1198, 1171, 1125,
1080, 1062, 1018, 934, 858, 840, 828, 779, 741, 686, 664.

MS (El, 70 eV)n/z (%) = 262 (12), 261 (62), 233 (18), 232 (100), 215 (14), 213 (23), 187 (18), 186 (2),
97 (92),79 (15), 57 (13), 53 (23), 45 (16), 43 (17).

HRMS (El, 70eV]Ci2HioNG:S], calcd.: 232.0423; found: 232.0404F-Et].

Methyl 2-(4-(trimethylsilyl)but-3-yn-1-yl)nicotinate (10X)

Z | COsMe

ENI/\TMS
Following TP4A methyl 2chloronicotinate (93ng, 0.50mmol, 1.0 equiv.) was coupled with with-(4
(trimethylsilyl)but3-yn-1-yl)zinc chloride (0.78hmol, 1.5 equiv.) prepared according TP2from the
corresponding bromide.
Isolated yield:108 mg, 0.41mmol, 83%, yellovwil
Purification:i-hexane:ethyl acetate = 8:2.
IH-NMR (400 MHz, CDECppm):t = 8.69¢ 8.62 (m, 1H), 8.288.13 (m, 1H), 7.2 7.22 (m, 1H), 3.93 (s,
3H), 3.44 (t)= 7.6 Hz, 2H), 2.70 (= 7.6 Hz, 2H), 0.10 (@ 1.0 Hz, 9H).
BGNMR (100 MHZCDGJ, ppm):4 = 167.0, 161.2, 152.0, 138.6, 125.7, 121.3, 106.6, 85.0, 52.5, 35.6, 19.8,
0.2.
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FFIR (ATR, crl):’ = 2955, 2175, 1726, 1584, 1569, 1431, 1279, 1248, 1190, 1132, 1082, 1066, 1042,
1000, 964, 886, 838, 758, 698, 664.

MS (EI, 70 eV)niz (%) = 261 (13), 260 (100), 246 (63), 216 (19), 214 (15), 188 (74), 186 (11), 156 (11), 142
(18).

HRMS (El, 70eV]CiaHhoNO:SI], calcd.: 261.1185; found: 261.1138.

2-(2-(1,3-Dioxan2-yl)ethyl)quinoline (102)

R

FollowingTP4A 2-bromoquinoline(104mg, 0.50mmol, 1.0 equiv.) was coupled with-(2,3-dioxan2-
yhethyl)zinc chloride101a, 0.75mmol, 1.5 equiv.) prepared according TdP2from the corresponding
bromide.

Isolated yield:115mg, 0.47mmol, 95%colorless crystals.

m.p.:54.8¢56.7°C

Purification:i-hexane:ethyl acetate = 7:3.

H-NMR (400 MHz, CD£Lppm):4 = 8.03 (ddJ= 8.5, 1.8 Hz, 2H), 7.€%.73 (m, 1H), 7.707.61 (m, 1H),

7.46 (t,J= 7.7 Hz, 1H), 7.28 (@5 8.4 Hz, 1H), 4.59 (t= 5.2 Hz, 1H), 4.10 (ddk: 11.4, 4.9 Hz, 2H), 3.73

(td, J=12.4, 2.5 Hz, 2H), 3.143.00 (m, 2H), 2.28 1.98 (m, 3H), 1.31 (ddi= 13.6, 3.1, 1.5 Hz, 1H).

3GNMR (100 MHz, CDCppm):4 = 162.0, 148.0, 136.3, 129.4, 129.0, 127.5, 126.8, 125.85,1711.6,

67.0, 34.8, 33.5, 25.9.

FFIR (ATR, cf):’ = 2971, 2922, 2856, 1732, 1618, 1601, 1563, 1505, 1469, 1444, 1426, 1407, 1380,
1292, 1247, 1213, 1198, 1144, 1082, 1055, 1044, 998, 964, 942, 922, 905, 886, 850, 822, 788, 766, 741.
MS (El, 70 eV)n/z (%) = 242 (2), 158 (12), 156 (51), 144 (11), 143 (100), 128 (12).

HRMS (El, 70eV]CistheNOy, calcd.: 242.1187; found: 242.1175'HM].

2-(3-(2,5-Dimethyl-1H-pyrrol-1-yl)propyl)quindine (102n)

Me

Following TP4A 2-bromoquinoline (104mg, 0.50mmol, 1.0 equiv.) or zhloroquinoline (82mg,
0.50mmol, 1.0 equiv) were coupled with{2,5-dimethyt1H-pyrrol-1-yl)propyl)zinc chloride (0.7%mol,
1.5 equiv.) prepared according Td°2from the corresponding bromide.

Isolated yield: using 2bromoquinoline 112ng, 0.42mmol, 85%, yellow oil.
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using 2chloroquinoline 108ng, 0.41mmol, 82%, yellow oil.
Purification:i-hexane:ethyl acetate = 8:2.
IH-NMR (400 MHz, CDLppm):t = 8.10 (t, J = 10.2 Hz, 2H), 7.81 (dBdHz, 1H), 7.72 (t, J = 7.7 Hz, 1H),
7.52 (t,J = 7.5 Hz, 1H), 7.30 (d, J = 8.4 Hz, 1H), 5.76 (s, 2E/8.808n, 2H), 3.06 (t, J = 7.6 Hz, 2H), 2.22
(s, 8H).
13GNMR (100 MHz, CDECppm):t = 161.1, 136.8, 129.8, 128.5, 127.6, 127.4, 126.8, 128112, 121.2,
105.1, 43.2, 35.9, 30.3, 12.5.
FFIR (ATR, cf):’ =2932, 1619, 1600, 152, 1518, 1503, 1426, 1407, 1370, 1298, 1140, 1115, 1017, 974,
873, 826, 781, 743.
MS (El, 70 eV)n/z (%) = 264 (5), 170 (24), 169 (19), 168 (13), 157 (12), 156 (100), 143 (54), 128 (12).
MR-MS (El, 70eV]CigH20No], calcd.:264.1626; found: 264.1620.

2-(2-((1R 4R)-5,5-Dimethylbicyclo[2.1.1hex-2-en-2-yl)ethyl)quinoline (1021)

|
N

Following TP4A 2-bromoquinoline (104mg, 0.50mmol, 1.0 equiv.) was coupled with -(ZIR4R)-5,5
dimethylbicyclo[2.1.1]he2-en-2-yl)ethyl)zinc chloride (0.78mol, 1.5 equiv.) prepared according T¢°2

from the corresponding bromide.

Isolated yield:103mg, 0.37mmol, 75%, yellow oil.

Purification:i-hexane:ethyl acetate = 95:5.

HNMR (400 MHz, CDCppm):t = 8.09 (dJ= 8.4 Hz, 2H), 7.78 (ddiz 8.2, 1.4 Hz, 1H), 7.69 (ddd;

8.3, 6.9, 1.5 Hz, 1H), 7.50 (dd&; 8.0, 6.8, 1.2 Hz, 1H), 7.32Jd,8.4 Hz, 1H), 5.29 (tt= 3.0, 1.5 Hz, 1H),
3.13¢ 3.00 (m, 2H), 2.47 (ddd= 10.0, 6.4, 1.8 Hz, 2H), 2.38 (¥, 8.5, 5.6 Hz, 1H), 2.22.18 (m, 2H),

2.15 (td,J= 5.6, 1.5 Hz, 1H), 2.08 (tttk 5.8, 2.8, 2 Hz, 1H), 1.28 (s, 3H), 1.16Jd,8.5 Hz, 1H), 0.84 (s,
3H).

BGNMR (100 MHz, CD&Cppm):t = 162.7, 147.5, 136.9, 129.8, 128.5, 127.6, 126.9, 126.1, 126.1, 121.5,
116.8, 45.9, 40.9, 38.2, 37.0, 37.0, 31.8, 31.4, 26.4, 21 4.

FTIR (ATR, cH):’ =2914.5, 1601.4, 1503.9, 1427.4, 1364.6, 1219.8, 904.6, 830.1, 731.6.

MS (EI, 70 eV)n/z (%) = 277 (5), 276 (9), 262 (5), 236 (8), 234 (18), 209 (15), 208 (97), 206 (8) 194 (13),
193 (8), 180 (15), 167 (8), 156 (12), 144 (11), 143 (100), 142 (6))128 (8

HRMS (El, 70eV]CGoH2N], caled.: 276.1752; ; found: 276.1748.

Optical rotation: | -37 (c 1.36, CH4Jl
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4-(4-Methylquinolin-2-yl)butanenitrile (1020)
Me
z

Sy CN
FollowingTP4A using CoGl(13mg, 0.1mmol, 20 mol%) andipyridine (31mg, 0.2mmol, 40mol%), 2
chloro-4-methylquinoline (89Img, 0.50mmol, 1.0 equiv.) was coupled with-yanopropyl)zinc bromide
(0.95mmol, 1.9 equiv.) prepared according T®3from the corresponding bromide.

Isolated yield:73 mg, 0.35mmoal, 70%, brown oil.

Purification:i-hexane:ethyl acetate = 7:3.

H-NMR (400 MHz, CDLppm):{ = 8.07¢ 8.00 (m, 1H), 7.97 (dd= 8.4, 1.4 Hz, 1H), 7.70 (ddds 8.4,

6.8, 1.4 Hz, 1H), 7.53 (ddtk 8.3, 6.9, 1.3 Hz, 1H), 7.15Jd,1.2 Hz, 1H), 3.08 J= 7.4 Hz, 2H), 2.69 (d,
J=0.9Hz, 3H), 2.48 (= 7.2 Hz, 2H), 2.322.15 (m, 2H).

13GNMR (100 MHz, CDCppm):t = 159.7, 147.8, 145.1, 129.5, 129.5, 127.1, 126.0, 123.8, 122.3, 119.81,
37.1, 25.0, 18.9, 16.9.

FTFIR (ATR, cf):’ = 2931, 2246, 1602, 1562, 1508, 1448, 1412, 1380, 1346, 1159, 1123, 1026, 953, 878,
865, 757.

MS (El, 70 eV)n/z (%) = 210 (3), 170 (24), 158 (12), 157 (100), 156 (10), 142 (7), 115 (18).

HRMS (EI, 70eV]CiaHhaN;], calcd.: 210.1157; found: 210.1151.

4-(6-Chlaoquinolin-2-yl)butyl acetate (109)

Cl Z

SN | OAc
FollowingTP4A using CoG(13mg, 0.1mmol, 20 mol%) and bipyridine (3tg, 0.2mmol, 40mol%), 2,6
dichloroquinoline (99ng, 0.50mmol, 1.0 equiv.) was coupled with -gtetoxybutyl)zinc bromide
(0.95mmol, 1.9equiv.) prepared according fBP3from the corresponding bromide
Isolated yield:81 mg, 0.29mmol, 58%, yellow oil.
Purification:i-hexane:ethyl acetate = 7:3 to 6:4.
IH-NMR (400 MHz, CDELppm):t = 7.97 (tJ= 8.5 Hz, 2H), 7.75 (@ 2.4 Hz, 1H), 7.61 (dik 9.0, 2.Hz,
1H), 7.31 (dJ= 8.5 Hz, 1H), 4.10 (t, J = 6.5 Hz, 2H), 8081 (M, 2H), 2.03 (s, 3H), 1.86.82 (M, 2H),
1.80¢ 1.66 (m, 2H).
BGNMR (100 MHz, CD&ppm):4 = 171.3, 162.7, 146,335.6, 131.6, 130.5, 130.4, 127.4, 126.3, 122.3,
64.4, 38.7, 28.5, 26.3, 2.1.
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FFIR (ATR, crl):’ = 2933, 1733, 1599, 1558, 1490, 1462, 1388, 1365, 1303, 1237, 1188, 1118, 1073,
1039, 959, 921, 876, 831, 745, 717, 683.

MS (El, 70 eV)n/z (%) = 234 (9), 220 (11), 218 (33), 204 (19), 192 (13), 190 (40), 179 (33), 178 (11), 177
(100), 176 (13), 142 (13), 150 (12).

HRMS (EI, 70eV]CiaHhsCIN], calcd.: 218.0737; found: 218.0730-{®Ac].

1-(2-(thiophen-3-yl)ethyl)isoquinoline (102)

7
N s

)
FollowingTP4A 1-bromoisoquinoline (104ng, 0.50mmol, 1.0 equiv.) was coupled with-(hiophen-3-
yhethyl)zinc chloride (0.78&mol, 1.5 equiv.) prepared according T¢2from the corresponding bromide.
Isolated yield:73 mg, 0.31mmol, 61%, brown oil.
Purification:i-hexane:ethyl acetate = 9:1.
H-NMR (400 MHz, CDLCppm):4 = 8.46 (d, J = 5.9 Hz, 1H), 8c&11 (m, 1H), 7.92 7.84 (m, 1H), 7.78
¢ 7.70 (m, 1H), 7.64 (dddd, J = 9.9, 8.4, 5.0, 2.7 Hz, 2H}, 7.23 (m, H), 7.07¢ 7.01 (m, 2H), 3.763.65
(m, 2H), 3.3@ 3.20 (M, 2H).
3GNMR (100 MHz, CDCppm):4 = 160.9, 136.8, 131.2, 128.4, 128.0, 128.0, 127.7, 127.0, 125.8, 125.8,
125.6, 120.9, 120.4, 35.6, 30.2.
FFIR (ATR, cr):’ = 3050, 2922, 2854, 1622, ¥}/81562, 1536, 1502, 1444, 1410, 1386, 1357, 1239,
1199, 1140, 1080, 1020, 979, 867, 822, 798, 774, 737, 684
MS (El, 70 eV)n/z (%) = 241 (5), 240 (18), 239 (100), 238 (70), 224 (20), 223 (8), 206 (14), 204 (9), 156
(17), 129 (30), 114 (18), 97 (25).
HRMS (EI, 70eV]CisHisNS], caled.: 239.0769; found: 239.0770.

4-(But-3-en-1-yI)-6, 7-dimethoxyquinazoline (108

=
Meojf\:(/(N\/
|
MeO \N)

Following TP4A 4-chloro-6,7-dimethoxyquinazoline (11éhg, 0.50mmol, 1.0 equiv.) was coupled with
but-3-en-1-

ylzinc chloride (0.75hmol, 1.5 equiv.) prepared according & 2from the corresponding bromide.
Isolated yield:73 mg, 0.30mmol, 60%, green solid.

Purification:i-hexane:ethyl acetate = 6:4.
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m.p.:66.9¢ 69.1°C.

IH-NMR (400 MHz, CDLppm):4 = 9.02 (s, 1H), 7.45 (s, 1H), 7.21 (s, 1H), 5.88Jddt6.9, 10.2, 6.7 Hz,

1H), 5.10; 4.90 (m, 1H), 4.02 (d= 13.4 Hz, 6H), 3.383.25 (m, 2H), 2.64 (tdd= 7.9, 6.6, 1.4 Hz, 2H).
3GNMR (100 MHz, CD&ppm):t = 167.3, 156.2, 152.6, 150.647.6, 137.3, 119.7, 115.9, 107.0, 101.9,
56.7, 56.4, 33.8, 32.5.

FFIR (ATR, cf):’ = 3079, 2923, 1639, 1613, 1579, 1554, 1501, 1464, 1452, 1427, 1363, 1307, 1280,
1264, 1230, 1207, 1190, 1173, 1126, 1014, 995, 972, 890, 852, 828, 788, 760.

MS (El, 7@V):m/z (%) = 244 (61), 243 (89), 230 (13), 229 (100), 228 (10), 227 (10), 213 (12), 201 (13),
199 (11), 198 (11), 197 (16), 185 (16).

HRMS (El, 70eV]CisHisN2O;], caled.: 244.1212; found: 244.12009.

2-(2-(Thiophen3-yl)ethyl)pyrimidine (103)

Following TP4A 2-bromopyrimidine (80mg, 0.50mmol, 1.0 equiv.) was coupled with -(ghiophen3-
yl)ethyl)zinc chloride (0.78mol, 1.5 equiv.) prepared according i®2from the corresponding bromide.
Isolated yield:65 mg, 0.34mmol, 70%, yellow oil.

Purification:i-hexane:ethyl acetate = 8:2.

IH-NMR (400 MHz, CDECppm):t = 8.69 (dJ= 4.9 Hz, 2H), 7.24 (d#k 4.6, 3.3 Hz, 1H), 7.16Jt 4.9Hz,
1H), 7.01 6.95 (m, 2H), 3.37 3.26 (M, 2H), 3.20 (ddd= 8.3, 6.2, 1.1 Hz, 2H).

BGNMR (100 MHz, CDLppm):4 = 170.1, 157.1, 141.4, 128.3, 125.6, 120.8, 118.9, 39.9, 29.0.
FTIR (ATR, ct):’ = 1566, 1426, 1232, 907, 797, 731

MS (El, 70 eV)n/z (%) = 191 (11), 190 (100), 189 (36), 175 (12), 157145)7), 107 (9), 98 (5), 97
(94), 84 (12), 80 (10), 53 (6), 45 (11).

HRMS (El, 70eV]CioHioN2S], calcd.: 190.0565; found: 190.559.
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4-(2-(1,3-Dioxan2-yl)ethyl)-2-fluorobenzonitrile (102)
F
NC
@\/\ﬂ
5

FollowingTP4A 4-bromo-2-fluorobenzonitrile (10Gnmg, 0.50mmol, 1.0 equiv.) was coupled with-(2,3
dioxan2-yl)ethyl)zinc chloride 101a, 0.75mmol, 1.5 equiv.) prepared according f6P2 from the
corresponding bromide.
Isolated yield:77 mg, 0.33mmol, 66%, colorlessil.
Purification: i-hexane:ethyl acetate = 8:2.
IH-NMR (400 MHz, CDCppm):t = 7.51 (ddJ= 7.9, 6.7 Hz, 1H), 7.£17.00 (m, 2H), 4.50 (8= 5.0 Hz,
1H), 4.10 (ddtJ= 10.6, 5.1, 1.4 Hz, 2H), 348.67 (m, 2H), 2.88 2.72 (m, 2H), 2.07 (dtfl= 13.6, 12.5,
5.0 Hz, 1H), 1.961.82 (m, 2H), 1.35 (dtf= 13.6, 2.7, 1.4 Hz, 1H).
BBGNMR (100 MHz, CDLCppm):4 = 163.3 (d,J= 258.6 Hz), 151.0 (d= 7.7 Hz), 133.4, 125.1 (@ 3.2
Hz), 116.5 (d)= 19.0 Hz), 114.4, 100.8 , 98.9Jd,155 Hz), 67.0 , 35.8 , 30.2, 30.2, 25.8.
FTIR (ATR, c):’ = 2965, 2936, 2863, 2232, 1980, 162, 1569, 1502, 1458, 1430, 1404, 1377, 1283, 1270,
1260, 1248, 1236, 1220, 1190, 1145, 1129, 1113, 1081, 1046, 995, 962, 942, 925, 890, 850, 826, 7750, 744,
729
MS (El, 70 eV)n/z (%) = 235 (2), 234 (18), 176 (20), 148 (51), 135 (35), 134 (37), 114 813), 107 (11), 87
(100).
HRMS (El, 70eV]CisHisFNQ], caled.: 235.1009; found: 235.1003.

Ethyl 4(2-(1,3-dioxan-2-yl)ethyl)benzoate (108)

EtO,C
\©\/\ro
I

FollowingTP4A using CoG(13mg, 0.1mmol, 20 mol%) and bipyridine (3ig, 0.2mmaol, 40mol%), ethyl
4-iodobenzoate (1381g, 0.50mmol, 1.0 equiv.) was coupled with-(2,3-dioxan2-yl)ethyl)zinc chloride
(1014, 0.95mmal, 1.9 equiv.) prepared according T&2from the corresponding bromide.

Isolated yield108 mg, 0.41mmol, 82%, colorless oil.

Purification:i-hexane:ethyl acetate = 8:2.

'H-NMR (400 MHz, CDCppm):4 =7.98¢ 7.93 (m, 2H), 7.28 7.23 (m, 2H), 4.49 (§= 5.2 Hz, 1H), 4.36
(9,J=7.1 Hz, 2H), 4.11 (ddi= 10.6, 5.0, 1.4 Hz, 2H), 3.88.66 (m, 2H), 2.82 2.71 (m, 2H), 2.09 (dt,
=13.5,12.5, 5.0 Hz, 1H), 1©1.85 (m, 2H), 1.38 (8= 7.1 Hz, 3H), 1.33 (di 2.4, 1.2 Hz, 1H).
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BGNMR (100MHz, CDGJ) ppm):1 = 166.8, 147.3, 129.8, 128.6, 128.3, 101.3, 67.0, 60.9, 36.4, 30.2, 25.9,
14.50.

FFIR (ATR, ch):’ =2963, 2849, 1712, 1611, 1367, 1308, 1271, 1177, 1146, 1132, 1101, 1038, 1021, 997,
972, 946, 926, 888, 852, 765, 705.

MS (El, 70 eV)n/z (%) =263 (18), 219 (58), 218 (25), 177 (22), 161 (23), 133 (44), 115 (30), 114 (94), 105
(31), 103 (21), 91 (23), 87 (100).

HRMS (El, 70eV]CisH004], caled.: 264.1362; found:264.1310.

(2-(2-(1,3-Dioxan2-yl)ethyl)phenyl)(phenyl)methanone (102

FollowingTP4A (2-chlorophenyl)(phenyl)methanone (108g, 0.50mmol, 1.0 equiv.) was coupled with
(2-(1,3dioxan2-yl)ethyl)zinc chloridel01a, 0.75mmol, 1.5 equiv.) prepared according T¢°2from the
corresponding brmide.

Isolated yield:104mg, 0.35mmol, 70%, colorless oil.

Purification:i-hexane:ethyl acetate = 8:2.

IH-NMR (400 MHz, CDLppm):4 = 7.82¢ 7.75 (m, 2H), 7.6& 7.54 (m, 1H), 7.48 7.39 (m, 3H), 7.35 (d,
J=7.7Hz, 1H), 7.3 7.20 (m, 2H), 4.42 (8= 5.3 Hz, 1H), 4.143.97 (m, 2H), 3.67 (td= 12.4, 2.5 Hz,
2H), 2.83%; 2.69 (m, 2H), 2.03 (gf= 12.8, 5.0 Hz, 1H), 1.83.79 (m, 2H), 1.4§1.21 (m, 1H).

13GNMR (100 MHz, CDECppm):4 = 198.4, 0.9, 138.5, 137.8, 133.1, 130.4, 130.2, 128.7, 128.4, 125.3,
101.39, 66.8, 36.7, 27.6, 25.8.

FFIR (ATR, crf):’ = 2961, 2850, 1661, 1597, 1580, 1484, 1448, 1403, 1378, 1314, 1265, 1239, 1196,
1178, 1145, 1132, 1104, 1078, 1048, 1028, 999, 970, 9278886801, 762, 700.

MS (EI, 70 eV)n/z (%) = 296 (2), 278 (1), 237 (2), 221 (1), 220 (4).

HRMS (EIl, 70eV]CigH00s], cald.: 296.1412; found: 296.1409.
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(4-(2-(1,3-Dioxan2-yl)ethyl)phenyl)(phenyl)methanone (102)
o
Ph)‘\©\/\r
o)

S
FollowingTP4A (4-bromophenyl)(phayl)methanone(131mg, 0.50mmol, 1.0 equiv.) was coupled with
(2-(1,3dioxan2-yl)ethyl)zinc chloridel01a, 0.75mmol, 1.5 equiv.) prepared according 1&°2from the
corresponding bromide.
Isolated yield:126 mg, 0.43mmol, 85%, colorless crystals.
Purification:i-hexane:ethyl acetate = 8:2.
m.p.:68.6¢ 70.5°C
IH-NMR (400 MHz, CDCppm):4 = 7.81¢ 7.77 (m, 2H), 7.74 (d= 7.9 Hz, 2H), 7.58 (td= 7.4, 1.6 Hz,
1H), 7.5, 7.41 (m, 2H), 7.30 (d= 8.0 Hz, 2H), 4.53 @ 5.1 Hz, 1H), 4.X94.06 (m, 2H), 3.8§3.68 (m,
2H), 2.81 (ddJ= 9.3, 6.8 Hz, 2H), 2.2®.01 (m, 1H), 2.0¢ 1.86 (m, 2H), 1.35 (dd= 13.7, 1.9 Hz, 1H).
13GNMR (100 MHz, CDCppm):4 = 196.6, 147.1, 138.0, 135.4,213, 130.5, 130.1, 128.5, 128.3, 101.3,
67.0, 36.4, 30.3, 25.9.
FTFIR (ATR, cl):’ = 2914, 2846, 2048, 1981, 1646, 1603, 1576, 1443, 1415, 1404, 1382, 1317, 1306,
1278, 1238, 1186, 1143, 1131, 1077, 1040, 1000, 970, 940, 920, 886, 856, 786, 74%.699, 66
MS (El, 70 eV)n/z (%) = 296 (14), 237 (27), 220 (16), 167 (16), 161 (14), 114 (100), 105 (44), 87 (95), 77
(15).
HRMS (EIl, 70eV]CigH00s], calcd.: 296.1412; found: 296.1407.

Ethyl 4(2-(4-fluorobenzoyl)phenyl)butanoate (102
0
AT 0

FollowingTP4A using CoG(13mg, 0.1mmol, 20 mol%) and bipyridine (3tig, 0.2mmol, 40mol%), (2

CO,Et

chlorophenyl)(4fluorophenyl)methanone (11ihg, 0.50mmol, 1.0 equiv.) was coupled with-&thoxy-4-
oxobutyl)zinc bromide(0.95mmol, 1.9 equiv.) prepared according tBP3from the corresponding
bromide.

Isolated yield:115mg, 0.37mmaol, 73%, pale yellow oil.

Purification:i-hexane:ethyl acetate = 9:1.
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IH-NMR (400 MHz, CDLCppm):{ = 7.83¢ 7.68 (m, 2H), 7.35 (dfi= 7.7, 4.2 Hz, 1H), 7.26 (& 7.5 Hz,

1H), 7.2%,7.15 (m, 2H), 7.166.98 (m, 2H), 3.99 (4= 7.1 Hz, 2H), 2.692.47 (m, 2H), 2.18 (8= 7.4 Hz,

2H), 1.89%;1.69 (m, 2H), 1.13 (8= 7.1 Hz, 3H).

3GNMR (100 MHz, CDLppm):+ = 196.99, 1732, 165.98 (dJ= 255.4 Hz), 140.66, 138.32, 134.25 (d,
J=2.9 Hz),132.97 (d= 9.3 Hz), 130.51 (d= 7.9 Hz), 128.59, 125.66, 115.87, 115.65, 60.41, 33.92, 32.55,
26.86, 14.34.

FTFIR (ATR, cl):’ = 2981, 1729, 1663, 1596, 1504, 1485, 1446, 14304, 1262, 1227, 1195, 1147,
1096, 1035, 930, 852, 810, 750, 688.

MS (El, 70 eV)n/z (%) = 227 (25), 225 (249, 213 (32), 212 (100), 209 (10), 183 (15), 123 (23).

HRMS (El, 70eV]CisHiaNG;], calcd.: 314.1318; found: 314.1314.

(4-Cyclopopylphenyl)(phenyl)methanone (102)
0
Ph

FollowingTP4B (4-bromophenyl)(phenyl)methanoné31mg, 0.50mmol, 1.0 equiv.) was coupled with
cyclopropylzinc chloridé.75mmol, 1.5 equiv.) in THF prepared according R2from the correspoding
bromide.

Isolated yield:74 mg, 0.33mmol, 67%, pale yellow oil.

Purification:i-hexane:ethyl acetate = 95:5.

H-NMR (400 MHz, CDLppm):4 = 7.82¢ 7.74 (m, 2H), 7.74 7.67 (m, 2H), 7.6Q 7.51 (m, 1H), 7.5¢&

7.42 (m, 2H), 7.187.10 (m, 2H), 1.97 (td= 8.3, 5.0 Hz, 1H), 1.£21.02 (m, 2H), 0.840.74 (m, 2H).

BBGNMR (100 MHz, CD&ppm):4 = 196.4, 149.9, 138.1, 134.8, 132.2, £30.30.0, 128.3, 125.3, 15.8,
10.5.

FTFIR (ATR, c):’ = 3002, 2194, 1928, 1646, 1603, 1578, 1447, 1417, 1317, 1278, 1227, 1188, 1176,
1150, 1109, 1072, 1049, 1024, 1000, 971, 958, 971, 937, 922, 893, 840, 817, 791, 758, 741, 700, 675.
MS (El, 70 eV)n/z (%) = 223 (18), 222 (69), 146 (10), 145 (100), 117 (9), 116 (8), 115 (28), 105 (49), 91
(12), 76 (33), 57 (6), 43 (10).

HRMS (El, 70eV]CieHi40], calcd.: 222.1045; found: 222.1035.
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(4-Chlorophenyl)2-cyclopropylphenyl)methanone (102
0

(LI,
Following TP4B (2-chlorophenyl)(4chlorophenyl)methanone (12@ég, 0.50mmol, 1.0 equiv.) was
coupled withcyclopropylzinc chlorid@.75mmol, 1.5 equiv.) in THF prepared according R2from the
corresponding bromide.
Isolated yield:85mg, 0.34mmol, 68%, pale yellow oil.
Purification:i-hexane:ethyl acetate = 98:2.
H-NMR (400 MHz, CDECppm):4 = 7.78¢ 7.67 (m, 2H), 7.427.26 (m, 3H), 7.287.08 (m, 2H), 6.97 (dd,
J=7.9, 1.0 Hz, 1H), 1.81 (8= 8.5, 5.2 HZH), 0.7% 0.67 (m, 2H), 0.62 0.49 (m, 2H).
13GNMR (100 MHz, CDCppm):4 = 197.8, 142.1, 139.8, 139.4, 136.3, 131.6, 130.6, 128.9, 127.9, 125 .4,
125.4,13.8, 9.2.
FTFIR (ATR, cH):’ = 3067, 3004, 1924, 1664, 1584, 1571, 1484, 1457, 1445, 1399, 1300, 1257, 1221,
1174, 1151, 1030, 1013, 951, 929, 897845, 822, 778, 752, 682, 656.
MS (EI, 70 eV)n/z (%) = 241 (10), 230 (32), 229 (15), 228 (100), 193 (41), 178 (8), 165 (23), 115 (12).
HRMS (El, 70eV]CieHi120Cl], calcd.: 255.0571; found: 255.05704M].

6-(3-Methylcyclohexyl)nicotinonitrile (102a)

NC Z

X, S, Me
Q)

Following TP4B 6-bromonicotinonitrile (91mg, 0.50mmol, 1.0 equiv.) was coupled with -(3
methylcyclohexyl)zinc iodide (0.1mol, 1.5 equiv.) prepared according T@3from the corresponding
iodide.

Isolated yield:80 mg, 0.40mmol, 80%, dr = 91:1, colorless oil.

Purification: pentane:ethyl acetate = 95:5.

IH-NMR (400 MHz, CDCppm):4 = 879 (dd,J= 2.3, 0.9 Hz, 1H), 7.86 (dd; 8.2, 2.2 Hz, 1H), 7.29.24
(m, 1H), 2.80 (ttJ= 12.0, 3.4 Hz, 1H), 1.98.79 (m, 3H), 1.75 (ddi= 12.9, 3.4, 1.8 Hz, 1H), 161.48
(m, 1H), 1.43 (tddJ= 9.6, 4.8, 2.9 Hz, 2H), 1.28.11 (m, 1H)0.94 (d J= 6.5 Hz, 3H).

3GNMR (100 MHz, CDCppm):4 = 170.9, 152.1, 139.6, 121.4, 117.2, 107.2, 46.9, 41.0, 34.6, 32.8, 32.2,
26.2, 22.8.

FFIR (ATR, crf):’ =2921, 2231, 2009, 1592, 1554, 1456, 1377, 1125, 1023, 839.
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MS (EI, 70 eV)n/z (%) = 200 (39), 185 (54), 157 (100), 145 (32), 143 (30), 131 (84), 118 (44).
HRMS (El, 70eV]CisHisNy], calcd.: 200.1313; found: 200.1305.

6-(3-1soprapylcyclohexyl)nicotinonitrile (102b)

NC
=z Me

SN I"’O“‘\kMe

Following TP4B 6-bromonicotinonitrile (91mg, 0.50mmol, 1.0 equiv.) was coupled with -(3
isopropylcyclohexyl)zinc iodide (0.#Bnol, 1.5 equiv.) prepared according T®3from the corresponding
iodide.

Isolated yield:72 mg, 0.32mmol, 63%, dr = 96:4, colorless crystal

Purification: pentane:ethyl acetate = 95:5.

H-NMR (400 MHz, CDLppm):4 = 8.80 (ddJ= 2.2, 0.9 Hz, 1H), 7.86 (dts 8.2, 2.2 Hz, 1H), 7.28 (dd,
J=8.2, 0.9 Hz, 1H), 2.77 (&= 11.6, 3.4 Hz, 1H), 2.Q11.86 (m, 3H), 1.77 (ddd= 11.5, 4.91.5 Hz, 1H),
1.56¢ 1.36 (M, 3H), 1.3¢ 1.19 (m, 2H), 1.02 (dddd= 15.0, 12.4, 8.9, 3.7 Hz, 1H), 0.88)&d3.3 Hz, 3H),
0.87 (dJ= 3.3 Hz, 3H).

B3GNMR (100 MHz, CDLppm):4 = 171.0, 152.0, 139.5, 121.4, 117.1, 107.1, 47.1, 43.9, 35.9, 2340, 3
29.1, 26.3, 19.8, 19.7.

FFIR (ATR, crf):’ = 2927, 2854, 2231, 1592, 1478, 1462, 1447, 1384, 1368, 1023, 839.

MS (El, 70 eV)n/z (%) = 228 (4), 185 (100), 157 (23), 145 (36), 143 (18), 131 (42), 118 (23).

HRMS (El, 70eV]CisHhoNy], calcd.: 228.1626; found: 228.1621.

2-(3-Isopropylcyclohexyl)pyrimidine (10&c)
(\lN Me
\NJ%O\\*Me

Following TP4B 2-bromopyrimidine (80mg, 0.50mmol, 1.0 equiv.) was coupled with -(3
isopropylcyclohexyl)zinc iodide (0.#Bmol, 1.5 equiv.) prepared according T®3from the corresponding
iodide.

Isolated yield:53 mg, 0.26mmol, 52%, dr = 94:6 colorless oil.

Thecisconfiguration of the producfi02acwas confirmed using 2ENMR analysissee VI. Appendix1.
StructureDeterminationusingNMRExperiments)

Purification: pentane:ethyl acetate = 95:5.
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IH-NMR (400 MHz, CDCppm):4 = 8.66 (dJ= 4.9 Hz, 2H), 7.09 (t, J = 4.9 Hz, 1H), 2.88=(1.9, 3.3z,

1H), 1.98 (dddgJ=10.8, 5.0, 3.4, 2.0 Hz, 2H), 1.90 (dp, J = 13.2, 3.2 Hz, 1H), 1.73&ltid8, 4.8, 3.3,

1.6 Hz, 1H), 1.56 (ddds 13.3, 12.2, 3.5 Hz, 1H), 161.44 (m, 1H), 1.441.37 (m, 1H), 1.37 1.30 (m,

1H), 1.3z 1.21 (m, 1H), 1.03 (tdd= 12.6, 11.2, 3.7 Hz, 1H), ), 0.87)« 2.2 Hz, 3H), 0.86 (&7 2.2Hz,

3H)

13GNMR (100 MHz, CDECppm):t =174.9, 157.1, 118.6, 48.0, 44.0, 35.4, 33.1, 32.0, 29.3, 26.4, 19.9, 19.9.
FTIR (ATR, ct):’ = 2928, 2853, 1571, 1558, 1462, 1446, 1422, 1385, 1368, 799, 665.

MS (El, 70 eV)n/z (%) = 204 (32), 162 (100), 133 (24), 123, (289 (27), 107 (29).

HRMS (El, 70eV]CisHoNy], calcd.: 204.1626; found: 204.1621.

Ethyk4-(5-(trifluoromethyl) pyridin-2-yl)cyclohexanel-carboxylate (02ad)

CF; Z

NS ’,
" IIQ
CO,Et

FollowingTP4B 2-bromao-5-(trifluoromethyl)pyridine (113ng, 0.50mmol, 1.0 equiv.) was coupled with
(4-(ethoxycarbonyl)cyclohexyl)zinc iodide (Orifol, 1.5 equiv.) prepared according ¥P2from the
correspondhng iodide.

Isolated yield:77 mg, 0.26mmol, 51%, dr = 80:20, colorless oil.

Purification: pentaneethyl acetate = 9:1.

HNMR (400 MHz, CDCppm):4 = 8.72 (dgJ= 4.1, 2.5, 1.8 Hz, 1H), 7.77 (d4,8.3, 2.6 Hz, 1H), 7.26
7.18 (m, 1H), 4.1 4.01 (m, 2H), 2.71 (dddd= 28.0, 24.6, 11.4, 7.3 Hz, 1H), 2¢37.23 (m, 1H), 2.28
1.88 (M, 4H), 1.87 1.61 (m, 1H), 1.601.48 (m, 3H), 1.21 (td= 7.1, 1.8 Hz, 3H).

3GNMR (100 MHz, CDCppm):{ = 175.9, 169.50 (dl= 1.8 Hz), 146.25 (4= 4.1 Hz), 133.69 (4=
3.5Hz)124.5 (qJ= 32.9 Hz), 123.8 (4= 272.0 Hz), 121.1, 60.4, 45.7, 42.9, 31.7, 28.9, 14.4.

FTIR (ATR, cr):’ = 2936, 2862, 1728, 1606, 1452, 1393, 1377, 1326, 1161, 1128, 1081, 1041, 1015, 904,
842, 728.

MS (El, 70 eV)n/z (%) = 301 (14) 228@(), 200 (48), 198 (30), 186 (30), 174 (53), 161 (259).

HRMS (El, 70eV]CisHisksNG], calcd.: 301.1290; found: 301.1283.
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2-(4-(1H-Pyrrol-1-yl)cyclohexy)-5-(trifluoromethyl)pyridine (102ae)

F3C

FollowingTP4B 2-bromo-5-(trifluoromethyl)pyridine (113ng, 0.50mmol, 1.0 equiv.) was coupled with
(4-(1H-pyrrol-1-yl)cyclohexyl)zinc iodide (0.7mol, 1.5 equiv.) prepared according P3from the
corresponding iodide.

Isolated yield:79 mg, 0.27mmol, 54%, dr 98:2, colorless crystals.

The transconfiguration ofL02aewas confirmed using-ray structure analysisee:VI. Appendix3. Single
Crystal XRay Diffraction Studies

Purification: pentane:ethyl acetate = 9:1.

m.p.: 130.8¢ 132.4°C

H-NMR (400 MHz, CDECppm):4 = 8.88¢ 8.76 (m, 1H), 7.87 (dd= 82, 2.4 Hz, 1H), 7.32 (@ 8.2 Hz,
1H), 6.78 (t, J = 2.1 Hz, 2H), 6.18#2.1 Hz, 2H), 4.053.90 (m, 1H), 2.88 (t]= 11.4, 3.6 Hz, 1H), 2.38
¢ 2.25 (m, 2H), 2.14 (df= 13.3, 2.7 Hz, 2H), 1.84..70 (m, 4H).

BGNMR (100 MHz, CDCppm):t = 169.0 (dJ= 1.5 Hz), 146.4 (= 4.1 Hz), 133.8 (q, J = 3.6 Hz), 123.8
(9,J=272.0 Hz), 124.6 (3= 32.9 Hz), 121.2, 118.6, 107.8, 58.1, 45.5, 34.3, 31.7.

FFIR (ATR, cr):’ = 2940, 2860, 1706, 1605, 1571, 1489, 1452, 1399, 1366, 1325, 1125/, 1243,
1197, 1161, 1128, 1097, 1079, 1013, 957, 907, 813, 766, 722, 674.

MS (El, 70 eV)n/z (%) = 295 (18), 294 (100), 165 (179, 118 8249, 212 (16), 200 (16), 198 (46), 186 (19),
174 (46), 161 (19).

HRMS (El, 70eV]CieHi7FN,], calcd.: 294.1344pund: 294.1339.

2-(4-(Trifluoromethyl)cyclohexyl)pyrimidine (102&f)

(\N

I

\N)IIIIO\
CF,

Following TP4B 2-bromopyrimidine (8amg, 0.50mmol, 1.0 equiv.) was coupled with -(3
(trifluoromethyl)cyclohexyl)zinc iodide (0.A@mol, 1.5 equiv.) prepared according fBP3from the
corresponding iodide.

Isolated yield:84 mg, 0.37mmol, 73%, dr = 98:2, colorless oil.

Purification: pentane:ethyl acetate = 9:1.
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IH-NMR (400 MHz, CDCppm):4 = 8.67 (dJ= 4.9 Hz, 2H), 7.13 (= 4.9Hz, 1H), 2.87 (tt]= 12.2, 3.6Hz,

1H), 2.27 2.03 (m, 5H), 1.7§ 1.57 (m, 2H), 1.56 1.41 (m, 2H).

BBGNMR (100 MHz, CDECppm):t = 173.4, 157.1, 127.8 (& 278.5 Hz), 118.8, 46.4, 41.419,26.5 Hz),

30.1, 24.8 (qJ= 2.6 Hz).

FFIR (ATRem?):” = 2950, 2926, 2858, 1571, 1558, 1451, 1438, 1423, 1390, 1370, 1337, 1271, 1249,
1220, 170, 1134, 1116, 1092, 1078, 1069, 1027, 1003, 988, 966, 902, 884, 848, 817, 805, 700.

MS (El, 70 eV)n/z (%) = 231 (12), 230 (100), 229 (32), 169 (27), 183 189 (83), 107 (80), 94 (56).

HRMS (El, 70eV]CiiHisRN;], caled.: 230.1031; found: 230.1025.

2-(4-Phenylcyclohexyl)pyrimidine (1G&)

(\N

|

\N)III'O\
Ph

Following TP4B 2-bromopyrimidine (8dng, 0.50mmol, 1.0 equiv.) was coupledwith (4-
phenylcyclohexyl)zinc iodide (0.@#tmol, 1.5 equiv.) prepared according 1¢°3from the corresponding
iodide.

Isolated yield:80 mg, 0.34mmol, 67%, dr = 96:4, colorless crystals.

Purification: pentane:ethyl acetate = 9:1.

m.p.:117.8¢ 119.1°C

H-NMR (400 MHz, CDCppm):4 = 8.68 (dJ= 4.9 Hz, 2H), 7.367.22 (m, 4H), 7.22 7.15 (m, 1H), 7.12

(t, J= 4.9 Hz, 1H), 2.97 (1= 12.1, 3.6 Hz, 1H), 2.63 (@t 12.1, 3.5 Hz, 1H), 2.18 (ditk 15.1, 4.6, 4.2,

2.2 Hz, 2H), 2.06 (dtd= 151, 4.9, 4.2, 2.4 Hz, 2H), 1.83.73 (m, 2H), 1.781.53 (m, 2H).

BBGNMR (100 MHz, CDLppm):4 = 174.5,157.1, 147.4, 128.5, 127.0, 126.1, 118.7, 47.2, 43.9, 34.0, 32.2.
FTFIR (ATR, ch):’ = 2925, 2867, 1987, 1572, 1561, 1464, 1427, 1382, 1375, 1168, 1024, 960, 832, 798.
MS (El, 70 eV)n/z (%) = 238 (100), 133 (38), 121 (52), 119 (78), 115 (32), 107 898), 91 (38).

HRMS (EI, 70eV]CieHhgN2], calcd.: 238.1470; found: 238.1462.
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2-(4-(1H-Pyrrol1-yl)cyclohexyh4-(4-chlorophenyl)pyrimidine £02ah)

A N
|
)
g 0

FollowingTP4B 2-bromo-4-(4-chlorophenyl)pyrimidine (13B1g, 0.50mmol, 1.0 equiv.) was coupled with
(4-(1H-pyrrol-1-yl)cyclohexyl)zinc iodide (0.78mol, 1.5 equiv.) prepared according P3from the
corresponding iodide.

Isolated yield:108mg, 0.32mmol, 64%, dr = 91:9, colorless crystals.

Purification: pentane:ethyl acetate = 8:2.

m.p.:104.0¢ 105.7°C

IH-NMR (400 MHz, CDCppm):4 = 8.43 (dJ= 5.2 Hz, 1H), 7.927.85 (m, 2H), 7.347.28 (m, 2H), 6.77

(d,J= 5.3 Hz, 1H), 6.73 (t= 2.1 Hz, 2H), 6.53 (t= 2.1 Hz, 2H), 3.61 (t= 11.9, 3.9 Hz, 1H), 3.05 (&

12.1, 3.6 Hz, 1H), 2.33.18 (m, 2H), 2.181.98 (m, 2H), 1.98 1.82 (m, 2H), 1.74 1.52 (m, 2H).

3GNMR (100 MHz, CDLCppm):t = 174.2, 162.2, 158.0, 137.2, 135.8, 129.3, 128.7, 118.5, 113.8, 108.3,
58.1, 46.6, 34.4, 31.2.

FFIR (ATR, crf):’ = 2929, 2856, 1706, 1597, 1568, 1545, 1491, 1462, 1436, 1409, 1384, 1315, 1294,
1274, 1259, 1089, 1065, 1013, 962, 907, 822, 801,774, 721.

MS (EI, 70 eV)n/z (%) = 339 (39), 338 (27), 227 (100), 243 (229), 217 (59), 137 (26), 95 (24), 93 (27), 67
8339,43 (31), 40 (22).

HRMS (El, 70eV]CoHoCIN], caled.: 337.1346; found: 337.1334.

2-((358S9S510R 13R 145 17R)-10,13dimethyl-17-((R)-6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16;18tradecahydra 1H-cyclopentap]phenanthren-3-yl)pyrimidine
(102ai)

jPr

Following TP4B 2-bromopyrimidine (8dng, 0.50mmol, 1.0 equiv.) was coupled with
((859S10R 13R 14517R-10,13dimethyt17-((R-6-methylheptan2-yl)-
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2,3,4,7,8,9,10,11,12,13,14,15,16;tEtradecahydrelH-cyclopentag]phenanthren3-yl)zinc chloride
(0.75mmol, 1.5 equiv.) prepared according T®2from the corresponding chloride.

Isolated yield:174mg, 0.39mmol, 78%, dr = 98:2, colorless crystals.

Purification: pentane:ethyl acetate = 95:5.

m.p.:125.2¢ 127.0°C

IH-NMR (400 MHz, CDLppm):4 = 8.68 (dJ= 4.9 Hz, 2H), 7.12 (= 4.9 Hz, 1H), 5.39 (d 5.3, 1.9 Hz,
1H), 2.89 (ddtJ= 15.9, 8.8, 4.0 Hz, 1H), 2.66 @¢,13.2, 2.6 Hz, 1H), 2.82.25 (m, 1H), 2.1§1.78 (m,
7H), 1.65 1.44(m, 8H), 1.44 1.19 (m, 6H), 1.24.0.95 (m, 8H), 0.92 (d= 6.5 Hz, 3H), 0.87 (@ 1.9Hz,
3H), 0.86 (dJ= 1.9 Hz, 3H), 0.69 (s, 3H).

13GNMR (100 MHz, CDCppm):4 = 174.1, 157.0, 142.3, 120.5, 118.6, 56.8, 56.2, 50.3, 48.8, 42.3, 39.8,
39.5, 394, 37.8, 37.0, 36.2, 35.8, 32.0, 31.9, 28.3, 28.0, 24.3, 23.9, 22.9, 22.6, 21.0, 19.7, 18.7, 11.9.
FTFIR (ATR, cf):’ =2937, 2867, 1572, 1561, 1463, 1427, 1382, 13753,1B167, 1062, 1024, 960, 833,
797, 670.

MS (El, 70 eV)n/z (%) = 448 (566), 107 (39), 94 (22), 89 (41), 55 (48), 42 (100), 41 (49).

HRMS (El, 70eV]GsiHigN2], calcd.: 448.3817; found: 448.3820.

Optical rotation: | 1 (c 0.98, CH®I

2-((2S4R,4AS6R)-6-Isopropyt4,4a-dimethyldecahydronaphthalen2-yl)pyrimidine (102j))
Me Me

Me
m‘\\\k'\ﬂe
N 2
N =
E/ H
Z

N
Following TP4B 2-bromopyrimidine (8amg, 0.50mmol, 1.0 equiv.) was coupled with R4laS6R)-6-
isopropyt4,4a-dimethyldecahydronaphthale@-yl)zinc iodide (0.75mol, 1.5 equiv.) prepared according

to TP3from the corresponding iodide.

Isolated yield:149mg, 0.26mmol, 52%, dr = 98:2 colorless oil.

Purification: pentane:ethyl acetate = 9:1.

IH-NMR (400 MHz, CDECppm):4 = 8.66 (dJ= 4.9Hz, 2H), 7.09 (fl= 4.9 Hz, 1H), 3.02 (&= 11.9, 4. Hz,

1H), 1.80c 1.52 (m, 6H), 1.46 1.13 (m, 6H), 0.96 (qd= 12.2, 5.1 Hz, 1H), 0.870.80 (m, 9H), 0.77 (s,
3H), 0.66 (tJ=12.4 Hz, 1H).

BGNMR (100 MHz, CDECppm):4 =174.5, 157.1, 8.5, 47.8, 46.3, 43.3, 42.3, 39.0, 36.5, 36.1, 34.0, 33.3,
30.0, 29.8, 29.0, 20.2, 19.7, 15.2, 11.8.

FTFIR (ATR, cf):’ =2917, 2857, 1571, 1558, 1464, 1422, 1384, 1366, 1119, 963, 890, 780, 668.
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MS (El, 70 eV)n/z (%) = 287 (20), 286 (96), 243 (32), 159 (29), 147 (75), 145 (44), 135 (39), 133 (64), 131
(34), 119 (67), 107 (100), 94 (64).

HRMS (El, 70eV]CigHsoNy], calcd.: 286.2409; found: 286.2404.

Optical rotation: | 22 (c 0.87, CHgl

2-(4-Phenylbut3-yn-1-yl)-1,3-dioxane (104)

Ph\/\/O

'

FollowingTP4A (bromoethynyl)benzenelQ3g 91 mg, 0.50mmol, 1.0 equiv.) was coupled with-(2,3
dioxan2-yl)ethyl)zinc chloride 1013 0.75mmol, 1.5 equiv.) prepared according t©P2 from the
corresponding bromide
Isolated yield:59 mg, 0.28mmol, 55%, colorless oil.
Purification: pentane:ethyl acetate = 9:1.
IH-NMR (400 MHz, CDCppm):4 = 7.45¢ 7.33 (m, 2H), 7.34 7.21 (m, 3H), 4.71 (8= 5.2 Hz, 1H), 4.12
(ddt, J= 10.5, 0, 1.4 Hz, 2H), 3.993.69 (m, 2H), 2.51 (§= 7.3 Hz, 2H), 2.09 (dtt= 13.4, 12.4, 5.0 Hz,
1H), 1.89 (tdJ= 7.3, 5.2 Hz, 2H), 1.36 (dit 13.5, 2.7, 1.4 Hz, 1H).
B3GNMR (100 MHz, CDLppm):4 = 131.7, 128.3, 127.7, 124.0, 101.0, 89.5, 88781, 34.3, 26.0, 14.4.
FFIR (ATR, crf):’ = 2965, 2851, 1598, 1490, 1469, 1442, 1430, 1406, 1379, 1286, 1243, 1218, 1202,
1132, 1085, 1061, 1047, 1007, 971, 960, 936, 922, 882, 789, 755, 691.
MS (El, 70 eV)n/z (%) = 216 (9), 215 (22), 158 (14), 157 (35), 130 (22), 129 (100), 128 (58), 115 (53).
HRMS (El, 70eV]CiHieO2], caled.: 216.1150; found: 216.1148.

Triisopropyl((4phenylcyclohexyl)ethynyl)silaa (104)
~

O\Ph

FollowingTP4B (bromoethynyl)triisopropylsilanelQ03b, 131 mg, 0.50mmol, 1.0 equiv.) was coupled with

TIPS

(4-phenylcyclohexyl)zinc iodide (0./#mol, 1.5 equiv.) prepared accordingT@3from the corresponding
iodide.
Isolated yield: 92mg, 0.27mmol, 54 %, dr = 99:colorless oil.

Purification: pentane.

106



EXPERIMENTAL PART

IH-NMR (400 MHz, CDLppm):4 = 7.25¢ 7.17 (m, 2H), 7.167.08 (m, 3H), 2.44 (ti= 11.6, 3.5 Hz, 1H),

2.26 (tt,J=11.7, 3.7 Hz, 1H), 2.£3..99 (m, 2H), 1.83 (df= 12.2, 2.5 Hz, 2H), 1.§8.30 (m, 4H)1.00

(d,J= 5.1 Hz, 21H).

13GNMR (100 MHz, CDCppm):+ = 147.3, 128.5, 126.9, 126.2, 113.7, 79.3, 43.7, 33.8, 33.7, 30.5, 18.8,
11.4.

FFIR (ATR, crf):’ = 2938, 2892, 2863, 2173, 1498, 1463, 1449, 1382, 1298, 1073, 1018, 882, 754, 697,
686, 671, 657.

MS (El, 70 eV)n/z (%) = 298 (25), 297 (100), 269 (10), 241 (9), 227 (7), 120 (8), 91 (9), 59 (14).

HRMS (El, 70eV]CsHssSi], cald.: 340.2586; found: 40.2583.
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3. CobaltCatalyzed CspCsp CrossCoupling of Functionalized Alkylzinc Reagents with
Alkyl lodides

3.1 Optimization of the Reaction Conditions

Tablel12: Further optimization of the reaction conditions.

C3
O)\/);Zn
106a
(xx equiv)

catalyst (xx mol%)
neocuproine (20 mol%)

P NN TBAI (2.25 equiv) > Ph/\/\/\r\o)
o

MeCN, rt, 16 h
105a (1.00 equiv) 107a
Entry Cobaltsalt  CoCl[mol%] Amount of106a[equiv] GGYield® of 107a[%]
1 Cod 20 0.75 74
2 CoBsp 20 0.75 73
3 Co(acac) 20 0.75 74
4 Cod 10 0.75 68
5 Cod 30 0.75 77
6 Cod 20 0.6 71
7 Cod 20 0.85 76

[a] Tetradecane (aHsg) was used as internal standard.
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3.2Preparation of Starting Materials

(3-iodopropyl)benzene (05a)'4?

©/\/\|
The title compound was prepared according to literature procedure froirdBropropyl)benzeneThe
analytical data is in full consistency with the data reported in the literature.

!H-NMR (400 MHz, CDELppm):4 =7.34¢ 7.27 (m, 2H), 7.21 (td,= 6.8, 1.6 Hz, 3H), 3.18 Jt 6.8 Hz,
2H), 2.73 (tJ= 7.3 Hz, 2H), 2.212.08 (m, 2H).

1-(2-lodoethyl)-4-methoxybenzené*

|
Meo/©/\/

The title compound was prepared according to literature procedure frorR-dhloroethyl}4-
methoxybenzeneThe analytical data is in full consistency with the data reported in the litezatu
IH-NMR (400 MHz, CDLppm):4 = 7.15¢ 7.05 (m, 2H), 6.94.6.80 (m, 2H), 3.80 (s, 3H), 3.32)&,7.8Hz,
2H), 3.12 (t)= 7.8 Hz, 2H).

6-lodo-2,2-dimethylhexanenitrile (1D5i)8

Me_ Me

NN
The title compound was prepared according to literature procedure frorhydioxy2,2-
dimethylhexanenitrile. The analytical data is in full consistency thidata reported in the literature.
IH-NMR (400 MHz, CDECppm):4 =3.20 (t,J= 6.9 Hz, 2H), 1.911.81 (m, 2H), 1.66 1.49 (m, 4H), 1.35
(s, 6H).

143X, Wang, X. Ji, C. Shao, Y. Zhanga, Y. @ngnBiomolChem 201715, 56165624.
144Q. Liu, J. Hong, B. Sun, G. Bai, Feng Li, G. Liu, Y. Yan@rd. Mtt201921, 65976602.
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3-(2-lodoethyl)-1-tosyl-1H-indole'#

A\
N

Ts
The title compound was preparextcording to literature procedure from@H-indol-3-yl)ethanl-ol. The
analytical data is in full consistency with the data reported in the literature.

IHNMR (400 MHz, CDLCbpm):4 = 7.99 (dtJ= 8.3, 0.9 Hz, 1H), 7.807.73 (m, 2H), 7.45 (dfi= 6.5,
1.0Hz, 2H), 7.32 (ddd= 8.4, 7.3, 1.3 Hz, 1H), 7.25 (dd,7.6, 1.1 Hz, 1H), 7.2%.17 (m, 2H), 3.41 (8=
7.5 Hz, 2H), 3.24 (@= 7.5 Hz, 2H), 2.32 (s, 3H).

2-(4-lodopiperidin-1-yl)pyrimidine (105d)
s
N N
O
N

The title compound was prepared from(ftyrimidin-2-yl)piperidin4-ol, which was prepared according to
literature proceduret®

Triphenylphosphine (2.88, 11mmol, 1.1equiv) and imidazole (2.0g 30mmol, 3.0equiv) were
dissolved in dichloromethané33mL, 0.3v to the corresponding alcohol) and cooled t?®© lodine
(2.79g, 11mmol, 1.1 equiv) was added over tfin and (pyrimidin-2-yl)piperidin4-ol (1.79g, 10mmol,
1.0equiv) was added dropwise. The reaction mixture was allowed to warm to temperature and was
stirred overnight. Saturated aqueous sodium thiosulfsddution (30mL) was added and the mixture was
extracted with dichloromethane (3 x 20 mL). After solvent evaporation, the crude product was subjected
to column chromatography with-hexane and ethyl acetate (9:1) as eluent(42odopiperidinl-
yl)pyrimidine wa®btained as a yellow oil (2.6 9.0mmol, 90% yield).

HNMR (400 MHz, CDCppm):4 = 8.30 (dJ= 4.7 Hz, 2H), 6.48 (= 4.7 Hz, 1H), 4.55 (= 6.9, 5.1 Hz,
1H), 4.13¢ 4.04 (m, 2H), 3.63 (dddz 13.7, 6.9, 4.7 Hz, 2H), 24.2.07 (m, 4H).

3GNMR (100 MHz, CDECppm):4 = 161.5, 157.9, 109.9, 44.3, 37.5, 28.7.

FTFIR (ATR, c):’ = 2947, 2850, 1582, 1545, 1491, 1443, 1390, 1356, 1304, 1271, 1258118%8,
1083, 1060, 1011, 993, 976, 842, 846, 794, 779, 672.

1453, Rezazadeh, V. Devannah, D. A. Watsem.Chem.S02017, 139, 81168113.

165, R. Katamreddy, A. J. Carpenter, C. E. Ammala, E. E. Boros, R. L. BasBeacae, S. R. Bullard, R. D. Caldwell,

C. R. Conlee, D. K. Croom, S. M. Hart, D. O. Heyer, P. R. Johnson, J. A. Kashatus, D. J. Minick, G. E. Peckham, S. A. Ross
S. G. Roller, V. A. Samano, H. R. Sauls, S. M. Tadepalli, J. B. Thompson, Y. a§u].Méd.@hen2012 55, 10972

10994
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MS (EI, 70 eV)n/z (%) = 289 (6), 163 (10), 162 (100), 160 (6), 134 (29), 108 (69), 79 (6).
HRMS (EI, 70eV)Calcd foiGHiNsl 289.0076 Found: 289.0071.

1-Fluoro-4-(2-iodopropyl)benzené?*’

F |

T,
The title compound was prepared according to literature procedure fre@fluorophenyl)propar2-ol.
The analytical data is in full consistency with the data reported in the literature.

IH-NMR (400 MHz, CDCppm):4 = 7.17¢7.12 (m, 2H), 7.046.97 (m, 2H), 4.29 (8= 7.0, 1H), 3.22 (dd,
J=14.2, 7.5, 1H), 3.03 (dd= 14.2, 7.1, 1H), 1.90 (@ 6.8, 3H).

2-(3-lodobutyl)-1,3,3trimethylcyclohex1-ene (105f)

Me_ Me l
Shas
Me

Dihydroi -ionone wasreduced according to literature proceddf® by NaBH affording 4(2,6,6
trimethylcyclohexl-en-1-yl)butan2-ol. Triphenylphosphine (4.32 16.5mmol, 1.1 equiv) and imidazole
(2.12g, 16.5mmol, 1.1equiv) were dissolved in dichloromethane (L, 0.3v to the corresponding
alcohol) and cooled to ©@C lodine (4.19, 16.6mmol, 1.1 equiv) was added over 15 min and246,6
trimethylcycbhex1-en-1-yl)butan2-ol (2.94g, 15mmol, 1.0equiv) was added dropwise. The reaction
mixture was warmed to room tergrature and stirred overnight. Saturated aqueaaslium thiosulfate
solution (30mL) was added and the mixture was extextwith dichloromethane (3 x 20L). After solvent
evaporation, the crude product was subjected to column chromatography iwékaneas eluent. 2(3-
lodobutyl}1,3,3trimethylcyclohexl-ene was obained as a colorless oil (2.488.1mmol, 54% vyield).

IH-NMR (400 MHz, CDCppm):4 = 4.19 (dgdJ= 8.2, 6.9, 4.8 Hz, 1H), 2.20 (¢, 12.9, 4.5 Hz, 1H), 2.03

(td, J=12.9, 4.5 Hz, 1H)..94 (dJ= 6.9 Hz, 3H), 1.921.87 (m, 2H), 1.87 1.79 (m, 1H), 1.66 (ddi= 12.3,

9.8, 4.7 Hz, 1H), 1.59 (s, 3H), 1c8850 (m, 2H), 1.4d 1.37 (m, 2H), 0.99 (s, 6H).

BBGNMR (100 MHz, CDgLppm):t = 136.0, 128.0, 43.0, 39.9, 35.2, 32.9, 31.3, 29.1, 29.0, 28.7, 28.7, 20.1,
19.62.

FTFIR (ATR, c):’ = 2957, 2925, 2864, 1471, 1443, 1376, 1360, 1270, 1259, 1223, 1191, 1173, 1134,
1111, 1080, 1040, 991, 973, 902, 861, 833, 747, 704.

7M. S. Hofmayer, J. M. Hammann, G. CalftdgnochelSynlett2018 29, 6567.
“8p Jjnarestt F f 2YAY 23 {® {FfAR2Z WOFlavduriFragiFRe08 A1565%666. b 2 3 dzS NI & =
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MS (El, 70 eV)n/z (%) = 291 (43), 163 (26), 137 (88), 123 (81), 121 (30), 109 (26), 107 (46), 95 (96), 93
(40), 91 (31), 81 (100), 79 (29), 67 (28).
HRMS (EI, 70eV)Calcd foiGaHssl 306.0844 Found: 306.0838.

3-lodobutyl isobutyrate
o |
Meﬁ)l\o/\)\Me
Me

Butanel,3-diol (2.23mL, 25.0mmol, 1.0equiv),4-(dimethylamino)pyridine (0.6§, 5.00mmol, 0.2equiv)
and triethylamine (5.0%, 50.0mmol, 2.0equiv) were dissolved in DCM (B@L) and cooled to 6C
Isobutyryl chloride (2.98, 27.5mmol, 1.1equiv)was dissolved in DCM (8L) and was added slowly to
the cooled solution. The reaction mixture was warmed to room temperature and stirred overnight. The
solution was washed twice with saturated NaHC®e aqueous phase was extracted with DCM and the
combned organic layers were dried over anhydrous®a. The solvent was evaporated and the crude
product was purifiedvia column chromatography usingnexane/EtOAc (7:3) to yield-t8droxybutyl
isobutyrate (3.03y, 18.8mmol, 68%) as a colorless liquid. Tmakytical data is in full consistency with the
data reported in the literaturé?®

IHNMR (400 MHz, CD{ppm):4 =4.45¢ 4.25 (m, 1H), 4.11 (di= 11.2, 5.6 Hz, 1H), 3.93.76 (m, 1H),
2.53 (hdJ=7.0, 1.8 Hz, 1H), 1.88..56 (m, 2H), 1.22 (dd=6.3, 1.9 Hz, 3H), 1.191.12 (m, 6H).

lodine (5.28, 20.6amoal, 1.1 euiv) was dissolved in DCM (120, 0.2v with respect to the corresponding
alcohol) and then cooled to @ Triphenylplosphine (5.5@, 20.6mmol, 1.1equiv) was added slowly. The
mixture was stirred for h and cooled t¢20°C Imidazole (1.3§, 20.6mmol, 1.1equiv) was added and
the mixture was stirred for 1énin. Then, shydroxybutyl isobutyrate (3.08, 18.8mmol, 1.0 equiv) was
added and the solution was stirred overnighheTreaction mixture was washed with saturated aqueous
sodium thiosulfate solution, brine and dried over anhydrous3@a After evaporation of the solvent, the
crude product was subjected to flash column chromatography usiegane/EtOAc (8:2) to yield 3
iodobutyl isobutyrate as a colorless liquid (3d,3L1.6mmol, 62%)

HNMR (400 MHz, CDLCppm):t = 4.24 (tdd,J= 9.3, 7.6, 5.0 Hz, 2H), 4.10 (ddd,11.2, 7.9, 5.6 Hz, 1H),
2.54 (dt,J= 14.0, 7.0 Hz, 1H), 2.12 (ddt 14.7, 9.1, 5.3 Hz, 1H), 3.01.89 (m, 4H), 1.16 (dd;= 7.0,
1.5Hz, 6H).

BBGNMR (100 MHz, CDCppm):4 =177.1, 64.1, 41.4, 34.1, 29.1, 24.4, 19.1, 19.1.

149V, Toda, T. Sakamoto, Y. Komiyama, A. Kikuchi, HASS&y&ataR017, 7, 61506154.
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FFIR (ATR, cf):’ = 3412, 2973, 1732, 1469, 1388, 1344, 1191, 1154, 1125, 1076, 1048, 1021, 982, 929,
845, 794, 752.

MS (EI, 70 eV)n/z (%) = 143 (55), 89 (100), 71 (17), 55 (36), 43 (26).

HRMS (El, 70eV]M+H] Calcd foiGsHieO,l* 271.0189 Found:271.0189

3-lodobutyl 4methoxybenzoate (D5h)*°

O
/@)LO/\)\MG‘
MeO

The title compound was preparedccording to literature procedure from -l3ydroxybutyl 4

methoxybenzoate. The analytical data is in full consistency with the data reported in the literature.
IH-NMR (400 MHz, CDLppm):4 =8.01¢ 7.91 (m, 2H), 6.9§6.83 (m, 2H), 4.47 (di= 11.2, % Hz, 1H),
4.30 (ddt,J= 11.8, 6.8, 4.2 Hz, 2H), 3.83 (s, 3H), 2.23 (ddf,4.6, 9.1, 5.4 Hz, 1H), 2.09 (dddd,15.0,
7.8,5.9, 4.8z, 1H), 1.99 (d, J = 6.9 Hz, 3H).

3-lodobutyl furan-2-carboxylate>!

The title compound was prepared according to literature procedure frorhy8roxybutyl furar2-
carboxylate. The analytical data is in full consistency with the data reported in the literature.

HNMR (400 MHz, CDCppm):4 7.58 (ddJ= 1.8, 0.9 Hz, 1H), 7.18 (d& 3.6, 0.9 Hz, 1H), 6.51 (dd;
3.5, 1.7 Hz, 1H), 4.50 (dt 11.2, 5.6 Hz, 1H), 4.42.22 (m, 2H), 2.23 (ddi= 14.7, 9.2, 5.4 Hz, 1H), 2.10
(dddd,J=15.1, 7.9, 6.0, 4.7 Hz, 1H), 1.993¢6.9 Hz, 3H).

Ethyl 3iodobutanoate'®?

O |

Eto)l\/kMe

The title compound was prepared according to literature procedure from etimyldBoxybutanoate. The

analytical data is in full consistency with the data reported in the literature.

10V, Dai, F. Wu, Z. Zang, H. You, H. Gtwegn. Eur.. 2012 18, 808812.
1Y, Chen, G. Ma, H. GoBgg. Lett 2018 20, 15, 46774680.
12C. W. Cheung, P. Ren, X. Gg. Lett2014 16, 25662569.
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IH-NMR (400 MHz, CDCppm):4 =4.45 (¢, J= 8.1, 6.8 Hz, 1H), 4.17 (qk 7.1, 0.8 Hz, 2H), 2.99 (dd,
J=16.1, 8.0 Hz, 1H), 2.90 (i 16.1, 6.6 Hz, 1H), 1.94 (& 6.9 Hz, 3H), 1.28 (t= 7.2 Hz, 3H).

tert-Butyl((2-iodocyclohexyl)oxy)dimethylsilan&?

OTBS

\\\l

The title compound was prepared according to literature procedure from cyclohexene Nand
iodosuccinimide. The analytical data is in full consistency with the data reported in the literature.
IH-NMR (400 MHz, CDCppm):t =4.09¢ 3.98 (m, 1H), 3.8 3.68 (m, 1H), 2.4¢ 2.31 (m, 1H), 2.1,
2.02 (m, 1H), 2.0§1.88 (m, 1H), 1.841.70 (m, 1H), 1.581.46 (m, 1H), 1.44 1.25 (m, 3H), 0.91 (s, 9H),
0.15 (s, 3H), 0.08 (s, 3H).

(1S2S4R)-2-lodo-1-isopropyk4-methylcyclohexané
Me Me

é,.

e

The title compound was prepared according to literature procedure froam@ithol. The analytical data

is infull consistency with the data reported in the literature.

HNMR (400 MHz, CDLCppm):4 =4.94 (p, J = 2.8 Hz, 1H), 2.38 (dtd,14.5, 3.3, 2.2 Hz, 1H), 2.14 (tdd,

J=11.6,5.7, 3.2 Hz, 1H), 1.92 (tfi; 12.7, 3.5, 2.2 Hz, 2H), 168.36 (m, 3H), 1.161.01 (m, 10H), 0.00

(ddt, J=11.9, 9.1, 2.9 Hz, 1H).

1-(3-lodobutyl)-4-methoxybenzene (05¢)*%*

J@M“”e
MeO

The title compound was prepared according to literature procedure fre@#ethoxyphenyl)butar-ol.
The analytical data is in full consistency with the data reported in the literature.

IH-NMR (400 MHz, CDECppm):t =7.15¢ 7.10 (m, 2H), 6.876.81 (m, 2H), 4.11 (dqds= 9.1, 6.8, 4.5 Hz,
1H), 3.79 (s, 3H), 2.79 (ddd, J = 13.9, 8.8, 5.2 Hz, 1H), 2.63<d®d8, 8.8, 7.0 Hz, 1H), 2.13 (did,14.2,
8.9, 5.2Hz, 1H), 1.95 (d= 6.8 Hz, 3H), 1.84 (dddt; 14.6, 8.8, 7.1, 4.5 Hz, 1H).

15373, M. Hammann, D. Haas; E. Tullmann, K. Karaghiosoff, P. Knodbed, Lett. 2016 18, 47784781
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8-lodo-1,4-dioxaspiro[4.5]decane (@5h)'*!

(o
AL
|
The title compound was prepared accorditagliterature procedure from 1 4lioxaspiro[4.5]deca8-ol.
The analytical data is in full consistency with the data reported in the literature.

IH-NMR (400 MHz, CDChpm):4 = 4.47¢ 4.36 (m, 1H), 4.04.3.87 (m, 4H), 2.13 (dtf= 15.7, 7.7, 4.Riz,
4H), 1.81 (dddj= 12.4, 7.7, 4.9 Hz, 2H), 1.61 (ddd,13.1, 8.3, 4.6 Hz, 2H).

2-(Allyloxy)-3-iodotetrahydro-2H-pyran (105k)**

The title compound was prepared according to literature procedure fromdBydro-2H-pyran N-
iodosuccinimide and proeg-en-1-ol. The analytical data is in full consistency with the data reported in the
literature.

IH-NMR (400 MHz, CD{ppm):4 =5.87 (dddd,J= 16.9, 10.3, 6.1, 5.2 Hz, 1H), 5.27 (tg17.2, 1.7 Hz,
1H), 5.15 (dgJ= 10.4,1.4 Hz, 1H), 4.62 (d= 5.3 Hz, 1H), 4.20 (ddt= 12.9, 5.3, 1.5 Hz, 1H), 4.05 (ddd,

= 8.1, 5.3, 4.3 Hz, 1H), 4.62.94 (m, 1H), 3.943.88 (m, 1H), 3.52 (ddd= 11.2, 7.4, 3.5 Hz, 1H), 2.32
(ddt,J=14.9, 7.8, 4.1 Hz, 1H), 1.96 (did,14.0, 83, 4.0 Hz, 1H), 1.71 (d&= 14.2, 7.3, 3.8 Hz, 1H), 161
1.41 (m, 1H).

3.3 Preparation of Organometallic Reagents

Preparation of dialkylzinc reagentga magnesium insertiorand subsequent transmetalatioiTP1)6

Dry LiCl (1.20 equiv.) was placed in a dry and argon flushed S@htdnkube equipped with a magnetic
stirring bar and a septum and was dried over 5 min at QAvith a heat gun under Higvacuum.
Magnesium turnings (1.2€quiv.) were added and the flask was evacuated and fidel with argon

three times. Dry THF (1M solution with respect to thealkylhalide) was added and the respective alkyl
bromide (1.00equiv). After the exothernai reaction started, the mixture was cooled with an ice bath. To
monitor the progress of the insertion reaction, reaction aliquots quenched with iodine were analyzed by

GGCanalysis. After completion of the insertiothe concentrations of the magnesium resag were

154 C. Ollivier, P. Renaudl. Am. Chem. S®001, 123, 47174727.
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determinedyvia titration with iodine (50mgin 2mL THF)> A ZnCJsolution (1.00m in THF, 0.56quiv.)

was added at OCand stirred at @Cfor 15min affording the corresponding dialkylzinc reagent.

Preparation of dialkylzinc reagents by magnesium insertion in the presence of.Zmep)*’

Dry LiCl (504g, 9.60mmol, 1.50equiv) was placed in a dry and argon flushed 50 Suohlenkube

equipped with a magnetic stirring bar aadseptum and was dried ovemain at 300°Cunder hgh vacuum

(0.1mbar). Magnesium turnings (480g, 20.0mmol, 2.50equiv.) were added and the flask was

evacuated and baefilled with argon three times. Znolution (4.00mL, 1.00m in THF, 0.568quiv) was

added and the respective alkyl halide (8rafhal, 1.00equiv.) dissolved in THF (20rl) was addedia

syringe. To monitor the progress of the insertion reaction, reaction aliquots quenched with iodine were
analyzed by G@nalysis. After completion of the insertion, the black solution was filteradyringe filter

EBOmmwith 045>Y 3Jfl aa FAOSNI YSYONI yS0 Iy RBchlénNidbe, AfEBrS NNB R |
reducing the volume to half the amount under reduced pressure, the concentrations of the dialkylzinc

reagents were determinedia titration with iodine (50mgin 2mL THFJ®

3.4 CobaltCatalyzed CspCsp CrossCoupling of Functionalized Alkylzinc Reagents with Alkyl lodides

CobaltCatalyzed Cros€oupling of Functionalized Alkylzinc Reagents with Alkyl lodideR3):
A dry and argon flushefichlenkube, equipped with a magnetic stir bar and a septum was charged with
dry CoGI(13mg, 0.200mmol, 20 mol%), which was dried at 380under high vacuum for 2 min prior to
use.

A) For coupling of primary alkyl iodides:
Tetrabutylammonium iodide (TBAI, 4f), 1.13mmol, 2.25equiv) the respective primary alkyl iodide
(0.50mmol, 1.00equiv), dry MeCN (1.01L) and MegDACH17mg, 20 mol%jyvere added. Then a solution
of the respective dialkylzinc reagent (0.3Wnol, 0.75equiv.) was addedvia syringe at room

temperature.

B) For coupling of secondary alkyl iodides:
Tetrabutylammonium iodide (TBAI, 44y, 1.13mmol, 2.25equiv) the respectiveecondaryalkyl iodide
(0.50mmol, 1.00equiv), neocuproine (2ing, 20mol%)and dry MeCN (1.0L) were added. Then a
solution of the respective dialkylzinc reagent (0.3@®mol, 0.75equiv.) was addedia syringe at room

temperature.
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In both caseshe reaction was stirred for 16 at room temperature. The solvent was removed and th
crude product was subjected to column chromatography purification on silica yielding the corresponding

coupling product.

2-(5-Phenylpentyl}1,3-dioxane (103)

o)
Ph\/\/\)\/oj

FollowingTP3A (3-iodopropyl)benzenel05a, 123mg, 0.50mmol, 1.00 equiv.) was coupled with di(2
(1,3dioxan2-yl)ethyl)zinc {06a 0.375mmol, 0.75 equiv.) prepared according toP1 from the
corresponding bromide.
Isolated yield:84 mg, 0.360mmol, 72%, colorless oil.
Purification: pentane:ethyl acetate = Q:
H-NMR (400 MHz, CDLCppm):4 = 7.23¢ 7.15 (m, 2H), 7.10 (m, 3H), 4.43)% 5.2 Hz, 1H), 4.03 (ddk,
=10.5,5.0, 1.4 Hz, 2H), 3.68 (d#it,12.4, 10.5, 2.0 Hz, 2H), 2.53 (@ 8.7, 6.9 Hz, 2H), 2.00 (dit; 13.5,
12.5, 5.0Hz, 1H), 1.68 1.47 (m, 4H), 1.481.20 (m, 5H).
3GNMR (100 MHz, CDCppm):+ = 142.9, 128.5, 128.3, 125.7, 102.5, 67.0, 35.9, 35.3, 31.5, 29.2, 26.0,
23.9.
FFIR (ATR, crf):’ = 2927, 2851, 1734, 1603, 1495, 1454, 1430, 1403, 1377, 1283, 1239, 1216, 1144,
1089, 1053, 1030, 995, 939, 925, 907, 892, 856, 796, 745, 697.
MS (El, 70 eV)n/z (%) = 233 (16), 158 (100), 143 (41), 130 (42), 129 (48), 117 (25), 104 (32), 91 (57), 87
(86).
HRMS (El, 70eV]M-H"] Calcd for €Hx:10," 233.1536; Found: 233.1534.

8-(1,3-Dioxan2-yl)-2,2-dimethyloctanenitrile (107)
7

NC>(\/\/\)\O

Mé Me
Following TP3A 6-iodo-2,2-dimethylhexanenitrile 105i, 134mg, 0.50mmol, 1.00 equiv.) was coupled
with di(2-(1,3-dioxan2-yl)ethyl)zinc {063 0.375mmol, 0.75 equiv.) prepared according i®1from the
correspondilg bromide.
Isolated yield:80 mg, 0.33% mmol, 67%, pale yellow oil.

Purification: pentane:ethyl acetate = 9:1 to 85:15.
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IH-NMR (400 MHz, CDECppm):t = 4.50 (tJ= 5.2 Hz, 1H), 4.09 (dd#k 12.0, 5.1, 1.5 Hz, 2H), 3.75 (t,
J=10.6, 2.3 Hz, 2H), 2.07 (gt 12.6, 5.0 Hz, 1H), 1.57 (dt 8.8, 5.7 Hz, 2H), 1.47 (d&; 5.5, 3.3 Hz,

3H), 1.41c 1.34 (m, 6H), 1.32 (m, 8H)

B3GNMR (100 MHz, CDgCppm):t = 125.4, 102.4, 67.0, 41.2, 35.3, 32.5, 29.6, 29.4, 26.8, 26.0, 25.3, 24.0.
FFIR (ATR, cr):’ = 2932, 2854, 1469, 1430, 1404, 1377, 1287, 1238, 1215, 1143, 1093, 1054, 997, 940,
893, 859, 834, 796, 726.

MS (El, 70 eV)n/z (%) = 238 (12), 180 (5), 152 (4), 88 (5), 87 (100), 59 (9).

HRMS (EIl, 70eVIM-HY Calcd for GH.4NG" 238.1802; Found: 238801.

2-(4-(4-Methoxyphenyl)butyl}1,3-dioxane (10€)

o

FollowingTP3A 1-(2-iodoethyl}4-methoxybenzene (13dng, 0.50mmol, 1.00 equiv.) was coupled with
di(2-(1,3-dioxan2-yl)ethyl)zinc {06a 0.375mmol, 0.75 equiv.) prepared according TP1from the
corresponding bromide.

Isolated yield:76 mg, 0.304mmol, 61 %, colorless oil.

Purification: pentane:ethyl acetate = 9:1.

HNMR (400 MHz, CDLppm):4 = 7.14¢ 7.04 (m, 2H), 6.88 6.77 (m, 2H), 4.50 (8= 5.2 Hz, 1H), 4.09
(ddt,J=10.5, 5.0, 1.4 Hz, 2H), 3.78 (s, 3H), 831 (m, 2H), 2.602.51 (m, 2H), 2.07 (dtf= 13.5, 12.5,

5.0 Hz, 1H), 1.671.53 (m, 4H), 1.481.37 (m, 2H), 1.33 (dtf= 13.4, 2.6, 1.4 Hz, 1H).

BBGNMR (100 MHz, CDCppm):+ = 157.7, 134.8, 129.4, 113.8, 102.4, 67.0, 55.4, 35.3, 35.1, 31.8, 26.0,
23.8.

FTFIR (ATR, c):’ = 2927, 2851, 1611, 1583, 1511, 1464, 1441, 1403, 1377, 1299, 1241, 1176, 1143,
1110, 1086, 1034, 992, 937, 893, 868, 830, 815, 749, 698.

MS(EI, 70 eV)m/z (%) = 249 (4), 175 (13), 174 (100), 173 (30), 159 (32), 147 (37), 143 (51), 132 (10), 121
(64), 91 (22), 87 (11).

HRMS (El, 70eVIM-HY Calcd for &H10s* 249.1485; Found: 249.1483.
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3-(4-(1,3-Dioxan2-yl)butyl)-1-tosyl-1H-indole (107d)

FollowingTP3A 3-(2-iodoethyl}1-tosyl1H-indole (213mg, 0.50mmol, 1.00 equiv.) was coupled with di(2
(1,3dioxan2-yl)ethyl)zinc {06a 0.375mmol, 0.75 equiv.) prepared according toP1 from the
corresponding bromide.

Isolated yield:130mg, 0.315mmol, 63 %, colorless oil.

Purification: pentane:ethyl acetate = 8:2.

H-NMR (400 MHz, CDCppm):4 = 7.89 (dtJ= 8.3, 0.9 Hz, 1H), 7.€97.62 (m, 2H), 7.38 (df= 7.8,
0.9Hz, 1H), 7.24d, J= 1.2 Hz, 1H), 7.237.19 (m, 1H), 7.16 7.08 (m, 3H), 4.45 (fl= 5.1 Hz, 1H), 4.04

(ddt, J= 10.6, 5.0, 1.3 Hz, 2H), 3.98.62 (m, 2H), 2.68 2.53 (m, 2H), 2.25 (s, 3H), 241.91 (m, 1H),

1.68¢ 1.51 (m, 4H), 1.4 1.33 (m, 2H), 1.27 (dtfi= 13.5, 2.6, 1.4 Hz, 1H).

13GNMR (100 MHz, CDCppm):t = 144.7, 135.5, 135.4, 131.3, 129.968, 124.6, 123.5, 123.0, 122.7,
119.6, 113.9, 102.3, 67.1, 35.0, 28.8, 26.0, 24.9, 23.9, 21.7.

FTFIR (ATR, cl):’ = 2925, 2853, 1597, 1446, 1402, 1364, 1275, 1239, 1205, 1187, 1170, 1119, 1086,
1050, 1018, 975, 937, 893, 868, 844, 812, 744, 702, 666.

MS (El, 70 eV)m/z (%) = 413 (7), 285 (19), 259 (17), 158 (100), 182 (16), 156 (43), 130 (23), 91 (17), 87
(25).

HRMS (El, 70eVXCalcd for eH/NQiS 413.1661; Found: 413.1654.

2-(2-CyclohexylethyR1,3-dioxane (07e)

o

FollowingTP3B iodocyclohexane (1089, 0.50mmol, 1.00 equiv.) was coupled with di(2,3-dioxan2-
yhethyl)zinc 1063 0.375mmol, 0.75 equiv.) prepared accordingT®1from the corresponding bromide.
Isolated yield:75mg, 0.381mmol, 76%, pale yelig oil.

Purification: pentane:ethyl acetate = 8:2.

IH-NMR (400 MHz, CDCppm):4 = 4.46 (tJ= 5.2 Hz, 1H), 4.144.02 (m, 2H), 3.74 (ddi= 12.3, 10.4,
2.5Hz, 2H), 2.06 (ql= 12.7, 5.0 Hz, 1H), 1.€7..62 (m, 4H), 1.6& 1.52 (m, 2H), 1.31 (dtfl= 13.5, 2.6,
1.4 Hz, 1H), 1.281.04 (m, 7H), 0.85 (qd= 13.7, 12.5, 3.6 Hz, 2H).

3GNMR (100 MHz, CDCppm):4 = 102.9, 67.0, 37.6, 33.3, 32.8, 31.6, 26.8, 26.5, 26.0.
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FFIR (ATR, cff):’ = 2920, 2847, 1448, 1403, 1376, 1237, 1144, 1098, 1074, 1054, 1001, 965, 1001, 965,
941, 926, 893, 863, 840.

MS (EI, 70 eV)n/z (%) = 197 (17), 121 (19), 93 (13), 87 (100), 81 (11), 79 (11), 59 (15).

HRMS (El, 70eV]M-H?] Calcd for GHx:O;* 197.1536Found: 197.1534.

2-(2-(Tetrahydro2H-pyran-4-yl)ethyl)-1,3-dioxane (LO7f)

OO/\AOD

Following TP3B 4-iodotetrahydro2H-pyran (L05b, 106mg, 0.50mmol, 1.00 equiv.) was coupled with
di(2-(1,3-dioxan2-yl)ethyl)zinc 1063 0.375mmol, 0.75 equiv.) prepared according TP1from the
corresponding bromide.

Isolated yield:70 mg, 0.350mmol, 70%, colorless oil.

Purification: pentane:ethyl acetate = 8:2.

H-NMR (400 MHz, CDLCppm):t = 4.50 (tJ= 5.1 Hz, 1H), 4.184.02 (m, 2H), 3.9 3.87 (m, 2H), 3.76
(ddt,J=12.3, 10.3, 2.4 Hz, 2H), 3.35 (@d,11.8, 2.1 Hz, 2H), 2.£3..98 (m, 1H), 1.661.53 (m, 4H), 1.45
(dtt, J= 17.1, 10.5, 3.6 Hz, 1H), 188.29 (m, 3H), 1.24 (ddd= 13.1, 1.2, 4.5 Hz, 2H).

3GNMR (100 MHz, CDECppm):4 = 102.6, 68.2, 67.1, 35.0, 33.2, 32.3, 31.1, 26.0.

FFIR (ATR, crf):’ = 2951, 2924, 2842, 1455, 1430, 1404, 1376, 1282, 1239, 1215, 1202, 1142, 1117,
1094, 1074, 1041, 1010, 977, 942, 926, 908, 887, 868, 813.

MS (El, 70 eV)n/z (%) = 199 (5), 123 (19), 96 (37), 87 (100), 59 (22).

HRMS (El, 70eV]M-H"] Calcd for GH190s" 199.1329; Found: 199.1329.

tert-Butyl 4-(2-(1,3-dioxan-2-yl)ethyl)piperidine-1-carboxylate (07g)

o/j
(0]
BocN

Following TP3B tert-butyl 4-iodopiperidinel-carboxylate 105c, 156mg, 0.50mmol, 1.00 equiv.) was
coupled with di(2(1,3-dioxan2-yl)ethyl)zinc 1063 0.375mmol, 0.75 equiv.) prepared according Té1
from the correspoding bromide.

Isolated yield:111mg, 0.371mmol, 74%, yellow oil.

Purification: pentane:ethyl acetate = 8:2.
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IH-NMR (400 MHz, CDCppm):4 = 4.49 (tJ= 5.1 Hz, 1H), 4.173.97 (m, 4H), 3.8¢ 3.67 (m, 2H), 2.65

(t, J=12.4 Hz, 2H), 2.161.93 (m, 1H), 1.72 1.52 (m, 4H), 1.44 (d= 0.9 Hz, 9H), 1.391.26 (m, 4H),

1.14¢ 0.98 (m, 2H).

13GNMR (100 MHz, CDCppm):4 = 154.9, 102.4, 79.1, 66.9, 44.8@3.37 (br), 35.9, 32.4, 32.1, 30.6,

28.5, 25.8.

FFIR (ATRem?):’ = 2929, 2853, 1678, 1469, 1454, 1425, 1366, 1277, 1244, 1170, 1143, 1091, 1076,
1010, 967, 909, 865, 770, 727.

MS (El, 70 eV)m/z (%) = 198 (33), 140 (40), 139 (19), 125 (30), 122 (46), 122 (60), 84 (19), 82 (100), 57
(18).

HRMS (El, 70eVM-H?] Calcd for GHeNQ;* 298.2013; Found: 298.2007.

2-(4-(2-(1,3-Dioxan2-yl)ethyl)piperidin-1-yl)pyrimidine (L07h)

e

FollowingTP3B 2-(4-iodopiperidinl-yl)pyrimidine {05d, 145mg, 0.50mmol, 1.00 equiv.) was coupled
with di(2-(1,3-dioxan2-yl)ethyl)zinc {063 0.375mmol, 0.75 equiv.) prepared according i®1from the
correspondilg bromide.

Isolated yield:80 mg, 0.289mmol, 58%, pale yellow oil.

Purification: pentane:ethyl acetate = 7:3.

H-NMR (400 MHz, CDCbpm):t = 8.28 (dJ= 4.7 Hz, 2H), 6.43 (t, J = 4.7 Hz, 1H), 4.72)&43.4,
2.2Hz, 2H), 4.51 (t, J = 5.1 Hz, 1H), 4.492 (m, 2H), 3.76 (tfl= 10.6, 2.4 Hz, 2H), 2.85 (& 12.9, 2.7

Hz, 2H), 2.18 1.99 (m, 1H), 1.841.71 (m, 2H), 1.7 1.57 (m, 2H), 1.50 (dtd= 14.8, 7.1, 3.5 Hz, 1H),
1.44¢ 1.29 (m, 3H), 1.16 (qd= 12.6, 4.4 Hz, 2H).

BBGNMR (100 MHz, CDLppm):4 = 161.6, 157.7, 109.2, 102.5, 67.0, 44.1, 36.2, 32.5, 32.1, 30.7, 25.9.
FTFIR (ATR, cl):’ = 2923, 2846, 1583544, 1504, 1452, 1392, 1360, 1304, 1282, 1266, 1252, 1239,
1218, 1201, 1181, 1142, 1110, 1074, 1044, 1002, 966, 943, 881, 852, 795, 777.

MS (El, 70 eV)n/z (%) = 277 (15), 218 (34), 200 (18), 176 (51), 163 (20), 160 (100), 134 (30), 122 (20), 108
(38), 87.

HRMS (El, 70eV)Calcd for Hx3N:0O, 277.1790; Found: 277.1786.
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2-(4-(4-Fluoropheny)-3-methylbutyl)-1,3-dioxane (107)

F\©\/8/
Me

Following TP3B 1-fluoro-4-(2-iodopropyl)benzene (13éhg, 0.50mmol, 1.00 equiv.) was coupled with
di(2-(1,3-dioxan2-yl)ethyl)zinc 2b, 0.375mmol, 0.75 equiv.) prepared according foP1 from the
corresponding bromide.

Isolated yield:91 mg, 0.361mmol, 72%, brown oil.

Purification: pentane:ethyl acetate = 9:1.

IH-NMR (400 MHz, CDLCppm):4 = 7.13¢ 7.03 (m, 2H), 6.9 6.90 (m, 2H), 4.48 (8= 5.2 Hz, 1H), 4.10
(ddd,J=11.8, 5.0, 1.5 Hz, 2H), 3.75 (&; 12.2, 2.5 Hz, 2H), 2.62 (dd; 13.5, 5.9 Hz, 1H), 2.32 (did;

13.5, 8.3 Hz, 1H), 2.07 (dit:- 13.4, 12.5, 5.0 Hz, 1H), 1§4.51 (m, 3H), 1.44 (ddi= 13.4, 11.5, 5.2 Hz,

1H), 1.33 (dtt)=13.4, 2.7, 1.4 Hz, 1H), 1.29.17 (m, 1H), 0.83 (d, J = 6.6 Hz, 3H).

13GNMR (100 NHz, CDGlppm):4 = 161.3 (d, J = 242.9 Hz), 137.1 (d, J = 3.3 Hz), 130.5 (d, J = 7.7 Hz), 114.9
(d, J=21.0 Hz), 102.7, 67.1, 42.8, 35.2, 33.1, 30.8, 26.0, 19.2.

9~NMR (376 MHz, CDLppm):4 =-117.95 (tt,J= 8.8, 5.4 Hz).

FFIR (ATR, cr):’ = 256, 2926, 2851, 1600, 1509, 1460, 1431, 1404, 1378, 1283, 1220, 1145, 1103,
1079, 1003, 935, 877, 846, 812, 763.

MS (EI, 70 eV)n/z (%) = 176 (39), 161 (29), 149 (9), 147 (12), 146 (12), 136 (6), 135 (31), 133 (12), 122
(10), 110 (12), 109 (100), 87 (47), 83 (17), 59 (14), 41 (12).

HRMS (EI, 70eVIM-H" Calcd for GHsNQ;" 251.1442; Found: 251.1442.

2-(3-Methyl-5-(2,6,6trimethylcyclohex1-en-1-yl)pentyl)-1,3-dioxane (107)

0.0

Me Me
Me

Me
FollowingTP3B 2-(3-iodobutyl}1,3,3trimethylcyclohexl-ene (L05f, 153mg, 0.50mmol, 1.00 equiv.) was
coupled with di(2(1,3-dioxan2-yl)ethyl)zinc 1063 0.375mmol, 0.75 equiv.) prepared according Té*1
from the corresponding bromide.

Isolated yield:113mg, 0.384mmol, 77%, colorless oil

Purification: pentane:ethyl acetate = 8:2.
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IH-NMR (400 MHz, CDCppm):t = 4.49 (tJ= 5.2 Hz, 1H), 4.174.02 (m, 2H), 36 (td,J= 12.3, 2.4 Hz,

2H), 2.17¢ 1.94 (m, 2H), 1.88 (m, 3H), 1.61.48 (m, 7H), 1.47 1.29 (m, 7H), 1.28 1.09 (m, 1H), 0.96

(s, 6H), 0.90 (dl= 6.0 Hz, 3H).

13GNMR (100 MHz, CDCppm):4 = 137.8, 126.5, 102.9, 67.1, 40.0, 37.5, 35.1, 34.2, 32.9, 31.1, 28.8,

28.8, 26.5, 26.0, 20.0, 19.7, 19.6.

FFIR (ATR, crf):’ = 2956, 2868, 1731, 1662, 1459, 1377, 1336, 1239, 1143, 1108, 1075, 998, 936, 880,
848.

MS (El, 70 eV)n/z (%) = 218 (50), 162 (39), 147 (49), 123 (97), 121 (100), 119 (65), 107 (60), 95 (65), 81
(100).

HRMS (EI, 70eVIM-H'] Calcd foiCioHssO;* 293.2475; Found: 293.2474.

5-(1,3-Dioxan2-yl)-3-methylpentyl isobutyrate (07k)

(0] ¢}
M
o Ao
Me

Following TP3B 3-iodobutyl isobutyrate (138ng, 0.50mmol, 1.00 equiv.) was coupled with di(2,3
dioxan2-yl)ethyl)zinc {063 0.375mmol, 0.75 equiv.) prepared according T®1from the corresponding
bromide.

Isolated yield:117mg, 0.453mmol, 91%yellow oil.

Purification: pentane:ethyl acetate = 8:2.

HNMR (400 MHz, CDLCppm):4 = 4.49 (tJ= 5.1 Hz, 1H), 4.144.06 (m, 4H), 3.75 (ddi= 12.4, 10.4,
2.4Hz, 2H), 2.52 (hepd= 7.0 Hz, 1H), 2.07 (dt= 13.2, 12.3, 5.0 Hz, 1H), 173.46 (m, 4H), 1.4¢ 1.38
(m, 2H), 1.33 (dtt)= 13.5, 2.7, 1.4 Hz, 1H), 1.24 (dddd,13.2, 11.3, 7.7, 5.4 Hz, 1H), 1.15)&d7.0 Hz,
6H), 0.90 (dJ= 6.5 Hz, 3H).

3GNMR (100 MHz, CDCppm):4 =177.4,102.7,67.1, 62.8, 35.6, 34.2, 32.84, 39.09, 26.0, 19.5, 19.2.
FTFIR (ATR, c):’ = 2960, 2930, 2852, 1733, 1470, 1432, 1404, 1379, 1346, 1259, 1241, 1193, 1147,
1113, 1078, 1004, 929, 881, 850, 831.

MS (El, 70 eV)n/z (%) = 113 (6), 95 (7), 94 (6), 88 (5), 87 (100), 79 (5), 59 (8).

HRMS (EI, 70eV)[M-H" Calcd for GHs04" 257.1747; Found: 257.1738.
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5-(1,3Dioxan2-yl)-3-methylpentyl 4methoxybenzoate 107)

o__O
i /\/8/
/©)Lo Me
MeO

FollowingTP3B 3-iodobutyl 4methoxybenzoate}05g 167mg, 0.50mmol, 1.00 equiv.) wasoupled with
di(2-(1,3dioxan2-yl)ethyl)zinc {063 0.375mmol, 0.75 equiv.) prepared according TP1from the
corresponding bromide.

Isolated yield:108 mg, 0.335mmol, 67%, yellow oil.

Purification: pentane:ethyl acetate = 8:2.

IH-NMR (400 MHz, CDCppm): 4 = 8.01¢ 7.95 (m, 2H), 6.98 6.87 (m, 2H), 4.50 (8= 5.1 Hz, 1H), 4.32
(ddd,J= 7.6, 6.5, 1.6 Hz, 2H), 4.09 (d#it, 10.5, 5.0, 1.4 Hz, 2H), 3.85 (s, 3H), 8.85B5 (m, 2H), 2.1§

1.99 (m, 1H), 1.79 (dtd= 12.5, 7.0, 4.9 Hz, 1H), 1J4.42 (m, 5H), 1.381.19 (m, 2H), 0.95 (d= 6.4Hz,

3H).

3GNMR (100 MHz, CDLppm):t = 166.4, 163.2, 131.5, 122.9, 113.5, 102.5, 66.9, 63.1, 55.4, 35.5, 32.7,
30.9, 29.9, 25.9, 19.4.

FFIR (ATR, cr):’ = 2957, 2928, 2848, 1708, 1606, 158212451460, 1420, 1404, 1379, 1316, 1274,
1253, 1167, 1144, 1101, 1078, 1029, 1006, 938, 881, 848, 770, 697.

MS (El, 70 eV)n/z (%) = 153 (5), 152 (36), 136 (6), 135 (72), 113 (30), 92 (6), 88 (5), 87 (100), 77 (10), 59
(8).

HRMS (El, 70eVIM-H] Calcdfor GgHsOs* 321.1697; Found: 321.1682.

5-(1,3-Dioxan2-yl)-3-methylpentyl furan-2-carboxylate (07m)

FollowingTP3B 3-iodobutyl furan2-carboxylate (14m™g, 0.50mmol, 1.00 equiv.) was coupled with di(2
(1,3dioxan2-yl)ethyl)zinc 106a 0.375mmol, 0.75 equiv.) prepared according t®6P1 from the
corresponding bromide.

Isolated yield:121 mg, 0.429mmol, 86%, yellow oil.

Purification: pentane:ethyl acetate = 8:2.
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IH-NMR (400 MHz, CDLppm):4 = 7.57 (dd,J= 1.8, 0.9 Hz, 1H), 7.15 (dik 3.5, 0.9 Hz, 1H), 6.50 (dd,
J=3.5,1.7 Hz, 1H), 4.49 (t, J = 5.1 Hz, 1H), 4.33<16,6, 1.4 Hz, 2H), 4.09 (dd& 10.5, 5.0, 1.4 Hz, 2H),
3.82¢ 3.69 (m, 2H), 2.161.99 (m, 1H), 1.861.73 (m, 1H), 1.78 1.42(m, 5H), 1.38 1.27 (m, 1H), 1.26
(tdd, J= 10.7, 6.6, 3.6 Hz, 1H), 0.941d,6.3 Hz, 3H).

13GNMR (100 MHz, CDCppm):4 = 158.8, 146.2, 144.9, 117.7, 111.8, 102.5, 66.9, 63.4, 35.4, 32.7, 30.8,
29.8, 25.8, 19.4.

FRIR (ATR, crl):’ = 2958, 29292854, 1727, 1582, 1474, 1431, 1400, 1380, 1296, 1232, 1180, 1145,
1117, 1077, 1011, 942, 884, 852, 813, 764.

MS (EI, 70 eV)n/z (%) = 113 (17), 112 (5), 95 (29), 88 (5), 87 (100), 59 (9).

HRMS (El, 70eVIM-H'] Calcd for GHx:Os* 281.1384; Found: 281.1375.

Ethyl 5(1,3-dioxan-2-yl)-3-methylpentanoate (07n)

Following TP3B ethyl 3iodobutanoate {21 mg, 0.50mmol, 1.00 equiv.) was coupled with di(2,3
dioxan2-yl)ethyl)zinc {063 0.375mmol, 0.75 equiv.) prepared according T®1from the corresponding
bromide.

Isolated yield:59 mg, 0.256mmol, 51%, yellow oil.

Purification: pentane:ethyl acetate = 8:2.

IH-NMR (400 MHz, CDCppm):t = 4.49 (tJ= 5.1 Hz, 1H), 4.154.06 (m, 4H), 3.75(t, J= 12.4, 10.5,
2.1Hz, 2H), 2.30 (dd= 14.7, 5.7 Hz, 1H), 2.£2.00 (m, 2H), 1.95 (qi= 7.9, 6.0 Hz, 1H), 1.2@.51 (m,

2H), 1.43 (ddt)= 13.3, 11.0, 5.4 Hz, 1H), 188.25 (m, 2H), 1.25 (8= 7.1 Hz, 3H), 0.93 (d= 6.6 Hz,

3H).

3GNMR (100 MHz, CDECppm):4 = 173.2, 102.4, 66.9, 60.1, 41.8, 32.7, 30.8, 30.2, 25.8, 19.5, 14.3.

FFIR (ATR, cr):’ = 2958, 2931, 2851, 1731, 1461, 1430, 1404, 1375, 1283, 1240, 1212, 1178, 1143,
1108, 1095, 1074, 1031, 1003, 944, 929, 879, 849.

MS(EI, 70 eV)m/z (%) = 115 (4), 88(5), 87 (100), 83 (7), 81 (16), 79 (7), 69 (15), 67 (7), 59 (10), 55 (10), 41
(5).

HRMS (EI, 70eV]IM-H" Calcd for GHx1O4" 229.1434; Found: 229.1430.
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2-(2-(1,3-Dioxan2-yl)ethyl)cyclohexyl)oxy)(tertbutyl)dimethylsilane (L070)
oTBS oﬁ

ChS

Following TP3A tert-butyl((2-iodocyclohexyl)oxy)dimethylsilane (1@, 0.50mmol, 1.00 equiv.) was

coupled with di(2(1,3-dioxan2-yl)ethyl)zinc 1063 0.375mmol, 0.75 equiv.) prepared according Té1

from the corresponding bromide.

Isolated yield:107mg, 0.326mmol, 65%, dr = 86:14, pale yellow oil.

Purification: pentane:ethyl acetate = 95:5

H-NMR (400 MHz, CDLppm):4 = 4.43 (ddJ= 5.8, 4.7 Hz, 1H), 4.05 (ddt 10.6, 5.2, 1.4 Hz, 2H), 3.78

¢ 3.67 (M, 2H), 3.17 (td= 9.2, 4.0 Hz, 1H), 2.03 (dit 13.5, 12.5, 4.9 Hz, 1H), 189.70 (m, 4H), 1.69

¢ 1.51 (m, 3H), 1.44 (dddd= 13.5, 10.4, 5.5, 4.6 Hz, 1H), 13426 (m, 1H), 1.26 1.10 (m, 4H), 1.1¢&

0.94 (m, 1H), 0.85 (s, 9H), 031 3H);0.00 (s, 3H).

13GNMR (100 MHz, CDLCppm):4 = 103.1, 75.3, 67.0, 44.9, 35.8, 32.6, 29.8, 26.7, 26.1, 26.0, 25.4, 24.8,

18.3,-3.8,-4.6.

FFIR (ATR, cf):’ = 2927, 2854, 1737, 1471, 1462, 1448, 1403, 1377, 1360, 1249, 1205, 1145, 1120,

1082, 1004, 954, 933, 878, 831, 814, 772, 666.

MS (El, 70 eV)m/z (%) = 287 (20), 211 (14), 139 (100), 133 (31), 121 (41), 105 (21), 95 (17), 87 821), 75

(62), 73 (30).

HRMS(EI, 70eV)[M-H'] Calcd for GHssOsSi* 327.2350; Found: 327.2345.

2-(2-((1R 2S5R)-2-iso-Propyts5-methylcyclohexyl)ethyB1,3-dioxane (07p)
Me Me
o/j
6“\\\)\0
Mo

Following TP3A (1S2R 4R)-2-iodo-1-iso-propyt4-methylcyclohexane (13&g, 0.50mmol, 1.00 equiv.)
was coupled with di(#1,3dioxan2-yl)ethyl)zinc {06g 0.375mmol, 0.75 equiv.) prepared according to
TP1from the corresponding bromide.

Isolated yield:85mg, 0.335mmol, 67%, dr = 89:11, pale yellow oil.

Purification: pentaneethyl acetate = 9:1.

IH-NMR (400 MHz, CDChpm):t = 4.46 (tJ= 4.9 Hz, 1H), 4.08 (ddt= 10.6, 5.0, 1.4 Hz, 2H), 3.73 (ddq,
J=12.4,10.5, 2.1 Hz, 2H), 2.44.89 (m, 2H), 1.721.41 (m, 7H), 1.371.09 (m, 4H), 1.040.73 (m, 9H),
0.69 (d,J=6.9 Hz, 3H).
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13GNMR (100 MHz, CDCppm):t = 103.2, 67.0, 46.4, 41.3, 38.4, 35.5, 33.0, 31.6, 26.9, 26.4, 26.0, 24.4,
22.9, 21.8, 15.4.

FFIR (ATR, crf):’ = 2954, 2917, 2844, 1737, 1455, 1402, 1376, 1283, 1239, 1216, 1144, 1129, 1103,
1080, 1056, 1018, 997, 943, 927, 892, 870, 847.

MS (EI, 70 eVJn/z (%) = 253 (6), 163 (59), 135 (100), 107 (25), 93 (24), 87 (77), 81 (18).

HRMS (EI, 70eVIM-H] Calcd foiCigHbeO,* 253.2162; Found: 253.2160.

2-(3-Phenylpropyl}1,3-dioxane (1071)

o0

FollowingTP3B (bromomethyl)benzene (861g, 0.50mmol, 1.0 equiv.) or (chloromethyl)benzene (618},

0.50mmol, 1.00 equiv.) was coupled with(2-(1,3-dioxan2-yl)ethyl)zinc {06a 0.375mmol, 0.75 equiv.)

prepared according td P1from the corresponding bromide.

Isolated yield:101mg, 0.490mmol, 98%, using (bromomethyl)benzene, g, 0.385mmol, 77 %, using
(chloramethyl)benzene, yellow oil.

Purification: pentane:ethyl acetate = 9:1.

IH-NMR (400 MHz, CDCppm):d = 7.22¢ 7.14 (m, 2H), 7.18 7.06 (m, 3H), 4.45 (8= 5.0 Hz, 1H), 4.02

(ddt, J= 10.5, 5.1, 1.4 Hz, 2H), 3.¢3.61 (m, 2H), 2.55 (8= 7.6 Hz, 2H 1.99 (dtt,J= 13.5, 12.5, 5.0 Hz,

1H), 1.7, 1.53 (m, 4H), 1.26 (dtfi= 13.5, 2.6, 1.4 Hz, 1H).

BGNMR (100 MHz, CDCppm):4 = 142.4, 128.6, 128.4, 125.8, 102.3, 67.0, 35.9, 35.0, 26.0, 26.0.

FTFIR (ATR, c):’ = 3026, 2955, 2925, 2850, 1603, 1496, 1454, 1430, 1404, 1378, 1283, 1242, 1217,

1188, 1144, 1130, 1082, 1050, 1030, 1009, 988, 975, 941, 911, 892, 858, 807, 748, 733, 698.

MS (El, 70 eV)n/z (%) = 205 (5), 147 (5), 131 (7), 130 (67), 129 (13), 128 (ED|22), 104 (100), 103 (7),

100 (20), 91 (52), 87 (52), 78 (13), 77 (7), 65 (11), 59 (11), 58 (7).

HRMS (El, 70eV]M-H] Calcd for §Hi70;* 205.1223; Found: 205.1218.

Ethyl ©-6-(1,3-dioxan-2-yl)hex-2-enoate (107)
EtOMO
o) o\j
FollowingTP3B ethyl (B-4-bromobut-2-enoate (97mg, 0.50mmol, 1.00 equiv.) was coupled with di(2
(1,3dioxan2-yl)ethyl)zinc 106a 0.375mmol, 0.75 equiv.) prepared according t®6P1 from the

corresponding bromide.

Isolated yield:10,3mg, 0.450mmol, 90%, yellow oil.
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Purification: pentane:ethyl acetate = 8:2.

IH-NMR (400 MHz, CDLppm):4 = 6.94 (dtJ= 15.6, 6.9 Hz, 1H), 5.81 (dt 15.6, 1.6 Hz, 1H), 4.51 (t,
J=4.7Hz, 1H), 4.16 (4= 7.2 Hz, 2H), 4.09 (ddt= 10.4, 5.0, 1.4 Hz, 2H), 388.67 (m, 2H), 2.21 (qd,

=7.0, 1.6 Hz, 2H), 2.06 (dit= 13.4, 12.4, 5.0 Hz, 1H), 1.6%.50 (m, 4H), 1.33 (dt§= 13.5, 2.7, 1.4 Hz,

1H), 1.27 ()= 7.2 Hz, 3H).

3GNMR (100 MHz, CDLppm):1 = 166.8, 148.9, 121.7, 102.0, 67.0, 60.3, 33271, 25.9, 22.5, 14.4.

FTFIR (ATR, cl):’ = 2957, 2929, 2853, 2733, 2251, 1717, 1654, 1461, 1432, 1405, 1369, 1310, 1268,
1242,1200, 1177, 1146, 1096, 1084, 1046, 987, 914, 864, 850, 732.

MS (El, 70 eV)n/z (%) = 227 (5), 113 (12), 102 (5), 97 (7), 87 (100), 81 (18), 71 (11), 69 (12), 59 (23), 58
(23), 57 (22), 55 (20), 43 (12), 43 (24), 41 (25).

HRMS (El, 70eV]M-H"] Calcd foiCG2HigOs" 227.1278; Found: 227.1278.

2-(5-Methylhex-4-en-1-yl)-1,3-dioxane (LO7s)
Me
Me)\/\/\(\oj
o
FollowingTP3B 1-bromo-3-methylbut-2-ene (75mg, 0.50mmol, 1.00 equiv.) was coupled with di(2,3
dioxan2-yl)ethyl)zinc {063 0.375mmol, 0.75 equiv.) prepared according T® 1from the corresponding
bromide.
Isolated yield:55mg, 0.299mmol, 60%, yellow liquid.
Purification: pentane:ethyl acetate = 9:1.
H-NMR (400 MHz, CDLCppm):4 = 5.10 (ddddJ= 8.8, 5.9, 3.0, 1.5 Hz, 1H), 4.51&,5.2 Hz, 1H), 4.10
(ddt, J= 10.5, 5.1, 1.4 Hz, 2H), 383.69 (m2H), 2.15 2.02 (m, 1H), 1.98 (d= 7.8, 7.3 Hz, 2H), 1.67 (d,
J= 1.5 Hz, 3H), 1.621.55 (m, 5H), 1.47 1.37 (m, 2H), 1.33 (dtfi= 13.4, 2.6, 1.4 Hz, 1H).
BBGNMR (100 MHz, CDLppm):4 =131.9, 124.4, 102.6, 67.1, 34.9, 27.9, 26.0, 25.9, 22.8,
FFIR (ATR, crf):’ = 2956, 2925, 2850, 2731, 1457, 1432, 1404, 1378, 1286, 1243, 1217,
1146, 1111, 1086, 1052, 990, 929, 893, 862, 826.
MS (El, 70 eV)n/z (%) = 113 (42), 100 (9), 93 (7), 91 (7), 87 (37), 83 (5),82 (79), 81 (6), 79 (8), 77 (5), 69
(5), 68 (5), 67 (100), 65 (5), 59 (11), 55 (15),41 (13).
HRMS (El, 70eVIM-H"] Calcd forGiHs0,* 183.1380; Found: 183.1375.
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4-(4-Fluorophenethyl)tetrahydp-2H-pyran (L07)

o
FollowingTP3B 4-iodotetrahydro-2H-pyran (05b, 106mg, 0.50mmol, 1.0 equiv.) was coupled with di(4
fluorophenethyl)zincX06h 0.375mmol, 0.75 equiv.) prepared according & 1from the corresponding
bromide.

Isolated yield:74 mg, 0.356mmol, 71%, colorless oil.

Purification: pentane:ethyl acetate = 9:1.

IH-NMR (400 MHz, CDLCppm):4 = 7.16¢ 7.08 (m, 2H), 7.096.92 (m, 2H), 4.043.90 (m, 2H), 3.36 (td,
J=11.8, 2.0 HZ2H), 2.66c 2.52 (m, 2H), 1.681.60 (m, 2H), 1.581.44 (m, 3H), 1.381.24 (m, 2H).

3GNMR (100 MHz, CDLppm):t = 161.3 (dJ= 243.2 Hz), 138.2 (@ 3.2 Hz), 129.7 (d= 7.6 Hz), 115.2
(d,J=21.1 Hz), 68.2, 39.0, 34.6, 33.2, 32.0.

ENMR(376 MHz, CD&lppm):{ =-117.98 (tt, J = 8.8, 5.4 Hz).

FTFIR (ATR, cl):’ = 2926, 2843, 1600, 1508, 1455, 1443, 1387, 1366, 1296, 1218, 1157, 1136, 1093,
1014, 980, 904, 864, 846, 824, 767, 745, 705.

MS (El, 70 eV)n/z (%) = 208 (5), 161 (100), 147 (19), 146 (15), 135 (19), 122 (57), 109 (53).

HRMS (EI, 70eVCalcd forGi3H:7F0208.1263 Found:208.1255

tert-Butyl 4-(4-fluorophenethyl)piperidine-1-carboxylate (101)

F

BocN
Following TP3B tert-butyl 4-iodopiperidinel-carboxylate 105c, 156mg, 0.50mmol, 1.00 equiv.) was
coupled with di(4fluorophenethyl)zincZ06b, 0.375mmol, 0.75 equiv.) prepared according T&1from
the corresponding bromide
Isolated yield:101mg, 0.329mmol, 66% colorless oil.
Purification: pentane:ethyl acetate = 9:1.
IH-NMR (400 MHz, CDCppm):{ = 7.14¢ 7.07 (m, 2H), 7.0 6.90 (m, 2H), 4.1 4.00 (m, 2H), 2.7§
2.52 (m, 4H), 1.781.63 (m, 2H), 1.691.49 (m, 2H), 1.45 (s, 10H), 1.12 (¥d,12.3, 4.Hz, 2H).
3GNMR (100 MHz, CDCppm):t = 161.3 (dJ= 243.5 Hz), 155.0, 138.2 {d; 3.2 Hz), 129.7 (d= 7.7Hz),
115.2 (dJ=21.1 Hz), 79.4, 44.1, 38.6, 35.6, 32.2, 32.2, 28.6.
FNMR (376 MHz, CDLppm):4 =-117.95 (tt, J = 8.8, 5.4 Hz).
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FFIR (ATR, crl):’ = 2927, 2852, 1688, 1601, 1509, 1418, 1391, 1364, 1276, 1219, 1155, 1119, 1090,
1015, 966, 932, 865, 824, 768, 705.

MS (EI, 70 eV)n/z (%) = 251 (33), 129 (12), 109 (37), 85 (14), 57 (100), 41 (20).

HRMS (EI, 70eVIM-H?] Calcd foiGistbsFNG* 306.1864; Found: 306.1866.

2-(4-(4-Chlorobuyl)piperidin-1-yl)pyrimidine (107%)
O/\/\/CI
N._N
L
N

FollowingTP3B 2-(4-iodopiperidinl-yl)pyrimidine {05d, 145mg, 0.50mmol, 1.00 equiv.) was coupled
with di(4-chlorobutyl)zinc(106¢ 0.375mmol, 0.75 equiv.) prepared from the corresponding bromide
according toTP1usingl.0 equiv magnesium turnings.

Isolated yield:83 mg, 0.328mmol, 66%, colorless oil.

Purification: pentane:ethyl acetate = 7:3.

H-NMR (400 MHz, CDLppm):4 = 8.28 (dJ= 4.7 Hz, 2H), 6.42 (t= 4.7 Hz, 1H), 4.73 (ddts 13.3, 4.3,
1.9Hz, 2H), 3.54 (8= 6.6 Hz, 2H), 2.922.73 (m, 2H), 1.861.70 (m, 4H), 1.581.41 (m, 3H), 1.381.22
(m, 2H), 1.2, 1.10 (m, 2H).

BGNMR (100 MHz, CDCppm):4 = 161.6, 157.8, 109.3, 45.2, 44.3, 36.3, 36.0, 32.9, 32.2, 24.1.

FFIR (ATR, crf):’ = 2920, 2845, 1583, 1543, 1502, 1455, 1445, 1392, 1360, 1304, 1241, 1218, 1176,
1082, 1051, 973, 947, 795, 778, 734.

MS (EI, 70 eV)n/z (%) = 253 (4), 238 (11), 219 (14), 218 (100), 134 (18), 122 (9), 108 (29).

HRMS (El, 70eVCalcd foiCGisHoCIN 253.1346 Found:253.1341

tert-Butyl 4-(4-chlorobutyl)piperidine-1-carboxylate (07Aw)

Cl
BOCI\O/\/\/

FollowingTP3B using CoG[(130mg, 20 mol%), neocuproine (26&y, 20mol%), TBAK.16g,2.25 equiy
4-iodopiperidinel-carboxylate 105, 1.56g 5.00mmol, 1.00 equiv.)in MeCN (10 ml)with di(4-
chlorobutyl)zinc 106¢ 3.75mmol, 0.75 equiv.) prepared from the corrempding bromide according to
TP1usingl.0 equiv magnesium turnings.

Isolated yield: 900mg, (11% of the corresponding lodide, due to nucleophilic substitution reaction with
iodide in the eaction solution, which could ndie separated by column chromatagphy, determinedvia

NMR Analysis), 2.9mmol, 58%, pale yellow oil.
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Purification: pentane:ethyl acetate = 9:1.

IH-NMR (400 MHz, CDCppm):4 = 4.20¢ 3.94 (m, 2H), 3.53 (td= 6.7, 1.2 Hz, 2H), 2.22.57 (m, 2H),
1.85¢1.70 (m, 2H), 1.68§1.57 (m, 3H), 1.45 (d= 1.2 Hz, 11H), 1.311.18 (m, 2H), 1.141.00 (m, 2H).
3GNMR (100 MHz, CDCppm):t = 154.9, 79.2, 45.1, 44.0, 35.9, 35.7, 32.7, 32.1, 28.5, 23.9.

FFIR (AR, cmt):’ = 2975, 2929, 2849, 1687, 1447, 1419, 1364, 1276, 1235, 1153, 1120, 1087, 1009, 973,
936, 866, 768, 735.

MS (El, 70 eV)n/z (%) = 275 (4), 221 (10), 220 (24), 219 (17), 218 (17), 202 (19), 184 (100), 174 (10), 140
(44), 112 (13), 57 (61).

HRMS (El, 70eV)Calcd foiCaH6CING 275.1652 Found:275.1642

4-(Tetrahydro2H-pyran-4-yl)butyl acetate (07X)

OAc
O(j/\/\/

Following TP3B 4-iodotetrahydro2H-pyran (L0%h, 106mg, 0.50mmol, 1.00 equiv.) was coupled with
di(4-acetoxybutyl)zinc 06d, 0.375mmol, 0.75 equiv.) prepared according t6P2 (3h at room
temperature) fom the corresponding bromide.

Isolated yield:65 mg, 0.325mmol, 65%, yellow oil.

Purification: pentane:ethyl acetate = 95:5.

'H-NMR (400 MHz, CDLppm):4 = 4.03 (tJ= 6.7 Hz, 2H), 3.963.81 (m, 2H), 3.33 (td= 11.8, 2.0 Hz,
2H), 2.02 (s, 3H), 1.641.52 (m, 4H), 1.5¢ 1.39 (m, 1H), 1.39 1.29 (m, 2H), 1.24 (dtdl= 12.5, 6.7,
3.3Hz, 4H).

3GNMR (100 MHz, CDCppm):4 = 171.3, 68.264.6, 36.6, 35.0, 33.2, 28.8, 22.8, 21.1.

FFIR (ATR, c):’ =292, 2857, 1732, 1710, 1606, 1581, 1511, 1461, 1419, 1375, 1315, 1273, 1253, 1165,
1100, 1028, 953, 847, 769, 696.

MS (EI, 70 eV)n/z (%) = 199 (4), 96 (22), 87 (100), 83 (12), 59 (11).

HRMS (EIl, 70eVIM-H" Calcd foiGi1H90s" 199.1329 Found:199.1328
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5-Methyl-7-(2,6,6trimethylcyclohex-1-en-1-yl)heptyl acetate (10Y)

Me, Me Me

@\/\)\/\/\OAC
Me

FollowingTP3B 2-(3-iodobutyl}1,3,3trimethylcyclohexl-ene (L05f 153mg, 0.50mmol, 1.00 equiv.) was
coupled with di(4acetoxybutyl)zinc3(06d 0.375mmol, 0.75 equiv., 0.37 m) prepared accordingli®2
(3 h at room temperaturejrom the corresponding bromide.

Isolated yield:106 mg, 0.361mmol, 72%, yellow oil.

Purification: pentane:ethyl acetate = 95:5.

IH-NMR (400 MHz, CDLppm):t = 4.05 (tJ= 6.7 Hz, 2H), 2.04 (s, 3H), 1.97 (@d12.8, 5.0 Hz, 1H), 1.94
¢ 1.83 (m, 3H), 1.56 (s, 3H), 168.49 (m, 5H), 1.461.25 (m, 6H), 1.16 (dddds= 15.8, 10.8, 8.4, 5.2 Hz,
2H), 0.97 (s, 6H), 0.89 (8 6.2 Hz, 3H).

I3GNMR (100 MHz, CDCppm):t I' Mo/ baw oémam all X /5/fo0 + MTM®DOC
37.47, 36.55, 35.05, 33.95, 32.86, 29.03, 28.79, 28.76, 26.40, 23.58, 21.16, 19.93, 19.69, 19.62.
FTFIR (ATR, ct):’ = 2927, 2865, 1741, 1458, 1363, 1234, 1113, 1036, 974, 889, 735.

MS (El, 70 eV)n/z (%) = 149 (26), 123 (100), 109 (20), 95 (29), 81 (60).

HRMS (EI, 70eVCalcd fo1GgHs4O, 294.2559 Found:294.2553

tert-Butyl 4-(5-(4-methoxyphenyl}3-methylpentyl)piperidine-1-carboxylate (07z)

Me

MGOMBOC

FollowingTP3B 1-(3-iodobutyl}4-methoxybenzenel(05g 145mg, 0.50mmol, 1.00 equiv.) was coupled
with di(2-(1-(tert-butoxycarbonyl)piperidir-yl)ethyl)zinc 106e 0.375mmol, 0.75 equiv., 0.26 m)
prepared according td P2(4.5h at room temperaturefrom the corresponding bromide.

Isolated yield:135mg, 0.360mmol, 72%, yellow oil.

Purification: pentane:ethyl acetate = 95:5.

'H-NMR (400 MHz, CDLppm): = 7.12¢ 7.05 (m,2H), 6.86; 6.78 (m, 2H), 4.06 (s, 2H), 3.78 (s, 3H), 2.76
¢ 2.43 (m, 4H), 1.681.51 (m, 4H), 1.45 (s, 9H), 148.98 (m, 8H), 0.91 (d= 6.0 Hz, 3H).

13GNMR (100 MHz, CDCppm):4 = 157.7, 155.1, 135.2, 129.3, 113.8, 79.3, 55.4, 44.2 (br), 3802,
33.9, 32.6, 32.6, , 32.5 (br), 28.6, 19.7.

FTFIR (ATR, c):’ = 2920, 2850, 1389, 1612, 1511, 1453, 1420, 1364, 1299, 1276, 1242, 1159, 1090,
1036, 965, 866, 821, 767.
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MS (EI, 70 eV)n/z (%) = 319 (24), 154 (25), 121 (100), 112 (16), 82 (14), 57 (71), 56 (14), 55 (11), 40 (20).
HRMS (EI, 70eV)Calcd foiGsHsNO; 375.2773 Found:375.2775

9-Ethoxy-3-methyl-9-oxononyl 4methoxybenzoate {07aa)

Me

O
/\)\/\/\/CO Et
@Ac} 2
MeO

FollowingTP3B 3-iodobutyl 4methoxybenzoate}05h 167mg, 0.50mmol, 1.00 equiv.) was coupled with
di(6-ethoxy-6-oxohexyl)zinc 06f, 0.375mmol, 0.75 equiv., 0.57 m) prepared accordingTiB2(2h at

room temperature)from the corresponding bromide.

Isolated yield:119mg, 0.340mmol, 68%, colorless oil.

Purification: pentane:ethyl acetate = 8:2.

IH-NMR (400 MHz, CDCppm):4 = 8.01¢ 7.96 (m, 2H), 6.9 6.88 (m, 2H), 4.3§4.29 (m, 2H), 4.12 (q,
J=7.1Hz, 2H), 3.86 (s, 3H), 2.28J% 7.5 Hz2H), 1.78 (dtdJ=13.2, 7.1, 4.8 Hz, 1H), 1.6&8.48 (m, 5H),
1.42¢1.28 (m, 5H), 1.25 (8= 7.1 Hz, 3H), 0.94 (@ 6.4 Hz, 3H).

3GNMR (100 MHz, CDLppm):t = 173.9, 166.5, 163.2, 131.5, 122.9, 113.6, 63.2, 60.2, 55.4, 36.8, 35.6,
34.37, 300, 29.4, 26.6, 25.0, 19.6, 14.3.

FFIR (ATR, cr):’ = 2924, 2855, 1693, 1669, 1421, 1391, 1364, 1276, 1244, 1159, 1093, 1034, 964, 865,
808, 768.

MS (El, 70 eV)n/z (%) = 350 (3), 153 (29), 152 (21), 152 (100), 135 (100).

HRMS (El, 70eV)Calcd forCGoHsOs 350.2093 Found:350.2087

tert-Butyl 4-(6-ethoxy-6-oxohexyl)piperidinel-carboxylate (07ab)

BocN
CO,Et

FollowingTP3B 4-iodopiperidinel-carboxylate 105 156mg5.00mmol, 1.00 equiv.) was coupled with
di(6-ethoxy-6-oxohexyl)zinc 4061, 0.375mmol, 0.75 equiv., 0.57 m) prepared accordingTi®2(2h at
room temperature)from the corresponding bromide.

Isolated yield:115mg, 0.352mmol, 70%, colorless oil.

Purification: pentane:ethyl acetate = 9:1.

'H-NMR (400 MHz, BCh, ppm):4 = 4.12 (q)= 7.1 Hz, 3H), 4.06 (s, 2H), 2.69,12.6 Hz, 2H), 2.28 (t,
J=7.5 Hz, 2H), 1.62 (dd= 7.1, 3.5, 3.1 Hz, 4H), 1.45 (s, 9H), 1.30%t4.2, 2.5 Hz, 4H), 1.250% 7.1 Hz,
6H), 1.145 0.98 (m, 2H).
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LGNMR (100 MHZCDG), ppm):4 = 174.0, 155.1, 79.3, 60.3, 44,23.6 (br), 36.5, 36.1, 34.5, 32.3, 29.4,
28.6, 26.4, 25.1, 14.4.

FFIR (ATR, cl):’ = 2976, 2927, 2853, 1734, 1690, 1447, 1419, 1391, 1364, 1276, 1243, 1153, 1123,
1092, 1028, 963, 866, 809, 768, 729.

MS (El, 70 eV)n/z (%) = 254 (16), 226 (67), 212 (53), 182 (58), 140 (100), 112 (31), 98 (30), 84 (33).
HRMS (EI, 70eV]M- Ot-Bu Calcd f01GiaHNO2254.1756 Found254.1752

Ethyl 6(1,4-dioxaspiro[4.5]decar8-yl)hexanoate (07ac)

<\o
o)
/O\/\/\/CozEt

FollowingTP3B 8-iodo-1,4-dioxaspiro[4.5]decanel(Q5h, 119mg, 0.50mmol, 1.00 equiv.) was coupled
with (6-ethoxy-6-oxohexyl)zinc06f, 0.375mmol, 0.75 equiv., 0.57 m) prepared accordingrf®2(2 h at

room temperature)from the corresponding bromide.

Isolated yield:114mg, 0.401mmol, 80%, colorless oil.

Purification: pentane:ethyl acetate = 9:1.

IH-NMR (400 MHz, CDCppm):t = 4.12 ()= 7.1 Hz, 2H), 3.93 (s, 4H), 2.2847.5 Hz, 2H), 1.%71.65

(m, 4H), 1.61 (p]= 7.4 Hz, 3H), 1.50 (tds 14.0, 13.1, 4.6 Hz, 2H), 135.14 (m, 13H).

BGNMR (100 MHz, CDCppm):4 = 174.1, 109.4, 64.3, 60.3, 36.4, 36.2, 34.7, 34.5, 30.3, 29.5, 27.0, 25.1,
14.4.

FFIR (ATR, cf):’ = 2927, 2856, 1732, 1446, 1373, 1336, 1175, 1135, 1106, 1089, 1033, 928, 910, 859,
766, 729, 662.

MS (El, 70 eV)n/z (%) =239 (10), 213 (23), 141 (7), 100 (5), 99 (100), 55 (12).

HRMS (EI, 70eVCalcd forGeH.s0s 284.1988 Found:284.1987

(6,6 6-Trifluorohexyl)benzene (10&d)

©/\/\/\CF3

FollowingTP3B (3-iodopropyl)benzenel05a, 123mg, 0.50mmol, 1.00 equiv.) was coupled with di(3,3,3
trifluoropropyl)zinc 106g 0.375mmol, 0.75 equiv., 0.36 m) prepared accordingTB2(1h at room
temperature)from the corresponding bromide.

Isolated yield:83 mg, 0384mmol, 75%, colorless oil.

Purification: pentane.
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IH-NMR (400 MHz, CDCppm):4 = 7.33¢ 7.24 (m, 3H), 7.22 7.14 (m, 3H), 2.62 (8= 7.7 Hz, 2H), 2.14
¢ 1.97 (m, 2B 1.72¢ 1.51 (m, 5H), 1.41 (= 8.3 Hz, 2H).

3GNMR (100 MHz, CDCppm):4 = 142.38, 128.51, 128.48, 131.§423.08 (q,J= 276.3 Hz), 125.93,
35.78, 33.81 ()= 28.4 Hz), 31.16, 28.42, 21.90Jg,2.9 Hz).

~NMR (376 MHz, CDLppm): =-66.51 (t,J= 11.1 Hz).

FFIR (ATR, crf):’ = 2956, 2873, 1496, 1454, 1385, 1335, 1254, 1175, 1135, 1033, 743, 697.

MS (El, 70 eV)n/z (%) = 217 (5), 216 (35), 105 (4), 92 (31), 91 (100), 78 (3).

HRMS (El, 70eV)Calcd fotGaHhsk 216.1126 Found216.1119

7-cyclobutyl-2,2-dimethylheptanenitrile (10ae)

NC
Following TP3B 6-iodo-2,2-dimethylhexanenitrile 105i, 126mg, 0.50mmol, 1.00 equiv.) was coupled
with di(cyclobutylmethyl)zinc 106h, 0.375mmol, 0.75 equiv.) prepared according fP1 from the
corresponding bromide.
Isolated yield:60 mg, 0311mmol, 62%, colorless oil.
Purification: pentane.
IH-NMR (400 MHz, CDLppm):t = 2.22 (heptJ= 7.6 Hz, 1H), 2.071.96 (m, 2H), 1.9¢ 1.71 (m, 2H),
1.63¢ 1.40 (m, 7H), 1.491.35 (m, 1H), 1.33 (s, 6H), 1833.14 (m, 4H).
3GNMR (100 MHz, CDCppm):4 = 125.5, 41.2, 37.1, 36.3, 32.6, 29.8, 28.5, 27.1, 26.8, 25.5, 18.6.
FFIR (ATR, crf):’ =2971, 2927, 2855, 2234, 1693, 1469, 1391, 1368, 1079, 966, 802, 725.
MS (El, 70 eV)n/z (%) = 164 (28), 150 (100), 136 (36), 124 (28), 122 (70), 110 (33), 108 (100), 80 (38), 41
(27).
HRMS (EIl, 70eVIM-H" Calcd for GH:2N* 192.1747; Found: 192.124

(6,6,6 Trifluorohexyl)benzene 107af)

BtOL o~
FollowingTP3B ethyl Siodopentanoate {05}, 128mg, 0.50mmol, 1.00 equiv.) was coupled with di(4
chlorobutyl)zinc 106G 0.375mmol, 0.75 equiv.) prepared from the corresponding bromide according to
TP1usingl.0 equiv magnesium turnings.
Isolated yield:55mg, (17% of the corresponding lodide, due to nucleophilic substitution reaction with
iodide in the reaction solution, whichcduy Qi 6 S aSLI NF GSR o0& O02f dzvy OKNZ
to NMR Analysis) 0.198mol, 39%, colorless oil.
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Purification: pentane.

IH-NMR (400 MHz, CDECppm):4 = 4.06 ()= 7.1 Hz, 2H), 3.46 (t= 6.7 Hz, 2H), 2.22 (= 7.5 Hz, 2H),
1.79¢1.64 n, 2H), 1.55 (pJ= 7.5 Hz, 2H), 1.411.29 (m, 2H), 1.24 (d= 2.6 Hz, 6H), 1.19 (= 7.1 Hz,

3H).

BGNMR (100 MHz, CDCppm):1 = 174.0, 60.3, 45.3, 34.5, 32.7, 29.2, 29.2, 28.8, 26.9, 25.1, 14.4.

FFIR (ATR, crf):’ = 2930, 2856, 1732, 1463, 1372, 1348, 1301, 1176, 1121, 1096, 1033, 859, 724.

MS (El, 70 eV)n/z (%) = 185 (16), 177 (17), 175 (41), 139 (19), 101 (39), 88 (100), 73 (16), 70 (15), 69 (22),
61 (12), 60 (11), 55 (21).

HRMS (El, 70eV)Calcd for GH10,d 220.1230; Found: 220.1224.

3-(3-(1,3-Dioxan2-yl)propyl)hexahydre4H-furo[2,3-b]pyran (107Ag)

Following TP3B 2-(allyloxy}3-iodotetrahydro2H-pyran 05k 134mg, 0.50mmol, 1.00 equiv.) was
coupled withdi(2-(1,3-dioxan2-yl)ethyl)zinc {063 0.375mmol, 0.75 equiv.) prepared according Té1

from the corresponding bromide.

Isolated yield:58 mg, 0.227mmol, 45%, dr = 9:1, colorless oil.

Purification: pentane:ethyl acetate = 8:2.

IH-NMR (400 MHz, CDCppm): 4 = 5.25 (dJ= 3.7 Hz, 1H, major), 4.96 (& 3.6 Hz, 0.11H, minor), 4.48

(t, J= 5.1 Hz, 1H, major), 4.26 Jt; 8.3 Hz, 0.12H, minor), 4.07 (ddd, 12.1, 5.0, 1.5 Hz, 2H, major), 3.92

(t, J=8.0Hz, 1H, major), 3.84 (di= 11.7, 3.4 Hz, 0.13H, minor), 348.67 (m, 4H, major/minor), 3.64

3.56 (m, 2H, major), 3.51 @= 8.2 Hz, 0.11H, minor), 3.38 (& 11.6, 2.3 Hz, 0.12H, minor), 2@2.21

(m, 1H, major/minor), 2.04 (gtj= 12.7, 5.0 Hz, 1H, major/minor), 2.9dtd, J= 12.0, 6.1, 3.7 Hz, 1H,
major), 1.80 (dtJ=8.6, 4.4 Hz, 0.34H, minor), 1.81.47 (m, 6H, major/minor), 1.44 1.18 (m, 7H,
major/minor).

BGNMR (100 MHz, CDLppm): 4 = 102.2 (minor), 102.11 (major), 102.1 (major), 74.3 (minor), 70.1
(mgor), 67.0 (major), 64.6 (minor), 61.0 (major), 44.2 (minor), 41.1 (major), 38.0 (minor), 36.5 (major),
35.6 (minor), 35.4 (major), 32.9 (minor), 27.0 (major), 25.9 (major), 23.30 (major), 23.0 (minor), 22.7
(major), 22.5 (minor), 20.8 (minor), 19.2 (m3jor

FTFIR (ATR, cl):’ = 2925, 2853, 1461, 1437, 1403, 1377, 1279, 1243, 1216, 1201, 1141, 1111, 1081,
1050, 1009, 993, 946, 927, 892, 870, 808.
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MS (EI, 70 eV)n/z (%) = 180 (54), 179 (18), 151 (36), 125 (37), 113 (26), 93 (41), 87 (100), 59 (21).
HRMS (EI, 70eV)[M-H'] Calcd foiGuHp:04* 255.1591; Found: 255.1589.

2-(Hex5-en-1-yl)-1,3-dioxane (10ah)

oi
Wo
FollowingTP3B (iodomethyl)cyclopropanelQ5l, 91mg, 0.50mmol, 1.00 equiv.) was coupled with di(2

(1,3dioxan2-yl)ethyl)zinc {06a 0.375mmol, 0.75 equiv.) prepared according toP1 from the

corresponding bromide.

Isolated yield:37 mg, 0.218mmol, 44%, colorless oil.

Purification: pentane:ethyl acetate = 99:1.

H-NMR (400 MHz, CDLppm):4 = 5.80 (ddtJ= 16.9, 10.2, 6.7 Hz, 1H), 4.99 (dg,17.1, 1.7 Hz, 1H),
4.93 (ddt,J=10.2, 2.3, 1.2 Hz, 1H), 4.50J%,5.2 Hz, 1H), 4.09 (dd% 10.6, 5.1, 1.4 Hz, 2H), 3.83.69
(m, 2H), 2.07 (tdt)= 12.6, 11.1, 5.0 Hz, 3H), 166.52 (m, 2H), 1.40 (td= 8.2, 7.3, 4.8 Hz, 4H), 1.33 (dltt,
J=13.5, 2.7, 1.4 Hz, 1H).

13GNMR (100 MHz, CDCppm):4 = 139.0, 114.5, 102.5, 67.0, 35.2, 33.8, 28.9, 26.0, 23.7.

FTFIR (ATR, cl):’ = 2951, 2925, 2849, 1640, 1459, 1431, 1404, 1377, 1283, 1240, 1216, 1182, 1
1086, 1053, 993, 936, 908, 868, 843.

MS (El, 70 eV)n/z (%) = 169 (15); 87 (100), 59 (15), 41 (7).

HRMS (El, 70eV]M-H'] Calcd foiCioHisO;" 169.1223 Found:169.1221

137



EXPERIMENTAL PART

4. CobaltCatalyzed AcylatiorReactions of (Hetero)Arylzinc Pivalates witthiopyridyl
Ester Derivatives
4.1 Optimization of the Reaction Conditions

Tablel3: Screening of various thioesters for the cobedtalyzed acylation.

Meo—QZnopiv

O O

72 (1.9 equiv)
SR
O)\ CoCl, (10 mol%)
OMe

dtbbpy (10 mol%)

THF, 25 °C, 4 h 110a
Entry R= GGYield [%]
1 Et 8
. O s
3 D 90
=

[a] Tetradecane (GHsg) was used as internal standard.

Tablel4: Optimization of the acylation conditions.

MeO—QZnOPiv
(0]
0 @ 72 (xx equiv)
—
S N
O)‘\ Co catalyst (xx mol%)
OMe

dtbbpy (xx mol%)

108a solvent, 25 °C, 4 h 110a
Entry Cobalt salt CoCi[mol%)] dtbbpy[mol%] Solvent Amount of72 GGYield® [%]
[equiv]

1 Cod 5 5 THF 19 81

2 Cod 10 10 THF 19 90

3 Cod 20 20 THF 19 92

4 Cod 10 10 THF 15 85

5 Cod 10 10 THF 2.5 87

6 Cod 10 10 MeCN 19 89

7 Cod 10 10 1,4-dioxane 19 90
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Tablel14 continued.

Entry Cobalt salt CoGI[mol%] dtbbpy[mol%] Solvent Am[(:;r:i;fn GGYield® [%]
9 Cod 10 10 2-MeTHF 19 87
10 Cod 10 10 THF 19 80!
11 Cod 10 10 THF 19 82l
12 CoBs 10 10 THF 19 86
13  Co(acae) 10 10 THF 1.9 86
14  Co(acaq) 10 10 THF 1.9 84

[a] Tetradecane (GHso) was used as internal standard. fZnCl was used instead AfZnOPiv. [c] The solid zinc pival@&was

weighed out on the bench and added to the reaction mixture under air

4.2 Mechanistic Experiments

Table15: Mechanistic experiments using cobalt salts of various oxidation states.

Meo—QZnopiv

72 (1.9 equiv)

108a

O)J\ | Z
S N

0O

catalyst (10 mol%)
ligand (10 mol%)
THF, 25°C, 4 h

[a] Tetradecane (aHsg) was used as internal standard.

: : OMe

110a

entry  cobalt salt ligand G;-ﬂe(;i[a]
! CoCl, dtbbpy 90
2 Copowder  dtbbpy 2
3 CoCl(PPhs)s 64
4  CoCly(PPhg)s 73

These experiments might indicate the involvement of a Co(gispeavithin the catalytic cycle (Tallg).
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4.3 Unsuccessful Acytion Reactions with Several Heterocyclic and Sterically Hindered Organozinc

Pivalates
R-ZnOPiv
0 /@ (1.9 equiv) )OI\
Ph)l\s N CoCl,(10mol%)  Ph” R
dtbbpy (10 mol%)
108f THF, 25°C, 4 h
MeO ZnOPiv ZnOPiv
W | A ZnOPiv
N\fN c— N—ci =
_ CI” °N
OMe N=N
0
H Me CO,Et ) )
ZnOPiv ZnOPiv ZnOPiv ZnOPiv o)
N—znopiv O D 0)\/\ o
W= ZnOPiv
,[\\]/I N Me E CF3 CN
e

Schemes8: Unsuccessflidubstrates for theeobaltcatalyzed acylation reaction.

4.4 Preparation of Starting Materials

Preparation of thiopyridyl esters (TP 2§

The corresponding carboxylic acid (&duiv), PPh(1.5equiv) and 2,2dipyridyl disulfide (1.&quiv) were

added to a round bottom flask equipped with a magnetic stirring bar. The mixture was dissolved in MeCN
(0.3M) and heated to reflux for B. After solvent evaporation, the resulting thiopyridyl @stvas purified

by column chromatography (SiGhexane/ethyl acetate) yielding the pure thioester.

t NB LI NI -@hiratifioppidyl esters (TP2):

¢ KS 02 NNB-ghirdkcgrBoxylicTacid® (1.86quiv), PPh (1.0equiv) and 2,2dipyridyl disulfide

(1.0 equiv) were added to a round bottom flask equipped with a magnetic stirring bar. The mixture was
dissolved in MeCN ®M), cooled to ®Cand stirred for 16. After solvent evaporation, the resulting
substrate was purified by column chromatography ¢Sithexane/ethyl acetate) vyielding the

corresponding thioester.
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S(Pyridin-2-yl) cyclohexanecarbothioate (18a)

Ve

S(Pyridin2-yl) cyclohexanecarbothioate was prepared accordingRdfrom cyclohexanecarboxylic acid
(2.21g, 10.00mmol) and was btained as a yellow solid (1.68 7.60mmol, 76% yield. The analytical data
is in full consistency with the data reported in the literatdre.

H-NMR (400 MHz, CDECppm):t =8.61 (ddJ= 52, 1.9 Hz, 1H), 7.71 (= 7.7, 1.4 Hz, 1H), 7.59 (&
7.9 Hz, 1H), 7.357.17 (m, 1H), 2.62 (t= 11.4, 3.5 Hz, 1H), 2.4.96 (m, 2H), 1.81 (di= 12.8, 3.4 Hz,
2H), 1.67 (dtJ= 12.6, 3.6 Hz, 1H), 1.53 (de; 12.0, 3.3 Hz, 2H), 1.40.12 (m, 3H).

S(Pyridin-2-yl) hexadecanethioate (A8b)

/\/\/\/\/\/\/\)?\ /0

SN

S(Pyridin2-yl) hexadecanethioate was prepared according Rifrom palmitic acid (512ng, 2.00mmol)
and was obtained as a yellow powder (684, 1.96mmol, 98%yield).
Purification:ihexane:ethyl acetate = 8:2.
m.p..62.0¢ 63.8°C
H-NMR (400 MHz, CDCppm):1 =8.66¢ 8.58 (m, 1H), 7.73 (td|= 7.7, 1.9 Hz, 1H), 7.61 (dbk 7.9,
1.1Hz, 1H), 7.38 7.26 (m, 1H), 2.69 (8= 7.5 Hz, 2H), 1.72 (@ 7.5 Hz, 2H), 1.25 (s, 24H), 0.824p.7
Hz, 3H).
BGNMR (100 MHz, CDLppm):4 =196.8, 151.8, 150.5, 137.2, 130.3, 123.6, 44.4, 32.1, 29.9, 29.8, 29.8,
29.8, 29.7, 29.6, 29.5, 29.4, 29.1, 25.6, 22.9, 14.3.
FFIR (ATR, cr):’ =2916, 2848, 1M, 1739, 1696, 1571, 1472, 1463, 1446, 1421, 1382, 1124, 1107, 1092,
1061, 1049, 981, 945, 905, 762, 718.
MS (El, 70 eV)n/z (%) = 239 (9), 112 (32), 111 (100), 98 (16), 57 (11), 43 (25).
HRMS (El, 70eV]GiHssNOS], caled.: 349.2439; found: 349.2432.

155B. Neises, W. Steglich, T. Van Reeé\fr. JChem 1981, 34, 5859.
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S(pyridin-2-yl) cyclobutanecarbothioate (Q8c)

2L

D)ks SN
S(pyridin-2-yl) cyclobutanecarbothioate was prepared according Rilfrom cyclobutanecarboxylic acid
(200mg, 2.00mmol) and was obtained as a yellow oil (38§, 1.58mmol, 79%).
Purification:ihexaner:ethyl acetate = 8:2.
H-NMR (400 MHz, CDLppm):4 = 8.66¢ 8.50 (m, 1H), 7.67 (tdl= 7.7, 1.9 Hz, 1H), 7.55 (dt= 8.0,
1.1Hz, 1H), 7.24 7.18 (m, 1H), 3.43 (pd= 8.5, 1.0 Hz, 1H), 2.43.27 (m, 2H), 2.20 (dtdd= 12.6, 8.3,
4.2,2.3 Hz, 2H), 2.G21.72 (m, 2H).
3GNMR (100 MHz, CDLppm):4 = 198.4, 151.6, 150.4, 137.1, 130.2, 123.4, 47.0, 26.0, 18.00.
FFIR (ATR, cr):’ = 2986, 2944, 1698, 1572, 156448, 1420, 1334, 1280, 1245, 1186, 1139, 1105,
1059, 1046, 988, 956, 885, 813, 763, 722, 677.
MS (El, 70 eV)n/z (%) = 258 (36), 211 (19), 136 (9) 135 (100), 77 (11).
HRMS (El, 70eV]CioHi2NOS], calcd.: 194.0634; found: 194.0¢84+H]

S(pyridin-2-yl)-adamantanel-carbothioate (10&l)

P
<&

S(pyridin-2-yl}-adamantanel-carbothioate was prepared according tdP1 from adamantanel-
carboxylic acid (366hg, 2.00mmol) and was obtained as a pale yellow powder (463 1.70mmol, 85%
yield).

Purification:ihexaneethyl acetate = 9:A 8:2.

m.p..73.2¢ 75.6°C

HNMR (400 MHz, CDCppm):t =8.62 (ddJ=5.0, 1.9 Hz, 1H), 7.71 (s 7.7, 1.9 Hz, 1H), 7.55 (&
7.9 Hz, 1H), 7.357.17 (m, 1H), 2.09 (8= 3.1 Hz, 3H), 2.00 (@ 3.0 Hz, 6H), 1.831.63 (m, 6H).
BGNMR (100 MHz, CDLppm):1 =203.5, 152.0, 150.5, 137.0, 131.1, 123.4, 49.6, 39.3, 36.5, 28.3.
FTIR (ATR, cf):’ =2909, 2848, 1689, 1572, 1562, 1449, 1421, 1342, 1280, 1250, 1188111881102,
1084, 1045, 986, 946, 918, 822, 795, 760, 742, 724, 671.

MS (EI, 70 eV)n/z (%) = 273 (2), 244 (6), 136 (8), 135 (100), 93 (8), 79 (9).

HRMS (El, 70eV]CieHiaNOS], calcd.: 273.1187; found: 273.1176.
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S(Pyridin-2-yl) 3-(2,5-dimethylphenoxy)2,2-dimethylpropanethioate (1D8e)
50
Me o/\/yks SN
ME Me
S(Pyridin2-yl) 3-(2,5dimethylphenoxy,2-dimethylpropanethioate was prepared accordingli®lfrom
3-(2,5dimethylphenoxyy2,2-dimethylpropanoic acid (44dhg, 2.00mmol) and was obtained as a yellow
oil (617mg, 1.96mmol, 98% vyield).
Purification:ihexaneethyl acetate = 9:A 8:2.
H-NMR (400 MHz, CDCppm):4 = 8.64 (dddJ= 4.8, 2.0, 0.8 Hz, 1H), 7.73 (d; 7.7, 2.0 Hz, 1H), 7.53
(dt, J =8.0, 1.0 Hz, 1H), 7.29 (ddHh; 7.6, 4.8, 1.1 Hz, 1H), 7.004d,7.4 Hz, 1H), 6.696.64 (m, 1H), 6.61
(d,J=1.5 Hz, 1H), 3.95 @= 5.4 Hz, 2H), 2.31 (s, 3H), 2.19 (s, 3H),c11929 (m, 4H), 1.36 (s, 6H).
13GNMR (100 MHz, CDCppm):t = 2(8.6, 157.0, 151.9, 150.6, 137.1, 136.6, 131.0, 130.4, 123.7, 123.5,
120.8, 112.0, 67.8, 50.6, 37.6, 25.4, 25.0, 21.6, 16.0.
FTFIR (ATR, cf):’ = 2966, 2922, 1693, 1614, 1583, 1573, 1563, 1509, 1448, 1419, 1389, 1366, 1285,
1263, 1156, 1129, 1044, 10(¥88, 931, 906, 803, 764, 724.
MS (El, 70 eV)n/z (%) = 258 (36), 211 (19), 136 (9) 135 (100), 77 (11).
HRMS (El, 70eV]GoaHeNO:S], calcd.: 344.1679; found: 344.16RK8+H]

S(Pyridin2-yl) benzothioate (D8f)

©)‘\ X, |
S N

S(Pyridin2-yl) benzothioate was prepared according®®1from benzoic acid (1.22 g, 1h@mol) and

was obtained as a yellow solid (1.81 g, B#hol, 84% yield). The analytical data was in full consistency
with the data reported in the literaturé2®

H-NMR (400 MHz, CDglppm):4 =8.72¢ 8.62 (m, 1H), 8.08 7.97 (m, 2H), 7.79 (td, J = 7.7, 1.9 Hz, 1H),
7.73 (dt, J = 8.0, 1.0 Hz, 1H), 76756 (m, 1H), 7.49 (t, J = 7.7 Hz, 2H), 7.33 (ddt, J = 7.1, 4.8, 1.0 Hz, 1H).

16 C. M. Lemon, E. Karnas, M. G. Bawendi, D. G. Ndeerg,Chem2013,52, 1039410406.
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S(Pyridin-2-yl) 4-chlorobenzothioate (D8g)

ij
< |
jone
Cl

S(Pyridin2-yl) 4chlorobenzothioate was prepared according®®1from 4-chlorobenzoic acid (1.55 g,
10.0mmol) and was obtained as pale yellow needles (1.64 gmdm®l, 66 % yield). The argilcal data
was in full consistency with the data reported in the literattfte.

'H-NMR (400 MHz, CDCppm):4 =8.68 (dddJ= 4.9, 1.9, 0.9 Hz, 1H), 8.63.92 (m, 2H), 7.79 (td=
7.7, 1.9 Hz, 1H), 7.71 (d& 7.9, 1.0 Hz, 1H), 7.§17.41 (m, 2H), 7.34 (ddd= 7.6, 4.9, 1.2 Hz, 1H).

S(Pyridin2-yl) 4methoxybenzothioate (D8h)

0 =z
o
S N

MeO

S(Pyridin2-yl) 4methoxybenzothioate was prepared according T®1from 4-methoxybenzoic acid
(304mg, 2.00mmol) and wasobtained as a yellow solid (338g, 1.38mmol, 69% yield). The analytical
data was in full consistency with the data reported in the literattife.

HNMR (400 MHz, CD{ppm):4 =8.59 (ddtJ= 3.6, 2.6, 1.4 Hz, 1H), 7.93 (dd,9.0, 2.2 Hz, 2H), 7.€7
7.59 (m, 2H), 7.25 (dtd= 6.8, 3.2, 1.6 Hz, 1H), 6.89 (dd,9.1, 2.6 Hz, 2H), 3.81 (s, 3H).

S(Pyridin-2-yl) 4methoxybenzothioate (D8K Q 0

0 z
L w

S N

OMe

S(Pyridin2-yl) 2methoxybenzothioate was prepared according T®1from 2-methoxybenzoic acid
(304mg, 2.00mmol) and wa obtained as a yellow oil (418g, 1.92mmol, 96% vyield). The analytical data
was in full consistency with the data reported in thterature >’

'H-NMR (400 MHz, CDCppm):4 =8.74¢ 8.58 (m, 1H), 7.86 (dd= 8.0, 1.7 Hz, 1H), 7.807.70 (m, 2H),
7.51 (dddJ= 7.9, 7.0, 1.8 Hz, 1H), 7.30 (ddd,6.7, 4.8, 1.9 Hz, 1H), 7.08.98 (m, 2H), 3.96 (s, 3H).

7M. Ociepa, O. Baka, J. Nardodowiec, D. Gllg, SynthCatal.2017,359, 356603565.
1583, H. H. Zaidi, K. Muthukumaran).S.aimaru, J. S. LindsdyOrg. Chen2004,69, 83568365.
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S(Pyridin-2-yl) ferrocenecarbothioate (08i)
@)
Fle o) N
=

S(Pyridin2-yl) ferrocene was prepared according T®1from ferrocene moncarboxylic acid (46fg,
2.00mmol) and was obtained as red crystals (388 1.82mmol, 91% vyield).

Purification:ihexaneethyl acetate = 9: 8:2.

m.p.:84.6¢ 86.8°C

H-NMR (400 MHz, CDLppm):t = 8.64 (dJ= 5.1 Hz, 1H), 7.75 (d= 6.5 Hz, 2H), 7.28 (dd= 11.8,
5.0Hz, 1H), 4.94 (s, 2H), 4.55 (s, 2H), 4.31 (s, 5H).

3GNMR (100 MHz, CDLppm):4 = 190.9, 152.4, 150.4, 150.3, 137.0, 130.4, 123.3, 123.3, 123.3, 78.8,
72.4,72.4,71.0,70.8, 69.4, 69.3.

FFIR (ATR, c):’ =2923, 1652, 1570, 1446, 1422, 1369, 1239, 1121, 1106, 1045, 1024, 1002, 986, 942,
837, 810, 762, 721, 693.

S(Pyridin-2-yl) quinoline-2-carbothioate (108)

2 L)

N \l

/|SN
A

S(Pyridin2-yl) quinoline2-carbothioate was prepared accordnit@yTP1from quinoline2-carboxylic acid
(856mg, 5.00mmol) and was obtained as yellow crystals (998 3.75mmol, 75%).
Purification:ihexaneethyl acetate = 9:A 8:2.

m.p.:142.8&; 144.2°C

IH-NMR (400 MHz, CDCppm):4 = 8.80¢ 8.70 (m, 1H), 8.388.25 (m, 2H), 8.03 (d= 8.4 Hz, 1H), 7.90
(dd, J=8.2, 1.4 Hz, 1H), 7.877.73 (m, 3H), 7.69 (ddd= 8.2, 6.9, 1.2 Hz, 1H), 7.35 (ddd; 7.3, 4.8,
1.4Hz, 1H).

BGNMR (100 MHz, CD&£ppm):4 = 192.1, 152.5, 151.150.6, 147.9, 137.8, 137.4, 131.0, 130.7, 130.6,
130.5, 129.2, 127.9, 123.7, 117.3.

FTFIR (ATR, c):’ = 2926, 1682, 1668, 1572, 1561, 1502, 1461, 1448, 1419, 1378, 1305, 1279, 1263,
1227, 1206, 1142, 1108, 1082, 1046, 988, 964, 912, 834, 792, 7632238)2.

MS (EI, 70 eV)n/z (%) = 266 (3), 238 (19), 237 (40), 206 (40), 205 (23).

HRMS (El, 70eV]CisHioN-OS], calcd.: 266.0514; found: 266.0509.
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tert-Butyl (9-2-((pyridin-2-ylthio)carbonyl)pyrrolidine-1-carboxylate (D8k)

Boc
tert-Butyl @-2-((pyridin-2-ylthio)carbonyl)pyrrolidinel-carboxylate was prepared accordingT®2from
(tert-butoxycarbonyBL-proline (2.15 g, 10.6hmol) and was obtained as a yellow solid (2.24 gniniol,
73% vyield)The analytical data is in full consistency with the data reported in the liter&ttire.
'H-NMR (400 MHz, CD£ppm, mixture of rotamers)t =8.61 (dd,J= 5.0, 2.0 Hz, 0.6 H), 8.6®.56 (m,
0.4 H), 7.72 (qd)= 7.1, 6.5, 1.9 Hz, 1H), 7.65 &, 7.9 Hz, 0.4 H), 7.55 @ 7.9 Hz, 0.6 H), 7.26 (i3
9.7,8.7,5.0 Hz, 1.1 H), 4.57 (d4,8.3, 3.4 Hz, 0.4 H), 4.44 (d4, 8.8, 3.8 HA).6 H), 3.54 (dtdd]= 37.3,
18.1, 9.0, 6.1 Hz, 2H), 2.8@.99 (m, 3H), 1.91 (pd= 7.6, 3.8 Hz, 1H), 1.48 (& 7.1 Hz, 9H).
Optical rotation: § -118 (c 1.17, CH4}l
Chiral HPLC>99%ee, ADH column, heptangPrOH= 95:5, 1.5 mL/min, 30C

S(Pyridin2-yl) (S}2-(4-isobutylphenyl)propanethioate (D8l)

NS
S N
Me

(9-2-(4-Isobutylphenyl)propanethioate was prepared according T2 at 0°C from (9-2-(4-
isobutylphenyBpropanoic acid (41gng, 2.00mmol) and was obtaineds a yellow oil (57éhg, 1.96mmol,

96% yield).

Purification:ihexaneethyl acetate = 9: & 8:2.

IH-NMR (400 MHz, CDLppm):t = 7.80 (tJ= 1.8 Hz, 1H), 7.69 (dt= 7.6, 1.4 Hz, 1H), 7.34 (ddd; 7.8,

2.0, 1.1Hz, 1H), 7.32 7.23 (m, 1H), 7.2 7.14 (m, 2H), 7.087.02 (m, 2H), 4.01 (§= 7.1 Hz, 1H), 2.47
(d,J =7.1Hz, 2H), 1.86 (dg= 13.6, 6.8 Hz, 1H), 1.60 & 7.1 Hz, 3H), 0.91 (@ 6.7 Hz, 6H).

BBGNMR (100 MHz, CD&Cppm). 4 = 198.5, 151.8, 150.2, 141.3, 137.1, 136.2, 130.1, 129.6, 127.9, 123.4,
54.2,45.1, 30.2, 22.4, 18.4.

FFIR (ATR, cr):’ = 2954, 2928, 2868, 1706, 1573, 1563, 1511, 1448, 1420, 1368, 1240, 1217, 1183,
1168, 1140, 121, 1097, 1084, 1066, 1045, 998, 980, 847, 802, 763, 738, 724, 663.

HRMS (ESI, 70eV|CisH2NOS], calcd.: 300.1417; found: 300.14W6+H]

Optical rotation: | 104 (c 1.24, CH4}l

Chiral HPL®8%ee, ODH columnheptaneiPrOH= 90:10, 1.0 mL/min, 3TC
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S(Pyridin2-yl) (9-2-methylbutanethioate (108m)

S(Pyridin2-yl) (9-2-methylbutanethioate was prepared according toTP2 at 0°C from (S)2-
methylbutanoic acid (51thg, 5mmol) and was obtained as a yellow oil (950, 4.87mmol, 97%yield).
Purification:ihexaneethyl acetate = 9: 8:2.

IH-NMR (400 MHz, CDLCppm):4 = 8.61 (dddJ= 5.1, 1.8, 0.9 Hz, 1H), 7.72 dd; 7.7, 1.9 Hz, 1H), 7.60
(dt,J=7.9, 1.0 Hz, 1H), 7.26 (ddi 7.6, 4.7, 1.1 Hz, 1H), 2.700k,6.9 Hz, 1H), 1.82 (dt= 13.7, 7.2 Hz,
1H), 1.54 (tt)= 14.4, 7.1 Hz, 1H), 1.25 (& 6.9 Hz, 3H), 0.97 (= 7.4 Hz, 3H).

BGNMR (100 MHz, CDLppm):4 = 200.8, 151.8, 150.4, 137.1, 130.3, 123.5, 50.6, 27.2, 17.1, 11.7.
FFIR (ATR, cf):’ = 2968, 2934, 2877, 1702, 1573, 15622, 1448, 1418, 1380, 1260, 1201, 1139, 1118,
1084, 1045, 987, 967, 939, 829, 807, 762, 732, 719, 669, 670.

MS (El, 70 eV)n/z (%) = 196 (2), 166 (15), 139 (18), 134 (65), 112 (91), 111 (100), 67 (26).

HRMS (El, 70eV]CioHiaNOS], calcd.: 196.0791; found: 196.0TEO+H]

Optical rotation: J 19 (c 1.20, CH4}l

Chiral HPL®8%ee, OBH columnheptaneiPrOH= 98:2, 1.0 mL/min, 30C

4.5Preparation of Organometallic Reagents

Preparation of arylzinc pivalates bipsertion (TP33¥

Magnesium turnings (1.2quiv), dry LiCl (1.2quiv) and dry THF (1.@0solution relating to the aryl halide)
were added to a dry and argon flush8dhlenkube equipped with a magnetic sting bar and a septum.
The tube was drged with the aromatic bromidél.0equiv). For controlling the following initial heat
evolution of the insertion reaction, the Schletdbe was placed in an ice bath for cooling. To monitor the
progress of the inseitn reaction, reaction aliquots quenched with iodine and were analyzed as water
guenched samples by @@alysis. When the insertion was completed, solid Zn(@PiWequiv) was

added in one portion at 0Cand stirred at ambient temperature for 1&in.

Preparation of arylzinc pivalates by halogen/magnesium exchange (T®4):

A dry and argon flushe8chlenkube equipped with a magnetic stirring band a septum was charged
with the corresponding aryl halide (1.@@mol) in THF (0.5 Then, after stirring for fin at ambient
temperature, the resulting solution was cooled 420 °C iPrMgCl (1.1In in THF, 1.2quiv) was added
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dropwise. G&@nalysisvas used to monitor the progress of the halogaagnesium exchange, by analysis
of reaction aliquots quenched with. IThe reaction was completed within 6iin. Zn(OPiy)(1.0equiv)

was added in one portion at@and the mixture was slowly warmed to room temperature.

4.6 CobaltCatalyzed AcylatiofReactions of (Hetero)arylzinc Pivalates with Organic Thiopyridylester

derivatives

Cobaltcatalyzed acylation of arylzinc pivalates with thiopyridyl esters (TP5):

A diy and argon flushe&chlenkube equipped with a magnetic stirring bar and a septum was charged
with CoGl (6.5mg, 0.05mmol, 0.10equiv, dried invacuoat 400°CLINA 2 NJ (i 2 dza S0 d-di¢ KSy =
tert-butyl-v Z-dip@ridyl (13.0mg, 0.05mmol, 0.10equiv) and the corresponding thiopyridyl estdi08,
0.50mmol, 1.0equiv) were added to th&chlenkube. The resulting mixture was dissolved in dry THF
(1 mL). Then, the organozinc pivalate, synthesizedlrP2or TP3(0.95mmol, 1.9 equiv) was added and
stirring was continued for A, at 25°C For substancd 10ty the reaction was carried out at @ The
reaction conversion was monitored by @g@alysis of wateguenched reaction aliquots {{k, was used

as an internal standard). Upon consumption of the starting material, sat. agCINBdlution (10nL) was
added, the phases were separated and the aqueous phase was extracted with EtOAcniR)x Phe
combined organic layers were dried ovlgSQ. The solvents were evaporated and the residue was
subjected to column chromatographical purification (pentane/ethyl acetate) on silica yielding the

corresponding title compound.

Cyclohexyl(4-methoxyphenyl)methanone (118)

(0]

: : OMe

FollowingT P55 (pyridin-2-yl) cyclohexanecarbothioatd @8a, 111mg, 0.50mmol, 1.0 equiv) was coupled
with (4-(methoxy)phenylzinc pivalater2, 0.95mmol, 1.9 equiv) prepared according TP3from the
corresponding bromide. The solution was stirred4d and was workedip as usual.

Isolated yield:96 mg, 0.44mmol, 88%, colorless crystals.

Purification: pentane:ethyl acetate = 99:1.

m.p.:64.2¢ 66.8°C
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H-NMR (400 MHz, CDCppm):4 = 7.94 (d,)= 8.8 Hz, 2H), 6.93 (d= 8.9 Hz, 2H), 3.86 (s, 3H), 3.22 (tt,
J=11.5, 3.2 Hz, 1H), 1.85 (td#k 11.7, 6.2, 3.0 Hz, 4H), 1.73 (ddHt, 12.8, 5.0, 3.3, 1.7 Hz, 1H), 1&7

1.38 (m, 3H), 1.3 1.19 (m, 2H).

3GNMR (100 MHz, CDLppm):+ = 202.6, 163.3, 130.6, 129.4, 18,365.6, 45.4, 29.7, 26.1, 26.1.

FFIR (ATR, cf):’ = 3065, 3019, 2973, 2944, 2916, 2846, 1639, 1628, 1594, 1573, 1504, 1499, 1466,
1454, 1442, 1416, 1405, 1302, 1296, 1284, 1256, 1224, 1182, 1175, 1148, 1116, 1094, 1064, 1028, 1013,
967, 959, 949, 92856, 842, 828, 815, 789, 763, 682.

FTFIR (ATR, c):’ = 2923, 2851, 1658, 1598, 1571, 1505, 1458, 1420, 1370, 1334, 1313, 1299, 1251,
1208, 1163, 1133, 1103, 1025, 972, 896, 844, 825, 791, 770, 742, 687.

MS (El, 70 eV)n/z (%) = 135 (100), 150 (1387(8), 218 (6).

HRMS (El, 70eV]Ci4Hi50,], caled.: 218.1307; found: 218.1302.

1-(Benzof][1,3]dioxol-5-yl)hexadecanl-one (110b)

FollowingTP5S(pyridin2-yl) hexadecanethioatelQ8b, 175mg, 0.50mmol, 1.0 equivwas coupled with
(benzof][1,3]dioxok5-yl)zinc pivalate {093 0.95mmol, 1.9 equiv) prepared according Ta°3from the
corresponding bromide. The solution was stirred fdr @nd was workedip as usual.

Isolated yield:162mg, 0.45mmol, 90%, white sad.

Purification: pentare:ethyl acetate = 100:2.

m.p.: 73.5¢ 75.3°C

H-NMR (400 MHz, CDCppm):4 = 7.56 (dd,)= 8.2, 1.7 Hz, 1H), 7.44 (& 1.7 Hz, 1H), 6.84 (@ 8.1Hz,

1H), 6.04 (s, 2H), 2.87 §t 7.5 Hz, 2H), 1.70 (= 7.4 Hz, 2H), 1.25 (s, 26H), 0.88#6.7 Hz, 3H).

BGNMR (100 MHz, CDLbpm):4 = 198.9, 151.7, 148.3, 132.1, 124.4, 108.1, 108.0, 101.9, 38.6, 32.1,
29.9, 29.8, 29.8, 29.8, 29.8, 29.7, 29.7, 29.6, 29.6, 29.5, 24.8, 22.9, 14.3.

FTFIR (ATR, c):’ = 2961, 2952, 2914, 2868, 2847, 2774, 1675, 1604, 1497, 1488, 1472, 1462, 1444,
1418, 1373, 1359, 1285, 1279, 1263, 1258, 1250, 1200, 1110, 1092, 1051, 1004, 990, 940, 900, 889, 824,
811, 805, 780, 757, 742, 730, 719, 655.

MS (El, 70 eV)n/z (%) = 28121), 225 (8), 209 (8), 208 (10), 207 (84), 191 (16), 165 (10), 164 (100), 149
(57), 121 (12), 44 (7).

HRMS (El, 70eV]CxsHssOs], calcd.: 360.2664; found: 360.2662.
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1-(1-Methyl-1H-indol-5-yl)hexadecanl-one (110Cc)

OO

Me
FollowingTP5S(pyridin2-yl) hexadecanethioatelQ8b, 175mg, 0.50mmol, 1.0 equiv) was coupled with
((2-methyl1H-indol5-yl)zinc pivalate {09hb, 0.95mmol, 1.9 equiv) prepared according TP3from the
corresponding bromide. The solution was stirred4d and was workedip as usual.
Isolated yield:137mg, 0.37mmol, 74%, pale yellow crystals.
Purification: pentare:ethyl acetate = 9:1.
m.p.:71.6¢ 73.5°C
IH-NMR (400 MHz, CDLCppm):8.31 (d,J= 1.6 Hz, 1H), 7.91 (dd= 8.7, 1.7 Hz, 1H), 7.34 (& 8.7 Hz,
1H), 7.11 (dJ= 3.2 Hz, 1H), 6.61 (@ 3.1 Hz, 1H), 3.82 (s, 3H), 3.03#,7.5 Hz, 2H), 1.77 (= 7.5 Hz,
2H), 1.26 (s, 18H), 0.88 Jt 6.7 Hz, 3H).
3GNMR (100 MHz, CDLCppm):4 = 200.9, 139.2,30.4, 129.4, 128.0, 122.9, 121.9, 109.2, 103.1, 38.7,
33.2, 32.1, 29.8, 29.8, 29.8, 29.7, 29.7, 29.6, 29.5, 25.1, 22.9, 14.3.
FTFIR (ATR, cf):’ = 2948, 2920, 2848, 1657, 1606, 1556, 1513, 1464, 1450, 1212, 1412, 1368, 1343,
1309, 1297, 1264, 1249, 1229163, 1145, 1090, 968, 821, 803, 780, 766, 733, 724.
MS (El, 70 eV)n/z (%) = 130 (14), 158 (72), 173 (100), 174 (14), 369 (11).
HRMS (El, 70eV]CsHsaNO], caled.: 369.3032; found: 369.3037.

Cyclobutyl(4(trifluoromethyl)phenyl)methanone (10d)

0]

QL

FollowingTP5S(pyridin-2-yl) cyclobutanecarbothioatel8c, 97mg, 0.50mmol, 1.0 equiv) was coupled

3

with (4-(trifluoromethyl)phenyl)zinc pivalated09¢ 0.95mmol, 1.9 equiv) prepared according T&3from
the corresponihg bromide. The solution was stirred foh4dand was workedip as usual.

Isolated yield:96 mg, 0.42mmol, 84% yield, colorless oil.

Purification: pentare:ethyl acetate = 9:1.

IH-NMR (400 MHz, CDCppm):4 = 7.99 (dtJ= 8.1, 1.0 Hz, 2H), 7.¢4.68 (m, 2H), 4.183.93 (m, 1H),
2.50¢ 2.26 (M, 4H), 2.182.05 (m, 1H), 1.9 1.86 (m, 1H).

13GNMR (100 MHz, CDCppm):4 = 199.92, 138.26 , 134.15 (&5 32.6 Hz), 128.64 , 125.65 Jg,3.8Hz),
123.63 (q,)= 272.7 Hz), 42.36 , 24.97 , 18.13.
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FFIR (ATR, crf):’ = 2951, 1674, 1510, 1410, 1322, 1252, 1227, 1212, 1166, 1125, 1108, 1065, 1015, 967,
949, 922, 893, 856, 842, 783, 774, 762, 731, 684, 671.

MS (EI, 70 eV)n/z (%) = 227 (1), 174 (8), 173 (11)31T00), 145 (25).

HRMS (El, 70eV]GCiHiR0], caled.: 228.0762, found: 228.0758.

Cyclobutyl(4(dimethylamino)phenyl)methanone 110e)

0]

NM62

FollowingTP5S(pyridin-2-yl) cyclobutanecarbothioatel 09, 97mg, 0.50mmol, 1.0equiv) was coupled
with (4-(dimethylamino)phenyl)zinc pivalaté@9d 0.95mmol, 1.9 equiv) prepared according T®3from
the corresponding bromide. The solution was stirred fér @nd was workedip as usual.

Isolated yield:97 mg, 0.48mmol, 95% yieldwhite solid.

Purification: pentane:ethyl acetate = 95:5.

m.p.: 75.2¢ 77.0°C

HNMR (400 MHz, CDECppm):4 = 7.82¢ 7.71 (m, 2H), 6.6 6.57 (m, 2H), 3.88 (pdz= 8.6, 1.1 Hz, 1H),
2.98 (s, 6H), 2.42 2.27 (m, 2H), 2.18 (dddd,= 12.4, 10.6, 8.8,.8 Hz, 2H), 2.08 1.91 (m, 1H), 1.81
(ddddd,J= 14.6, 9.2, 7.9, 4.0, 1.1 Hz, 1H).

13GNMR (100 MHz, CDLppm):199.4, 153.0, 130.4, 111.0, 110.9, 41.7, 40.3, 25.3, 18.2.

FFIR (ATR, cr):’ = 2959, 1667, 1622, 1478, 1387, 1261, 1195, 1167, 10258969819.

MS (El, 70 eV)n/z (%) = 203 (16), 148 (100), 44 (12), 42 (39).

HRMS (El, 70eV]CisHi7NO], calcd.: 203.1310, found: 203.1305.

Cyclotexyl(4fluorophenyl)methanone (116

o}

o,

FollowingT P55 (pyridin-2-yl) cyclotexanecarbothioatel(08a 111mg, 0.50mmol, 1.0 equiv) was coupled
with (4-fluorophenyl)zinc pivalate109¢ 0.95mmol, 1.9 equiv) prepared according fP3from the
corresponding bromide. The solution was stirred fdr @nd was workedip as usual.
Isolated yield:62 mg, 0.30mmol, 60%, colorless oil.
Purification: pentane:ethyl acetate = 9:1.
IH-NMR (400 MHz, CDLppm): = 8.07¢ 7.85 (m, 2H), 7.2¢ 7.03 (m, 2H), 3.21 (td= 11.4, 3.2 Hz, 1H),
1.95¢ 1.79 (m, 4H), 1.74 (dtfi= 13.0, 3.5, 1.81z, 1H), 1.58 1.16 (m, 5H).
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3GNMR (100 MHz, CDCppm):4 = 202.4, 165.7 (d, J = 254.0 Hz), 132.8 (d, J = 3.0 Hz), 13£.0.8H4),

115.8 (d, J =21.7 Hz), 45.7, 29.6, 26.1, 26.0.

FFIR (ATR, c):’ = 3068, 2929, 2853, 1678, 1596, 1505, 3,48450, 1409, 1371, 1332, 1312, 1295,

1289, 1249, 1233, 1205, 1176, 1154, 1134, 1102, 1027, 1012, 974, 893, 860, 841, 824, 806, 800, 776, 738,
675.

MS (El, 70 eV)n/z (%) = 206 (9), 151 (21), 138 (9), 124 (8), 123 (100), 95 (8).

HRMS (El, 70eV]CisHisFO], caled.: 206.1107; found: 206.1101.

4-(Cyclohexanecarbony-fluorobenzonitrile (110g)

0
F
sped
FollowingT P5S(pyridin-2-yl) cyclohexanecarbothioatd@8a, 111mg, 0.50mmol, 1.0 equiv) was coupled
with (4-cyane3-fluorophenyl)zinc pivalatelQ9f, 0.95mmol, 1.9 equiv)prepared according &P4from
the corresponding bromide. The solution was stirred fér @nd was workedip as usual.
Isolated yield:91 mg, 0.39mmol, 79%, colorless crystals.
Purification: pentaneethyl acetate = 9:1.
m.p.:54.4¢56.2°C
IH-NMR (400 MHz, CDLCppm):4 = 7.85¢ 7.68 (m, 3H), 3.16 (= 11.3, 3.1 Hz, 1H), 1.86 (dis 9.5,
3.4Hz, 4H), 1.75 (dddd= 11.5, 5.2, 3.3, 1.7 Hz, 1H), 1B 16 (m, 5H).
13GNMR (100 MHz, CDLppm):4 = 201.2 (dJ= 1.6 Hz), 163.4 (d= 261.1 Hz), 142.2 (d= 6.1 Hz),
134.1, 124.3 (d)= 3.7 Hz), 116.1 (d= 20.5 Hz), 113.4, 105.2 (5 15.9 Hz), 46.2, 29.2, 25.9, 25.7.
FFIR (ATR, cr):’ = 3076, 2930, 2855, 2239, 1686, 1618, 156405, 1463, 1450, 1421, 1415, 1373,
1331, 1313, 1299, 1290, 1274, 1253, 1230, 1192, 1157, 1133, 1120, 1103, 996, 988, 921, 908, 901, 873,
836, 797, 772, 734, 706.
MS (EI, 70 eV)n/z (%) = 231 (43), 225 (8), 216 (9), 213 (18), 190 (31), 189 (12), }8871Z10), 176
(100), 165 (7), 164 (26), 163 (26), 158 (7), 148 (86), 121 (59), 129 (10), 105 (24), 100 (21), 83 (16), 77 (9),
68 (8), 67 (11), 55 (27).
HRMS (El, 70eV]CiHisFNO], caled.: 231.1059; found: 231.1054.
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(Adamantan1-yl)(3-(trifluoromethyl)phenyl)methanone (10h)

(0]

/U\ : CF3

Following TP5 S(pyridin-2-yl)-adamantanel-carbothioate (08d, 137mg, 0.50mmol, 1.0 equiv) was
coupled with (3(trifluoromethyl)phenyl) zinc pivalated09g 0.95mmol, 1.9 equv) prepared according to
TP3from the corresponding bromide. The solution was stirred farahdwas workedup as usual.
Isolated yield:94 mg, 0.31mmol, 61%, white solid.

Purification: pentane:ethyl acetate = 98:2.

m.p..63.6¢ 65.3°C

'H-NMR (400MHz, CDGJ ppm):4 = 7.76 (dJ= 2.0 Hz, 1H), 7.70 (= 8.4 Hz, 2H), 7.52 (= 7.8 Hz, 1H),
2.09 (gJ= 3.1 Hz, 3H), 1.99 (@ 2.9 Hz, 6H), 1.821.68 (m, 6H).

3GNMR (100 MHz, CDLppm):4 = 209.0, 140.3, 1317129.7 (m), 130.4 (di= 14 Hz), 128.7, 126.9 (q,
J=3.7 Hz), 124.1 (d= 3.9 Hz), 123.9 (4= 272.5 Hz), 47.1, 39.1, 36.5, 28.1.

FFIR (ATR, cr):’ = 2943, 2914, 2854, 1661, 1605, 1453, 1329, 1309, 1261, 1225, 1184, 1162, 1119,
1102, 1071, 998, 922, 808, 778, 762, 734, &59.

MS (El, 70 eV)n/z (%) = 308 (1), 136 (12), 135 (100), 93 (12), 79 (12).

HRMS (El, 70eV]CisHigR:0], caled.: 308.1388; found: 308.1382.

4-(Adamantanel-carbonyl}2-fluorobenzonitrile (110)

0
F

<5 CL,
Following TP5 S(pyridin-2-yl)-adamantanel-carbothioate (08d 137mg, 0.50mmol, 1.0 equiv) was
coupled with (4cyana3-fluorophenyl)zinc pivalatelQ9f, 0.95mmol, 1.9 equiv) prepared according to
TP4from the corresponding bromide. The solution was stirred foradd was workeeup as usual.
Isolated yield:114mg, 0.41mmol, 81%, colorless crystals.
Purification: pentane:ethyl acetate = 9:1.
m.p.: 103.9-105.8°C
H-NMR (400 MHz, CDLppm): = 7.66 (ddJ= 7.9, 6.2 Hz, 1H), 7.31 (ddd; 21.5, 8.5, 1.4 Hz, 2H), 2.07
(9,J= 3.1 Hz, 3H), 1.93 (@ 3.0 Hz, 6H), 1.811.65 (m, 6H).
3GNMR (100 MHz, CDLCppm): 207.6 (dJ= 1.4 Hz), 162.6 (d= 261.2 Hz), 146.3 (d= 6.2 Hz), 133.5,
123.2 (dJ=3.9 Hz), 115.1 (d7 20.9 Hz)113.4, 102.8 (d)= 15.6 Hz), 47.2, 38.8, 36.3, 27.9.
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FFIR (ATR, cr):’ = 3053, 2930, 2901, 2858, 2849, 2673, 2652, 2241, 1682, 1620, 1561, 1497, 1451,
1413, 1344, 1323, 1297, 1276, 1269, 1252, 1225, 1209, 1191, 1179, 1171, 1106, 1099, 1003, 8GSB, 938,
884, 879, 851, 819, 793, 764, 751, 732, 718, 677, 661.

MS (EI, 70 eV)n/z (%) = 136 (11), 135 (100), 107 (14), 93 (16), 79 (13).

HRMS (El, 70eV]CiaHiaFNO], calcd.: 283.1372; found: 283.1266.

3-(5-(2,5-Dimethylphenoxy}2,2-dimethylpentanoyl)benzonitrile 110)

Me o

Me/@OWCN

Me Me

Following TP5 S(pyridin-2-yl) 5(2,5dimethylphenoxy,2-dimethylpentanethioate 108, 172mg,
0.50mmol, 1.0equiv) was coupled with (8yanophenyl)zinc pivalatel@9h 0.95mmol, 1.9 equiv)
prepared according ta'P4from the corresponding iodide. The solution was stirred fdr 4nd was
worked-up as usual.
Isolated yield:110mg, 0.33mmol, 66%, yellow oil.
Purification: pentare:ethyl acetate = 95:5.
IH-NMR (400 MHz, CDLppm):4 = 7.97 (dJ= 1.8 Hz, 1H), 7.92 (di= 8.0, 1.5 Hz, 1H), 7.74 (dt 7.7,
1.4 Hz, 1H), 7.52 @= 7.9 Hz, 1H), 6.99 (@ 7.5 Hz, 1H), 6.66 (dik 7.5, 1.5 Hz, 1H), 6.6®6.54 (m, 1H),
3.90 (t,J= 6.0 Hz, 2H), 2.29 (s, 3H), 2.13 (s, 3H),@1021 (m, 2H), 1.891.67 (m, 2H), 1.37 (s, 6H).
13GNMR (100 MHz, CDLCppm):4 = 206.7, 156.8, 139.8, 136.6, 134.2, 131.8, 131.4, 130.4, 129.3, 123.4,
120.9, 118.2, 112.8, 111.8, 67.5, 47.9, 37.4, Z&x(,, 21.5, 16.0.
FFIR (ATR, cr):’ = 2922, 2230, 1677, 1677, 1583, 1508, 1470, 1414, 1388, 1309, 1284, 1262, 1223,
1156, 1128, 1043, 1017, 999, 844, 803, 752, 683.
MS (El, 70 eV)n/z (%) = 335 (4), 214 (100), 144 (13), 130 (26), 122 (17), 10831aR), 55 (15).
HRMS (EI, 70eV]CaHsNGy, calcd.: 335.1885, found: 335.1888.

1-(3-((tert-Butyldimethylsilyl)oxy)pheny5-(2,5-dimethylphenoxy)-2,2-dimethylpentan-1-one (11(k)

M
OO
OTBS
Me (0]
Me Me

Following TP5 S(pyridin-2-yl) 5-(2,5-dimethylphenoxy2,2-dimethylpentanethioate 108e 172mg,
0.50mmol, 1.0equiv) was coupled with ({@tert-butyldimethylsilyl)oxy)phenyl)zinc pivalatel0Qi,
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0.95mmol, 1.9 equiv) prepared according @P3from the corresponding bromide. The sohui was
stirred for 4h and was workedip as usual.

Isolated yield:158 mg, 0.36mmol, 78%, pale yellow oil.

Purification: pentane:ethyl acetate = 9:1.

IH-NMR (400 MHz, CDCppm):4 = 7.13¢ 6.99 (m, 2H), 6.93 (8= 2.0 Hz, 1H), 6.79 (@= 7.5 Hz, 1H),
6.73 (dddJ= 7.8, 2.5, 1.3 Hz, 1H), 6.44 (d4,7.6, 1.5 Hz, 1H), 6.37 & 1.5 Hz, 1H), 3.68 (= 6.1 Hz,
2H), 2.09 (s, 3H), 1.94 (s, 3H), 1G7R68 (M, 2H), 1.58 1.48 (m, 2H), 1.14 (s, 6H), 0.78 (s, 9H), 0.00 (s,
6H).

3GNMR (100 MHz, CDCppm):4 = 208.6, 156.9, 155.4, 140.3, 136.4, 130.3, 129.2, 123.5, 122.7, 120.7,
120.5, 119.3, 111.8, 67.8, 47.7, 37.5, 26.2, 25.7, 25.1, 21.4, 18.2;418.8,

FTFIR (ATR, c):’ = 2953, 2927, 1672, 1594, 1576, 1508, 1470, 14388, 1362, 1251, 1183, 1156,
1129, 1044, 1000, 913, 834, 800, 779, 759, 685.

MS (El, 70 eV)n/z (%) = 320 (23), 319 (100), 235 (32), 83 (8), 73 (14).

HRMS (El, 70eV]G7HioOsSi], caled.: 440.2747, found: 440.2751.

Ethyl 4benzoylbenzoate 110)

0]

‘ ‘ ~CO,Et

Following TP5S(pyridin-2-yl) benzothioate(108f, 108mg, 0.50mmol, 1.0 equiv) was coupled with (4
(ethoxycarbonyl)phenyl)zinc pivalat@09j, 0.95mmol, 1.9 equiv) prepared according TP4at -40°C
from the corresponding iodide. The solution was stirreddtrand was workedip as usual.

Isolated yield:90 mg, 0.35mmol, 71% yield, colorless crystals.

Purification: pentane:ethyl acetate = 95:5.

m.p.:93.6¢ 95.4°C

IH-NMR (400 MHz, CDELppm):4 = 8.20¢ 8.11 (m, 2H), 7.82 (ddd= 14.6, 7.6, 1.8 Hz, 4H), 7.66.57

(m, 1H), 7.50 (ddl= 8.4, 7.1 Hz, 2H), 4.42 (& 7.1 Hz, 2H), 1.42 (t= 7.1 Hz, 3H).

13GNMR (100 MHz, CDECppm):t = 196.2, 166.0, 141.3, 137.1, 133.7, 133.1, 130.3, 12996, 128.6,
61.6, 14.5.

FTIR (ATR, c):’ = 2979, 1704, 1660, 1604, 1480, 1446, 1399, 1367, 1266, 1179, 1102, 1019, 1004, 937,
925, 845, 752, 712, 695, 656.

MS (El, 70 eV)n/z (%) = 177 (28), 105 (100), 149 (59), 152 (39), 181 (59), 209 (59), 226 (30), 254 (35).
HRMS (El, 70eV]CieHi404], caled.: 254.0943; found:254.0939.
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Benzop]thiophen-2-yl(phenyl)methanone {10m)

0
S S

FollowingTP5 using TMBA (10 mol%, 0.0,mol, 6mg) as ligandS(pyridin2-yl) benzothioate 108f,

108 mg, 0.50mmol, 1.0 equiv) was coupled with (benbgthiophen-2-yl)zinc pivalate 09k 0.95mmol,

1.9 equiv) prepared by directed metalation from bergtdjiophen and TNPMgCI(1.0 equiv) at OCfor

3 h, followed by transmetalation with Zn(ORiL.0 equiv) The solution was stirred folhdand was

worked-up as usual.

Isolated yield:81 mg, 0.34mmol, 68%, orange oil.

Purification: pentane:ethyl acetate = 9:1.

H-NMR (400 MHzCDG| ppm):1 = 7.96¢ 7.85 (m, 5H), 7.687.60 (m, 1H), 7.54 (dd= 8.3, 6.9 Hz, 2H),

7.49 (dddJ= 8.2, 7.0, 1.3 Hz, 1H), 7.42 (ddd,8.1, 7.1, 1.1 Hz, 1H).

3GNMR (100 MHz, CDLCppm):t = 189.8, 143.2, 142.8, 139.2, 138.0, 132.6, 132.4,41228.7, 127.6,

126.2,125.2, 123.1.

FFIR (ATR, cr):’ = 1631, 1593, 1576, 1509, 1455, 1444, 1425, 1314, 1285, 1245, 1187, 1175, 1157,

1114, 1066, 1025, 880, 869, 833, 790, 746, 731, 708, 701, 664.

MS (El, 70 eV)n/z (%) = 238 (100), 23 (11), 210 (10), 161 (97), 133 (16), 105 (40), 89 (23), 77 (31).

HRMS (El, 70eV]CisHioOS], calcd.: 238.0452, found: 238.0454.

(4-Chlorophenyl)(2fluoro-4-methoxyphenyl)methanone (1160)

O F
Cl II il

Followng TP5S(pyridin-2-yl) 4chlorobenzothioate 108y, 125mg, 0.50mmol, 1.0 equiv) was coupled

OMe

with (2-fluoro-4-methoxyphenyl)zinc pivalatd (9l, 0.95mmol, 1.9 equiv) prepared according T@3from
the corresponding bromide. The solution was stirred fér @nd was workedip as usual.

Isolated yield: 121 mg, 0.46, 92%, colorless oil.

Purification: pentare:ethyl acetate = 8:2.

IH-NMR (400 MHz, CDCbpm):4 = 7.74 (dd, J = 8.5, 1.6 Hz, 2H), 7.57t8.4 Hz, 1H), 7.467.40 (m,
2H), 6.80 (ddJ= 8.6 2.4 Hz, 1H), 6.66 (dd= 12.0, 2.4 Hz, 1H), 3.88 (s, 3H).
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BGNMR (100 MHz, CDLlppm): + = 191.5 (d, J = 1.0 Hz), 164.2 (d, J = 11.3 Hz), 163.1, 161.9 (d,
J=254.1Hz), 139.2, 136.7, 132.7 (d, J =4.4 Hz), 130.9 (d, J = 1.7 Hz), 128.6, 118.3.6d:12)=101.9 (d,
J=25.7 Hz), 55.9.

FFIR (ATR, c):’ = 1671, 1588, 1570, 1560, 1544, 1446, 1426, 1340, 1282, 1235, 1218, 1154, 1116,
1069, 1054, 986, 916, 885, 791, 58, 733, 690.

MS (El, 70 eV)n/z (%) = 139 (16), 153 (100), 154 (9), 187 (9), 220 (11), 264 (25), 266 (8).

HRMS (El, 70eV]CisHioCIFQ], calcd.: 264.0353, found: 264.0351.

(4-Methoxyphenyl)(3(methylthio)phenyl)methanone 1100)

0}
/‘)‘\‘/“SMe
MeO

FollowingTP5S(pyridin-2-yl) 4methoxybenzothioate08h, 123mg, 0.50mmol, 1.0 equiv) was coupled
with (3-(methylthio)phenylzinc pivalated09m, 0.95mmol, 1.9 equiv) prepared according T¢3from the
corresponding bromide. The solution was stirred fdr @nd was workedip as usual.

Isolated yield:123mg, 0.48mmol, 96%, colorless oil.

Purification: pentane:ethyl acetate = 9:1.

H-NMR (400 MHz, CDLCbpm): 7.89¢ 7.77 (m, 2H), 7.62 (8=1.7 Hz, 1H), 7.56 7.30 (m, 3H), 7.0§

6.88 (m, 2H), 3.89 (s, 3H), 2.52 (s, 3H).

BGNMR (100 MHz, CDCppm): 195.3, 163.5, 139.3, 139.0, 132.7, 130.1, 129.8, 128.6, 127.1, 126.5,
113.7,55.7, 15.8.

FFIR (ATR, cf):’ = 2916, 2847, 1650, 1597, 15@5K07, 1419, 1315, 1282, 1256, 1175, 1154, 1026, 842,
756, 710.

MS (El, 70 eV)n/z (%) = 258 (36), 211 (19), 136 (9) 135 (100), 77 (11).

HRMS (El, 70eV]CisHi4O.S], caled.: 258.0715; found: 258.0709.

(2-Methoxyphenyl)(3(methylthio)phenyl)methanone {102 Q 0

OMe O

oo™

FollowingTP5S(pyridin-2-yl) 2zmethoxybenzothioate 08K ,{123mg, 0.50mmol, 1.0 equiv) was coupled
with (3-(methylthio)phenylzinc pivalatd 09m 0.95mmol, 1.9 equiv) prepared according T®3from the
corresponding bromide. The solution was stirred fdr @nd was workedip as usual.

Isolated yield:91 mg, 0.35mmol, 71%, colorless oil.
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Purification: pentane:ethyl acetate = 9:1.

IH-NMR (400 MHz, CDLChpm):7.74 (t,J= 1.8 Hz, 1H), 7.57.40 (m, 3H), 7.38 7.29 (m, 2H), 7.04 (td,
J=7.4,0.9 Hz, 1H), 6.99 (dit 8.5, 0.9 Hz, 1H), 3.73 (s, 3H), 2.50 (s, 3H).

BGNMR (100 MHz, CDgppm): 196.2, 157.5, 139.3, 138.5, 132.2, 130.9, 129.8, 128.7, 128.7, 127.0,
127.0, 120.7, 111.6, 55.75.8.

FFIR (ATR, cr):’ = 2920, 2836, 1659, 1597, 1581, 1567, 1486, 1462, 1434, 1413, 1294, 1241, 1180,
1154, 1111, 1077, 1047, 1020, 994, 973, 959, 949, 936, 889, 809, 750, 716, 672.

MS (El, 70 eV)n/z (%) = 258 (32), 211 (43), 138 (23), 135 (100), 121 (58), 79 (26), 77 (38)

HRMS (El, 70eV]CisHi40:S], calcd.: 258.0715; founa58.0707.

(4-Fluoropheryl)(4-methoxyphenyl)methanone (116)

o)
MeOF

FollowingTP5S(pyridin-2-yl) 4-methoxybenzothioate08h, 123mg, 0.50mmol, 1.0 equiv) was coupled
with (4-fluorophenyl)zinc pivalatel09¢ 0.95mmol, 1.9 equiv) prepared according foP3from the
corresponding bromide. The solution was stirred fdr @nd was workedip as usual.

Isolated yield:99 mg, 0.43mmol, 86% yield, white solid.

Purification: pentare:ethyl acetate = 9:1.

m.p.:97.1¢98.8°C

H-NMR (400 MHz, CDLppm):4 = 7.80 (dtJ= 8.7, 2.7 Hz, 4H), 7.15 J& 8.6 Hz, 2H), 7.036.92 (m,
2H), 3.89 (s, 3H).

3GNMR (100 MHz, CDCppm):t = 194.3, 165.2 (d= 253.2 Hz), 163.4, 134.6 {c; 3.1 Hz), 132.6, 132.4
(d,J=9.1 Hz), 130.1, 115.5 @ 21.8 Hz), 113.8, 55.7.

FFIR (ATR, cr):’ = 3065, 3019, 2973, 2944, 2916, 2846, 1639, 1628, 1594, 1573, 1B}, 1466,
1454, 1442, 1416, 1405, 1302, 1296, 1284, 1256, 1224, 1182, 1175, 1148, 1116, 1094, 1064, 1028, 1013,
967, 959, 949, 928, 856, 842, 828, 815, 789, 763, 682.

MS (EI, 70 eV)n/z (%) = 231 (7), 230 (43), 199 (13), 136 (9), 135 (100), 123 (16), 77 (9).

HRMS (El, 70eV]Ci4Hi1FQ], calcd.: 230.0743; found: 230.0737.
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Ferrocenyl(4-(trifluoromethoxy)phenyl)methanone(110q)

OCF,4

FollowingTP5S(pyridin2-yl) ferrocenecarbothioat€108i, 162mg, 0.50mmol, 1.0 equiv)was coupled
with 4-(trifluoromethoxy)phenyl)zinc pivalatél09n, 0.95mmol, 1.9 equiv) prepared according &P3
from the corresponding bromide. The solution was stirred forahdwas workedup as usual.

Isolated yield:151mg, 0.40mmol, 81%, red solid.

Purification: pentare:ethyl acetate = 9:1.

m.p.:38.2¢ 40.1°C

IH-NMR (400 MHz, CDCppm):4 = 8.03¢ 7.91 (m, 2H), 7.30 (d= 8.3 Hz, 2H), 4.89 (= 1.9 Hz, 2H),
4.62 (tJ=2.0 Hz, 2H), 4.21 (s, 5H).

3GNMR (100 MHz, CDCppm):4 = 197.7, 153.8 150.2 (m), 138.2, 130.1, 120.5 (e 258.3 Hz), 120.4,
77.9,73.0, 71.6, 70.4.

FTFIR (ATR, cf):’ = 2924, 1627, 1598, 1447, 1251, 1213, 1152, 1104, 1054, 1027,10014,968, 951,
923, 852, 822, 767, 713.

MS (El, 70 eV)n/z (%) = 375 (20), 374 (100), 372 (6), 212 (7), 185 (9), 139 (24).

HRMS (El, 70eV]CsHhsRFeQ)], caled.: 374.0217, found: 374.0214.

Ferrocenyl(1-methyl-1Hindol-5-yl)methanone(110r)

FollowingTP5S(pyridin2-yl) ferrocenecarbothioat€108i, 162mg, 0.50mmol, 1.0 equiv) was coupled
with ((2-methyl1H-indol5-yl)zinc pivalate309h 0.95mmol, 1.9 equiv) prepared according Td°3from
the corresponding bromide. The solution was stirred fér @nd was workedip as usual.

Isolated yield:144mg, 0.42, 84%, red oil.

Purification: pentane:ethyl acetate = 8:2.

IH-NMR (400 MHz, CDCppm):4 = 8.32 (dJ= 1.8 Hz, 1H), 7.87 (d#: 8.6, 1.7 Hz, 1H), 7.38 @k 8.6Hz,
1H), 7.14 (dJ= 3.1 Hz, 1H), 6.62 (@ 3.1 Hz, 1H), 4.98 (= 2.0 Hz, 2H), 4.56 (t= 2.0 Hz, 2H), 4.21 (s,
5H), 3.85 (s, 3H).
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13GNMR (100 MHz, CDCppm):4 = 199.1, 138.6, 131.6, 130.3, 127.7, 122.7,32209.0, 102.7, 79.5,

72.0, 71.9, 70.3, 33.2.

FFIR (ATR, cr):’ = 3093, 2920, 1624, 1597, 1564, 1511, 1489, 1441, 1416, 1373, 1337, 1305, 1286,
1267, 1242, 1210, 1149, 1135, 1098, 1081, 1044, 1025, 1000, 900, 841, 818, 776, 753, 736, 722.

MS (El, 7@V):m/z (%) = 344 (23), 343 (100), 341 (7), 194 (9), 130 (9).

HRMS (El, 70eV]Curi7FeNO], calcd.: 343.0660, found: 343.0659.

Quinolin-2-yl(4-(trif luoromethoxy)phenyl)methanone (11€)
0
AN
/ N O

FollowingTP5S(pyridin-2-yl) quinoline-2-carbothioate 10§, 133mg, 0.50mmol, 1.0 equiv) was coupled

OCF,4

with 4-(trifluoromethoxy)phenyl)zinc pivalatelQ9n, 0.95mmol, 1.9 equiv) prepared according &P3

from the corresponding bromide. The solution was stirred forahd was workedip as usual.

Isolated yield:108mg, 0.34mmol, 68%, colorless oil.

Purification: pentane:ethyl acetate = 99:1.

H-NMR (400 MHz, CDCppm):4 = 8.41¢ 8.33 (m, 3H), 8.20 (dd= 8.6, 0.9 Hz, 1H), 8.16 (& 8.5 Hz,

1H), 7.93 (ddJ= 8.2, 1.4 Hz, 1H), 7.81 (dde; 8.4, 6.9, 1.5 Hz, 1H), 7.69 (ddd 8.1, 6.9, 1.2 Hz, 1H), 7.35
(dg,J=9.1, 1.1 Hz, 2H).

BBGNMR (100 MHz, CDLCppm): 4 = 192.12, 154.22, 152.76, 152.74, 146.79, 137.48, 134.52, 133.72,
130.65, 130.42, 129.17, 128.,8127.84, 121.9 119.05 (m, 2C)

FFIR (ATR, c):’ = 1662, 1605, 1587, 1508, 1309, 1295, 1202, 1140, 1112, 967, 957, 920, 850, 835, 794,
769, 743, 669.0

MS (El, 70 eV)n/z (%) = 95, (12), 189 (100), 189 (29), 191 (15), 204 (42), 232 (17), 288 (69), 289 (53), 316
(28), 317 (30).

HRMS (EI, 70eV]Ci7/Hio:NGy, caled.: 317.0664, found: 317.0660.
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tert-Butyl (9-2-(4-methoxybenoyl)pyrrolidine-1-carboxylate (110)

OMe
v Y

Following TP5 tert-butyl (9-2-((pyridin2-ylthio)carbonyl)pyrrolidinel-carboxylate 108k, 154mg,

0.50mmol, 1.0equiv) was coupled with (fhethoxyphenyl)zinc pivalate72, 0.95mmol, 1.9 equiv)

prepared according tGP3from the corresponding bromide. The solution was stirred fdr dnd was

worked-up as usual.

Isolated yield:110mg, 0.36mmol, 72%, pale yellow crystals.

Purification: pentane:ethyl acetate = 82 6:4.

m.p.:124.8;126.9°C

'H-NMR (400 MHz, CD&ppm): (mixture of rotamers) = 8.06¢ 7.85 (m, 2H), 7.04 6.82 (m, 2H), 5.29

(dd,J=9.3, 2.9 Hz, OH), 5.15 (d&; 8.8, 3.8 Hz, 1H), 3.87 (s, 2H), 3.85 (s, 1H)(R®EBB (m, 1H), 3.54 (dt,

J=10.6, 6.6 Hz, 1H), 3.46 (d&10.3, 7.3 Hz, OH), 2.412.18 (m, 1H), 1.91 (ttd= 15.0, 7.2, 3.5 Hz, 3H),

1.46 (s, 3H), 1.25 (s, 5H).

BGNMR (100 MHz, CDLppm): (mixture of rotamers) = 197.5, 197.0, 163.7, 163.6, 154.6, 154.0, 130.9,

130.6, 128.3, 128.1, 114.0, 113.9, 79.8, 79.7, 61.1, 60.9, 556 4809, 46.7, 31.1, 30.1, 28.6, 28.3, 24.3,

23.7.

FTFIR (ATR, c):’ = 2972, 1680, 1597, 1574, 1510, 1477, 1455, 1391, 1363, 1307, 1254, 1228, 1158,

1115, 1080, 1025, 1010, 988, 918, 880, 838, 809, 771, 688.

MS (El, 70 eV)n/z (%) = 170 (34), 125 (81), 114 (89), 77 (13), 70 (100), 57 (67), 41 (14).

HRMS (EI, 70eV]Ci/H:sNQ, calcd.: 305.1627, found: 305.1624.

Optical rotation: | -23 (¢ 1.02, CH4Jl

Chiral HPL®9%ee, OJH columnheptaneiPrOH= 95:5, 1.0 mL/min, 38C

tert-Butyl (9-2-(benzof][1,3]dioxole-5-carbanyl)pyrrolidine-1-carboxylate (110)

Following TP5 tert-butyl 2-((pyridin-2-ylthio)carbonyl)pyrrolidinel-carboxylate {08k, 154mg,
0.50mmol, 1.0 equiv) was coupled witlibenzof][1,3]dioxot5-yl)zinc pivalate(109a 0.95mmol,
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1.9equiv) prepared according t6P3from the corresponding bromide. The solution was stirred fdr 4

and was workeeup as usual.

Isolated yield:130mg, 0.41mmaol, 8246, brown oil.

Purification: pentane:ethyl acetate = 8:2.

'H-NMR (400 MHZDMSQGd6, ppm): (mixture of rotamers) = 7.66 (dddJ= 8.2, 2.8, 1.7 Hz, 1H), 7.49 (t,
J=1.9Hz, 1H), 7.06 (dd= 8.1, 0.9 Hz, 1H), 6.15 (s, 2H), 5.25 (ded10.8, 9.0, 3.8 4 1H), 3.39 (dddd,
J=14.2,11.8, 7.3, 4.6 Hz, 2H), 2632.23 (m, 1H), 1.9¢ 1.63 (m, 4H), 1.38 (s, 4H), 1.17 (s, 6H).

BGNMR (100 MHz, DMS@s, ppm): (mixture of rotamers) =197.3, 196.5, 153.8, 153.4, 152.1, 148.4,
129.7,129.5,125.2, 125.0, 1@8108.7, 108.2, 108.0, 102.6, 102.6, 79.0, 78.8, 61.0, 61.0, 47.0, 46.9, 31.0,
30.1, 28.6, 28.3, 27.5, 24.3, 23.6.

FTFIR (ATR, cf):’ = 2974, 1682, 1614, 1605, 1505, 1488, 1442, 1392, 1364, 1245, 1160, 1120, 1108,
1097, 1034, 1000, 973, 927, 910, 8886, 807, 772, 740, 718.

MS (El, 70 eV)n/z (%) = 319 (4), 246 (11), 170 (48), 149 (100), 121 (18), 70 (75), 58 (23), 57 (48), 43 (53).
HRMS (El, 70eV]C7/H:iNG), calcd.: 319.1420, found: 319.1411.

Optical rotation: | -29 (c 0,4 CHg¢gl

ChiralHPLC>99%ee, OJH columnheptaneiPrOH=99:1, 1.0 mL/min, 30C

(9-2-(4-1sobutylphenyl}1-(6-methoxynaphthalen2-yl)propan-1-one (11®)

iPr O 0
Me OO

FollowingTP5S(pyridin-2-yl) (§-2-(4-isobutylphenyl)propanethioatel08l, 150mg, 0.50mmol, 1.0 equiv)

OMe

was coupled with (#nethoxynaphthaler2-yl)zinc pivalate X090, 0.95mmol, 1.9 equiv) prepared
according toT P3from the corresponding bromide. The solution was stirred forahd was workedip as
usual.

Isolated yield:144mg, 0.42mmol, 89%, white solid.

Purification: pentaneethyl acetate = 95:3, 9:1.

m.p.: 70.1¢ 72.8°C

IH-NMR (400 MHz, CDCppm):4 = 8.34 (d, J = 1.7 Hz, 1H), 7.92 (d08.7, 1.8 Hz, 1H), 7.70 (&; 9.0Hz,
1H), 7.61 (dJ= 8.7 Hz, 1H), 7.207.13 (m, 2H), 7.07 (dd,= 8.9, 2.5 Hz, 1H), 7.01 (& 2.6 Hz, 1H),
7.00¢ 6.96 (M, 2H), 4.72 (d= 6.8 Hz, 1H), 3.83 (s, 3H), 2.31J7.2 Hz, 2H), 1.71 (dps 13.5, 6.7 Hz,
1H), 1.49 (dJ=6.8 Hz, 3H), 0.77 (d= 6.6 Hz, 6H).
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BBGNMR (100MHz, CDGJ ppm):{ = 200.4, 159.8, 140.4, 139.1, 137.2, 132.0, 131.3, 130.4, 129.8, 127.9,
127.6,127.1, 125.5, 119.7, 105.7, 77.1, 55.5, 47.4, 5.1, 30.3, 22.5, 22.5, 19.8.

FFIR (ATR, cr):’ = 2954, 2923, 1670, 1622, 1508, 1480, 1458, 1438, 138, 1337, 1271, 1264,

1231, 1200, 1167, 1150, 1061, 1024, 945, 911, 901, 893, 864, 856, 849, 830, 817, 801, 776, 770, 762, 738,
698.

MS (El, 70 eV)n/z (%) = 142 (7), 157 (13), 185 (100), 186 (13), 346 (1).

HRMS (El, 70eV]CGaHs0y], caled.: 346.193Found: 346.197.

Optical rotation: 4 -89 (c 1.02, CHgJl

Chiral HPL®7%ee, OBH columnheptaneiPrOH= 98:2, 1.0 mL/min, 30C

(9-2-(4-iso-Butylphenyl}1-(3-(methylthio)phenyl)propanl1-one (11Qv)

iPr O 0
SMe

L0

Following TP5S(pyridin-2-yl) 2-(4-isobutylphenyl)propanethioate1Q8l, 150mg, 0.50mmol, 1.0 equiv)

was coupled with (methylthio)phenylzinc pivalatel09m, 0.95mmol, 1.9 equiv) prepared according to

TP3from the corresponding bromide. The solution was stirred forahd was workedip as usual.

Isolated yield:110mg, 0.35mmol, 71%, colourless oil

Purification: pentane:ethyl acetate = 98:2

IH-NMR (400 MHz, CDLppm):t = 7.80 (t, J = 1.8 Hz, 1H),F(@t,J= 7.6, 1.4 Hz, 1H), 7.34 (ddd; 7.8,

2.0, 1.1 Hz, 1H), 7.327.23 (m, 1H), 7.267.14 (m, 2H), 7.08 7.02 (m, 2H), 4.61 (§= 6.9 Hz, 1H), 2.45

(s, 3H), 2.40 (d]= 7.2 Hz, 2H), 1.80 (dp= 13.6, 6.8 Hz, 1H), 1.51 (&5 6.9Hz, 3H), B6 (dd, J = 6.6,

0.8Hz, 6H).

13GNMR (100 MHz, CDECppm):4 = 200.1, 140.4, 139.4, 138.5, 137.1, 130.6, 129.8, 128.7, 127.4, 126.1,

125.4,47.7,45.0, 30.2, 22.4, 22.4, 19.5, 15.6.

FFIR (ATR, cr):’ = 2957, 2926, 1682, 1584, 1569, 1509, 1465, 14835, 1384, 1373, 1333, 1215,

1080, 1061, 1014, 960, 882, 848, 795, 747, 686, 667.

MS (EI, 70 eV)n/z (%) = 312 (4), 161 (35), 152 (9), 151 (100), 123 (10).

HRMS (El, 70eV]CoH40d, calcd.: 312. 1548, found: 312.2539.

Optical rotation: J 107 (c0.53, CHG).

Chiral HPL®4%ee, OBH columnheptaneiPrOH= 98:2, 1.0 mL/min, 38C
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(9-N,N-Dimethyk4-(2-methylbutanoyl)benzamide (11%)

Me
Me (0]

NMe,
Following TP5 S(pyridin-2-yl) (§-2-methylbutanethioate (108m, 98mg, 0.50mmol, 1.0 equiv) was
coupled with (4(dimethylcarbamoyl)phenyl)zinc pivalated@p, 0.95mmol, 1.9 equiv) prepared according
to TP4from the corresponding iodide at@in 2h. The solution was stirred forlland was workedip as
usual.

Isolated yield:80 mg, 0.34mmol, 69%, yellow oil

Purification: pentane:ethyl acetate = 6:4, 5% NEt

IH-NMR (400 MHz, CDCppm):4 = 8.03¢ 7.94 (m, 2H), 7.54 7.47 (m, 2H), 3.38 (= 6.7 Hz, 1H), 3.13
(s, 3H), 2.96 (s, 3H), 1.82 (dde; 13.8, 7.4, 6.3 Hz, 1H)49 (ddd,J= 14.0, 7.6, 6.8 Hz, 1H), 1.19 J¢,
6.8Hz, 3H), 0.91 (1= 7.4 Hz, 3H).

BGNMR (100 MHz, CDLppm):1 = 203.9, 170.6, 140.4, 137.4, 128.4, 127.3, 42.3, 26.6, 16.6, 11.7.
FFIR (ATR, c):’ = 2963, 2933, 2363, 1684, 1636, 1508, 14286, 1266, 1219, 1081, 1015, 971, 861,
839, 709, 699.

MS (El, 70 eV)n/z (%) = 233 (7), 189 (5), 177 (11), 176 (100), 120 (6), 104 (11).

HRMS (El, 70eV]CiHidNGy], calcd.: 233.1416, found: 233.1407.

Optical rotation: J 13 (c 0.1, CH¢l

ChiralHPLC>95%ee, ADH columnheptaneiPrOH= 99:1, 2.0 mL/min, 30C

(9-1-(3-(Dimethylamino)phenyly2-methylbutan-1-one (11¢)

0]

NMe
Me 2
Me

FollowingTP5S(pyridin-2-yl) 2-(4-isobutylphenyl)propanethioatel08m, 150mg, 0.50mmol, 1.0 equiv)

was coupled with(3-(dimethylamino)phenyl)zinc pivalat¢109g 0.95mmol, 1.9 equiv) prepared
according toT P3from the corresponding bromide. The solution was stirred forahd was workedip as

usual.

Isolated yield:110mg, 0.35mmol, 71% colorless oil

Purification: pentane:ethyl acetate = 98:2
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H-NMR (400 MHz, CDLCppm):t = 7.35¢ 7.15 (m, 3H), 6.86 (ddd= 8.0, 2.6, 1.3 Hz, 1H), 3.34 Ji
6.7Hz, 1H), 2.94 (s, 6H), 1.78 (dd¢, 13.9, 7.5, 6.5 Hz, 1H), 1.62.37 (m, 1H), 1.1&,J= 6.8 Hz, 3H),
0.86 (t,J=7.4Hz, 3H).

BBGNMR (100 MHz, CDLppm):4 = 205.3, 150.7, 137.6, 129.1, 116.8, 116.5, 111.5, 42.2, 40.6, 39.4, 35.3,
26.8, 17.0, 11.9.

FFIR (ATR, cr):’ = 2965, 2932, 2874, 1677, 1597, 1574, 1496, 1460, 1434, 1263, 1213, 1146,
1062, 986, 943, 865, 773, 7421, 682.

MS (El, 70 eV)n/z (%) = 205 (77), 149 (12), 148 (74), 137 (22), 136 (14), 121 (38), 120 (100), 77 (15).
HRMS (El, 70eV]CisHigNO], calcd.: 205.1467, found: 205.1460.

Optical rotation: J 41 (c 1.05, CHgI

Chiral HPL®8%ee, OBH columnheptaneiPrOH= 99:1, 1.0 mL/min, 30C

Fenofibrate (11@)
o)
e
\rof(o ol
KOH (560ng, 1.0 equiv, 1®nmol) was added to a solution ofiddophenol (12, 2.2 g, 1Gnmol, 1.0 equiv)
in EtOH (20nL) at 0°C After 30 min, isopropyl-Bromo-2-methylpropanoate 113, 2.09 g, 16nmol, 1.0
equiv) was added anthe mixture was refluxed for 18. After solvent evaporation the product was
subjected to column chromatographical purification witlexane/EtOAc (98:2) as eluent. Isopropyl2
iodophenoxyj2-methylpropanoate {14) was obtained as a yellow oil (2.44 gnihol, 70% vyield).
IH-NMR (400 MHz, CDLCppm):t =7.57¢ 7.44 (m, 2H), 6.7& 6.51 (m, 2H), 5.17 4.95 (m, 1H), 1.57 (s,
7H),1.21 (d, J = 6.3 Hz, 6H).
Magnesium turnings (1.€quiv), dry LiCl (1.€quiv), Zn(OPiy}1.0 equiv) and dry THF (M were added
to a dry and argon flushegichlenkube equipped with a magnetic stirring bar and a septum. The tube was
charged with isoppyl 2(4-iodophenoxy)2-methylpropanoate {14, 1.0equiv) at room temperature. To
monitor the progress of the insertion reaction, reaction aliquots were quenched with iodine and analyzed
by GGanalysis. Thensertion was completed within B and the concetration was determined by titration
with iodine, yielding (4(1-isopropoxy2-methyl1-oxopropanr2-yl)oxy)phenylzinc pivalate09rin 72%.
A dry and argon flushe8chlenkube equipped with a magnetic stirring bar and a septum was charged
with CoGl (3.25mg, 0.025mmol, 0.10equiv, dried invacuoat 400°CLINA 2 NJ (12 dza S0v ®- ¢ KSy >

di-tert-butyl-H 2-dipRridyl (6.5mg, 0.25mmol, 0.10equiv) and S(pyridin-2-yl) 4-chlorobenzothioate
(108g, 63mg, 0.25mmol, 1.0equiv) added to th&chlenkube. The resulting mixture was dissolved in dry
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THF (0.%nL). Then, (4(1-isopropoxy2-methyll-oxopropan2-yl)oxy)phenylzinc pivalate 1Q9r,
0.48mmol, 1.9 equiv) was added and stirring was continued for 4t 25°C Upon consumption of the
starting material, satured aq. Ni€l solution (10nL) was added, the phases were separated and the
aqueous phase was extracted with EtOAc (3 mRh The combined organic layers were dried dtg8Q.

The solvents were evaporated and the residue was subjectedltwnm chromatographical purification.
Isolated yield:59 mg, 0.16mmol, 64% yield, colorless solid.

Purification: pentane:ethyl acetate = 90:10.

m.p.:65.6¢ 67.4°C

IH-NMR (400 MHz, CDCppm):{ = 7.75¢ 7.71 (m, 2H), 7.78 7.66 (m, 2H), 7.5Q 7.41 (m 2H), 6.9k,

6.82 (m, 2H), 5.08 (H= 6.3 Hz, 1H), 1.66 (s, 6H), 1.20Q)&H.2 Hz, 6H).

13GNMR (100 MHz, CDCppm):4 = 194.3, 173.1, 159.7, 138.4, 136.4, 132.0, 131.2, 130.2, 128.5, 117.2,
79.4,69.4, 25.4, 21.5.

FTFIR (ATR, crf):’ = 2983,2932, 1728, 1653, 1898, 1496, 1466, 1384, 1285, 1242, 1173, 1143, 4401,
1090, 1014, 972, 926, 898, 843, 825, 762, 740, 682, 655.

MS (EI, 70 eV)n/z (%) = 121 (100), 138 (78), 140 26), 197 (70), 232 (66), 234 (21), 273 (65), 275 (26), 360
(5).

HRMS (El, eV):[GuoH:1CIQ], cakd.: 360.1128, found: 360.1125.
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5. Mild and Regioselective Magnesiation and Functionalization of Aryl Azoles as a

Powerful Tool for the Synthesis of Pharmaceutically Relevant Targets

5.1 Preparation of Starting Materiaf$®

Preparation of Triazoleg General procedure TP1

A glass flask of suitable size equipped with a magnetic stirring bar, nitrogen inlet tube and a septum cap
was charged with a commercially available (substituted) azidavensolution (approximately 0/ in

MTBE or MeTHF). The flask was immersed in a water bath kept at room temperature. A brisk stream of
dry nitrogen was bubbled through the solution to evaporate the solvent until the volume of the solution
approximately halved. Then, acetonitrile was addedestore the original volume of the solution and
nitrogen was again bubbled until the volume approximately halved. Dilution with MeCN and evaporation
was repeated twice and finally the volume was reduced so as to obtain a solution of the (substituted)
azdobenzene having a concentration of approximately 20% (w/V) in acetonitrile. Then, while keeping the
inert atmosphere, the alkyng.0equiv) and\,N-diisopropylethylamine (DIPEA, Gguiv) were added by
syringe, folloved by the addition of Cul (0.Hyuiv). The resulting mixture was stirred at room
temperature until LC analysis showed complete conver§l@72 h).

Finely ground 1,3fiazine2,4,5trithiol trisodium salt hydrate (NEMT, approximately 55% assay,
100mg per mmol of azidobenzene) was add and the mixture was stirred abom temperature for at

least 1h to precipitate copper in the form of insoluble complexes. The mixture was filtered through a short
pad of diatomaceous earth, the filter pad washed with MTBE and the combined filtratesewaporated

to dryness. The residue was purified as detailed below for each compound to give the required triazole.

9 All triazole startingnaterials (15ag) wereprepared by Janssen Pharmaceutica.
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Mo Kf 2 N2 ind& & MR ¥ 6 ik X @i NA & ivpOS o m

Cl
¢CKS GAGES O2YLRdzy R ¢t MmNRINS O NB & ND B0 il fy BN R S 6 it Sy §
afdziAayyoadbpds WMYWZY[@IpdgdioyiR SIKeyef iNAYSY®Eet aAf
odilj dzA G0 YR g & 2 GilNABSRNBR LIKISIYSrazNoyverFry @ St Riodd g
RFEGF 6SNB Ay |INBSYSyid 6A0GK GKS fAGSNF (Gdz2NB @

Purification: recrystallization fromPrOH/water (50:50, 20 mL, from reflux temperature to°Z}

H-NMR (300 MHz, CDLppm):4 = 7.93 (s, 1H), 87¢7.73 (m, 2H), 7.46 7.53 (m, 2H), 0.38 (m, 9H)

3GNMR (75 MHz, CDLppm):4 = 147.6, 135.5, 134.0, 129.7, 126.9, 121183.

MS (ESI+)n/z (%) = 252.1 [M+H]

MO 1€ f dz2 NP i & MR ¥ 8 dvkmd I i NG @ impio S o w

¢KS GAGtES O02YLRdzyR &It mNRINB QR NEB B ND & iR deBNAE R S it Sy ¢
a2t dzil Ja2AYy GatRp¥E S Hadim dn  FIRAZEAKE W &t ONA IS ¥ BDAXL I v S
0 d&j dzA @0 20R AFISR Ay (GKS T2NNXVY¥EL aS:3 $ ALSH IRDSM { dISdDdin
AY FINBSYSyld #aGK GKS fAGSNY GdNB o

Purification: recrystalization fromiPrOH/water (50:50, 25 mL, from reflux temperaturec0 °Q.

'H-NMR (300 MHz, CDLppm):4 = 7.90 (s, 1H), 7.667.78 (m, 2H), 7.267.16 (m, 2H), 0.38 (s, 9H)

PFEHFNMR (282 MHz, CDECppm):4 =5112.7.

BGNMR (75 MHz, CDChpm):4 = 162.3 (dike= 248.4 Hz), 147.5, 133.4 (&e= 2.3) Hz, 127.3, 122.7

(d,3ke= 8.30 Hz), 116.6 (8ke= 23.4 Hz), 77.31.2.

MS (ESI+m/z (%) = 236.1 [M+H]

18035, Wang, L]. Yang, L. Zeng, Y. Zheng:Al.MaOrg. Chem. Fron2015 2, 146&1474.
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Mt KSy@ 6 NA Y S ik I @iNK & PSS o m

‘§TMS

°N

>

¢tKS GAGES O2YLRdzy R gtltamNRBING LO2NEFS NDQOF NRA VDI &d | 6t S
Onadlpy aS¢l CIYWEL Wi[pd BShazh 0 | YR S Karywet GdNd iy SSilKdzxk @ €
gla 200GFAYSR Ay ((KS ofreaNE av@M AAKEI ®MNBHGRO @I { WSAG NI
FaINBSYSyld oAdK GKS fAGSNI (dz2NB @

Z:z

Purification: recrystallization fromPrOH/water (50:50, 10 mL, from reflux temperaturec0 °Q.
IH-NMR (300 MHz, CDLCppm):4 = 7.95 (s, 1H), 7.75 @z 7.7 Hz, 2H), 7.52 (= 7.7 K, 2H), 7.43 (t,
J=7.7Hz, 1H), 0.39 (s, 9H).

BBGNMR (75 MHz, CD§ppm):4 = 147.3,137.1, 129.7, 128.5, 127.1, 12bB182.

MS (ESI+)n/z (%) = 218.1 [M+H]

M 2 fmeofGONR Y S ikmd I @ NA @ iviRDHS o m

The title compound was prepared accordingTi®1from commercially available-dzidotoluene solution
(0.5Mm in MTBE, 1@nL, 5.0mmol, 1.0 equiv) and ethynyltrimethylsilane (1.47 g,m#&ol, 3.0 equiv) and
was obtained in the form of light brown needles (#hg, 3.07mmol, 61% vyield). Spectral data were in
agreement with the literaturé®

Purification:recrystallization fromPrOH/water (50:50, 10 mErom reflux temperature td20 °Q.

IH-NMR (300 MHz, CDCppm):4 = 7.91 (br s, 1H), 7.62 (@ 8.4 Hz, 2H), 7.32 @ 8.4 Hz, 2H), 2.43 (s,
3H), 0.39 (s, 9H).

BBGNMR (75 MHz, CD§ppm):4 = 138.6, 134.8, 130.2, 127.2, 120.7, 77.2, 2111,

MS (ESI+)n/z (%) = 232.1 [M+Hi]
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MO SIK2E@miEK & NR ¥ 8 ivkm X @iNR & vt S o m

CKS GAGES O02YLRdzy R @t amNRINS 1012 NS NIOGIOIZ MERA iR dAZ2 | 5 f 552
O nabhy ac¢. 93 YW/EE YR [Pdrip®yiR SO Keyef iNRAYYBKad Gn 3 Iyd@A @im ¢
gl a 200FAYSR YiFa ovdcEi2 frioR ®@@/STE RO® { LISOGNIf RIEGE 6
fAGSNT GdNB o

Purification:recrystallization from boilingeptane (5 mL, from reflux to room temperature) provided the

titte compound in the form of light brown plates (68fy, 2.75mmol, 55%). The mother liquor was
evaporated to dryness and the residue was purified by flash chromatography on silica gel (eluent:
hexanes/EtOAc 80:20) to provide a further portion of the target compound in the form of an orange solid
(220mg, 0.889mmol, 18%).

H-NMR (300 MHz, CDLppm):t = 7.86 (s, 1H), 7.63 (d= 9.0 Hz, 2H), 7.03 (@ 9.0 Hz, 2H), 3.88 (s,

3H), 0.39 (s, 9H

BGNMR (75 MHz, CD§ppm):1 = 159.6, 147.0, 130.5, 127.3, 122.4, 114.7, 38.4.,.

MS (ESI+)n/z (%) = 248.1 [M+H]

Mo S K2ES i & NR V6 tvkma T NG & fivgit S o wm

MeO i

¢CKS GAGES O2YLRdzy R @t &mNBINS 1O12 N NIOSOIB ARMRA W A AR S5 4 2
Onabpy ac¢c YD WHZn BpdrA By R S Keyef iNRYSEKSIHa{A0y S | dan
200FAYSR |a HZ0oMEDY qdA:t 28RSO RD ®

Purification:flash chromatography on silica gel (eluent: hexanes/EtOAc 90:10).

m.p.:38.4¢ 40.0°C

181p, Eisenberger, B. P. Bestvater, E. C. Keske, C. M. CAmiglam.Chem. Int. EQR015 54, 24672471.
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IH-NMR (300 MHz, CDLppm):4 = 8.01 (s, 1H), 7.307.37 (m, 2H), 7.28 7.22 (m, 1H), 6.8.94 (m,

1H), 3.81 (s, 3H), 0.36 (s, 9H).

BBGNMR (75 MHz, CD§;ppm):1 = 160.2, 146.9, 137.8, 130.1, 127.1, 113.9, 112.3, 106.3,1854,

FFIR (ATR, c):’ =295, 1609, 1594, 1500, 1487, 1466, 1440, 1410, 1384, 1314, 1279, 1246, 1235, 1201,
1179, 1136, 1093, 1049, 1041, 997, 991, 997, 869, 838, 818, 769, 756, 707, 695, 680.

MS (ESI+)M/z (%) = 248.2 [M+H]

MS (El, 70 eV)n/z (%) =219 (119, 209 (16), 2A80), 177 (9).

HRMS (El, 70 eV]Ci2Hi7NsOSi], calcd.: 247.1141; found: 247.1225.

MOICf dz2 NP odK S MR ¥ 8 vk X siNA & fiv@Af S o m

¢KS GAGES O02YLRdzyR &1t MmNRINS QP NE B ND & ) eAtiEIh deBNER S it $
a2t dzi Aa2ly oantbyqd = WnpZin BPokA @ YR SO Keyet GNARYSYERE aAf |
od&ilj dzZA @0 YR gl & 20GFAYSR NE¥Zt quar:t $ AS3 RO { 23S0 G Nd
FANBSYSyd gAdK GKS £ AGSNF GdNBE o

Purification:flash chromatography on silica gel (eluent: hexanes/EtOAc 9:1).

IH-NMR (300 MHz, CDLCppm):4 = 7.86 (d,J= 2.8 Hz, 1H), 7.797.70 (m, 1H), 7.16 7.28 (m, 1H), 7.03

¢ 7.16 (M, 2H), 0.20 (s, 9H).

FEEH}INMR (282 MHz, CDEppm):4 =5123.6.

BGNMR (75 MHz, CDLIppm):4 = 153.3 (dike= 250.7 Hz), 146.8, 129.9 &kr= 7.6 Hz), 129.8 (d,

81¢=7.6 Hz), 125.2 (dkr= 10.6 Hz), 125.04 (tr= 3.0 Hz), 125.01, 116.8 fdr= 19.6 Hz)b1.3.

MS (ESI+)m/z (%) = 236.1 [M+H]

1625 Businelli, E. Di Martino, P. ZaniraRKIVO@E001, 1, 131-143.
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5.2 Preparation of Organometallic Reagents and Metalation Optimization

Directedortho-metalation TP2

The corresponding substrate was placed in a dry and argon flushed Sgimenkube equipped with a

magnetic stirring bar and a septum and was suspended in toluene (f).00at a3. dz 6 mdn Slj dzA
SR YR (GKS YAEGIZNB 61Fa AGANNBR F2N GKS | LILINE LINJ

j dzSy OKS R @XSINE R A thodal3Sd

O Kf R i NX VS dwknd I @i NGArd 20 LIKSy &t oYl Iy GaA dzy NBFISyd o
T™S

MgX

Cl
The title compound was prepared accordingTtB2from Mo 1O K f 2 NPk ENIR Y Sk X miAd & f 0
GNR IMpMBYE WOt  FF2NRAY 3 (KS O2NNBalLRyRAy3I YI3IySa

v A s om oA

ga RSIBMNICAHMSRRf earaod

TMS, TMS,
N N
by LY
N

b b D

3 3
3 S @
S N N
30 8.20 8.10 8.00 7.90 7.80 7.70 7.60 7.50 7.40 7.30 7.20 7.10 7.00 6.
1 (ppm)

i}

30 820 810 800 790 78 770 760 750 740 730 720 7.10 7.00 6.
1 (ppm)

0.
I
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Optimization of the metalation of 15a:

Table16: Optimizationof the metalation condition#l

[a] For values of A+B > 10@8#6-metalated species/as observed.
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