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A. Introduction 2

1. Overview

Since the groundbreaking synthesis of urea by RdedWVohler and the development of the
elementary analysis by Justus von Liebig in th& &@ntury, organic chemistry underwent
fundamental progress. Some milestones that shautddntioned are the development of nuclear
magnetic resonance spectroscopy which became apeosvgrful analytical method for organic
chemists helping to determinate organic structwed to understand the way how organic
reactions proceetiDuring the last years, large progress was achi@véie field of asymmetric
synthesié as well as in organometallic chemistifpr which several Nobel prizes have been
awarded. Since there is an intensive need of neachgmicals and materials as well as novel
pharmaceuticals for mankind due to the permaneahgds in environment and healthcare a
consistent development of new synthetic methodseeded which fulfill requirements for fast
adoption into the chemical community. For examplkey reagents should have some desirable
properties like an excellent selectivity and reatticombined with low costs, environmental-
friendliness and a high functional group toleran€erthermore, the transformation of organic
molecules should occur in an atom-economic fasHi@rganometallic chemistry has the
potential to fulfill these requirements. For thetldecades, a large range of metals were applied
in synthetic organic chemistry to solve ongoinghpemns® The reactivity of organometallics
strongly depends on the character of the metalecationd providing many possibilities for
tuning the wanted organometallic reagentSor instance, organolithium compounds show
excellent reactivity towards numerous electropHile®wever, a low selectivity is observed due
to the ionic character of the lithium carbon bo@u the other hand, organoboron reagents are
well established organometallics due to their aivd moisture stability which is a result of the
almost covalent carbon-boron boh@ihese compounds show a high functional group dales.
However, for the transformation with different dlephiles the lack of the reactivity of
organoboron compounds must be overcome by tranktietes with appropriate catalysts and

often the formation of boronates as well as haesiction conditions are required. Moreover, the

1 p. J. HoreNuclear Magnetic Resonance, Oxford University Press: Oxford995

2 (@) R. Noyori,Angew. Chem. Int. Ed. 2002 41, 2008; (b) S. Kobayashi, M. Sugiuragv. Synth. Catal. 2006 348,
1496.

% (a) Handbook of Functionalized Organometallics; P. Knochel, Ed., Wiley-VCH: Weinhein2005 (b) Metal-
Catalyzed Cross-Coupling Reactions, 2™ ed., A. de Meijere, F. Diederich, Wiley-VCH: We#im, 2004

* B. M. Trost,Science 1991, 254, 1471.

° A. Boudier, L. O. Bromm, M. Lotz, P. Knochéingew. Chem. Int. Ed. 200Q 39, 4414.

® G. Wu, M. HuangChem. Rev. 2006 106, 2596.

" N. Miyaura, A. SuzukiChem. Rev. 1995 95, 2457.
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toxicological properties of these organometallios ot absolutely user-friendly. Another class
of stable organometallics having an exceptionaktional group tolerance are organoindium
reagents. The research field of these organonesalf permanently growing, but major
drawbacks for industrial applications are the mdghof preparation, in which expensive indium
metal or salts are uséd.

2. Preparation of Functionalized Organozinc Reagents

2.1. Introduction

Organozinc reagents are known for more than 156sy&ae first preparation of diethylzinc was
reported by Frankland who synthesized it in sumi&48 by the reaction of finely granulated
zinc and ethyl iodidé Below 150 °C, no reaction occurred but at aroudd I the ethyl iodide-
zinc reaction proceeded with ‘tolerable rapidit4’ colourless mobile liquid together with white
crystals were obtained. Over the years, the patieafithese organozinc reagents for synthetic
applications has found only few interest due to iteanwhile established organomagnesium
reagents by Grignatdand moreover due to the accessibility of orgahinlin reagents. These
organometallics show a significant higher reagtivitwards various electrophiles and therefore,
organozincs were only used for Reformatsky- (zinolaes}' and Simmons-Smith reactions
(cyclopropanations§ due to the easier handling of the involved orgastaitic reagents. On the
other hand, organolithium and —magnesium reagdms & significantly lower functional group
tolerance than organozinc reagents and this fastlarag ignored by the synthetic community.
The moderate reaction of organometallic zinc complas due to the more covalent character of
the carbon-zinc bond in comparison with the reldithibm and magnesium organometallits?®
This strong metal-carbon bond can be seen as a @ebantage because functionalized
organozincs are stable at temperatures where ampesition of the corresponding
organolithium and -magnesium reagents normally mctiHowever, as a result of the high
energy of the empty d-orbital at the zinc center pasticipation of organozinc reagents in

8 (@) Y.-H. Chen, P. Knochefngew. Chem. Int. Ed. 2008 47, 7648; (b) Y.-H. Chen, M. Sun, P. Knochahgew.
Chem. Int. Ed. 2009 48, 2236; (c) S. Araki, T. Hirashit&Gomprehensive Organometallic Chemistry 111, Vol. 9, P.
Knochel, Ed., Pergamon Press: Oxfd@@07 (d) J. Auge, N. Lubin-Germain, J. Uzi&nthesis 2007, 1739.

° E. FranklandLiebigs Ann. Chem. 1848 71, 171 and 213; D. Seyfert@rganometallics 2001, 20, 2940.

19y, Grignard,Compt. Rend. Acad. ci. Paris 190Q 130, 1322.

1 (a) A. FirstnerAngew. Chem. Int. Ed. 1993 32, 164; (b) S. Reformatsk{hem. Ber. 1887, 20, 1210.

124, E. Simmons, T. L. Cairns, A. Vladiuchick, C. MoinessOrg. React. 1972 20, 1.

131, Antes, G. FrenkingDrganometallics 1995 14, 4263.

4 Handbook of Grignard Reagents, G. S. Silverman, P. E. Rakita, Eddarcel Dekker: New York]996
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common organic reactions is observed. A milestonhis field was the discovery of a range of
possible transmetalation reactions of organozimspmunds with various transition-metal safts.
Due to the empty, energetically low p-orbitalskat zinc center, an interaction with the d-orbitals
of the transition metal occurs resulting in thenfation of a highly reactive intermediate (Scheme
1).16

R-Zn-X + L~M-Y —= | X-zd ML, | — Y-Zn-X + L,-M-R

M = Pd, Cu, Ni, Pt, Ti, .....

Scheme 1Transmetalation reaction of organozinc reagents warious transition metal salts.

In other words, organozinc reagents which showxaeional functional group tolerance react
with almost all kinds of electrophiles in the pmese of the appropriate catalyst. Since these
discoveries, an absolute breakthrough has occurreithe field of organozinc chemistry.
Organozinc reagents can be divided into three n@gmses, namely organozinc halides (RZnX),
diorganozincs (BnR?) and zincates (flR?R*ZnM; M often Li or MgX). Furthermore, the more
ionic character the carbon-zinc bond is (more negatharge is located at the carbon attached to
the zinc ion), the more reactive are the correspanzinc reagents, as illustrated in Scheme 2.

RZnX < RpZn < RyZnMgX < RsZnli

alkynyl < alkyl < alkenyl~aryl < benzyl < allyl

Scheme 2Reactivity series of organozinc reagents.

15 (a) E. NegishiAcc. Chem. Res. 1982 15, 571; (b) P. Knochel, M. C. P. Yeh, S. C. BerkTdlbert,J. Org. Chem.
1988 53, 2390.

16 (@) P. Knochel, R. D. SingeGhem. Rev. 1993 93, 2117; (b) P. Knochel, M. J. Rozema, C. E. Tucker,
Retherford, M. Furlong, S. AchyuthaRa&re Appl. Chem. 1992 64, 361.

17(a) P. Knochel, N. Millot, A. L. Rodriguez, C. Eucker,Org. React. 2001, 58, 417; (b) P. Knochel, H. Leuser, L.-
Z. Gong, S. Perrone, F. F. Kneiskelandbook of Functionalized Organometallics; P. Knochel, Ed., Wiley-VCH:
Weinheim, 2005 (c) P. Knochel, J. J. Almena Perea, P. Jofiewahedron 1998 54, 8275; (d)Organozinc
Reagents, P. Knochel, P. Jones, Eds., Oxford UniversitysBréNew York,1999 (e) P. Knochel, F. Langer, M.
Rottlander, T. Studemang&hem. Ber. 1997, 130, 387; (f) P. Knochel, S. Vettel, C. Eisenbefgpl. Organomet.
Chem. 1995 9, 175.
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2.2.Direct zinc insertion into organic halides using zic metal

The most general preparation method for functi@edliorganozinc halidedl)(is the direct
insertion of zinc metal into organic halides in THHFsing this method, almost any functional
group is tolerated (Scheme 3). Only a few groupgh ®s an azide or a nitro function which can
accept an electron from the zinc surface hamperptieparation of the related organozinc
compounds. Furthermore, to achieve good insertsults, the activation of the zinc metal is
essential due to the oxide layer covering the gimface. Typically, 1,2-dibromoethane (5 mol%,
reflux, 1 min) followed by TMSCI (1 mol%, reflux, thin) were used to activate the zinc metal

for the insertiort®

Zn dust, THF
FG—R—-X _— FG-R-2ZnX
conditions
1:>85%

FG = CO,R, CN, halide, enoate, NH, RNH, (TMS),N, RCONH,
(RCO)2N, (RO3)SI, (RO),PO, RS, RSO, RSO, PhCOS

R = aryl, alkyl, allyl, benzyl

X =1,Br, Cl

Znl

(e} SN

¢

N N o
AcO Znl
o) © N
\ﬂ/\/\zm N
(o] OAc OAc Znl H
la: 87% 1b: 80% 1c:>98% 1d: 90%

(30 T, 4 h, ref. 15b) (25 T, 3 h, ref. 19a) (25 °C, 1 h, ref. 19b) (25 T, 2 h, ref. 19¢)

Scheme 3:Preparation of functionalized organozinc reagegtthb direct insertion of zinc metal
into the corresponding iodides.

A broad range of polyfunctional organozincs areilgamsccessible by the method described
above!® The insertion of zinc dust into a’sparbon-iodide bond is generally problematic and
therefore higher reaction temperatures or polaoleests are necessafyAlternatively, the

reduction of zinc chloride by lithium naphthalenideTHF provides highly reactive zinc metal

18 (@) M. GaudemaiBull. Soc. Chim. Fr. 1962 5, 974; (b) E. ErdikTetrahedron 1987, 43, 2203.

9(a) T. M. Stevenson, B. Prasad, J. Citineni, Podtwel, Tetrahedron Lett. 1996 37, 8375; (b) P. Knochel, C.
Janakiram,Tetrahedron 1993 49, 29; (c) H. P. Knoess, M. T. Furlong, M. J. RozemaKnochelJ. Org. Chem.
1991, 56, 5974.

20T, N. Majid, P. KnochelTetrahedron Lett. 199Q 31, 4413.
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(Zn*),?* which can, for example, insert into 3-iodoisoquiim® (2) providing the corresponding

zinc reagen8 (Scheme 4§2

—_—
NG THF, 25°C, 3h NG

2 3

Scheme 4Preparation of heteroarylzinc reag8riy insertion of highly active Zn*-metal.

Since highly active Zn* decomposes over time andyreover, two equivalents lithium
naphthalenide are required for its preparationefficient and very simple new method for the
direct zinc insertion into aromatic bromides andides was demonstrated which overcomes all
the previously mentioned drawbacks. Thus, the i@adf ethyl 4-iodobenzoateld) with zinc
dust at 70 °C for 24 h did not provide the expe@rdzinc iodide5a. Contrary, performing the
insertion in the presence of stoichiometric amowfitsiCl furnished the desired zinc compound
5a within 24 h at 25 °C in more than 95% vyield (Sckee®?® Subsequent allylation reaction
provided the benzoatewithin 1 h in 94% vyield.

/©/I Zn /©/ZnI-LiCI allyl bromide (1.1 equiv) /@/\/
EtO,C THF EtO,C CUCN-2LiCl (0.4 mol%) EtO,C

0°C,1h 6: 94%

4a 5a: > 95%

by using Zn (2.0 equiv) at 70 °C, 24 h: < 5%
by using Zn-LiCl (1.4 equiv) at 25 °C, 24 h: > 98%

Scheme 5:Preparation of 4-(ethoxycarbonyl)phenylzinc iodi@a) in the absence and in the
presence of stoichiometric amounts of LiCl.

Similarly, the bromo-substituted furahas well as bromocyclohexan® vere converted to the
corresponding organozinc reage®$0 and provided after a Pd-catalyzed cross-coupliitiy v
iodobenzonitrile as well as after a acylation wimzoyl chloride the expected produtisand
12in 89-94% vyield (Scheme 6).

21 (a) R. D. RiekeScience 1989 246, 1260; (b) M. V. Hanson, R. D. Riek&,Org. Chem. 1991, 56, 1445; (c) R. D.
Rieke, P. T.-J. Li, T. P. Burns, S. T. Uhth,Org. Chem. 1981, 46, 4323; (d) M. V. Hanson, R. D. Riek&, Am.
Chem. Soc. 1995 117, 1445; (e) R. D: Rieke, M. V. Hansofgtrahedron 1997, 53, 1925.

22T _Sakamoto, Y. Kondo, N. Murata, H. Yamanaketrahedron 1993 49, 9713.

% A, Krasovskiy, V. Malakhov, A. Gavryushin, P. Krim, Angew. Chem. Int. Ed. 2006 45, 6040.
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IOCN
/@\ Zn (1.4 equiv) /@\
EtO,C Br EtO,C ZnBr-LiCl EtO,C

O

O

THF, 25 °C, 10 min Pd(PPh3),4 (1 mol%) CN
o - 0,
, 9 92% 25°C,6h 11: 89%

PhCOCI 0

Br  Zn (1.4 equiv) ZnBrLicl  Pd(dba), (0.1 mol%) O)‘\Q

_—
O/ THF, 50 °C, 24 h O/ S-Phos (0.2 mol%)
25 °C, 30 min
. 0,
8 10 96% 12: 94%

Scheme 6Preparation of heteroaromatic aryl- and secondégyzanc bromidesO and10.

It can be envisioned that due to the influence i@l Lthe prepared organozinc halide is highly
soluble in THF and is easily released from the mstaface. This allows a rapid reaction of

additional organohalides with zinc and the deatitwais not favored.

2.3.The iodine-zinc exchange reaction

Diorganozinc reagents are more reactive than omjaaalides.Besides the typical preparation
of diorganozincs by transmetalation of organolithior -magnesium reagents using one half-
equivalent of zinc saft! a practical way for their preparation is the i@dirinc exchange reaction
using diethylzinc leading to functionalized zinagents of the type (FG-@n (13; Scheme 7§°
One major advantage, compared to the transmetadatiescribed above, is the functional group
tolerance. Catalytic amounts of copper(l)-salts aexessary to achieve good exchange
reactions’®

Et>Zn (1.5 equiv)
FG-RCH,l —_— (FG~RCHy)Zn
Cul (0.3 mol%)
13

Scheme 7 Cu(l)-catalyzed iodine-zinc exchange reaction.

24 K. Niitzel, Methoden der Organischen Chemie, Metallorganische Verbindungen Be, Mg, Ca, &, Ba, Zn, Cd, Vol.
13/2a, Thieme: Stuttgart973

% Diorganozinc reagents can be also prepared bynkmine exchange, see: (a) P. Knochel, A. BoudierOL
Bromm, E. Hupe, J. A. Varela, A. Rodriguez, C. Ktira T. Bunlaksananusorn, H. Laaziri, F. LhermiRare Appl.
Chem. 200Q 72, 1699; (b) P. Knochel, E. Hupe, W. Dohle, D. Mndlsay, V. Bonnet, G. Queguiner, A. Boudier, F.
Kopp, S. Demay, N. Seidel, M. I. Calaza, V. A. YuSapountzis, T. Bunlaksananusdrare Appl. Chem. 2002 74,

11.

%6 (a) M. J. Rozema, A. Sidduri, P. Knoch&l,Org. Chem. 1992 57, 1956; (b) M. J. Rozema, C. Eisenberg, H.
Latjens, R. Ostwald, K. Belyk, P. Knoch@ktrahedron Lett. 1993 34, 3115.
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The aforementioned exchange reaction is limitealkgl iodides. Therefore, a Li(acac) catalyzed
novel iodine-zinc exchange was developed usingiadjties and diisopropylzinc (Scheme?8).

This new reaction provides access to functionaldiadylzinc reagents of typk4.

R,Zn (0.55 equiv)

FG-Arl _— FG-ArZnR
-RI
R = Et, i-Pr
NuMet* Nu—Zn"‘\"\gr-FG Met*
15
RI + (FG)—ArxZn FG-Arl
NuMet* = Li(acac) 14

Scheme 8:Li(acac)-catalyzed iodine-zinc exchange with araeatdides furnishing diarylzincs.

The reaction is performed in a,BtNMP mixture at 25 °C. The use of Li(acac) is ¢al¢o
promote the transfer of the second alkyl group R the proposed intermediat&8 is shown as
an “ate-complex” which can be seen in analogy ® khown boranate-complex in the Suzuki
cross-coupling reactiof® Several sensitive functional groups can be taderaduring this

exchange as exemplarily shown in Scheme 9.

c-Hex-COCI (1.5 equiv) OMe
OMe i-Pr,Zn (0.55 equiv) OMe Pd(dba), (2.5 mol%) OAc
OAc Li(acac) (10 mol%) OAc tfp (5.0 mol%)
Et,O/NMP = 1:10 25°C.5h OHC
OHC I 25°C,2h OHC 2Zn ¢}
16 75%

Scheme 9Selective I/Zn-exchange reaction on aromatic iodiééllowed by an acylation.

2.4. Preparation of highly functionalized arylzinc reagents by directed metalations
Recently, the preparation of the mild and chemateke base TMEZn-2MgCh- 2LICI was
reported?® Using this base, an efficient and convenient acdes functionalized diarylzinc

reagents is possible. The Lewis acid LiCl is resgade for the excellent solubility of both the

2T E. F: Kneisel, M. Dochnahl, P. Knochéhgew. Chem. Int. Ed. 2004 43, 1017.

28 N. Miyaura, A. SuzukiChem. Rev. 1995 95, 2457.

2 (a) S. H. Wunderlich, P. KnocheAngew. Chem. Int. Ed. 2007, 46, 7685; (b) Z. Dong, G. C. Clososki, S. H.
Waunderlich, A. Unsinn, J. Li, P. Knoché&hem. Eur. J. 2009 15, 457.
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base and the formed diarylzincs. Moreover, Mgiéhds to the high reactivity of the base in
analogy to the presented iodine-zinc exchange predeabove. Thus, the reaction of the nitro-
substituted benzofurah7 with TMP,Zn-2MgCh- 2LICl provided the desired heterodiarylzinc
compoundl8 which led to the deuterated proda&in 82% yield (Scheme 10).

Zn D

A\ NO, TMP,Zn-2MgCl,-2LiCl (0.55 equiv) \2 D,0 (excess) N\

o NO, ——— — » NO,
(6]

THF,-25°C,1.5h 20 min o
17 182 19: 82%

[a] Complexed salts have been
omitted for the sake of clarity

Scheme 10Preparation of diarylzinc reagel® by using TMBZn-2MgC}- 2LiCl.

Due to the thermal stability and functional groofetance of organozinc reagents even at higher
temperatures? difficult substrates for directed metalation cam ¢onverted to the expected
diarylzinc compounds using microwave techniquesstasvn forN,N-diethylbenzamide which
provided the corresponding zinc reag@ftwithin 5 h (Scheme 1%} Subsequent Pd-catalyzed
cross-coupling led to the bipher1 in 85% yield.

CF3

|
CONEt; CONEt; ©/
2 TMP,Zn-2MgCl,-2LiClI (0.6 equiv) 2 CFs O

@ THF, MW, 120 °C, 5 h 2N (1.1 equiv) O
- >
Pd(dba), (5 mol%) CONEt,

without MW: no conversion tfp (10 mol%)
25°C,24 h
20: > 90%@ 21: 85%

[a] Complexed salts have been
omitted for the sake of clarity

Scheme 11Preparation of bisarylzinc reageét@ using microwave irradiation.

However, using TMEZn-2MgCh-2LICl, only unsatisfactory results in terms of cgen
selectivity and yield are obtained with some el@tipoor heteroaromatics. Therefore, a more
selective base (TMPZnCI-LiCl) was developed whitloveed, in contrast to the previously

demonstrated base a very good chemoselectivity radsvaunctionalized heterocycles even at

30p. walla, C. O. Kapp&hem. Commun. 2004 564.
313, H. Wunderlich, P. KnocheDrg. Lett. 2008 10, 4705.



A. Introduction 10

ambient temperatureé.Moreover, this new base allows a direct way fae fireparation of
functionalized aryl- and heteroarylzinc halides. &mng TMPZnClI- LiCl, 3,6-dichloropyridazine

(22) was zincated within 30 min providing the corresgiong heteroarylzinc chlorid23 which
led to the expected iodinated pyridazit¥ein 84% yield.

cl N TMPZnCI-LiCI (1.1 equiv) CI\“/\iZnCI-Lia I, (1.5 equiv) cl N '
N> el THF, 25 °C, 30 min N> el 25°C, 30 min N> el
22 23 24: 84%

Scheme 12:Direct metalation of 3,6-dichloropyridazine22) using the mild base
TMPZnCI- LiCl to provide the corresponding heterdoaigc chloride23.

32 (@) M. Mostrin, P. Knochelrg. Lett. 2009 11, 1837; (b) M. Mosrin, G. Monzon, T. Bresser, P.okhel,Chem,
Commun. 2009 5615.
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3. Lewis-Acid Promoted Additions of Functionalized Organomagnesium and
Organozinc Reagents to Carbonyl Derivatives

The additions of lithium or magnesium organometallio aldehydes, ketones and imines are
highly important carbon-carbon bond formation rieant.*® Grignard reagents show a
significantly higher functional group tolerance nhtéhe corresponding lithium counterparts and
therefore their use became more and more frequeett the last year¥' However, such 1,2-
additions to enolizable ketones are often compitdt sterically hindered or unreactive Grignard
reagents are used (Scheme 13). In these casderitietion of the tertiary alcohd@5 proceeds
along with several side reactions such as endhzgteading t®6) or -hydride transfer (leading

to the secondary alcohar).

) % conditions , OMgX OMgX 1y OMgX
R™-MgX  + R\)J\Re' - R\/|\1R3 * /kR3 * %Rs
R R? R?
25 26 27

Scheme 13:Possible products of the reaction of a Grignaegjeat with enolizable ketones.

The formation of byproduct26 and 27 can be considerably reduced by using a Lewis acid
activation of the ketone. Lanthanide halffesich as CeGlintroduced by Imamoto have proven
to be especially effective. In the presence of Getle 1,2-addition reaction of a Grignard

reagent to a ketone is favored and the formationbgbroducts of type26 and 27 is

33 (a) The Chemistry of Organolithium Compounds, Z. Rappoport, I. Marek, Eds., Wiley, Chiches@8p4 (b) B. J.
Wakefield, The Chemistry of Organolithium Compounds, Pergamon Press: New York974 (c) R. Noyori, M.
Kitamura, Angew. Chem. Int. Ed. 1991, 30, 49; (d) K. Tomioka, I. Inoue, M. Shindo, K. Koggetrahedron Lett.
1990 31, 6681; (e)The Chemistry of Organomagnesium Compounds; Z. Rappoport, |. Marek, Eds., Wiley,
Chichester,2008 (f) M. R. Luderer, W. F. Bailey, M. R. Luderer, D. Fair, R. J. Dancer, M. B. Sommer,
Tetrahedron: Asymmetry, 2009 20, 981; (g) J. M. Mallan, R. L. Bebl&hem. Rev. 1969 69, 693; (h)Grignard
Reagents - New Developments, H. G. Richey, Jr., Ed., Wiley: Chichest200Q

34 (a) P. Knochel, W. Dohle, N. Gommermann, F. F.ikele F. Kopp, T. Korn, I. Sapountzis, V. A. VAngew.
Chem. Int. Ed. 2003 42, 4302; (b), A. Boudier, L. O. Bromm, M. Lotz, Pn&chel,Angew. Chem. Int. Ed. 2000 39,
4414; (c) F. Kopp, I. Sapountzis, P. Knochgynlett 2003 885; (d) Dietmar SeyfertfQrganometallics, 2009 28,
1598; (e) J. J. Eiscl@rganometallics, 2002 21, 5439; (f) A. Wolan, Y. SixTetrahedron 2010 66, 15.

3 For selected reviews on the use of lanthanidevaéves, see: (a) K. C. Nicolaou, S. P. EllerySJChenAngew.
Chem. Int. Ed. 2009 48, 7140; (b) V. Nair, A. Deepthletrahedron 2009 65, 10745; (c) G. A. MolandeChem.
Rev. 1992 92, 29; (d) G. A. Molander, J. A. C. RomerGhem. Rev. 2002 102, 2161; (e) T. J. Boyle, L. A. M.
Ottley, Chem. Rev. 2008 108, 1896; (f) G. A. MolanderPure Appl. Chem. 2000 72, 1757; (g) S. Kobayashi, M.
Sugiura, H. Kitagawa, W. W.-L. LanGhem. Rev. 2002 102, 2227; (h) P. G. Steel, Chem. Soc., Perkin Trans. 1
2001 21, 2727; (i) For an selected article about the rédo®f ketones in the presence of lanthanide balidee: J.-
L. Luche,J. Am. Chem. Soc. 1978 100, 2226.



A. Introduction 12

reduced® A recent example using CeCbr the addition of a Grignard reagent to a keténe
demonstrated in the reaction sequence in Schem® Ptovided an precursor for the total

synthesis of (+)-actinophyllic acit.

Boc !30c
N_o N,
Q_ﬁ CH,=CHMgBr (2.5 equiv) O @ X
N "1COt-Bu CeCl, (2.5 equiv) N "1COt-Bu
H COQt-BU THF. -78 °C. 24 h H COQt-BU

99%

Scheme 14:Application of Ced in natural product synthesis.

Two explanations are commonly used to describeirtflaence of CeGl in these addition
reactions. On the one hand lanthanide salts aetimaa Lewis-acid fashion the ketone due to the
oxophilic behavior of these salts. On the otherdhantransmetalation of the Grignard reagent to
the lanthanide salt is possible. The resulting wotenthanides are less basic and therefore a
deprotonation of alpha-acidic ketones should naup® Recently, the preparation of THF-
soluble LaC}-2LiCl complex has been reportdtlt was found that this complex is highly

efficient in improving the addition of Grignard gEmnts to ketones and imines (Scheme 15).

(L

Me. Me N~ “MgCI-LiCl Me. Me
Me o (28a; 1.1 equiv) Me oH without additive: 17%
N CeCls (1.5 equiv): 53%
additive, 25 °C, 5 min | LaCl5-2LiCl (1.0 equiv): 92%
N~
29

Scheme 15:Addition of pyridylmagnesium chloride28a) to camphor Z9) in the presence of
different lanthanide salts.

% (a) T. Imamoto, Y. Sugiyura, N. TakiyamiBetrahedron Lett. 1984 25, 4233; (b) T. ImamotoPure and Appl.
Chem. 199Q 62, 747; (c) T. Imamoto, N. Takiyama, K. NakamuraHBtajima, Y. KamiyaJ. Am. Chem. Soc. 1989
111, 4392; (d) S. Panev, V. Dimitrodetrahedron: Asymmetry 2000 11, 1517; (e) D. A. Conlon, D. Kumke,.
Moeder, M. Hardiman, G. Hutson, L. Sail@édv. Synth. Catal. 2004 346, 1307.

7 (a) C. L. Martin, L. E. Overman, J. M. RohdeAm. Chem. Soc. 2008 130, 7568; (b) For another example using
CeCk in natural product synthesis, see: Q. Wang, CnQBey. Lett. 2008 10, 1223.

3 (a) M. Badioli, R. Ballini, M. Bartolacci, G. Basa, E. Torregiani, E. Marcantor, Org. Chem. 2002 67, 8938;
(b) H.-J. Liu, K.-S. Shia, X. Shang, B.-Y. Zhlgtrahedron 1999 55, 3803; (c) V. Dimitrov, K. Kostova, M. Genov,
Tetrahedron Lett. 1996 37, 6787; (d) T. Imamoto, T. Kusumoto, Y. TawarayaMaSugiura, T. Mita, Y. Hatanaka,
M. Yokoyama,J. Org. Chem. 1984 49, 3904.

39 A. Krasovskiy, F. Kopp, P. Knoche\ngew. Chem. Int. Ed. 2006 45, 497.
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Furthermore, the direct alkylation of benzophen(8® with Grignard reagents in the presence
of a catalytic amount of Zng(10 mol%) was very recently reported (equatiosdheme 163°
Moreover, isopropylation of acetophenor®l)( proceeds along the same way (equation 2).
Interestingly, by using a catalytic amount of Zn@le addition of alkylmagnesium reagents to
ketones30 and 31 led to the tertiary alcohol32-33 without significant formation of reduction
products34 and35.

1) EtMgCI (1.3 equiv) HO Et HO H

ZnCl, (10 mol%)
o U g0 oe
THF,0°C, 2h
30 32: 84% (25)2 34: 15% (72)2
0 i-PrMgCl (1.3 equiv) HO i-Pr HO H
ZnCl, (10 mol%)
%) Me Me + Me
THF,0°C,2h
31 33: 85% (31)? 35: 0% (11)2

[a] Yields in parentheses were obtained
performing the reaction without ZnCl,

Scheme 16:Addition of alkylmagnesium reagents to ketoneshm giresence of Zng{cat.).

These results were explained by assuming thatdtien of an organomagnesium reagent to a
carbonyl derivative in the presence of catalyticoants of ZnCJ proceeds via a catalytic cycle
including a six-membered transition state (Schemg Eirst, a active Zn(ll)-ate complex is
formed by the reaction of the Grignard reagent &iiCl, followed by the addition to the ketone.
Therefore, the [MgClFmoiety coordinates to the carbonyl group followey the attack of

[R2Zn-R] and finally release of the adduct and regeneratidghe active zinc intermediate.

“0(a) M. Hatano, S. Suzuki, K. Ishiharh,Am. Chem. Soc. 2006 128, 9998; (b) M. Hatano, S. Suzuki, K. Ishihara,
Synlett 2010 321; (¢) M. Hatano, T. Miyamoto, K. Ishiha@yrr. Org. Chem. 2007, 11, 127; (d) M. Hatano, K.
Ishihara,Synthesis 2008 1647; (e) M. Hatano, K. Ishiharacid Catalysis in Modern Organic Synthesis, Vol. 1, H.
Yamamoto, K. Ishihara, Eds., Wiley-VCH: Weinhei2®08
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R'MgCI + ZnCI2 (cat.)

R! OMgCI

R3 V R12Zn \<R1MgC|

R3ZnMgCl (Zn(11)-ate complex)

0]

JIQ

R2" RS

Scheme 17:Proposed catalytic cycle for the addition of orgaagnesium reagents to ketones in
the presence of catalytic amounts of ZnCl

The addition of organozinc reagents to carbonyivdéves is widely studied, mainly in the field
of asymmetric synthesis. Common ways for the pagmar of dioorganozincs are
transmetalation reactions of the correspondingulith or magnesium reagents with zinc salts or
hydroboration of an olefin and subsequent boror Exchangé® Then, the additions of these
zinc organometallics to aldehyd&ketones' or aldimine&® proceed often in the presence of a

chiral ligand as exemplarily shown in Scheme 18.

2
PPhy
fo) Et,Zn (3.0 equiv) H OO OH
- 0, H
/©)A\H (R)-37 (10 mol%) o OH
Me 25, 8h Me OO ﬁ‘th

THF : toluene

e}

o]
36 99%, 93% ee (R)-37

Scheme 18Addition of EbZn to benzaldehyd&6 in the presence of the chiral liga@d

“1 (a) For selected reviews, see: L. Pu, H.-B. ®em. Rev. 2001, 101, 757; (b), K. Soai, S. Niwa hem. Rev. 1992
92, 833; (c) See also: J. Rudolph, M. Lormann, C.nBaE. DahmenAdv. Synth. Catal. 2005 347, 1361; (d) C.
Bolm, N. Hermanns, J. P. Hildebrand, K Muni&ngew. Chem. Int. Ed. 2000 39, 3465; (e) M. Hatano, T.
Miyamoto, K. IshiharaAdv. Synth. Catal. 2005 347, 1561; (f) L. Salvi, J. G. Kim, P. J. Walsh,Am. Chem. Soc.
2009 131, 12483; (g) C. E. Tucker, P. Knochdl, Am. Chem. Soc. 1991, 113, 9888; (h) W. Oppolzer, R. N.
Radinov,Hedv. Chim. Acta 1979 62, 1701; (i) M. Hatano, T. Miyamoto, K. Ishihath,Org. Chem. 2006 71, 6474;
() W.-S. Huang, L. PuJ. Org. Chem. 1999 64, 4222; (k) J. L. von dem Bussche-Hiinnefeld, D.h&eh,
Tetrahedron Lett. 1992 33, 5719; (I) P. Wipf, W. XuTetrahedron Lett. 1994 35, 5197.

“2(a) V. J. Forrat, O. Prieto, D. J. Ramon, M. YGsem. Eur. J. 2006 12, 4431; (b) M. Hatano, T. Miyamoto, K.
Ishihara,Org. Lett. 2007, 9, 4535; (c) K. Yearick, C. WolfQrg. Lett. 2008 10, 3915.

3 (a) For a selected review, see: K. Yamada, K. BemiChem. Rev. 2001, 101, 757; (b) See also: K. P. Chiev, S.
Roland, P. Mangeneyetrahedron: Asymmetry 2002 13, 2205.
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4. Transition Metal-Catalyzed Cross-Coupling Reactionsof Functionalized
Organometallics With Unsaturated Thioethers

The transition metal-catalyzed cross-coupling tieastof unsaturated thioethers as well as thiols

with Grignard reagents have been pioneeredMegkert and Takei in 1979* **They represent

attractive methods for converting a carbon-sulfamdinto a carbon-carbon bond (Scheme 19).

Wenkert et al.. Me-CgH4-MgBr (5.0 equiv)

Ni(PPhs),Cl, (10 mol%)
< >—SMe > M e

benzene, 80 C,30h

74%

Takei et al.:
Me Ph(CH,)3MgBr(1.5 equiv) Me
i 0,
f\N NiClz(dppp) (3 mol%) f\ )N\/\/©
| |
Me \N)\SMe Et0,40 T, 8h Me” N

92%

Scheme 19:Nickel-catalyzed cross-couplings reportedvidgnkert andTakei in 1979.

Based on these first resulEajkuyama and especiallyiebeskind and co-workers could extremely
extend the scope of this cross-coupling reacti@ditey to a general ketone synthesis. Thus,
functionalized thioester88 and 39 were converted to the corresponding keto#@<ll using
organozinc reagents or organoboronic acids in &agiam-catalyzed cross-coupling reaction
(Scheme 20§°

44 (a) E. Wenkert, T. W. Ferreira, E. L. Michelotli, Chem. Soc.,Chem. Commun. 1979 637; (b) H. Okamura, M.
Miura, H. Takei,Tetrahedron Lett. 1979 20, 43; (c) H. Takei, M. Miura, H. Sugimura, H. OkarauChem. Lett.
1979 8, 1447; (d) E. Wenkert, T. W. Ferreird, Chem. Soc., Chem. Commun. 1982 840; (e) E. Wenkert, M. E.
Shepard, A. T. McPhail]. Chem. Soc., Chem. Commun. 1986 1390; (f) E. Wenkert, D. Chianelli, Chem. Soc.,
Chem. Commun. 1991, 627.

S For selected reviews, see: (a) S. R. DubbakaoBel Angew. Chem. Int. Ed. 2005 44, 7674; (b) H. Prokopcova,
C. O. KappeAngew. Chem. Int. Ed. 2009 48, 2276.

% (a) H. Tokuyama, S. Yokoshima, T. Yamashita, Tkuj@ama, Tetrahedron Lett. 1998 39, 3189; (b) L. S.
Liebeskind, J. SroglJ. Am. Chem. Soc. 2000,122, 11260; (c) J. Srogl, G. D. Allred, L. S. LiebeskiddAm. Chem.
Soc. 1997,119, 12376; (d) C. Savarin, J. Srogl, L. S. Liebeski®dg. Lett. 2000 2, 3229; (e) J. M. Villalobos, J.
Srogl, L. S. Liebeskind]). Am. Chem. Soc. 2007,129, 15734; (f) L. S. Liebeskind, H. Yang, H. LAngew. Chem.
Int. Ed. 2009 48, 1417; (9) Y. Yu, L. S. Liebeskindl. Org. Chem. 2004 69, 3554; (h) C. L. Kusturin, L. S.
Liebeskind, W. L. Neuman®rg. Lett. 2002 4, 983.
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Fukuyama et al.:
0 EtZnl (1.5 equiv) %

0,
/©/\)J\SE1 PdCl,(PPh3), (5 mol%) /@/\)J\Et
MeO toluene, 25 °C, 5 min MeO

38 40: 91%

Liebeskind et al.: Oj@/ B(OH),
O o (0]
/@)J\SB (1.1 equiv) O>
02N Pd2(db8)3 (1 mol%) OQN (0]

tfp (3 mol%)
39 THF, 50 °C, 18 h 41: 85%
CuTC (1.6 equiv)

Scheme 20:Ketone synthesis using thioesters and various norgatallic reagents in Pd-
catalyzed cross-coupling reactions.

Furthermore, organostannariésas well as organoindium reagefitswere also used as
nucleophilic partners for the direct synthesis dtokes starting from the corresponding
thioesters.

More recently, this Pd-catalyzed reaction was useshodified ways to couple organoboronic
acid$® or organostannan®awith heteroaromatic thioethed? and43 (Scheme 21). To perform
these cross-couplings stoichiometric amounts ofl)&a&(ts are also necessary. The expected

heterobiphenylgd4-45 were obtained in good yields.

*"R. Wittenberg, J. Srogl, M. Egi, L. S. Liebeskiftg. Lett. 2003 5, 3033.

“8B. W. Fausett, L. S. Liebeskindl,Org. Chem. 2005 70, 4851.

“9 (@) L. S. Liebeskind, J. Srogrg. Lett. 2002 4, 979; (b) S. Oumouch, M. Bourotte, M. Schmitt,JJ.-
Bourguignon,Synthesis 2005 25; (c) A. Aguilar-Aguilar, E. Pena-Cabref@g. Lett. 2007, 9, 4163; (d) A. Lengar,

C. O. KappeQOrg. Lett. 2004 6, 771; (e) H. Prokopcova, C. O. Kap@eOrg. Chem. 2007, 72, 4440; (f) W. van

Rossom, W. Maes, L. Kishore, M. Ovaere, L. van Mekyr W. DehaenQrg. Lett. 2008 10, 585; (g) K. Itami, D.

Yamazaki, J. Yoshida). Am. Chem. Soc. 2004 126, 15396; (h) C. Kusturin,.. S. Liebeskind, H. Rahman, K.
Sample, B. Schweitzel, Srogl, W. L. Neumani@rg. Lett. 2003 5, 4349.

*0M. Egi, L. S. LiebeskindQrg. Lett. 2003 5, 801.
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Me EtOZC@B(OH)Z (1.1 equiv) Me
A CN & CN mo
= CuTC (1.3 equiv) = S

Pd,(dba)s (4 mol%), tfp (16 mol%)

b copper(l)-thiophene-
42 THF, 50°C, 18 h 44:72% CO,Et 2-carboxylate (CuTC)
QSH(”-BU):; (1.1 equiv) OH O

Me

=N
(\/)\ ) . (\/ OCu
NZ >SPh CuMesSal (2.2 equiv), Pd(PPhj3)4 (5 mol%) N)\ﬁ/}

THF, 50 °C, 18 h
copper(l)-3-methylsalicylate
43 45: 79% (CuMeSal)

Scheme 21:Pd-catalyzed cross-couplings of organoboronic aedd organostannanes with
thioether-substituted heterocycles.

An explanation for the success of these cross-aogglising organomagnesium or -zinc reagents
is an efficient transmetalation step towards theermediate46 which is promoted by the
formation of an ‘ate’ intermediate due to the hrghctivity of Grignard reagents or, in the case
of organozinc compounds, by the polarization of thaladium-sulfur bond due to the
thiophilicity of the zinc cation (Scheme 2%5.0n the other hand, to ensure a “base-free”
transmetalation in the case of organoboronic atidsCu(l)-carboxylate plays an important role
due to the polarisation of the Pd-S bond and maetive activation of the trivalent boron by

coordination of the carboxylate anion to the bagpacies.

R3MgX or R®ZnX L, ot
- M + R?SMgX or R?SZnX
effective R( \R3
transmetalation
L, Mty L L R®B(OH),
R-SR® ——» M -
MRS ineffective
1 2
R SR transmetalation
X HO_OH o
RB(OH), R3JB\ s | -RSCu L, ok
cutC Lo "‘%Q L/ M
Riv v~ -(HOBTC R R®
R2

Scheme 22:Explanation for the need of Cu(l)-carboxylates iallgdium-catalyzed cross-
couplings of organoboronic acids with thioethersvall as thioesters.

Beside the known Ni-catalyzed cross-couplings afiylisulfides with organomagnesium

reagent$’® ¢ cross-coupling reactions of alkenyl sulfides w@tignard reagents in the presence
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of an iron catalyst were recently reported leadingo functionalized
styrenes (Scheme 23).

/©/MQBF @\ Fe(acac), (5 mol%) @/\
+
MeO NN THF, 25 °C, 21 h MeO
66%

Scheme 23:Iron-catalyzed cross-coupling of 4-methoxyphenymesium bromide with phenyl
vinyl sulfide leading to methoxy-4-vinylbenzene.

LK. Itami, S. Higashi, M. Mineno, J. Yoshidarg. Lett. 2005 7, 1219.
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5. Objectives

Organozinc reagents are an important class of orgatallics'® However, the preparation of
benzylic zinc reagents is still problematic andmalty low temperatures are required to avoid
the formation of homo-coupling products. Moreowdue to various difficulties, cheap benzylic
chlorides are only rarely used to date for the @rafoon of the corresponding benzylic zinc
reagents. The aim of the first project was the @ragon of highly functionalized benzylic zinc
chlorides by direct zinc insertion in the presemfeLiCl into the corresponding benzylic
chlorides as well as reaction with common electilepi{Scheme 24). Furthermore, the transition
metal-catalyzed cross-couplings of benzylic zintogtles with various electrophiles leading to

the important class of diarylmethanes were invastid,.

= Cl  Zn, LiCl = -Li electrophile =z E
FG | FG | ZnCI-LiCl FG |
X AN X

Br x
| ——FG
=

Pd or Ni catalysis

= X
FG—/— | | ——FG
NN 4

Scheme 24:Preparation of benzylic zinc chlorides and reactoth common electrophiles as
well as transition metal-catalyzed cross-couplings.

Furthermore, ann situ preparation of benzylic zinc chlorides and subsetjicross-coupling

reaction with electrophiles under transition methlysis in a one-pot procedure was performed.

| X
=
FG"/
ol zn Lic N “znciLicl Pd catalysis AN
Yo — Yo A X
FG' FG' FG' FG"

generated in situ

Scheme 25:In situ generation of benzylic zinc chlorides followed biyd-catalyzed
cross-coupling reactions.

Additionally, the preparation of heterobenzyliczichlorides was investigated (Scheme 26).
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= Cl  Zn, LiCl = -Li electrophile =
o /jﬁ e 2] Zncricl o E
s i s s

X X X

X = Het

Scheme 26Preparation of heterobenzylic zinc chlorides.

Moreover, the preparation of benzylic zinc chlosideas extended to the direct insertion of
magnesium into benzylic chlorides in the preserficéntl, and LiCl and subsequent reaction

with different electrophiles (Scheme 27).

Cl MgCI-LiCl ZnCI-MgCl,-LiCl E

Mg, LiCl ZnCl, (in situ) electrophile
A — A e A _ XN
| —FG | —FG | —FG | —FG
= = = =

Scheme 27:Preparation of benzylic zinc chlorides by direcsdrtion of magnesium in the
presence of ZnGland LiCl into benzylic chlorides.

Lanthanide halides are often used to support awiexit addition of Grignard reagents to
enolizable ketones. However, CeCand LaC4-2LiClI have been used so far only in a
stoichiometric fashion. Therefore, in a second guhjthe addition of functionalized magnesium
reagents to carbonyl derivatives in the presenceadélytic amounts of LagRRLiClI was

investigated (Scheme 28).

o} R'MgX OH
rd, ———— s
LaCls-2LiCl (cat.) R?

Scheme 28Addition of Grignhard reagents to ketones in thespree of LaGl 2LiCl (cat.).

Since functionalized organozinc reagents are oafgly used towards the addition to carbonyl
derivatives, the direct addition of highly functalized organozinc compounds to aldehydes,
ketones and carbon dioxide mediated by stoichiametmounts of MgGlwas developed
(Scheme 29).
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0]

M HO

R3 R3

Mg, ZnCly, LiC 2
R-X R

R'-ZnX-MgX,-LiCl
THF

Scheme 29:Addition of functionalized organozinc reagents&obonyl derivatives.

As a further project, a novel Cu(l)-mediated diregtbometalation reaction was developed using
thioether-substituted alkynes and functionalizeahydzinc reagents, which gave access to tetra-
substituted alkenes (Scheme 30).

AroZn Ar CuX electrophile Ar E

CuCN-2LiCl R! SR2 R' SR2

R'—=—=—SR2
Scheme 30Cu(l)-mediated carbometalation using diarylzinayesas.

Due to the facile introduction of thioether-groutss heterocycles as advantage compared to
halogen substituents, the aim of the fourth projgas the transition metal-catalyzed cross-
couplings of methylthio-substituted N-heterocychgh functionalized organozinc reagents

(Scheme 31).

/\X RZnHal-LiCl /\X
AN o e
N~ “SMe Pd or Ni catalysis N~ R
X=N,S, CH

Scheme 31: Pd- or Ni-catalyzed cross-coupling reactions ofelmtyclic thioethers with
functionalized organozinc compounds.
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1. Preparation and Applications of Benzylic Zinc Chloides

1.1.Preparation of functionalized benzylic zinc chlorices by LiCl-mediated zinc insertion
into benzylic chlorides

1.1.1. Introduction
Benzylic groups are widespread moieties in orgamemistry. They are extensively used as
protecting groups in the total synthesis of compienctures? Besides, in numerous biologically

active compounds as well as pharmaceuticals, bergrngups are important structural motives.

CO,H
L2y
~
N

orphiodilactone B (49) PSI-697 (50)

HO

Q /GN’MS MeO OMe
w ®
/N F _N Me

N
N= A HN | OMe
—_—
0 N
cl H

HO 4

S-1360 (51) azelastine (52) naamine G (53)

Scheme 32Presence of benzylic moieties in natural produsts@harmaceuticals.

Orphiodilactone B 49) is a complex molecule with a unique carbon skelebearing three
benzylic groups (Scheme 32)It was isolated from the orphiuroi@phiocoma scolopendrina.
Cytotoxic activity of Orphiodilactone B4Q) against P388 murine leukemia cells was

demonstrated. PSI-698(@), another benzylic derivative, is a potential adate for the treatment

52 (@) T. W. Greene, P. G. M. WutBrotective Groups in Organic Synthesis, 3% ed., Wiley: New York,1999 (b) F.
A. Luzzio, J. Chen). Org. Chem. 2008 73, 5621; (c) H. Lam, S. E. House, G. B. Dudl&gtrahedron Letters 2005
46, 3283; (d) G. A. Eller, W. HolzeHeterocycles 2004 63, 2537.

3 R. Ueoka, T. Fujita, S. MatsunagaQrg. Chem. 2009 74, 4396.
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of atherothrombotic vascular events and is alremdylinical development! Its structural
scaffold is based on quinoline salicylic acid ammhtains a benzylic group in 2-position. As
inhibitor for HIV integrase and viral replicatio®,4-diketobutanoic acid derivatives are attractive
molecules for pharmaceutical application&-1360 §1), containing a oxotriazole moiety and a
2-(4-fluorobenzyl)furan, is a molecule which alsdered clinical development. Azelastir2),

a phthalazine derivative bearing a 4-chlorobenzylug, is widely used as anti-histaminic
agent>® Finally, the alkaloid naamine @G53 which was isolated from the spongeucetta
chagosensis shows strong antifungal activity against phytopgtmic fungusCladosporium
herbarum.®” Moreover, naamine G58) exhibits cytotoxicity against human cervix canmima
(HelLa) cell lines. Two substituted benzylic grougmsnbined with a 2-aminoimidazole moiety
constitutes the main structure of naamines@.(Due to the common usage of the benzylic group
in organic synthesis it would be advantageous t@ Heenzylic organometallic reagents in hand
with a high functional group tolerance as well aseasy high yielding preparation, long-time
stability and good toxicological properties.

Benzylic lithium reagents show very high reactividye to the strong ionic character of the
carbon-lithium bond. Therefore, the functional grvdolerance of these organometallic reagents
is low.®® If benzylic lithium reagents are prepared by a ahkalogen exchange reaction,
formation of the Wurtz-coupling product occurs ewv@nvery low temperatures.The direct
metalation reaction can be complicated becausagtbases are required and, therefore, ring
metalation products can be obtairf8Benzylic magnesium reagents show a slightly higher
functional group tolerance but a simple preparatbthese organometallics and suppression of

side reactions (Wurtz coupling product) is stilloplematic®® In 2006, a new and easy

**N. Kaila, K. Janz, A. Huang, A. Moretto, S. DeBamio, P. W. Bedard, S. Tam, V. Clerin, J. C. Keith, D. H.
H. Tsao, N. Sushkova, G. D. Shaw, R. T. Camphal®e6, Schaub, Q. Wang, Med. Chem., 2007, 50, 40.

5 T. Kawasuiji, T. Yoshinaga, A. Sato, M. Yodo, Tjiara, R. KiyamaBioorg. Med. Chem. 2006 14, 8430 (and
references cited therein).

% F. Horak, U. P. ZiegimayeExpert Rev. Clin. Immunol. 2009 5, 659.

%7 (a) Z. Jin,Nat. Prod. Rep. 2005 22, 196; (b) W. Hassan, R. Edrada, R. Ebel, V. WrayBerg, R. van Soest, S.
Wiryowidagdo, P. Prokscl, Nat. Prod. 2004 67, 817.

%8 (a) J. N. ReedScience of Synthesis, V. Snieckus, Ed2006 8a, 329; (b) B. J. Wakefield)rganolithium Methods,
Academic Press: New Yorkl 988 (c) S. L. Hargreaves, B. L. Pilkington, S. E. Bely P. A. Worthington,
Tetrahedron Lett. 200Q 41, 1653.

*9W. E. Parham, L. D. Jones, Y. A. SayadDrg. Chem. 1976 41, 1184.

603, L. Wardell,Preparation and Use in Organic Synthesis of Organolithium and Group |A Organometallics; The
Chemistry of the Metal-Carbon Bond. The Chemistry of Functional Groups, Vol. 4, .S. Patai, Ed., Wiley: New York,
1987

®1(a) T. P. Burns, R. D. Riekd, Org. Chem. 1987, 52, 3674; (b) R. A. Benkeser, D. C. Snyd&rQrg. Chem. 1982
47, 1243; (c) K. V. Baker, J. M. Brown, N. Hughes, A.Skarnulis, A. Sextod, Org. Chem.1991, 56, 698; (d) S.
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preparation for benzylic magnesium reagents wasodstrated using a sulfur-magnesium

exchange (Scheme 3%).

i-PrMgCl, THF
O -50 °C to -20 °C O t-BuOLi O
ST X 15h (s N X -20°C, 20 h S @/\ng
- = —_— +
! x then: evaporation MgCl X %
FG  of iPrl FG FG

FG =Br, Cl, CF3, Me, OMe

X =Cl, t-BuO

Scheme 33:Preparation of benzylic magnesium reagents thraugifur-magnesium exchange.

One major disadvantage of benzylic magnesium reagestill the intolerance towards sensitive
functions like esters, nitriles or ketones.

Functionalized benzylic zinc halides play a uniqole since the high reactivity of corresponding
benzylic lithium and magnesium compounds precligepresence of most functional groups in
these organometallics. Benzylic zinc reagents aampriepared by the direct zinc insertion into
benzylic bromides, mesylates and phosphates. Ddni@gnsertion of zinc (activated using 1,2-
dibromoethane) into benzylic bromides, the tempeeafor the insertion must be kept strictly

between 0 to 5 °C to avoid the formation of homagtimg products (Scheme 34}:%*

Zn (1.2 equiv)
1,2-dibromoethane (5 mol%)
FG'—\ Br FG'—\ ZnBr
N THF,0t05°C,2h L~

(1 drop / 5-10 sec) > 90%

FG =Cl, |, OMe, OAc, CN, COOR, COR

Scheme 34:Preparation of benzylic zinc bromides.

Harvey, P. C. Junk, C. L. Raston, G. SaldmQrg. Chem. 1988 53, 3134; (e) C. L. Raston, G. Saled ,Chem.
Soc., Chem. Commun. 1984 1702; (f) C. L. Raston, S. Harvey,Chem. Soc., Chem. Commun. 1988 652.

2 A, H. Stoll, A. Krasovskiy, P. Knochehngew. Chem. Int. Ed. 2006 45, 606.

83 (a) S. C. Berk, M. C. P. Yeh, N. Jeong, P. KnocBetianometallics 199Q 9, 3053; (b) S. C. Berk, P. Knochel, M.
C. P. YehJ. Org. Chem. 1988 53, 5791; (c) M. Yuguchi, M. Tokuda, K. Oritd, Org. Chem. 2004 69, 908; (d) J.
X. Wang, Y. Fu, Y. L. HuChin. Chem. Lett. 2002 5, 405; (e) H. Stadtmiller, B. Greve, K. Lennick, @hair, P.
Knochel, Synthesis 1995 69; (f) C. Gosmini, Y. Rollin, C. Cebehenne, Bjdu, V. Ratovelomanana, J. Perichon,
Tetrahedron Lett. 1994 35, 5637.

64 1,2-Dibromoethane and TMSCI are used for the aiiivation; see also (ref 18).



B. Results and Discussion 27

To perform the zinc insertion into benzylic mesgtabr phosphates in the presence of a lithium
halide (LiBr or Lil), elevated temperatures and tise of polar cosolvents are required (Scheme
35) 65, 66

Zn (1.2 equiv), Lil (0.2 equiv)
1,2-dibromoethane (5 mol%)
N X TMSCI (1 mol%) SN
FG—— FG——
Z DMPU, 35 °C to 60 °C, =
12h-24h

X = OMs, OP(O)(OEt),
FG = Br, OMe, OAc

Scheme 35:Preparation of benzylic zinc mesylates and -phagska

1.1.2. Direct zinc insertion into benzylic chlorides in the presence of LiCl

The above mentioned drawbacks hamper a more gemgpéitation of zinc organometalli€s.
Recently, it has been reported that LiCl considgrigzilitates the rate of zinc insertigh.?®
Therefore, this new method was applied to the pegjmm of benzylic zinc reagents using cheap

1% The activation of zinc dust was

benzylic chlorides, commercially available zinc dasd LiC
generally performed using 1,2-dibromoethane (5 moléad TMSCI (1 mol%): As a
comparative example the insertion of zinc dust imozyl chloride §3a) was examined in the

absence (Scheme 36) and in the presence of LiGke(Be 37).

65 C. Jubert, P. Knochel, Org. Chem. 1992 57, 5425.

% For alternative preparation methods of benzyliwzieagents, see: (a) via fragmentation reactiorPi€zza, N.
Millot, P. Knochel,J. Organomet. Chem. 2001, 624, 88; (b) via homologation of triorganozincates:Harada, T.
Kaneko, T. Fujiwara, A. Okul. Org. Chem. 1997, 62, 8966.

7 For the use of benzylic zinc reagents in orgapithesis, see: (a) S. Klein, I. Marek, J.-F. NortmanOrg. Chem,
1994 59, 2925; (b) M. Rottlander, P. Knochdletrahedron Lett. 1997 38, 1749; (c)A. M. Egorov,J. Phys. Org.
Chem. 2006 19, 664; (d)D. Huang, J.-X. Wang$ynlett 2007, 2272; (e) A. Paul Krapcho, D. J. Waterhouse, A.
Hammach, R. Di Domenico, E. Menta, A. Oliva, S.rigtli, Synth. Commun. 1997, 27, 781; (f) T. J. Anderson, D.
A. Vicic, Organometallics 2004 23, 623; (g) J.-X. Wang, K. Wang, L. Zhao, H. Li, Y. ,Fu. Hu, Adv. Synth. Catal.
2006 348, 1262; (h) Y. Fellahi, D. Mandin, P. Dubois, J.@nbetta-Goka, J. Guenzet, J. P. Chaumont, Y. Frang
Eur. J. Med. Chem. 1996 31, 77; (i) J.-X. Wang, Y. FuAngew. Chem. Int. Ed. 2002 41, 2757; (j) S. N. Thorn, T.
GallagherSynlett 1997, 185; (k) E. Negishi, A. O. King, N. Okukada,Org. Chem. 1977, 42, 185; () G. Wu, Z.-
W. Cai, M. S. Bednarz, O. R. Kocy, A. V. Gavai,0l. Godfrey, Jr., W. N. Washburn, M. A. Poss, P.3her,J.
Comb. Chem. 2005 7, 99.

®8N. Boudet, S. Sase, P. Sinha, C.-Y. Liu, A. Krasiy, P. Knochel,). Am. Chem. Soc. 2007, 129, 12358.

%91 mol benzyl chloride: 3.86 €; 1 mol LiCl: 7.44.mol benzyl bromide: 76.58 €; Sigma-Aldrich, 2010
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Zn (1.5 equiv)
1,2-dibromoethane (5 mol%)

©/\CI TMSCI (1 mol%) ©/\an|
THF,40°C, 16 h

53a 54a: 88%

Scheme 36 Preparation of benzylzinc chlorid®4@) in the absence of LiCl.

The preparation of benzylzinc chloridB4@) by the direct insertion of zinc dust into benzyl
chloride 639) in the absence of LiCl must be performed at awvatkd temperature (40 °C) and
full conversion is achieved only after 16 h.

In contrast, the zinc inserti&ninto benzyl chloride §3a) in the presence of LiCl proceeded
easily within 6.5 h at 40 °C or at 25 °C within A&vithout the formation of significant amounts
of homo-coupling products (< 5%; Scheme 37). The afsstoichiometric amounts of LiCl is

essential for a fast zinc insertion.

Zn (1.5 equiv) Zn (1.5 equiv)

©ACI LiCl (1.5 equiv) ©A2n0|-|_i0| LiCl (1.5 equiv) ©ACI
_—_— -t
THF, 25°C, 18 h

THF,40°C,6.5h
53a 54a 53a

conditions A conditions B
54a: 88% 54a: 87%

Scheme 37 Preparation of benzylzinc chloride 54g@ in the presence of LiCl
either at 40 °C or at 25 °C.

A range of functionalized benzylic zinc chloridesswveasily prepared by this new method and
numerous functional groups are tolerated during furenation of the benzylic zinc reagents
(Scheme 38%°

N Zn (1.5-2.0 equiv) N )
| cl LiCI (1.5-2.0 equiv) | ZnCI-LiCl
2 2

FG THF, 0-25 °C, 1-24 h
53a-v 54a-v
up to 99%
FG =Cl, F, Br, I, CF3, OMe,
SMe, CO,R, CN, COR

Scheme 38:Preparation of benzylic zinc reagents of tydeby the direct insertion of zinc dust
into the corresponding benzylic chlorides of t¥34n the presence of LiCl.

" For an investigation of the formation of orgamuzite anions using ESI-spectroscopy, see: K. Koszki, P.
Bohrer,Organometallics 2009 28, 771.



B. Results and Discussion 29

Thus, the addition of 2-chlorobenzyl chloride3, 1.0 equiv) to zinc dust (1.5 equiv) and LiCl
(1.5 equiv) at 0 °C followed by 2 h of stirring @b °C provided almost quantitatively 2-
chlorobenzylzinc chloridéb4b (in 99% vyield as determined by iodometric titraticentry 1

Table 1)"* 4-Fluorobenzyl chlorid&3c was smoothly converted to the corresponding bémzyl
zinc chloride54c within 24 h at 25 °C in 87% vyield (entry 2). Fwetmore, treatment of 2-
bromobenzyl chloridés3d with commercially available zinc dust in the pmese of LiCl at

ambient temperature led to the related benzylic agen64d in 92% yield (entry 3). Related
bromo-, iodo- and (trifluoromethyl)-substituted bglic chlorides53eg reacted smoothly under

these conditions leading to the benzylic zinc reggf@deg in 94-99% yield (entries 4-6).

Table 1: Preparation of halogen-substituted benzylic zinlorides of typ&4.

Entry Benzylic chloride Time (h)®  Benzylic zinc chloride Yield (%)
@\m ZnCI-LiCl
1 cal 2 al 9
53b 54b
@Aq /@AZnCI-LiCI
2 F 24 F 87
53¢ 54c¢
@a ZnClI-LiCl
3 Br 2 Br 9F
53d 54d
o cl Br ZnCI-LiCI
4 4 95°
53e 54e
@i\m ZnCI-LiCl
5 | 2 | 9
53f 54f
FaC Cl FaC ZnCI-LiCl
6 9 94°
53¢ 549

[a] Reaction time at 25 °C. [b] Yield determined ibgometric titration. [c] Zn (1.5 equiv), LiCl
(1.5 equiv) were used. [d] Zn (2.0 equiv), LiClq2quiv) were used.

Even electron-rich benzylic chlorides reacted witic dust and LiCl under the standard protocol
affording the expected benzylic zinc chlorides @liffh electron-donor substituted benzylic

chlorides are often prone to carbocation-inducetke-séactions’? Under the mild reaction

" A. Krasovskiy, P. KnocheBynthesis 2006 5, 890.
2(a) 1. Lee,J. Phys. Org. Chem. 1996 9, 661; (b) D. Stadler, A. Goeppert, G. Rasul, GO%ah, G. K. S. Prakash,
T. Bach,J. Org. Chem. 2009 74, 312; (c) S. T. A. Berger, A. R. Ofial, H. May,Am. Chem. Soc. 2007, 129, 9753.
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conditions, these side reactions are normally dafed. Thus, 3,4,5-trimethoxybenzyl chloride
(53h) was easily converted within 3.5 h at 25 °C (zdust 2.0 equiv, LICl 2.0 equiv) to the
corresponding benzylic zinc compoubdh in 78% vyield (entry 1 of Table 2). Similarly, the
reaction of 4-methoxybenzyl chloridé3j) and 2-methoxybenzyl chloride$3])) furnished
readily the related benzylic zinc chloridBdi-j in 73% respectively 92% vyield (entries 2-3).
Also, the electron-rich benzylic chlorid&8k-I led smoothly to the related zinc compous®k
and54| within 1-2 h (Zn 1.5 equiv, LiCl 1.5 equiv) in B3% yield (entries 4-5).

Table 2 Preparation of electron-donor substituted benzhc chlorides §4h-1).

Entry Benzylic chloride  Time (h)®  Benzylic zinc chloride Yield (%)
MeO Cl MeO ZnCI-LiCl
1 MeO 3.5 MeO 78
OMe OMe
53h 54h
/©/\CI Q/\chmm
2 MeO 6.5 MeO 73
53i 54j
@Cm ZnCI-LiCl
3 OMe 4.5 OMe 9
53] 54j
o al O ZnCI-LiCl
¢ ¢ p
4 o al 1 o o 9
53k 54k
/©/\CI Q/\chmm
, e
S MeS 2 MeS 77d
53l 54|

[a] Reaction time at 25 °C. [b] Yield determined imgometric titration. [c] Zn (2.0 equiv), LiCl
(2.0 equiv) were used. [d] Zn (1.5 equiv), LiCIFEquiv). [e] 7% of the homo-coupling product was
observed.

The effect of LiCl on the rate of the zinc insentioto benzylic chlorides has been well studied in
the case of 3-(ethoxycarbonyl)benzyl chloride8r(). In the absence of LiCl the insertion
reaction must be performed at 35-45 °C for 48 m@itions A, Scheme 39). In the presence of
LiCl (1.5 equiv) 3-(ethoxycarbonyl)benzylzinc chite G4m) is smoothly prepared within 5.5 h
at 25 °C without the formation of significant améairof homo-coupling products (< 5%;

conditions B).
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Zn (1.5 equiv)

Eto?c\©/\0| Zn (1.5 equiv) Et020\©/\2n0| LiCl (1.5 equiv) Eto?c\©/\o|
-
THF, 35-45 °C, 48 h THF, 25°C, 5.5h
53m 54m . 53m
conditions A conditions B
54m: n.d.5% 54m: 78%

Scheme 39:Preparation of 3-(ethoxycarbonyl)benzylzinc chler{dm) by the insertion of zinc
dust into benzylic chlorid3min the absence or in the presence of LiCl.

The reaction time can be shortened to 3.5 h angliéhe of the benzylic zinc reageb#m can be
improved to 85% if two equivalents of zinc dust an@l are used (entry 1 of Table 3). Also the
para-substituted 4-(ethoxycarbonyl)benzyl chloridé3n is readily converted to 4-
(ethoxycarbonyl)benzylzinc chlorid®&4n) within 1 h in 64% vyield (entry 2). Similarly, cya
groups are tolerated by this new method. Thus,ahalyenzyl chloride530) and 4-cyanobenzyl
chloride 63p) were smoothly converted to the corresponding yenzinc chlorides540 and
54p in 2 h respectively 3 h in 83-93% vyield (entriesr®d 4). Various benzylic zinc reagents
bearing a keto group in theeta-position have also been prepared. The reactiomiseobenzylic
chlorides53gs with zinc dust at 25 °C provided easily the deszac reagentS4g-sin 64-72%
yield (entries 5-7).

Table 3. Preparation of ester-, cyano- and keto-substitubeshzylic zinc
chlorides of typé&4m-s.

Entry Benzylic chloride Time (h)? Benzylic zinc chloride Yield (%)

EtO,C Et0,C el L]

1 3.5 85
/©/\ /©/\ZnCI LiCl

2 EtO,C 1 EtO,C 64°

\O/\ , NC\©/\ZnCI-LiCI o
, ©/\ , O/\an Licl »

35 )k©/\ZnCI Licl 7oA
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Table 3 continued

0 o}
6 i-Pr)K©ACI 9 i-Pr)‘\©/\ZnCI-LiCI 64°
53r 54r
o} o}
7 Et)k©/\CI 3 Et)‘\©/\ZnCI-LiCI 7oA

53s 54s
[a] Reaction time at 25 °C. [b] Yield determined ibgdometric titration. [c] Zn (2.0 equiv), LiCl
(2.0 equiv) were used. [d] Zn (1.5 equiv), LiCIgEquiv) were used.

Even the acetyl-substituted benzylic chlorii#g was converted to the expected benzylic zinc
reagenb4t within 3.5 h at 25 °C (Scheme 40).

] Zn (1.5 equiv) o)

LiCl (1.5 equiv) .
Me Cl Me ZnCI-LiCl
THF, 25°C,3.5h

53t 54t: 68%

Scheme 40:Preparation of 3-acetylbenzylzinc chloridel).

Remarkably, the keto group present in the benzilc chlorides54qgt is quite stable with
respect to enolization. The 3-propionylbenzylzildodde 649 has a half-life of one month at
25 °C and the acetyl-substituted benzylic Zmt is stable for several days/{t= 2 days, 25 °C,
Scheme 41).

Stability of 3-acetylbenzylzinc chloride (54t)

o

Me)‘\©AZnCI-LiCI

Active Species (%)

0 T T T T 1
0 20 40 60 80 100
Time (h)

Scheme 41:Stability of 3-acetylbenzylzinc chloridé4t).
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Moreover, secondary benzylic zinc chlorides cap aks prepared (Scheme 42). Thus, addition of
1-chloroethylbenzene to zinc dust (1.5 equiv) ai@ (1.5 equiv) at 25 °C gave the desired zinc
compound54u in 85% yield. Benzhydryl chloride furnished thepegted secondary benzylic
zinc chlorideb4v in 64% yield under the standard reaction condgidn contrast, cumyl chloride
(a tertiary benzylic chloride) did not afford theresponding zinc species due to competitive

elimination.

H Me Ph
@ZnCI-LiCI @zmmm ©)\ZnCI-LiCI
54a: 18 h, 87% 54u: 11 h, 85% 54v: 4.5 h, 64%
< 5% homo-coupling < 5% homo-coupling 8% homo-coupling
product observed product observed product observed

Scheme 42:Preparation of benzylzinc chloride54a and secondary benzylic zinc
chloridesb4u-v at 25 °C.

Comparison of the different insertion times shohat tthe better the second substituent in the
benzylic position stabilizes the benzylic radidale shorter is the time for the insertion. More
noteworthy, the yield of the zinc reagent dropghesstability of the benzylic radical increases

due to the formation of homo-coupling product.

1.1.3. Reaction of functionalized benzylic zinc chloridesvith various electrophiles
These new benzylic zinc chlorides were treated wathous electrophiles leading to a range of
polyfunctional products of typ®6 (Scheme 43 and Table 4 - Table 7).

l/(j/\ZnCI-LiCI electrophile @A E
FG = FG F

conditions
54a-v 56a-as
43-99%

FG =Cl, F, Br, I, CF3, CO,R,
CN, COR, OMe, SMe

Scheme 43:Reactions of various benzylic zinc chlorides of eyp4 with a variety of
electrophiles leading to polyfunctional productsygfe56.

The benzylic zinc reagebtétb was subject to a range of useful reactions withtedehiles (Table
4). Thus, the copper(l)-catalyzed reaction of Zobibenzylzinc chloride54b; 1.0 equiv) with 3-
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bromocyclohex-1-enésba 1.3 equiv) at 0 °C, catalyzed with CUCN-2LiJed to the product
56a in 94% vyield (entry 1). Thenb54b (1.0 equiv) reacted withS(4-bromophenyl)
benzenesulfonothiodf&(574 0.8 equiv) at 25 °C in 1 h to give the expecteidather56b in
89% vyield (entry 2). Also, copper (I)-mediated addition of cyclohex-2-enon&8a 0.8 equiv)
with CUCN-2LiCl (1.0 equiv) and TMSE1(2.0 equiv) furnished the Michael add&6cin 93%
yield (entry 3). The copper(l)-catalyzed reactioithw4-nitrobenzyl bromide59a 0.8 equiv)

provided the nitro compounsed in 89% vyield (entry 4). Furthermore, the Pd-cataly cross-
coupling reactiof? of ethyl 4-iodobenzoatelg; 0.8 equiv) in the presence of Pd(BRK2 mol%)
as catalyst at 60 °C gave the expected diarylmetdanvatives6ein 97% yield in 5 h (entry 5).
A copper(l)-mediated acylation reaction of 2-chlwenzylzinc chloride 548 with acetyl
chloride 608 led to the ketoné6f in 89% vyield (entry 6) and the addition &#a to 2-
chlorobenzaldehydes{a) furnished the benzylic alcohébgin 87% yield on a 20 mmol scale

reaction (entry 7).

Table 4:Reactions of halogen-substituted benzylic zinc ee&sgy 54b-g with various
electrophiles.

Benzylic zinc . Temperature Yield
Entry chioride Electrophile (°C) / Time (h) Product (%)°
= O CLC
r b
1 Cl 25/ 1.5 al 94
54b 55a 56a
9 Br
Ph—-S-S /©/
Il
(0]
2 54 Q 25/1 @C s 89
Cl
Br
572 56b
] O
Cl
3 54b -40t025/15 9F
58a 56¢c
NO,
QL. J
4 54b NO, 0/3 O 89
59a Cl
56d

3 K. Fujiki, N. Tanifuji, Y. Sasaki, T. Yokoyam&ynthesis 2002, 343.

" E. Nakamura, S. Matsuzawa, Y. Horiguchi, |. Kuwsgjj Tetrahedron Lett. 1986 27, 5181.

S (a) Q. Mingxing, E. Negishiletrahedron Lett. 2005 46, 2927; (b) E. Metay, Q. Hu, E. Negiskirg. Lett. 2006
8, 5773; (c) E. Negishi, M. Qian, F. Zeng, L. Ana&a D. BabinskiQOrg. Lett. 2003 5, 1597.
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Table 4 continued

5 54b
6 54b
7 54b
/@AZnCI-LiCI
8 F
54c
9 54c¢
@\ZnCI-LiCI
10 Br
54d
Br ZnCI-LiCl
11
54e
12 54e
13 54e
14 54e
@i\zml-uu
15 |
54f
16 54f

L
CO,Et

4a

61c

58a

60/5

-40t0 25/13.5

0/3

-60to0/2

-40to 25/ 15

-60to 0/ 15

25717

-40to 0/ 18

-60to-20/15

-40to 25/ 16

25/5

-40t0 25/ 15

Qi
Q
@]
N
m

56e

a1
9292
o
=
(9]

o
o
T
=

ul
o
Q
Q
(@]
N
m

%

56h

_n

oi
&
c

@
) [>

56l

o
o §
®
c

56m

@
(@)

5

56n

o
D
o

a
(o2}
(@)

5

a1
»
o

97

8%

87

93

95°

96°

98

9%

96°

91 f
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7%
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Table 4 continued

CO,Et
CO,Et

17 54f _A_Br 60100/ 1 86°

55b |

569
° o,
H
FoC ZnCI-LiCl s

18 A\ 25/6 FsC < 86

54 s ®

g o1 OH

56r
[a] Yield of isolated analytically pure product.][Reaction performed in the presence of catalytimants of
CuCN:- 2LiCl. [c] Stoichiometric amounts of CuCN-2Li&hd, in the case of 1,4-additions, TMSCI weredu$e]
Pd(PPh)4 (2 mol%) was used. [e] Reaction performed on an2@ol scale. [f] Reaction performed on a 5 mmol
scale.

4-Fluorobenzylzinc chloride 54¢) reacted in a Cu(l)-catalyzed allylation using yti2-
bromomethyl)acrylaté® (55b) and in a Cu(l)-mediated acylation with 3,3-dimgiutyryl
chloride @0b; 0.7 equiv) to the functionalized producséh-i (entries 8-9). The 2-bromo-
substituted benzylic zinc chloridésdd furnished with 3-iodocyclohex-2-enon&8p) the 3-
substituted cyclohex-2-enor6j in 96% vyield within 15 h (entry 10). The high réweity of
benzylic zinc chlorides allowed an efficient aduiitito benzaldehydes the absence of any
catalyst. Thus, the benzylic alcohd@6k was obtained by the reaction of 3-bromobenzylzinc
chloride 649 with 3,4-dichlorobenzaldehydesXb; 98% vyield; entry 11). Moreover, Cu(l)-
mediated reactions &4ewith cyclopropylcarbonyl chlorides0Q0), 3,3-dimethylbutyryl chloride
(60b) and cyclohex-2-enonéb8a) provided the functionalized keton&§l-n in 91-96% vyield
(entries 12-14). According to the reaction procedudescribed above, the 2-iodo-substituted
benzylic zinc chlorideb4f reacted with various electrophile81¢ 58a 55b) to the expected
products560-q in 72-87% (entries 15-17). Finally, addition of(t8fluoromethyl)benzylzinc
chloride 54g with benzothiophene-3-carbaldehydgld) furnished the heterocyclic benzylic
alcohol56r in 86% yield (entry 18).

Also, electron-rich benzylic zinc chlorides such &l reacted smoothly with a range of
electrophiles. Thus, the trimethoxy-substitutedzyéo zinc chloride54h underwent a smooth
allylation with ethyl (2-bromomethyl)acrylatesgb; 0.8 equiv) in 1 h to give the allylated
derivative56sin 98% yield (entry 1 of Table 5). In an analogomuanner, 4-methoxybenzylzinc
chloride 64i) was allylated to afford the acrylaté6t in 97% vyield (entry 2). After

transmetalation using CuCN-2LiCl, acylation reactid the electron-rich benzylic zinc chloride

6 (a) J. Villieras, M. Rambau@ynthesis 1982 11, 924; (b) J. Villieras, M. Rambau@rg. Synth. 1988 66, 220.
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54j with the acid chlorides0d led to the desired ketoru within 21 hin 99% vyield (entry 3).
Similarly, 6-chloro-1,3-benzodioxol-5-ylmethylzimbloride (54K) was readily acylated with 3,3-

dimethylbutyryl chloride §0b) providing the product56v in 93% vyield (entry 4). 4-
(Methylthio)benzylzinc chloride54l) was also converted into the corresponding ketofw
(71%; entry 5) in 4 h by using propionyl chlorid®é 0.8 equiv) in the presence of CuCN-2LiCl
(0.5 equiv).

Table 5: Reactions of electron-rich benzylic zinc reagé&diis-1 with different electrophiles.

Benzylic zinc . Temperature Yield
Entry chioride Electrophile °C)/ Time (h) Product (%)°
e CO,Et
© ZnCI-LiCl CO,Et MeO
1 Meo PN 60t00/1 98
OMe 55b MeO
54h OMe
56s
CO,Et
Q/\ZnCI-LiCI CO,Et
2 o B 40t00/1 o7
54i 55b MeO
56t
o) cl
©\/\ZnCI-LiCI OMe O
3 oM C 40t025/21 O 9F
54] Cl (0]
60d 56u
o) , o)
ZnCl-LiCl o t-Bu
4 <03©Q eu L, o215 o © oF
54k 60b 56v
ZnCI-LiCl o m Me
M
5 ,\,,eS/EjA GJJ\C. Oto25/4 MeS o} 71°
54| 60e 56w

[a] Yield of isolated analytically pure product.][lCatalytic amounts of CuCN-2LiCl were used. [c]
Stoichiometric amounts of CuCN- 2LiCl were used.

Benzylic zinc reagent$4m-n bearing an ester function imeta- or para-position reacted
smoothly with various electrophiles. Thus, the teac with 4-bromobenzaldehyde6ie
0.8 equiv) furnished the benzylic alcohBbx in 91% vyield (entry 1 of Table 6). Also, a
copper(l)-mediated 1,4-addition of 3-(ethoxycardiimgnzylzinc chloride §4m) to cyclohex-2-
enone $8a 0.8 equiv) with CuCN-2 LiCl (1.0 equiv) and TMSELO equiv) led to the Michael
adduct56y in 97% yield (entry 2). Furthermore, reaction5dim with thiophene-3-carbaldehyde
(61f) and S methyl methanesulfonothioaté7b) provided the functionalized produdgzaa in
88% vyield (entries 3-4). A Cu(l)-mediated acylati@action of54n with the acid choridé0d led
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to the desired keton®6ab in 43% vyield (entry 5). The use of the benzylinzreagent4aq
which bears a cyano group on the aromatic ringatds/ a Pd-catalyzed cross-coupling reaction
with 3-iodoanisole4b; 0.8 equiv) provided the diarylmethab&acin 88% yield (entry 6). This
benzylic zinc reagent was used to prepare varietsnkes in 78-97% yieldb6ad-ae entries 7
and 8). Smooth reaction of tipara-cyano-substituted benzylic zinc chlorifiép with ethyl (2-
bromomethyl)acrylate56b) and S-(4-fluorophenyl) benzenesulfonothioatge7¢) furnished the
acrylate56af and the thioethes6ag(81-95%, entries 9-10).

Table 6: Reactions of ester, cyano and keto-substituted ylienzinc reagent4m-t with
various electrophiles.

S ' . Temperature Yield
Entry  Benzylic zinc chloride Electrophile (°C) / Time (h) Product (%)?
e} Br
EtO,C :
ZnCI-LiCl E i]n
1 @A J@AH 25145  FO€ O o1
54m Br OH
6le 56x
o} CO,Et O
2 54m @ 401025/ 15 @\/ﬁj 97
58a 56y
o) S
H /
EtO,C 7
3 54m T 25122 2 88
s OH
61f 56z
o) EtO,C
o SMe
4 54m Memgmste 25/25 @A 88
57b 56aa
o cl
/I::j/”\chru0| ilm
5 oy Q)%' -4010 25/ 20 O i
54n cl E0,C ©
60d 56ab
NC ZnCI-LiCl | OMe NC OMe
6 60/5 8g
540 4b 56ac
o] CN o]
7 540 -40t0 25/ 15 @\b 97
58a 56ad

le) NC t-Bu
8 540 t-Bu\)J\C, -60t0 -20/ 15 m 78

60b 56ae
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Table 6 continued

10

11

12

13

14

15

16

17

18

/©/\ZnCI-LiCI
NC

54p

54p

Bu ZnCI-LiCl

-

54q

54q

i-Pr ZnCI-LiCl

5

54r

Et ZnCI-LiCl

-

54s

54s

ZnCI-LiCl

=
o
g o

54t

54t

54t

CO,Et
Br

55b

0]

Ph—S—S

Q

57c

60f

CO,Et
Br

55b

O

t-Bu \)J\ al

60b

O

t-Bu \)]\ al

Cl

Cl

60b

CO,Et
Br

55b

o

o

61b

-60to0/1

25/1.5

-20/15

25/55

-40to 25/ 20

-60to0/1

-60to -20/ 15

-60 to -20/ 15

-60to0/1

25/3

CO,Et

‘

56af

%

NC

56aj

e}

CO,Et

;

56ak

m
o
o
©
c

56al

=
(o)
o
o
®
c

56am

o
(@]
o
N

m

;

56an

56a0

g1e

95

85’

95

51°

9

69

74

[a] Yield of isolated analytically pure product.][Btoichiometric amounts of CuCN-2LiCl and, in ttese of
1,4-additions, TMSCI were used. [c] Pd(BRH2 mol%) was used. [d] Reaction performed in thespnce of
catalytic amounts of CuCN- 2LiCl. [Beaction performed on a 8 mmol scale.
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Notably, the keto group on the benzylic zinc redges compatible with various reactions such
as allylation, acylation and nucleophilic attackamaldehyde. Thus, the produb&ah-al were
obtained in 51-95% vyield after reactions with vasoelectrophiles (entries 11-15). A Cu(l)-
mediated reaction of the acetyl-substituted benzzinc reagenb4t with 3,3-dimethylbutyryl
chloride 60b) as well as a Cu(l)-catalyzed allylation usingyéf2-bromomethyl)acrylate56hb)
furnished the highly functionalized produ&8aman in 74-97% yield (entries 16-17). Finally,
the addition of 3-acetylbenzylzinc chlorid®4f) to 3,4-dichlorobenzaldehydesib) in the
absence of any catalyst provided the benzylic alcoh8baowithin 3 h at 25 °C (82%; entry 18).
By the copper(l)-mediated acylation reaction ofzydrinc chloride $4a) with benzoyl chloride
(60f) benzyl phenyl ketone56ap was easily prepared in 92% vyield (entry 1 of TabB)e
Furthermore, benzylzinc chlorid&4g was allylated with ethyl (2-bromomethyl)acryldtbb;
0.8 equiv) to give the expected unsaturated é&fiaq (93%; entry 2). Acylation is also possible
with the secondary benzylic zinc reagédtu. Thus, reaction 054u with 3,3-dimethylbutyryl
chloride 0b; 0.7 equiv) in the presence of CuCN-2LIiCl (1.0 iejgave the keton&6ar in
96% vyield (entry 3). Also the secondary benzylisczieagenb4v is readily converted into the
correspondingr,3-unsaturated est&6asin 96% yield by allylic substitution reaction usiathyl

(2-bromomethyl)acrylatesgb; entry 4).

Table 7:Reactions of benzylzinc chloridé4a) and secondary benzylic zinc reagesds-v

with different electrophiles.

Benzylic zinc Temperature
chloride (°C) / Time (h)

0
ZnCI-LiCl
1 cl -40 to 25 / 20 O Yk

Entry Electrophile Product Yield (%)?

54a o
60f 56ap
CO,E
CO,Et
2 54a B 60t00/1 o3
55b
56aq

Me Me

O
3 @zmmm tBu 60 to 25/15 M"B” 96’
60b

54u 56ar
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Table 7 continued
Ph Ph CO.Et

| CO,E
A ZnCI-Licl Pt 60t00/1 96°
55b

54v 56as
[a] Yield of isolated analytically pure product.][Btoichiometric amounts of CuCN-2LiCl were used.
[c] 12 mmol scale. [d] Reaction performed in thegance of catalytic amounts of CuCN- 2LiCl.

Benzylic zinc reagents can also be used to preggaeryl acetic acid derivatives which are useful
intermediates and targets in pharmaceutical reséafiovo possible ways have been explored
(Scheme44). The first is a Pd-catalyzed acylatiBwith ethyl chloroformate §0h) as an
electrophile. Alternatively, a copper(l)-mediatetylation with ethyl cyanoformatesQi) as the
electrophilic species was developed. Thus, Pdy=zddl acylation of the benzylic zinc chloride
54b with ethyl chloroformate@0h) in the presence of Pd(P£h(5 mol%) at 25 °C in 6.5 h led to
the phenylacetic acid ethyl es@&ain 81% vyield. To perform the copper(l)-mediatedctem, it
was essential to prepare the mixed diorganozingpoomd of the type ArCHnCH,SiMe;"® by
adding TMSCHLI at -30 °C to54b. After transmetalation to copper with CuCN-2Li@ldathe
addition of Mander's reagefit(ethyl cyanoformate60i), the expected ethyl phenylacetic ester

62awas obtained in 77% vyield.
0

PN

Et0” “Cl 1) TMSCHjLi (1.0 equiv)

60h; 0.5 equiv -2Li i
mca ( quiv) @CZn crLic) 2) CUCN-2LICI (1.0 equiv) @(\WOB
a® Pd(PPhs), (5 mol%) al a®

3
62a: 81% 25°C,65h 54b ) )Ok 62a: 77%
a: 81% EtO” “CN (60i: 1.5 equiv) B

0°C,6h

Scheme 44:Preparation of phenylacetic acid derivaté2aby either Pd-catalyzed or
copper(l)-mediated acylation reaction.

In a similar manner, the phenylacetic acid derwat2b was smoothly prepared by the Pd-
catalyzed reaction of 3-(ethoxycarbonyl)benzylziidoride 64m) with ethyl chloroformate
(60h) ona 10 mmol scale (76%, entry 1 of Table 8).

" A. Garcia Martinez, A. Herrera Fernandez, D. Molgfilchez, M. L. Laordon Gutiérrez, L. R. Subramami
Synlett 1993 229 (and references cited therein).

"8 E. Negishi, V. Bagheri, S. Chatterjee, F.-T. LdioA. Miller, A. T. Stoll, Tetrahedron Lett. 1983 24, 5181.

" ArCH,ZnCl is not reactive enough and the mixed reagen@HBZnCH,SiMe; gives better results; see also: S.
Berger, F. Langer, C. Lutz, P. Knochel, T. A. Mohl€. K. ReddyAngew. Chem. Int. Ed. 1997, 36, 1496.

80| N. Mander, S. P. Sethletrahedron Lett. 1983 24, 5425.
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Table 8: Preparation of phenylacetic acid derivatives o&t§p.

I . . Temperature Yield
Entry Benzylic zinc chloride  Electrophile °C) / Time (h) Product (%)?
EtO,C Z0CI-LiCI 0 EtO,C OFEt

1 EtO)J\CI 25/6 0 76b ¢

54m 60h 62b
@?ZnCI-LiCI 0 OFt

2 | Eto)%CN 0/6 , O 59

54f 60i 62c

[a] Yield of isolated analytically pure product] Bd(PPh); (2.5 mol%) was used. [c] Reaction performed in a
10 mmol scale. [d] After transmetalation using LKITIMS, stoichiometric amounts of CuCN-2LiCl were used
reaction scale: 5 mmol.

Furthermore, copper(l)-mediated acylation reactib@-iodobenzylzinc chlorides@f) with ethyl

cyanoformate@0i) led to the phenylacetic ester derivatbzcin 59% yield (entry 2).

1.1.4. Synthesis of papaverine

As an application, the alkaloid papaverine63;( 1-(3,4-dimethoxybenzyl)-6,7-
dimethoxyisoquinoline) was synthesized. Papavétiis primarily used for the treatment of
vasospasft and was isolated frofapaver somniferum in 18488

The synthesis started with a condensation reaaifo8,4-dimethoxybenzaldehyd&Qh) with
aminoacetaldehyde dimethylacetal to provide thenév@4 within 6 h in quantitative yield
(Scheme 45). Reduction 6# led to the benzylic aming5 in 86% yield. Protection of the amino
function using tosyl chloride furnished the sulfonde 66 in 99% vyield. Subsequent Pomeranz-

Fritsch reaction provided 6,7-dimethoxyisoquinol{6&) within 22 h in 86% yield?

81 (a) H. P. Schmauder, D. Gréger, H. Griiner, D. rhahn,Pharmazie 1988 43, 313; (b) A. Buzas, J.-Y. Merour,
G. Lavielle,Heterocycles 1985 23, 2561; (c) I. D. Rae, P. M. Simmondsst. J. Chem. 1987, 40, 915; (d) A. R. de
Lera, S. Aubourg, R. Suau, L. Castetieterocycles 1987, 26, 675; (e) N. P. Peet, G. L. Karrick, R. J. Barluth
Heterocycl. Chem. 1987, 24, 715; (f) J. R. Falck, S. Mannd, Org. Chem. 1981, 46, 3742; (g) A. Pictet, M.
Finkelstein,Ber. Dtsch. Chem. Ges. 1909 42, 1979; (h) F. D. Popp, W. E. McEweh,Am. Chem. Soc. 1957, 79,
3773; (i) C. D. Gilmore, K. M. Allan, B. M. Stoltz]. Am. Chem. Soc. 2008 130, 1558; (j) R. Hirsenkorn,
Tetrahedron Lett. 1991, 32, 1775; (k) H.-M. Liu, Y.-K. TuJ. Clin. Neurosci. 2002 9, 561; (I) For the isolation of
papaverine: G. MercH,iebigs Ann. Chem. 1848 66, 125.

82 (a) A. loanaviciu, S. Antony, Y. Pommier, B. LaSer, L. Stewart, M. Cushmai, Med. Chem. 2005 48, 4803;
(b) D. L. Boger, C. E. Brotherton, M. D. KelleVetrahedron 1981, 37, 5181; (c) J. B. Henderickson, C. Rodriguez,
J. Org. Chem. 1983 48, 3344; (d) N. Saito, C. Tanaka, T. Satomi, C. Ogaf Kubo,Chem. Pharm. Bull. 2004
52, 282.
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HZN/\|/OMe

o]
MeO OMe MeO NaBH, (2.0 i MeO
H  (15equiv) ]@V oMe  NaBH4(2.0equiv) D\/H OMe
N ” N
MeO MeO Z vkOMe EtOH, 25°C,60h  MeO \)\OMe

toluene, reflux, 6 h

60h 64: quant. 65: 86%
TsCl (1.3 equiv) 6N HCI
CH,Cl MeO Ts OMe  dioxane MeO SN
65 —_ l -
° N\)\ N
25°C,15h MeO OMe reflux, 22 h MeO 1) TMPMgCI-LiCI (1.2 equiv)
25°C,4h
66: 99% 67: 86%

2)15,-40t0 0 °C, 20 min

MeO. x
MeO N
|

68: 73%

Scheme 45:Preparation of 2-iodo-6,7-dimethoxyisoquinoliG)

Magnesiation of67 with TMPMgCI-LiCI®* (TMP = 2,2,6,6-tetramethylpiperidyl) at 25 °C for
4 h, followed by iodolysis provided the iodo-subhged isoquinoline68 in 73% yield. The
preparation of the second intermediate for the paqi@e synthesis started with the conversion of
3,4-dimethoxybenzyl alcohol69) to the corresponding benzylic chlori@é@w (Scheme 46).
Thus, reaction 069 with LiCl, NEt; and mesyl chloride furnished the chloriigw in 69% yield
within 15 h. Direct zinc insertion intd3w in the presence of LiCl within 4 h provided 3,4-
dimethoxybenzylzinc chloridé4w) in 72% yield. In order to receive a good yieldbdiy, it was

crucial to use four equivalents of zinc and LiQl fiee zinc insertion.

MeO LiCl (3.0 equiv) MeO Zn (4.0 equiv)
e :©/\OH NEt; (2.0 equiv) e :©/\CI LiCl (4.0 equiv) MeOD/\chmm
MeO MsCl (1.5 equiv) MeO THF,0°C,2h MeO
CH,Cly, 25°C, 15 h then25°C,2h
54w: 72%
69 53w: 69%

Scheme 46:Preparation of 3,4-dimethoxybenzylzinc chlori@dw).

8 A. Krasovskiy, V. Krasovskaya, P. Knochahgew. Chem. Int. Ed. 2006 45, 2958.
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The last step for the papaverigS) synthesis included a Pd-catalyzed cross-coupéagtion of
the benzylic zinc chlorid&4w and iodo-substituted isoquinolisd using Pd(OAG) (2.5 mol%)
and S-Phd¥ (5.0 mol%) as catalytic system (Scheme 47). Thapaverine 3) was provided
within 1.25 h at 25 °C in 68% vyield over 8 stemm(jest linear sequence: 6 stefis).

MeO N

Pd(OAc), (2.5 mol%)
Meoj@ﬂ ZnCI-LiCl MeO X §-Phos (5.0 mol%) MeO N
+
MeO MeO =N o5ec, 1.25h MeO O
[
MeO

papaverine (63: 68%)

54w 68

Scheme 47:Synthesis of papaveriné3) by Pd-catalyzed cross-coupling reaction.

1.2. Efficient Nickel-catalyzed cross-coupling reactionsof benzylic zinc chloride with
aromatic halides

1.2.1. Introduction

Diarylmethanes are important subunits in organiotlsssis as well as in pharmaceutically
important molecules and therefore recently receéot of attentiorf® By example, beclobrate
(69) is a potent triglyceride- and cholesterol-lowgrsubstance (Scheme 48Moreover,N,N-
diethyl-2-[(4-phenylmethyl)phenoxy]ethanamine- hydvoride (DPPE) 70) is a specific ligand
for the anti-estrogen binding site (AEBS) and isvrin clinical phase Il trials for the treatment

of chemotherapeutically refractive canc®s.

84 (@) M. D. Charles, P. Schultz, S. L. Buchwahig. Lett. 2005 7, 3965; (b) K. W. Anderson, R. E. Tundel, T.
Ikawa, R. A. Altman, S. L. Buchwal&ngew. Chem. Int. Ed. 2008 45, 6523; (c) T. E. Barder, S. L. Buchwaldrg.
Lett. 2004 6, 2649.

8 The copper-catalyzed cross-coupling with the maigited isoquinoline67) and 3,4-dimethoxybenzyl chloride
(53w) did not provide the expected papaverié®) (

8 (a) T. A. Chappie, J. M. Humphrey, M. P. Allen, &. Estep, C. B. Fox, L. A. Lebel, S. Liras, E.Marr, F. S.
Menniti, J. Pandit, C. J. Schmidt, M. Tu, R. D. Wins, F. V. Yang,. Med. Chem. 2007, 50, 182; (b) L.-W. Hsin,
C. M. Dersch, M. H. Baumann, D. Stafford, J. R.\&0 R. B. Rothman, A. E. Jacobson, K. C. Ritéyied. Chem.
2002 45, 1321; (c) P. D. Leeson, J. C. Emmett, V. P. SkahA. Showell, R. Novelli, H. D. Prain, M. G. Beng
D. Ellis, N. J. Pearce, A. H. Underwoal,Med. Chem. 1989 32, 320 (d) J. S. Wai, M. S. Egbertson, L. S. Payne,
T. E. Fisher, M. W. Embrey, L. O. Tran, J. Y. MekanH. M. Langford, J. P. Guare, Jr, L. ZhuangEVGrey, J. P.
Vacca, M. K. Holloway, A. M. Naylor-Olsen, D. J. Hada, P. J. Felock, A. L. Wolfe, K. A. Stillmock, .VA.
Schleif, L. J. Gabryelski, S. D. Young,Med. Chem. 200Q 43, 4923.

87 (a) C. Wanner, H. Wieland, P. Schollmeyer, W. HrlHEur. J. Clin. Pharmacol. 1991, 40, 85; (b) J. Kischel, 1.
Jovel, K. Mertins, A. Zapf, M. Belle©rg. Lett. 2006 8, 19.

8 (a) M. Poirot, P. De Medina, F. Delarue, J.-Ji®éek. Klaebe, J.-C. Fay®&ioorg. Med. Chem. 200Q 8, 2007; (b)
C. C. Teo, O. L. Kon, K. Y. Sim, S. C. N3,Med. Chem. 1992 35, 1330.
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Me
Me Me
o r
Cl O O/\/ N ~ Me
(0]

beclobrate (69) DPPE (70)

Scheme 48Selected diarylmethane derivatives.

A common way for the preparation of various diamrgthane derivatives is the addition of an
organometallic species to functionalized benzaldebyfollowed by subsequent reductfSn.
Alternative ways for their formations are on theedrand transition-metal catalyzed reactions of
a benzylic organometallic reagent and an aromadlidé (pathway A, Scheme 48%.0n the
other hand, aromatic organometallics can be croapled under transition metal catalysis with
benzylic halides leading to functionalized diaryttrenes (pathway B, Scheme 49).

pathway A pathway B
@/\Met X\O Ni, Pd | AN | X Co, Pd, Cu ©/Met X/\©
+ —— +
7 X = X — X
FG'/ FG" FG'/ \FG" FG'/ FG"
Met = Zn, Mn, Mg, B, Sn Met = Zn, B, Mg
X=Cl, Br, |, OTf X =Cl, Br, I, OAc, OP(O)(OEt),

Scheme 49:Preparation of diarylmethane derivatives by varipassible cross-couplings.

Since the first reported cross-coupling reactiorbefizylic zinc bromides under Ni cataly3is
only a few examples for diarylmethane synthesisshasen reported using benzylic zinc halides
under transition metal catalysf§:

8 (a) Y.-Q. Long, X.-H. Jiang, R. Dayam, T. SanchezShoemaker, S. Sei, N. NeamatiMed. Chem. 2004 47,
2561; (b) X. Wu, A. K. Mahalingam, M. Altermaetrahedron Lett. 2005 46, 1501.

% (a) Y. Suh, J. Lee, S.-H. Kim, R. D. RiekeQrganomet. Chem. 2003 684, 20; (b) S. Y. Park, M. Kang, J. E. Yie,
J. M. Kim, I.-M. Lee,Tetrahedron Lett. 2005 46, 2849; (c) A. Flaherty, A. Trunkfield, W. Barto@yg. Lett. 2005
7, 4975; (d) A. Garcia Martinez, J. Osio Barcina, d¢l Rosario Colorado Heras, A. de Fresno Cerérg, Lett.
200Q 2, 1377.

1 (@) M. AmatoreC. Gosmini,Chem. Commun. 2008 5019; (b) C. C. Kofink, P. KnocheDrg. Lett. 2006 8, 4121;
(c) R. KuwanoM. Yokogi, Chem. Commun. 2005 5899; (d) L. Chahen, H. Doucet, M. Santefjinlett 2003 1668;
(e) S. Langle, M. Abarbri, A. Duchen@&gtrahedron Lett. 2003 44, 9255; (f) B. P. BandgaG. V. Bettigeri, J.
PhopaseTetrahedron Lett. 2004 45, 6959; (g) S. M. Nobre, A. L. Monteirdgtrahedron Lett. 2004 45, 8225.

92E. Negishi, A. O. King, N. Okukadd, Org. Chem. 1977, 42, 1821.
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1.2.2. Ni-catalyzed cross-coupling reactions with benzylic zinc chlorides using
Ni(acac)/PPhg

Nickel catalysts are significantly cheaper thangolim catalysts. Therefore, a cross-coupling
reaction of benzylic zinc chlorides of typé with aromatic bromides and chlorides of tyfiee

based on nickel as catalytic source was develdpeldefme 50).

Ni(acac), (0.5 mol%)

) X PPh; (2 mol%)
X ZnCI-LiCl = 3 g AN X
FGL%E;;F/\ nCI-LICl \[;SE}FG" FGL%—;/ | :;—FG"
THF:NMP = 4:1

54c-u 71a-e 60°C,3-16h 72a-f: 43-95%
X = Br, Cl

FG'=F, CO,R, CN, COR
FG" = CO,E, CN, CF;

Scheme 50: Nickel-catalyzed cross couplings of benzylic zihtocides with aromatic halides.

By screening of several catalytic systems, Ni(ac@rp mol%) combined with PRI2 mol%) in
a THF:NMP = 4:1 mixture at 60 °C was found to be thost efficient systefff.Using this cheap
and convenient catalytic system, it was possible simthesize various functionalized

diarylmethanes of typé2 (Table 9).

Table 9: Reaction of functionalized benzylic zinc chloridegh various aromatic and hetereo-
aromatic bromides and chlorides under Nickel cataly

Entry Benzylic zinc chloride Electrophile Time (h}f Product \(2'/‘3)"3
CO,Et CO,Et
/@AZnCI-LiCI al Q
booor » 3 | 78
N~ F N~
>4c 71a 72a
EtO,C Br: CF3 EtOZC CF3
10 ZnCI-LiCl O O
2 4 45
CF CF
54m s 8
71b 72b
NG ' CO,Et CO,Et
ZnCI-LiCl Cho NC N
3 N| 4 NI 43
Z =
>40 71a 72¢

% (a) J. E. Utas, B. Olofsson, B. AkermaBynlett 2006 1965; (b) B. Betzemeier, P. Knoch@hgew. Chem. Int.
Ed. 1997, 36, 2623; c) For a review of the activation of beizylerivatives by Pd-catalysis, see: B. LiegauH.,.J
Renaud, C. BruneaChem. Soc. Rev. 2008 37, 290.
% Screening of the catalytic systems was done byAMSchade. For further information, see: Ph.D. ithés. A.
Schade, Ludwig-Maximilians-University, Munich.
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Table 9 continued

o CN o N
. cl
54s 71c 72d
o) o)
_Br CO,Et CO,E
5 Me)J\©AZnC|-L|C| U 16 ""e 51
54t 71d 72e
Me Br Me
ZnciLicl \©\ O O
6 @ com 12 ‘ ‘ o 95
54U 7le 72f

[a] Reaction time for the Ni-catalyzed cross-congd at 60 °C. [b] Yield of isolated analyticallyrpyroduct.

Thus, the Ni-catalyzed cross coupling reaction-fiidrobenzylzinc chloride54c) with ethyl 2-
chloronicotinate 118 furnished the heterodiarylmethan2awithin 3 h in 78% yield (entry 1 of
Table 1). A smooth reaction of 3-(ethoxycarbonytipdzinc chloride $4m) with the aromatic
bromide 71b led to the trisubstituted diarylmethai@b in 45% yield (entry 2). Similarly, 3-
cyanobenzylzinc chloridéb4o) provided after Ni-catalyzed cross-coupling reactwith ethyl 2-
chloronicotinate {18 the nicotinic acid derivativé2cin 43% yield (entry 3). Furthermore, the
benzylic zinc reagenb4s reacted with 2-chlorobenzonitrilg X9 within 6 h giving the keto-
substituted diarylmethane derivai®d in 71% vyield (entry 4). In an analogous manner, 3-
acetylbenzylzinc chlorideb@t) readily provided after easily cross-coupling teatwith ethyl 3-
bromobenzoate 7(Ld) the expected produci2e in 51% yield. Finally, Ni-catalyzed cross-
coupling reaction of the secondary benzylic zirmgent54u with ethyl 4-bromobenzoat&1e

led to the diarylmethane compouri#f in 95% vyield (entry 6).

1.3.Pd-catalyzed cross-couplings of benzylic zinc chlmles with unsaturated bromides
bearing relatively acidic protons

Several bioactive substances bear relatively adidictions like amines and alcohols combined
with the benzyl moiety (Scheme 51). For example,dkadiazole amine derivatig0087 (73)
containing a dimethoxy-substituted benzylic grosmiknown library substance showing anti-

HIV activity.® Moreover, xylometazoline7d) acts as vasoconstrictdP.lts structural backbone

% G. Barreiro, J. T. Kim, C. R. W. Guimaraes, C. Bailey, R. A. Domaoal, L. Wang, K. S. Anderson, W.
Jorgensen]. Med. Chem. 2007, 50, 5324.
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is based on a benzylimidazoline containing a seagndmine function. Dapagliflozirvp) is a
new potent inhibitor for the treatment of type alwktes that contains a sugar scaffold condensed
with a functionalized diarylmethane motivé.Finally, clofoctol {6), a benzylic phenol

derivative, is widely used as antibacteffal.

Q“ﬁw [M:Q A Ve c. _ C|

S10087 (73) xylometazoline (74) dapagliflozin (75) clofoctol (76)

Scheme 51: Bioactive substances containing relatively acidm@ns and the benzyl moiety.

To construct such molecules these sensitive funstiwe usually protected. Therefore, a classical
natural product synthesis often contains severdkeption and deprotection steps which lengthen
the linear sequence and cause additional costsherdical waste. Although organoboronic acids
are common reagents for cross-coupling reactionls @rganic halides bearing sensitive acidic
functions® due to their air-stability as well as their comnial availability, there are still several
disadvantages related to these organometdbigs.is their tendency to form non-stoichiometric
admixtures of boroxines. Moreover, harsher reactionditions are required for organoboron
compounds than for the related Negishi cross-cogplt®® Recently, it was shown that benzylic
zinc reagents posses remarkably low basf@itfherefore, Pd-catalyzed cross-coupling reactions
using benzylic zinc chlorides of tyfcwith unsaturated bromides in the presence of anam

as well as an alcohol function were successfullygomed (Scheme 52).

% A. G. van Velzen, A. J. H. P. vatiel, C. Hunault, T. E. vaRiemsdijk, |. de/ries, J. MeulenbeltClin. Toxicol.
2007, 45, 290.

"W. Meng, B. A. Ellsworth, A. A. NirschP. J. McCann, M. Patel, R. N. Girotra, G. VPu,M. Sher, E. P.
Morrison, S. A. Biller, R. Zahler, P. P. Deshpanée Pullockaran, D. L. Hagan, N. Morgan, J. R. TayIM. T.
Obermeier, W. G. Humphreys, A. Khanna, L. Discerzas. Robertson, A. Wang, S. Han, J. R. WettealB.
Janovitz, O. P. Flint, J. M. Whaley, W. N. WashhukrMed. Chem. 2008 51, 1145.

% M. Del Tacca, R. Danesi, S. Senesi, M. GaspetinMussi, C. A. Angeletti,. Antimicrob. Chemother. 1987, 19,
679.

% E. Bey, S. Marchais-Oberwinkler, M. Negri, P. Kinten, A. Oster, T. Klein, A. Spadaro, R. Werth, lotscher,
B. Birk, R. W. HartmannJ. Med. Chem. 2009 52, 6724.

1% selected publication highlighting problems usingamoboronic reagents: T. Watanabe, N. MiyauraSézuki,
Synlett 1992 207.

191 G, Manolikakes, M. A. Schade, C. Munoz Hernanéteayiayr, P. KnochelQrg. Lett. 2008 10, 2765.
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Pd(OAC), (1.0 mol%)

N T R S-Phos (2.0 mol%) X s
FGg neriel g i o= ] T =
& THF, 25 °C, 1.5-24 h Z

54c-0 77a-d 78a-e: 42-87%

FG=F, CF5 OMe, CN
XH=NR, O

Scheme 52: Pd-catalyzed cross-couplings of benzylic zinc re&gevith unsaturated halides
bearing relatively acidic protons.

Thus, reaction of 4-fluorobenzylzinc chloridg€) with N-(2-bromoprop-2-en-1-yl)aniline/{a)
provided the cross-coupling produt@a within 24 h in 61% yield without prior protectiaf the
aniline function (entry 1 of Table 10). Similars(trifluoromethyl)benzylzinc chlorideség) led
to the aniline derivativ&8b in 87% yield (entry 2). Smooth Pd-catalyzed crosspling reaction
of 4-methoxybenzylzinc chloridé4i) with 4-bromo-2-chloroaniline7(7b) provided the desired
diarylmethan&8cin 77% vyield (entry 3).

Table 10: Cross-couplings of benzylic zinc reagents with masi bromo-aniline derivatives.

Entry Benzylic zinc chloride Electrophile Time (h}' Product Yield (%)°
ZnCI-LiCl Br PP N’Ph
1 . T‘/\H 24 H 61
F
54c 77a 78a
FsC ZnCI-LiCl FoC N
2 77a 8 H 87
549 78b
3 MeO ) NH, 6.25 MeO NH, 7
S4i 77b 78¢c

[a] All reactions were performed at 25 °C. [b] Meif isolated analytically pure product.

This protocol allowed also the tolerance of morneliadunctions than the amine function present
in anilines. Thus, cross-coupling reaction of tleazylic zinc reagenb4h with 4-bromophenol
(770 provided the expected product in 42% vyield (entryof Table 11). Furthermore, 3-
cyanobenzylzinc chlorideb@o) was smoothly reacted with 4-bromobenzyl alcof@ldf within

1.5 h leading to the desired prodd8ein 84% yield (entry 2).
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Table 11: Cross-couplings of benzylic zinc reagents withatiéht alcohol derivatives.

Entry  Benzylic zinc chloride® Electrophile Time (h)° Product Yield (%)°
MeO znclLicl  Br MeO O O
1 MeO \©\ 15 MeO OH 42
OH
OMe 77¢ OMe
54h 78d
NC zcrict NC
2 OH 1.5 OH 84
540 77d 78e

[a] The benzylic zinc reagent was slowly added @vperiod of 90 min using a syringe pump. [b] Alactions were
performed at 25 °C. [c] Yield of isolated analytiggure product.

1.4. Palladium-catalyzed one-pot reaction oin situ generated benzylic zinc chlorides with
aromatic bromides

1.4.1. Introduction

Transition metal-catalyzed reactions are amongnmbst important reactions for carbon-carbon
bond formatior’® Especially, palladium-catalyzed reactions have nébu numerous
applications:®? One of the main advantages for the Suzuki crosplony reaction is the use of
air and moisture stable boronic acids and theiitvdgves. On the other hand, an important
limitation of these boronic compounds is their pngpion requiring the corresponding
magnesium or lithium species which limits the preseof functional group¥?® Organozinc
reagents display much higher reactivity in Pd-gaied cross-coupling reactioh¥.Moreover,
these reagents can be prepared in the preseneasifige functional groups. A major drawback
of these organometallics is the instability towaaitsand moisturé®

In initial experiments, ethyl 4-iodobenzoats;(1.0 equiv) was treated with zinc dust (1.5 equiv)
and LiCl (1.5 equiv) in THE:®® The zinc reagerfia was obtainedvithin 10 h at 50 °C (> 98%
conversion, Scheme 53). Then, 3-bromobenzonitriléf; (0.8 equiv) and PEPPSI-IF¥
(0.5 mol %) were added. After 1.5 h of reactioneirat 25 °C, ethyl 3'-cyanobiphenyl-4-

102 3. Tsuiji,Palladium Reagents and Catalysts, Innovations in Organic Synthesis, Wiley: New York,1995

103 (@) N. MiyauraAdvances in Metal-Organic Chemistry, Vol. 6, L. S. Liebeskind, Ed., JAI: Londot998 187; (b)

S. V. Ley, A. W. ThomasAngew. Chem. Int. Ed. 2003 42, 5400; (c) A. F. Littke, G. C. FlAngew. Chem. Int. Ed.
2002 41, 4176.

104 E. Negishi,Metal-Catalyzed Cross-Coupling Reactions, 2" ed., A. de Meijere, F. Diederich, Eds., Wiley-VCH:
Weinheim,2004

195 The experiment was performed by Dr. Shohei Sask Milica Jaric and is given here for the sake of
completeness. For further information, see: diplthesis M. Jaric, LMU MunichR007.

106 pPEPPS| = pyridine-enhanced precatalyst prepatatitabilization and initiation; IPr = diisopropylehyl-
imidazolium derivative.
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carboxylate 79) was obtainedn 83% isolated yieldvithout prior removal of the excess of zinc

powder.

NC\©/ Br

Zn (1.5 equiv) CN
LiCl (1.5 equiv) _ (71f; 0.8 equiv)

EtO,C | — =" » |EtO,C Znl-LiCl EtO,C O O
THF, 50 °C, 10 h

PEPPSI-IPr (0.5 mol%)
THF,25°C,1.5h

4a 5a 79: 83%

Scheme 53:Preliminary experiments of one-pot Negishi crosgptimg reaction using the
palladium catalyst PEPPSI-IPr.

The palladium catalyst PEPPSI-IPr, introduced byadr displays a broader applicability
compared to common catalysts like Pd®PH’ This catalyst is easily synthesized and air-

stable. Moreover, shorter reaction times and higledds are generally observed.

1.4.2. PEPPSI-IPr catalyzed cross-coupling reactions of Imezylic zinc chlorides with aryl
bromides in the presence of zinc dust

The preparation of functionalized benzylic zinc arfdes of type54 and subsequent cross-
coupling reactions in a one-pot fashion facilitaies handling of these water and air-sensitive
organozinc intermediatel situ generated polyfunctional benzylic zinc reagéstsu obtained

by the addition of zinc and LiCl to the corresparglibenzylic chloridess3cu smoothly
underwent Pd(0)-catalyzed cross-coupling reactwitts aryl bromides/1b-k in the presence of
PEPPSI-IPr as catalyst (Scheme 54).

197(@) C. J. O'Brien, E. A. B. Kantchev, C. Valeni, Hadei, G. A. Chass, A. Lough, A. C. Hopkinson, Gl
Organ,Chem. Eur. J. 2006 12, 4743; (b) M. G. Organ, S. Avola, |. Dubovyk, Nadi, E. A. B. Kantchev, C. J.
O'Brien, C. ValenteEur. J. Chem. 2006 12, 4749; (c) For the use of PEPPSI-IPr, see al3av(iG. Organ, M.
Abdel-Hadi, S. Avola, I. Dubovyk, N. Hadei, E. A. Rantchev, C. J. O'Brien, M. Sayah, C. Valer@eem. Eur. J.
2008 14, 2443; (ii) M. G. Organ, M. Abdel-Hadi, S. Avold, Hadei, J. Nasielski, C. J. O'Brien, C. Valer@hem.
Eur. J. 2007, 13, 150; (iii) G. Shore, S. Morin, D. Mallik, M. G.r@an,Chem. Eur. J. 2008 14, 1351, (iv) C.
Valente, S. Baglione, D. Candito, C. J. O'Brien, ®1.0Organ Chem. Commun. 2008 735.
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| X
&
Zn (1.5-2.0 equiv) _ FG"
[ ] o uoiis20em @A ZnCHLCH | (74bk; 0,506 equiv) RS
= = = X
FG' THF,0-25°C,124h  |FG' PEPPSI-IPr (0.25 mol%) FG FG"
53¢c-u 54¢-u THF, 25 °C, 2-24 h 80a-j: 60-99%

generated in situ

FG' = F, OMe, CO,R, CN, COR FG" = CO,Et, CN, OMe, CF5

Cl

PEPPSI-IPr
(Ar = 2,6-diisopropylphenyl)

Scheme 54: Cross-couplings of benzylic zinc chlorides with ramgic bromides
using PEPPSI-IPr.

Very low catalyst loadings are sufficient (0.25 Alto perform these cross-coupling reactions.
Thus, 4-fluorobenzyl chloride58¢ was readily converted to the corresponding benzihc
intermediate54c within 24 h at 25 °C. Subsequent cross-couplingctien with methyl 2-
bromobenzoater(Lg 0.5 equiv) furnished the desired diarylmeth&aain 96% vyield (entry 1 of
Table 12). Similarly, reaction of 3,4,5-trimethoxytzyl chloride $3h) with zinc dust (1.5 equiv)
and LiCl provided the desired benzylic zinc readgtit within 4 h (entry 2). Pd-catalyzed cross-
coupling with 4-bromobenzonitrile7{h) led to the expected produ®0b in 99% yield.
Moreover, 3-(ethoxycarbonyl)- as well as 3-cyanbssiiuted benzylic chloride§3m-o were
smoothly converted to the corresponding benzylicc zthlorides54m-o which led, after Pd-
catalyzed cross-couplings with different aromatiorbides71b and 71i, to the diarylmethanes
80cd (entry 3 and 4). Several keto-functions presenbenzylic chlorides can be tolerated by
this protocol. Thus, direct zinc insertion into &apanoylbenzyl chloride5@q) provided the
desired benzylic zinc chloride intermedi&iéq. After one-pot Pd-catalyzed cross-coupling with
ethyl 3-bromobenzoateZ{d), the disubstituted diarylmetha@®e was obtained within 2 h in
92% yield (entry 5). Similarly, 3-propionylbenzyhloride 639 led to 3'-propionylbiphenyl-4-
carbonitrile 80f) in 79% yield (entry 6). In an analogous manneac8tylbenzyl chloride53t)
was smoothly converted to the corresponding zitermediateéb4t by direct zinc insertion within
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4 h. Subsequent cross-couplings in a one-pot fashwith either 1-bromo-3-
(trifluoromethyl)benzene 7(j), ethyl 4-bromobenzoate718 or 1-bromo-3-methoxybenzene
(71K) led to the desired diarylmethan&9gi in 60-94% vyield (entries 7-9). Finally, the
secondary benzylic chloride3u was easily converted to the corresponding secgniokmzylic

zinc intermediate54u which provided after Pd-catalyzed cross-couplimgction with 4-

bromobenzonitrile{1h) the expected 1,1-diarylethane deriva®@ in 94% yield (entry 10).

Table 12:PEPPSI-IPr catalyzed cross-coupling reactionroéitu generated benzylic zinc
chlorides54 with aromatic bromideg1 at 25 °C.

Entry  Benzylic chloride® Electrophile -I;'t:;]f Product Yield (%) °
CO,Me CO,Me
1 . 24 O O 96’
o F
53¢(25 °C, 24 h) 71g
MeO cl Br MeO O O
2 MeO \©\ N 15 MeO CN 9F
OMe 71h OMe
53h(25 °C, 4 h) 80b
0
EtO,C o Br
T O CUEEN e SRS
3 CF
53m (25 °C, 4 h) 71 80c 3
Br CFs NC CFs
Y OA®
4 15.5 85’
530(25 °C, 3.5 h) CFs CFs
71b 80d
0 o)
Br CO,Et CO,Et
53q (25 °C, 4 h) 71d 80e
% Br Q
5 Et)J\©/\CI \©\ , Et -
CN
. 71h CN
53s(25 °C, 4 h) 80f
0 Br. CF3 ® CF
3
7 Me)k©/\0| \© 5 Me 86°
53t(25 °C, 4 h) [ 809
0
Br\©\
Me e
8 53t ot 2 94
CO,Et

71e
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Table 12 continued

(0]
Br OMe " OMe
9 53t 5 © O O 60°
Me Me
Br
: SRS T 0 S SR
CN CN
53u(25°C, 15 h) 71h 80j

[a] Reaction conditions for the zinc insertion green using Zn (1.5 equiv), LICl (1.5 equiv). [bERction time
for the Pd-catalyzed cross-couplings at 25 °CYje]d of isolated analytically pure product. [dBCequivalents
of the electrophile were used. [e] 0.5 equivalenitsthe electrophile were used. [f] Zn (2.0 equil)Cl
(2.0 equiv) were used for the insertion step.

1.5. Preparation of diheterobenzylic zinc reagents and éterobenzylic zinc chlorides

1.5.1. Introduction

The heteromethylene group is also a present matigeveral natural products as well as in lead
structures for pharmaceuticals and therefore asresting research target is the preparation of

heterobenzylic zinc reagents (Scheme 55).

Me o} AR
0 o me. AN = OMe
| Y HN\)}N )\ |
/ O“ >N~ N OMe
Me”™ "Me KrMe

Me

Tsitsikammafuran (81) RWJ 37210 (82) isoquinolylmethyl derivative 83

Scheme 55Heterobenzylic groups present in various bioaatv@pounds.

Thus, Tsitsikammafuran8(), extracted fromDysidea sponge in a very low yield (0.8 mg,
0.0004% dry wt. of sponge), bears a heterobenfiytan scaffold"°® Furthermore, lead structure
RWJ 3720 82) is a potent antinociceptive agent which showedoad binding at thex,p

adrenergic receptoK( = 18 nM)2%° Also the isoquinolylmethyl derivat@3 was found to be a

198K, L. McPhail, D. E. A. Rivett, D. E. Lack, M. Davies-ColemariTetrahedron 200Q 56, 9391.

19(3) T. M. Ross, M. C. Jetter, M. E. McDonnell, R.Boyd, Charlene D. Connelly, R. P. Martinez, M.l&wis,

E. E. Codd, R. B. Raffa, A. B. Reitd, Med. Chem. 200Q 43, 1423; (b) R. E. Boyd, C. Royce Rasmussen, J. B.
Press, R. B. Raffa, E. E. Codd, C. D. ConnellySQLi, R. P. Martinez, M. A. Lewis, H. R. Almond, B. Reitz,J.
Med. Chem. 2001,44, 863.
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highly active inhibitor of human platelet phosptesterase 5 (PDE3Y° It structural motive is

based on a heterobenzylic isoquinoline group attéi¢b a dihydropurindione core.

1.5.2. Preparation of heterobenzylic zinc reagents and fuher reactions

Heterobenzylic zinc reagents were prepared by tWerent methods. The first possibility for the
preparation of these zinc reagents was the direetalation using the mild base
TMP,Zn- 2MgCb- 2LiCl.2> *** Therefore, methyl-substituted heteroaromatics wsmeoothly
deprotonated to furnish the heterobenzylic zingeeé84 (Scheme 56). However, to succeed in
the formation of the heterobenzylic zinc reagets itrucial that the methyl group is in activated

position to the nitrogen atom (2- or 4-positiortted pyridine ring).

TMP,Zn-2MgCl,-2LiCI (0.6 equiv) Zn-2MgCly-2LiCl
e O

N N
84

Scheme 56:General preparation of bis-heterobenzylic zinc ee¢g by direct metalation using
TMP2Zn-2MgCh- 2LiCl.

Thus, 2-chloro-4-methylpyridine8%) was easily metalated using Tk 2MgCh- 2LiCl
(0.6 equiv) within 3 h at 0 °C (Scheme 57). Transiagion of the bis-heterobenzylic zinc
reagen86 with CuCN- 2LiCl and subsequent acylation usingdoghchloride 60f) furnished the
heterocyclic keton&7 in 60%. Moreover, the zinc reage8tt was smoothly allylated with ethyl
(2-bromomethyl)acrylate56b) under Cu(l)-catalysis to provide the desired piad8 in 98%
yield.

H1ON. J. Arnold, R. ArnoldD. Beer, G. Bhalay, S. P. Collingwodsl, CraigN. DevereuxM. Dodds, A. R. Dunstan,
R. A. Fairhurst, D. Fard. D. Fullerton, A. Glers. Gomez, S. Haberthuer, J. D. |. Hatto, C. HoWeslones, T. H.
Keller, B. Leuenberger, H. E. MosérMuller, R. NaefP. A. Nicklin, D. A. Sandham, K. L. Turner, M. Fw€ed,
S. J. WatsorM. Zurini, Bioorg. Med. Chem. Lett. 2007, 17, 2376.

11 Eor metalation of picoline derivatives, see: (a)K@minski, P. Gros, Y. ForEur. J. Org. Chem. 2003 3855; (b)
F. A. Davis, J. Y. Melamed, S. S. SharkQrg. Chem. 2006 71, 8761.
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X

=

cl N~ 87:60%

1) CuCN-2LiCl (1.1 equiv)
-30 °C, 30 min

2) PhCOCI (60f, 0.7 equiv)
-781t0-20°C, 22 h

CO,Et

Zn
Me ) _ 2 Br (1.4 equiv)
N TMP,Zn-2MgCl,.2LiCl (0.6 equiv) N 55b N CO,Et
| —~ o | 7 | /
cl N THF,0°C,3.0h cl N CuCN-2LiCl (cat.) Cl N
-60t00°C,1h
85 - 88: 98%

PhCHO (61g; 0.77 equiv)
0t025°C,4.5h

OH

X
[a] Complexed LiCl and MgCl, have | _
. . - 0,
been omitted for the sake of clarity. ClI” N7 89:97%

Scheme 57:Preparation of bis[(2-chloropyridin-4-yl)methylijm 86) and subsequent reactions
with different electrophiles.

Also a direct addition of the pyridyl-substituteth@ reagent86 to benzaldehyde6(g) in the
absence of any catalyst led to the heterobenzylic alcot within 4.5 h in 97% yield.

However, the preparation of heterobenzylic zincgesds by direct metalation reaction with
TMP,Zn-2MgC)- LiCl totally fails in the case of unactivated mgtgroup such as in the case of
3-picoline™? Therefore, a zinc insertion into heterobenzy! dhkes was developed. Thus, direct
zinc insertion in the presence of LiCl into 2-clids-(chloromethyl)pyridine90a) led smoothly

to the corresponding heterobenzylic zinc chloA8dawithin 2.5 h in 78% yield (Scheme 58).

Zn (1.5 equiv)

| A cl LiCl (1.5 equiv) | A ZnCl-LiCl
—_—
Z 7
CI” N THF, 25 T, 2.5h c” N
90a 9la: 78%

Scheme 58Preparation of (6-chloropyridin-3-yl)methylzinc ohide ©14).'

12 Eor metalation of 3-picoline derivatives with stgpbases, see: (a) A. D. Miller, R. LevideOrg. Chem. 1959
24, 1364; (b) M. Albrecht, C. RietheBynlett 1995 309; (c) E. D. Kaiser, J. D. Pet§ynthesis 1975 705.
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The chloro-substituent in 2 position is absolutelycial for the formation of the heterobenzylic
zinc reagenBla Direct zinc insertion into (3-chloromethyl)pynigi led only to decomposition
probably due to direct alkylation reactions of garting material.

Moreover, reaction of 4-(chloromethyl)-3,5-dimetsgikazole 90b) with commercially available
zinc dust in the presence of LiCl provided the etpe heterobenzylic zinc reagedttb within
4.5 h in 90% vyield (Scheme 59).

Me . Me
Zn (1.5 equiv)
7 Cl LiClI (1.5 equiv 7 ZnCI-LiCl
N\)j\//\ Ltel@sequv) N\)I\
O e THF, 25 °C, 4.5 h O e
90b 91b: 90%

Scheme 59Preparation of (3,5-dimethylisoxazol-4-yl)methyizichloride 91b).*®

These new heterobenzylic zinc reagents, preparetiregt zinc insertion into the corresponding

heterobenzylic chlorides were reacted with varielestrophiles.

ZnClLicl Electrophile E
B

0,1 o 0,1
conditions
91a-c 92a-e

62-99%

Scheme 60Reaction of heterobenzylic zinc reagents with uasielectrophiles.

Thus, reaction of (6-chloropyridin-3-yl)methylzicbloride @18 with benzaldehydes(Lg) led to
the heterobenzylic alcoh®2ain 99% vyield (entry 1 of Table 13). Moreover, Qufiediated
acylation with 4-chlorobenzoyl chloridé@d) furnished the keton82b in 62% vyield (entry 2).
Similarly, (3,5-dimethylisoxazol-4-yl)methylzinc Ikdride 9Q1b) reacted with 4-chlorobenzoyl
chloride 60d) to provide the desired isoxazd@v within 27 h in 81% vyield (entry 3). Smooth
Pd-catalyzed cross-coupling reaction of (3-thiergtimyl)zinc chloride 91¢ with ethyl 4-
bromobenzoater(Le led to the diarylmethane derivati92din 65% yield (entry 4).
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Table 13: Reaction of heterobenzylic zinc reagedits-cwith various electrophiles

Heterobenzylic zinc . Temperature (°C) / Yield
Entry chloride Electrophile Time (h) Product (%)?
o}
/(Yzm-um “
H
1 i NG Oto25/17 | B OH 99
61g 92a
o Cl
2 9la /©)%' -40 t0 25 / 20 J\/j/Y@ 62
cl N ©
60d 92b
Me o Ve o]
2 ZnClI-LiCl
3 N\ij(\ . )@)kc' -40t0 25/ 27 N 81°
Me cl 0Ny
91b 60d 92¢
4 s . COLEt 18/25 s COLEt 65°

[a] Yield of isolated analytically pure product.][IStoichiometric amounts of CuCN-2LIiCl were used] [
Pd(OACc) (2.0 mol%) and S-Phos (4.0 mol%) were used.

Interestingly, reaction of (3,5-dimethylisoxazol@methylzinc chloride 910 with 3,4-dichloro-
benzaldehyde6(Lb) did not provide the expected addition productfdot, the heterobenzylic
zinc reagen®1b reacted equally to the known chemistry of allytioc reagents®as well as

115

similarly to special examples of benzylic zinc campds ™ and heterobenzylic copper

derivatives'® and provided the alcoh&Rewithin 5 h in 81% yield (Scheme 61).

Me 0 M / cl
¢/ THF,0t025°C,5h 2 Me
NG znCllicl  + H I
L | N-g’ cl
O =

Me Cl OH
(racemic)
91b (1.3 equiv) 61b (1.0 equiv) 92e: 81%; dr = 95:5

Scheme 61:Preparation of the benzylic alcoh®Pe by the direct addition of (3,5-dimethyl-
isoxazol-4-yl)methylzinc chloride9(b) to 3,4-dichlorobenzaldehydéi(b).

13 For the preparation of (3-thienylmethyl)zinc clidier ©@1¢) as well as additional reaction conditions, seeJA
Wagner, Ph.D. thesis, LMU Munich.

14H. Ren, G. Dunet, P. Mayer, P. KnochklAm. Chem. Soc. 2007, 129, 5376.

15 (a) I. Klement, K. Lennick, C. E. Tucker, P. KnethTetrahedron Lett. 1993 34, 4623; (b) V. F. Raaen, J. F.
Eastham,). Am. Chem. Soc. 196Q 82, 1349.

18 A Sidduri, M. J Rozema, P. Knochel, Org. Chem. 1993 58, 2694.
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The configuration of the alcoh@®2e was confirmed by X-ray analysis and an ORTEP ot
presented in Figure 1.

O\Iﬁo 1 e C12
/) | 02 7 L ) C12
oﬁc}} \C;®/cs\/ /C11
o1
cz / l /cg 010\ ci
N N

Figure 1: ORTEP representation of the alcobB@ke

1.6. Preparation of benzylic zinc chlorides by the diret insertion of magnesium into
benzylic chlorides in the presence of ZnGland LiCl

1.6.1. Introduction

In 2008, a mild and easy preparation of arylmagmasreagents by the direct insertion of
magnesium in the presence of LiCl into halogen-sulted aromatics was reportéd. This work
extended considerably the previously documenteggoagion and applications of Grignard
reagents’® However, there were also some limitations. Mairiythe case of an ester group
attached to an aromatic bromide, the method destréibove needed to be modified. Therefore,
stoichiometric amounts of Zn£Were added to transmetalatesitu the formed Grignard reagent
to the corresponding organozinc halide. Thus, mefhromobenzoate7Qg reacted with
magnesium powder in the presence of ZréZid LiCl to furnish the desired organozinc reagent
93awhich was subsequently acylated with the acidraddd50d providing the benzophenoi9d

in 77% vyield (Scheme 62}?

17E Piller, P. Appukkuttan, A. Gavryushin, M. Helf, Knochel Angew. Chem. Int. Ed. 2008 47, 6802.

118 @) A. Krasovskiy, P. KnochelAngew. Chem. Int. Ed. 2004 43, 3333; (b) A. Krasovskiy, B. F. Straub, P.
Knochel,Angew. Chem. Int. Ed. 2006 45, 159.

M9 M. Piller, A. Metzger, M. A. Schade, B. H. Hadg Gavryushin, P. KnocheGhem. Eur. J. 2009 15, 7192.
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o)

Cl
Mg (1.6 equiv) al

LiCl (1.5 equiv)
CO,Me ) CO,Me ) ) CO,Me
Br ZnCl, (1.0 equiv) ZnBr-MgClyLiCI (60d; 0.7 equiv)

O
THF, 0to 25 °C ©/ CuCN-2LiCl (1.0 equiv)
3h 25°C,2h Cl

719 93a 94: 77%

Scheme 62:Preparation of the ester-substituted aryl zinc eet§3a and subsequent acylation
reaction with benzoyl chloride0d.

1.6.2. Preparation of benzylic zinc chlorides by the Mg/Zi&€l,/LiCl method

This mild method was adapted for the preparatiobewizylic organometallics. Thus, reaction of
2-chlorobenzyl chloride53b) with magnesium turnings in the presence of L&Zl bnly to large
amount of Wurtz-coupling product (Scheme 63). Qrdges of the benzylic magnesium reagent
were formed. In strong contrast, by performing theertion reaction in the presence of
stoichiometric amounts of Zng£12-chlorobenzylzinc chloride- Mg&(95b) is readily formed and
the amount of homo-coupling product is below 5%.rébwer, it has to be pointed out that no

activation of the magnesium is required.

Cl
Mg (2.5 equiv)
LiCl (1.25 equiv)

©f\MX
. O
cl cl

©\/C\ICI

THF,25°C,2h
53b
without ZnCl,: <5% >95% (M= Mg; X = CI-LiCl)
with ZnCl, (1.1 equiv): 95b: 88% <5% (M=2Zn; X =CI-MgCl,-LiCl)

Scheme 63influence of ZnCi for the preparation of benzylic zinc chloridegyye 95.

In contrast to the previously described insertiogthrod into benzylic chlorides using zinc dust
and LiCl (chapter 1, p. 23 ff.), the magnesium itisa in the presence of zinc chloride and
lithium chloride allows shorter insertion times dwethe use of a more strongly reducing metal
and proceeds at a lower temperature. Thus, diiactiasertion (Zn powder; 2.0 equiv) in the
presence of LICl (2.0 equiv) into 4-fluorobenzyllaide (3¢ furnished the corresponding

benzylic zinc chlorideb4c after a reaction time of 24 h at 25 °C. On theepthand, direct
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magnesium insertion (Mg turnings; 2.5 equiv) inembylic chloride53cin the presence of Zngl
(1.1 equiv) and LiCl (1.25 equiv) in THF resulteddomplete conversion to the zinc reagést
within 45 min at 25 °C (Scheme 64).

Zn (2.0 equiv) Mg (2.5 equiv)
/@ACI LiCl (2.0 equiv) /@AZnCI LiCl (1.25 equiv) /@/\CI
_—
F THF, 25 °C F ZnCl, (1.1 equiv) F
THF, 25 °C
53¢ 54c or 95¢? 53¢

[a] = Complexed salts (LiCl and MgCl,)
have been omitted for the sake of clarity.

Scheme 64:Comparison of the preparation times for 4-fluoratydzinc chloride $4c or 959
either by the Zn/LiCl method or by the Mg/Zn@iCIl method.

Furthermore, by using 0.5 equivalents of Zn@iis alternative method allows the preparation of
bisbenzylic zinc reagents of the type (Arg4n.

Ranges of functionalized benzylic zinc reagentsyp€ 95 have been successfully prepared by
this new procedure described above, using comniigrenaailable benzylic chlorides of tyds3
and magnesium turnings in the presence of Zra®ld LiCl. These reactions proceed via
intermediate benzylic magnesium compourd which arein situ transmetalated to the
corresponding benzylic zinc chlorides of tyBB. Subsequent reactions of the functionalized
benzylic zinc reagen®5 with various electrophiles {Eprovided a range of benzylic derivatives
of type97 (Scheme 65).

cl Mg (2.5 equiv) MgCI-LiCl ZnCl-MgCls-LiCl E
LiCl (1.25 equiv) ZnCly (1.1 equiv) E* (0.7 equiv)
X _— X —_— X —_— X
| _JFG THF,025°C | _JFG in situ | _JFG | _JF6
15 min-2h
53a-v 96a-v 95a-v 97a-t

51-92%

Scheme 65: General procedure for the preparation of benzyioc chlorides by the
Mg/ZnClL/LiCl method and subsequent reactions of thesenomatallics with
common electrophiles.
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In a typical experiment, the reaction of 2-chlonobg chloride 63b) with magnesium turnings
(2.5 equiv), ZnG (1.1 equiv) and LICl (1.25 equiv) easily occurrad25 °C within 45 min
providing the benzylic zinc reager@5b. Its subsequent reaction witg-(4-fluorophenyl)
benzenesulfonothioat&{c 0.7 equiv) led to the asymmetrically substitusedfide 97a within
17 h in 86% yield (Scheme 66).

S\S//O
iors F
Mg (2.5 equiv) E /©/
LiCl (1.2 i . i
@(\CI iCl (1.25 equiv) @CZnCI-MgCIQ'UU (87¢; 0.7 equiv) @CS
ol ZnCl, (1.1 equiv) al 0t025°C, 17 h cl

THF, 25 °C, 45 min

53b 95b 97a: 86%

Scheme 66:Insertion ofmagnesium into 2-chlorobenzyl chloridg3p) in the presence of Zn&l
and LiCl and subsequent reaction with benzenesoifooate57c

Similarly, allylation of the zinc reage®6c with ethyl (2-bromomethyl)acrylat&%b) provided
the unsaturated est@rbin 77% yield (entry 1 of Table 14). As mentiondmbee, 4-fluorobenzyl
chloride 630 is readily converted to the corresponding bezziinc reagen®5c within 45 min.
Addition of 95c to 4-bromobenzaldehydéXg gave the benzylic alcohd@7c in 51% yield
(entry 2). 3-(Trifluoromethyl)benzyl chloride583g was converted to the benzylic zinc
organometallic®5g within 30 min at 25 °C. Reaction with 2-chlorobeldehyde 618 or S(3-
cyanobenzyl) benzenesulfonothioakdd) gave the benzylic alcoh@7d and, respectively, the
dibenzylic sulfide97ein 85-86% yield (entries 3 and 4). Also, electrafirbenzylic chlorides
are converted to the corresponding zinc reagentBout the formation of homo-coupling
products. Thus, 3,4,5-trimethoxybenzylzinc chlor2lgh was obtained after reaction of 3,4,5-
trimethoxybenzyl chloride53h) with magnesium, ZnGland LiCl (25 °C, 1 h). Cu(l)-mediated
treatment with 4-chlorobenzoyl chloridé0d) provided the keton87f in 56% yield (entry 5).
Moreover, 4-methoxybenzyl chlorid®3i) was readily converted to the expected benzyhc zi
chloride95i within 2 h and subsequent reaction wiB{@-bromophenyl) benzenesulfonothioate
(579 yielded the sulfid®7gin 88% (entry 6). Similarly, 2-methoxybenzyl chtte G3j) reacted
under standard conditions to provide the corresimgnidenzylic zinc chlorid®5j within 45 min.
Its copper(l)-mediated acylation with cyclopropasrdonyl chloride §0¢) as well as reaction
with 3-chlorobenzaldehyd&1q furnished the desired produ@gh-i in 89-92% yield (entries 7
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and 8). Furthermore, the direct magnesium inseiitiotne presence of Zngand LiCl into (4-
methylthio)benzyl chloride53l) led to the thioether-substituted benzylic zintodide 951 within
1.5 h reaction time at 25 °C. Subsequent additmr-bromobenzaldehydeé1e or Cu(l)-
mediated addition to 3-iodocyclohex-2-enor8k) provided the alcoho®7] as well as the
substituted cyclohex-2-enoB&k in 62-82% yield (entries 9 and 10).

Table 14:Preparation of benzylic zinc chlorid€&s by the Mg/ZnCJ/LiClI method and
their subsequent reaction with various electrieghipart 1).

Benzylic zinc . N Yield
Entry chloride? Electrophile Conditions Product (%)°
CO,Et
cl CO,Et
1 N A _Br 25/0.75 774
53b (0.75 h) 55b %
97b
Br
. LT @* s
53¢(0.75 h) F oH
97c
Cl
FgC O
s el
539(0 5 h) OH
61a 97d
Ph— |S| S F30\©/\S
4 53g(0.5 h) 25/2 86
CN
97e
Cl
MeO
MeO O
5 MeO Cl -20to25/2 O 3 56°
OMe MeO
53h (1.0 h) OMe
o7f
|| Br
e e o
25/17 S
6 MeO Q /©/\ 88
53i (2.0 h) MeO

7 CEO\M v)k -20t025/6.5 s

53j (1.0 h)
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Table 14 continued

8 53j (1.0 h) 92

0
c! H 25/4

OH
61c 97i
(0]
C oo
H
Br
6le

O Br
25/2

9 Mes/©/\ O T 82

531 (1.5 h) MeS
97j
Q O
MeS
10 531 (1.5 h) -40t00/18 O ‘ 67
|

58b 97k
[a] Reaction time for the insertion step at 25 [t .Temperature (°C) / time (h) for the reactioasvith the
electrophile. [c] Yield of isolated analytically puproduct. [d] The reaction was performed in phesence
of catalytic amounts of CuCN-2LiCl. [e] Stoichiomet amounts of CuCN-2LiCl were used. [f]
Stoichiometric amounts of CUCN- 2LiCl and TMSCI wased.

Sensitive functional groups are also tolerated bis tmethod. Thus, the reaction of 3-
(ethoxycarbonyl)benzyl chloride58m) with Mg/ZnCL/LiCl at 25 °C for 2 h provided the
corresponding zinc reagefibm. Its copper(l)-mediated reaction with 4-chlorobaylzchloride
(60d), as a representative acid chloride, led to thmzyle ketoned71in 82% yield (Scheme 67).

(0]
Ioh
Mg (2.5 equiv) al O cl
LiCl (1.25 equiv . ;
EtO,C al ( quiv) Etozc\g ZnCI-MgCl,-Licl| _ (606: 0.7 equiv) EtO,C O
ZnCl, (1.1 equiv) CuCN-2LiCl (1.0 equiv) 0
THF,25°C,2h 0to25°C,2h
53m 95m 971: 82%

Scheme 67:Insertion of magnesium into 3-(ethoxycarbonyl)benzyl chlorid&3r() in the
presence of ZnGland LiCl and subsequent Cu(l)-mediated acylateattion.

Moreover, Pd-catalyzed cross-coupling reactio®@%r with 4-iodoanisole 4c) using PEPPSI-
IPr (0.25 mol%) as catalyst led to the expectedipco97m in 78% vyield (entry 1 of Table 15).
Additionally, the zinc reagent 95m smoothly reacted with S(4-chlorophenyl)
benzenesulfonothioates{g to furnish the sulfided7n within 2 h in 67% yield (entry 2).
Analogously, a cyano function is tolerated as w&hus, 3-cyanobenzyl chlorid&3o) was
cleanly converted to the corresponding zinc rea@&otwithin 2 h at 25 °C and a copper(l)-

catalyzed allylation of the latter with ethyl (2elbnomethyl)acrylate55b) provided the desired



B. Results and Discussion 65
acrylate970 (79%; entry 3). Similarly, reaction with 3,4-diohbbenzaldehydes@b) and Cu(l)-
mediated 1,4-addition to 3-iodocyclohex-2-enob@hf led to the expected produ&@gp and97q

in 77-83% vyield (entries 4 and 5). Furthermorectiea of benzyl chloride53a) under standard
conditions led to benzylzinc chloride95g) at 25 °C in 2 h. Then, reaction wits(4-
methoxyphenyl) benzenesulfonothioate/f] provided the sufid®7r in 78% vyield (entry 6).
Analogous to the reaction times for the direct bm#diated zinc insertion into secondary
benzylic chlorideb3uv, the direct magnesium insertion in the presencgndl, and LiCl into
secondary benzylic chloridés3u-v proceeded also faster than the magnesium inseirion
benzyl chloride %3 see also Scheme 42). Thus, 1-(chloroethyl)benz&3a) or 1,1-
diphenylchloromethanes8v) are smoothly converted to the corresponding sgengnbenzylic
zinc reagent95uv within 30 min to 1 h. Subsequent reaction withrdrhobenzaldehydesle
or Cu(l)-mediated acylation with acetyl chloridi®g) yielded the adduc®7sand97tin 68-70%
yield (entries 7 and 8).

Table 15:Preparation of benzylic zinc chlorideéd5 by the Mg/ZnCy/LiClI method and
their subsequent reaction with various electreghipart 2).

Benzylic zinc . g Yield
Entry chloride? Electrophile Conditions Product (%)°
E1020\©/\C| |\©\ EtOQC
1 oMo 25/21 oM 78"
53m (2.0 h) 4c 97m
i o
Ph—S-§ /Ei:j/
o) EtO,C
2 53m (2.0 h) Q 25/2 2 \@As 67
7 cl 97n

,Et

co
NC cl CO,Et NG
55h
530(2.0 h) 976

0 Cl
Cl H NC
4 530(2.0 h) D)L 252 MC
Cl OH

O I 83
61b 97p
Q CN o)
5 530(2.0 h) d 6000/ 18 L
58b | 97q
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Table 15 continued

9 OMe
Ph—S-S
cl o) Q/
5 25/13 ©ﬂs 78
53a(2.0 h)
OMe 97r
57f
Me o Ve ‘ B
7 @CI H 2512 70
Br OH
53u(1.0 h) 6le 97s(dr = 2:1)
E 0 -20t0 10/ 24
8 ol Me)kCI Me 68°
O 60a O 0
53v (0.5 h at 0 °C) 97t

[a] Reaction time for the insertion step at 25 fit}. Temperature (°C) / time (h) for the reactioestwith the
electrophile. [c] Yield of isolated analytically muproduct. [d] The reaction is performed in thesence of
PEPPSI-IPr (0.25 mol%). [e] The reaction is perfednin the presence of catalytic amounts of CuCNZRL]
Stoichiometric amounts of CUCN- 2LiCl and TMSCI wesed. [g] Stoichiometric amounts of CUCN-2LiCl wer
used.

This in situ method (Mg, ZnGl LIiCl) also has the advantage of producing moractree
benzylic zinc reagents due to tiresitu generation of MgG| which accelerates the addition to
carbonyl derivatives. Thus, for benzylzinc chlori@ba generated by using Mg/ZnglliCl
method, the reaction with electron-rich 4-(dime#tmgino)benzaldehydes{h) led to the desired
benzylic alcohoB7uin 98% isolated yield after a reaction time ofyohlh at 25 °C (Scheme 68).
In contrast, by generatirgfta via the Zn/LiCl-method, the addition to benzaldé&glh did not
provide the expected produ@u in any appreciable amount. Only 20% conversionthaf
aldehydes1hwas observed after a reaction time of 20 h at@5 °

0]

L
NMez
NMe, O
ZnX 61h
- G

THF, 25 °C
54a or 95a 97u

X = CI-MgCly-LiCl: 1 h, 98% of 97u (isolated)
(preparation of 95a by Mg/ZnCl,/LiCl - method)

X = CI-LiCI: 20 h, < 20% conversion of 61h
(preparation of 54a by Zn/LiCl - method)

Scheme 68Differentreactivity of benzylzinc chloridés@aor 958 depending on its preparation.
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2. Lewis-Acid Promoted Additions of Functionalized Organomagnesium and
Organozinc Reagents to Carbonyl Derivatives

2.1. Addition of Grignard reagents to ketones in the preence of catalytic amounts of
LaCl3- 2LiCl

2.1.1. Introduction

As mentioned in the general introduction, Ge&lcommonly used to activate carbonyl groups
towards the attack of an organomagnesium reagentekkr, the low solubility of Cegin THF
requires the use of stoichiometric amounts of télatively expensive salt. The general problem
of insolubility of the lanthanide salt is eleganglved by using the THF-soluble complex
LaCls- 2LICl. Recently, this method was applied to thatkgsis of tryptamines and related
heterocycle$? **’However,LaCls- 2LiCl has been used so far only in stoichiomedricounts,
while a catalytic version of this reaction would bighly appreciable considering industrial

applications of this methodolod¥
2.1.2. LaCljz-2LiCl-catalyzed addition of organomagnesium reagés to enolizable ketones
A comparative study of the use of Lg@LICl in stoichiometric and catalytic amounts g@-

addition reactions of various Grignard reagentssttones was investigated (Scheme 2).

R'MgX (28a-j; 1.1 equiv)

(0] LaCl5-2LiCl (0-100 mol%) OH
R2\)J\ R3 RSJ\/R2
THF,0°Cto 25 °C R’
58c_j 15minto2h 98a-k

Scheme 69:Addition of Grignard reagent28aj) to ketoneq58¢j) in the presence of variable
amount of LaGd- 2LiCl.

Therefore, organomagnesium reagents of B3@avere added to ketones of typ8 premixed
with either 100 mol% or 30 mol% of LagRLICl or in the absence of the lanthanum salt.
Lowering the amount of Lagl2LiCl below 30 mol% often resulted in heterogerseeoeaction

mixtures. Thus, the reaction of cyclohexylmagneshnomide 28b) with the easily enolizable

1203) K. C. Nicolaou, A. Krasovskiy, U. Majumder, ¥. Trepanier, D. Y.-K. Cher, Am. Chem. Soc. 2009 131,
3690; (b) K. C. Nicolaou, A. Krasovskiy, V. E. Tager, D. Y.-K. ChenAngew. Chem. Int. Ed. 2008 47, 4217.

121 Eor the prepartion of aryl- and heteroaryl-lantimanreagents by directed ortho-metalation reactises; S. H.
Wunderlich, P. KnochelChem. Eur. J. 201Q 16, 3260.

122 The addition of Grignard reagents to imines reggiionly 10 mol% of LaGI2LiCl. An isolated example of the
addition of PhMgBr to camphor using 10 mol% of La@LiCl has also been reported (ref. 39).
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ketone58cin the presence of one equivalentlaiCls- 2LiCl provided the tertiary alcoh@Bain
93% vyield (entry 1 of Table 16). By using 30 mol%LaCls- 2LiCl a similar yield (87%) was
achieved. Without the addition of La£2LiCl only 33% of the alcoh®8awas isolated.

Table 16: Addition of Grignard reagents to different ketoimeshe presence of Lag&PRLICl.

Yield (%) 2 in the presence of variable

i amounts of LaCk- 2LiCl
Grignard Ketone Product
reagent

Entry
100 mol% 30 mol% 0 mol%

o ph_HQ Me
1 LN \)b 93 87 33
MgBr-LiCl 58¢c

28K° 98a
o OH
) Ph Ph
2 i PngjCl Ph\)K/Ph \ib/ 86 65 <3
28 58d Me Me
98b
(o] HO Me
3 ""Zeg"gdc' @ij @é 95 94 69
58e 98c
OH
o Ph Ph
4 ph._J_Ph 97 93 67
MgCl 58d
28¢' 984
CO ol 20
5 O)L“"e ‘ O 76 66 22
MgCI-LiCl
28f° 58f 98d
@) HO Me CF3
6 CFs Ej)L Me 72 72 13
MgCI-LiCl
28¢ 30 o8f
CN
0 HO
7 V)JW 77 84 87
MgCI-LiCl 58¢ CN
CO,Et
o HO Me
8 V)J\Me m 76 83 81
CO,Et
MgCI-LiCl 58h 2

28i° 98h
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Table 16 continued

OMe
I TR ol .
MgClI-LiCl e
28j°
@ o HO Me
| Ph N
10 N” “MgCI-LiCl F)hQLMe | 71 67 22
28 58c
O i
OH
é . O 59 65 75
MgCI-LiCl _
28f° 98k

[a] Yield of isolated analytlcally pure product] [gields determined byH-NMR. [c] TheGrignard reagent was
prepared by direct magnesium insertion in the pres®f LiCl according to ref.117. [d] The Grignamhgent is
commercially available. [d]he Grignard reagent was prepared by halogen-magnesxchange reaction using
i-PrMgCl- LiCl according to ref. 118. [f] Experimentgere performed by Dr. Andrei Gavryushin and aregi
here for the sake of completeness.

The reaction of the secondary alkylmagnesium reaigeérMgCl 289 with 1,3-diphenylacetone
(58d) is strongly influenced by the addition of Lg@LiCl. Thus, the alcohd8b was obtained

in 86% with stoichiometric amount of La&2LiCl and in 65% yield in the presence of 30 mol%
of LaCk-2LICl (entry 2). In the absence of LadLICl, only traces of the alcoh®8b were
obtained due to the occurrence of competing redmicind enolization reactions. With MeMgCl
(28d) which does not posseBshydrogen atoms, similar yields were obtained reigas of the
amount of the lanthanum salt added (entry 3). Raactf phenylmagnesium chlorid28g with

the enolizable ketong8d led to the desired alcoh®8din 93-97% in the presence of either 30 or
100 mol% of LaCJ- 2LICl (entry 4). Without LaGl2LiCl, a yield of 67% was achieved. In the
reaction of naphthylmagnesium chlorid8{) with the less sterically hindered cyclohexyl mgth
ketone 68f), the influence of LaGI2LiCl is relatively strong (entry 5). The uncatadyl reaction
afforded the produd@8ein 22% yield, in the presence of 30 mol% of LagLiCl a yield of 66%
was obtained. Using stoichiometric amounts of LaZLliCl led to the produc®8ein 76% yield.

In the absence of a catalyst, sterically hindereidrard reagents do not react satisfactorily with
ketones bearing acidic protons. Thus, reaction-@fifuoromethyl)phenylmagnesium chloride
(289 and acetophenon&() furnished the corresponding alcot8flg in 72% yield only in the
presence of LaGi2LiCl, independently on whether 100 or 30 mol%evesed (entry 6). A poor
yield of 98f (13%) was observed in the absence of LLICIl. Treatment of dicyclopropyl

ketone %89, cyclopropyl methyl ketone 58h) and cyclohexanone58i) with various



B. Results and Discussion 70

organomagnesium reager28h-j led to the desired alcohoB8gi in similar yields almost
regardless of the LagPRLiClamount (entries 7-9). However, the positivgluence of
LaCls- 2LICl was well demonstrated in the case of heteroatic organomagnesium compounds
such as 2-pyridylmagnesium chlorid28§& entry 10). Its reaction with ketor&8c led to the
desired alcohoB8j in 71% vyield only in the presence of La@LIiCl. Using electron-rich
arylmagnesium reager28f and enolizable ketonB&8j the alcohol98k was obtained in lower
yields with LaC}- 2LiCl than without the use of LagZRLICl (entry 11). These results show that
for the addition of electron-rich organomagnesiymcses the influence of La&£RLICI on the
product yield can be negative.

An upscaling of the above described procedure gatesfactory results (Scheme 70). The
reaction of ketoné8d either with secondary alkylmagnesium reage®t in the presence of
LaCls- 2LiCl (100 mol%) or witharyl magnesium reage@8ein the presence of Lag&PLICl (30
mol%) furnished the expected alcoh®&b and98din 83-88% yield.

RMgCI (1.1 equiv)
o LaClz-2LiCl (30-100 mol%) OH

ph._JL_pn Ph._f_Ph

THF, 0 °C to 25 °C R
58d 98b-d

R= i-Pr: (98b): 83% (100 mol% LaCls-2LiCl)
Ph: (98d): 88% (30 mol% LaCls-2LiCl)

Scheme 70:Upscaled reaction (20 mmol) of keto®8d with either i-PrMgCl (289 using
100 mol% of lanthanum salt or PhMg@Be using 30 mol% of LaGl 2LiCl.
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2.2.Addition of functionalized organozinc reagents to klehydes, ketones and carbon
dioxide under mediation of MgCh

2.2.1. Introduction

The alcohol function is an important structural imetand present in many natural products as
well as in pharmaceuticals demonstrated examplarithe racemic antitussive agent clobutinol
(99)*% and the antiparkinsonian compound trihexyphen@D, Scheme 71)?* One of the most
common approaches towards the synthesis of alcahtie addition of organometallic reagents
to ketones or aldehydés.

Me
NMeg
N
Me OH OH Q
Cl

Clobutinol (99) Trihexyphenidy! (100)

Scheme 71Presence of the alcohol function in various phaeunécals.

Organozinc reagents are versatile tools in orgayithesis.” Their intrinsic moderate reactivity
towards electrophiles can be dramatically incredsenlansmetalations with catalytic amounts of
various transition metal complex&s.However, for reactions with a ketone or an aldehgdch
transmetalations are less appropriate. In thesescas Lewis-acid complexatioff of the
carbonyl group is usually a more suitable activalfd As already mentioned in the general
introduction, the addition of organozinc reagents carbonyl derivatives has widely been
investigated. However, one major drawback is tloetfaat diorganozinc reagents have to be used
due to the higher reactivity compared to organohaaes. Moreover, these organozinc reagents
have to be used in large excess, usually one todquivalents, to achieve completeness of the

12 ¢, Bellocq, R. Wilders, J.-J. Schott, B. LouerateD, P. Boisseau, H. Le Marec, D. Escande, |. Biol.
Pharmacol. 2004 66, 1093.

124(@) T. D. Sanger, A. Bastian, J. Brunstrom, D. Bam, M. Delgado, L. Dure, D. Gaebler-Spira, A. Hpd. W.
Mink, S. Sherman-Levine, L. J. Welty, Child Neurol. 2007, 22, 530; (b) A. Giachetti, E. Giraldo, H. Ladinsky, E
MontagnaBr. J. Pharmac. 1986 89, 83.

125 Eor selected example, see: (a) J. Shi, X. Zenjldgishi,Org. Lett. 2003 5, 1825; (b) A. Gavryushin, C. Kofink,
G. Manolikakes, P. KnocheDrg. Lett. 2005 7, 4871; (c) M. C. P. Yeh, P. Knochel, L. E. Sarfigrahedron Lett.
1988 29, 3887; (d) C. K. Reddy, P. Knocheh\hgew. Chem. Int. Ed. 1996 35, 1700; (e) I. Kazmierski, M.
Bastienne, C. Gosmini, J.-M. Paris, J. PérichbrQrg. Chem. 2004 69, 936; (f) Y. Tamaru, T. Nakamura, M.
Sakaguchi, H. Ochiai, Z. Yoshidd, Chem. Soc., Chem. Commun. 1988 610; (g) D. Seebach, A. K. Beck, B.
Schmidt, Y. M. WangTetrahedron 1994 50, 4363.

26 @) J. G. Kim, P. J. Walsingew. Chem. Int. Ed. 2008 45, 4175; (b) H. Li, P. J. Walsl3, Am. Chem Soc. 2005
127, 8355; (c) S.-J. Jeon, H. Li, P. J. Wal3hAm. Chem Soc. 2005 127, 16416.

127 (@) H. Yamamoto, It.ewis-Acids in Organic Synthesis, Vol. 2, Wiley-VCH: Weinheim200Q (b) see also ref. 40.
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reactions. Furthermore, the functional group toleeais low due to the problems in the
preparation methods of these organozincs specgeprésented in chapter 1.6. (p. 58 ff), benzylic
zinc chlorides prepared by the direct insertionnmgnesium into benzylic chlorides in the
presence of zinc chloride and lithium chloride skdva significantly higher rate for the addition
to carbonyl derivatives. This result is explaineg do the presence of magnesium chloride which
is generatedh situ during the preparation of the zinc reagent (Sché®)el herefore, the addition
of functionalized aryl-, alkyl- and benzylic zineagents, prepared by the Mg/ZpCICl
method, to various carbonyl derivatives was ingeséd >

2.2.2. Addition of functionalized organozinc reagents to arbonyl derivatives

Thus, the addition of PhZnbb) prepared by the insertion of zinc dust in thespree of LiCl
into iodobenzené® to 2-chlorobenzaldehydé1a) required 72 h at 25 °C to reach completion
and afforded (2-chlorophenyl)(phenyl)methartdl) in 60% yield (Scheme 72). In contrast, by
using Phznl-MgGl (93b) prepared by the reaction of iodobenzene with rasigim turnings,
ZnCl, and LiCI!*"a complete conversion was obtained within 1 h a&t@@5The desired alcohol
101 was obtained in 88% vyield. The presence of Mg(LO equiv) is responsible for this
dramatic rate acceleratidf?’

OH
Znl 61a 61a Znl-MgCl,
- . -
©/ THF, 25 °C cl THF, 25 °C
1

5b? 01 93b?

[a] Complexed LiCl has been
omitted for the sake of clarity.

Scheme 72:Comparison of the reactivity of phenylzinc idodide5lf) and phenylzinc
iodide- MgC$ (93b) towards the addition to 2-chlorobenzaldehygiks.

128 Eor a crystal structure of PhZnBr- Mg®btained after transmetalation of PhMgBr with Zn@ke: L. Jin, C. Liu,
J. Liu, F. Hu, Y. Lan, A. S. Batsanov, J. A. K. Hand, T. B. Marder, A. LeiJ. Am. Chem. Soc. 2009 131, 16656.
129 3) For Mg-salt enhanced reactivity of organoniietaéagents, see: L. A. PaquetEncyclopedia of Reagents for
Organic Synthesis, Vol. 5, Wiley-VCH: New York,1995 (b) B. Marx, E. Henry-Basch, P. Fréd,,R. Chim. 1967,
264, 527.
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Also, by external addition of Mg to phenylzinc iodide5p) or 2-chlorobenzaldehydé1a),
the addition rate is improved. Thus, premixing a®k with phenylzinc iodidegb) followed by
the addition to 2-chlorobenzaldehyd&l§ provided the alcohol01 within 2 h in 79% vyield

(Table 17). Furthermore, addition reaction of ziragentsb to a premixed solution of Mg¢gl

with 2-chlorobenzaldehydeé51a) under similar reaction conditions led to the extpd product

within 2 h in 78% yield.

Table 17: Reaction of phenylzinc iodide5lp) with 2-chlorobenzaldehyde61a under
mediation of additionally added Mg£l

Entry Zinc reagent Additive Time (h)? Product Yield (%)®
MgCl, oH
1 Phznl-LiCl (prgm|xed with > 79
5b zinc reagent
613 Cl
101
MgC|2
2 5b (premixed with 2 101 78
aldehydesla

[a] Reaction time at 25 °C. [b] Yield of isolatedadytically pure product.

It is known that in the case of Grignard reagehe&sdounterion plays an important role towards
the addition reaction to carbonyl group¥.Therefore, the reaction described above was
investigated regarding the influence of the zinanterion. Thus, addition of phenylzinc
chloride- MgC} (93¢ to 2-chlorobenzaldehydé&1a) provided the alcohdlOlin 60 min in 86%
yield (entry 1 of Table 18). Reaction of PhZnBr-Mg(3d) with aldehyde6la led to full
conversion in 30 min and provided the expected yrbdn 93% vyield (entry 2). As already
demonstrated in Scheme 72, reaction of PhzZnl-M¢@3b) with aldehyde6la furnished the
desired alcohal01in 60 min in 88% (entry 3).

130 MgCl, was freshly prepared as OMb solution in THF by the reaction of magnesium togsi with 1,2-

dichloroethane.
131 M. T. Reetz, N. Harmat, R. Mahrwaltingew. Chem. Int. Ed. 1992, 31, 342.
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Table 18: Addition of various phenylzinc halides complexedhagCl, to
2-chlorobenzaldehyd&13).

Entry Zinc reagent Time (min)? Product Yield (%)°
OH
1 PhzZnClI-MgC}-LiCl 60 86
93c
Cl
101
PhznBr-MgC}- LiCl
2 93d 30 101 93
Phznl-MgC}- LiCl
3 93b 60 101 88

[a] Reaction time at 25 °C. [b] Yield of isolatexdadytically pure product.

Diorganozinc reagents are more reactive than omjaadhalided®? and these reagents were
found particularly well suited for addition react® to ketones. The reaction of bis(4-
methoxyphenyl)zinc 02 prepared from 4-bromoanisol@-BuLi, -78 °C, 2 h; then Zngl
(0.5 equiv)) to 4-isobutylacetophenone8k) does not proceed (25 °C, 12 h). However, the
corresponding diarylzinc reageritO3g which was prepared by direct insertion of magnesium
into 4-bromoanisole in the presence of LiCl and €jbivalents of ZnGlunderwent a smooth
addition to the keton&8k within 2 h at 25 °C and provided the tertiary &lgbl04in 78% yield
(Scheme 73). It is noteworthy that both Ar-groups tansferred to the ketone in the addition

reactiont3 134

o) o)
Q)LMe Q)LMe
i-Bu Me_ OH i-Bu
/@/22n 58k 58k @Zn'zMgX2
1L
MeO m MeO i-Bu MeO

THF, 25 °C THF, 25 °C
1022 104 103a°

12 h, 0% 2h, 78% X=Cl, Br

[a] Complexed LiCl has been
omitted for the sake of clarity.

Scheme 73:Addition of diarylzinc reagentd02 and 103ato ketone58k in the presence or
absence of MgGl

1325 Matsubara, T. lkeda, K. Oshima, K. UtimaBem. Lett. 2001, 30, 1226.
133 This experiment was performed by Sebastian Bedhtlzard is given here for the sake of completeness.
134 Eor further informations, see: Ph.D. thesis SnBardt, LMU Munich.
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Functionalized benzylic zinc reagents show the sheteviour and the addition of the ester-
substituted benzylic zinc reagesdm prepared by the insertion of zinc dust in the @nes of
LiCl into 3-(ethoxycarbonyl)benzyl chlorid®3m) to the aldehydé&1h did not proceed at 25 °C
(Scheme 74). Heating of the reaction mixture atG@or 14 h only led to a conversion of 60%.
In strong contrast, by using the same zinc reagemiplexed with MgGl (95m) and prepared by
the reaction of 3-(ethoxycarbonyl)benzyl chloridg3rf) with magnesium turnings in the
presence of ZnGland LiCl,a full conversion was achieved within 6 h at 2551@ the secondary
alcohol 105 was isolated in 80% vyield. Bisbenzylic zinc redgenof type 106
(ArCH2)2Zn-2MgC} can also be prepared, as already discussed irtechfis. and used for

efficient addition reactions.

) 0]

Me,N ‘ Me;N
ZnCl 61h 61h ZnCl-MgCl,
o e sg

THF, 25 °C THF, 25 °C
CO,Et CO,Et CO,Et

54m? 105 95m?

6h, 0% 6 h, 80%

[a] Complexed LiCl has been
omitted for the sake of clarity.

Scheme 74:Addition of benzylic zinc chlorides4m and95mto benzaldehydélh.

Finally, the functionalized alkylzinc reagelfd7a(no MgCl present) and08a(complexed with
MgCl,) showed a similar reactivity differen¢& Thus, the reaction df07awith trifluoromethyl
phenyl ketone 58l) required 48 h at 25 °C, whereas by usia a complete conversion is
reached within 6 h at 25 °C leading to the tertelophol109in 76-77% yield (Scheme 75).

135 For the preparation of alkylzinc reagents by tiea insertion of magnesium into alkyl bromidestie presence
of ZnCl, and LiCl, see: T. D. Blimke, F. M. Piller, P. Kiat, Chem. Commun. 201Q in press.
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Me Me 58 Me Me 581 Me Me
NC ZnBr — = NC - NC ZnBr-MgCl,
THF, 25 °C HO CF; THF, 25 °C
107a° 109 108a°

[a] Complexed LiCl has been
omitted for the sake of clarity.

Scheme 75Addition of cyano-substituted alkylzinc reageh@aand108ato ketoneb8I.

These MgGlmediated addition reactions have an excellenttigascope (Table 19 and Table
20). Thus, tolylzinc iodide- Mggl93¢ added at 25 °C to 4-cyanobenzaldehygis) (within 13 h
affording the alcoholl10a in 73% vyield (entry 1 of Table 19). Electron-ritieteroarylzinc
reagent93f added to benzaldehydd.i furnishing the heterobenzylic secondary alcatitdb in
98% vyield (entry 2). Interestingly, a copper-freglation reaction is possible. Thus, the electron-
rich arylzinc reagent 4-(trimethylsilyl)phenylzinbromide-MgC} (939 reacted with 4-
chlorobenzoyl chloride 60d) leading to the benzophenone derivati¥®0c in 81% yield
(entry 3). As indicated above (Scheme 73), it isaatiageous to use bisarylzinc derivative of type
103 (Ar.Zn-2MgX,- 2LiCl; 0.6 equiv; X = Cl, Br}** In these cases, both aryl-groups are
transferred in the carbonyl addition reaction. Thushe reaction of bis(2-
trifluoromethylphenyl)zinc- 2MgX (103, X = CI, Br) proceeded smoothly with the heterdizyc
aldehyde61j and furnished the pyridyl alcoh@lOd in 82 % vyield (entry 4). Furthermore, the
addition of the electron-poor zinc reagdit3c to the aldehyd&lk led to the desired alcohol
110ein 85% yield (entry 5). The addition of bis(4-metlyphenyl)zinc-2MgX (103g X = ClI,

Br) to 4-cyanoacetophenonB8m) provided the tertiary alcohdl10f within 1 h in 62% yield
(entry 6). The electron-rich arylzinc reagent bis{ghethylsilylphenyl)zinc-2MgX (103d X =

Cl, Br) reacted with 4-cyanobenzaldehy@éif and the benzhydryl alcohtllOgwas obtained in
almost quantitative yield (entry 7). Furthermorés(4N,N-dimethylaminophenyl)zinc- 2MgxX
(103e X = Cl, Br) reacted with dicyclopropyl ketong8g) in 24 h leading to the desired product
110h (74%; entry 8). Also, bis(&;N-dimethylaminophenyl)zinc-2MgX(103f, X = CI, Br)
reacted smoothly with the benzaldehygig providing the alcohol10i within 3 h reaction time

in 93% vyield (entry 9). The bis(5-pyrazolyl)zinceges103g as well as the bis(1,2-oxazol-4-
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yh)zinc compound103h added to various substituted benzaldehydes pruyidieterocyclic
secondary alcohol4d.£0j-m) in 76-91% yield (entries 10-13).

Table 19: Addition of aryl- and heteroarylzinc reagents ofpd 93 and 103 to

various carbonyl derivatives.

0
R1J\R2 HO o
FG_Ej/ZnX-MgXQ-LiCI . I:G'_|©Y22nX-MgX2-LiCI (1.0 equiv) FG_'\ R2
= A conditions A
93e-g (1.2 equiv) 103a-h (0.6 equiv) 110a-m
62-98%
FG=Me, CF5, Cl,OMe,  R'=aryl, alkyl
TMS, NMe, R2 =H, alkyl, Cl
X =Cl,Br, |
Entry Zinc reagent® gearg\?gggé Time (h)° Product \(((:Z ;(2
Znl-MgCl, P H
€ 93e NC Me CN
61i 110a
Me OH
n . M ~
2 ‘N~ ~ZnCl-MgCl, 61i 10 RN 98
Ph N e CN
93f 110b
o) o)
ZnBr-MgCl,
Cl
s el ore e o, =
™S 03 cl ™S cl
9 60d 110c
O~_H
@ZnQngz CFs OH
2
N A
4 CF3 | _ 8 m 52
N
103t 1] 110d
Zn-2MgX, ? H
2 O H 0
> cl < 10 / %
103¢ o Br cl Br o
61k 110e

O HO Me

Zn-2MgX,
2 ‘
/@)J\Me 1 “O 62
NC MeO CN

1034 58m 110f

Q

MeO
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Table 19 continued

Zn-2MgX, Q oH
2 H
e o o5
™S 103d NC ™S CN
61i 110g
/@ZH'ZMQXQ (0] oH
2
e
8 Me,N v)% 24 - 74
2
103¢€ 589 110h
Zn-2MgX, 0 oH
2 H
103F2 FsC NMe> CF,
61l 110i

zZz

(0]
Me H Ve =
3, -
10 ‘N7 73 Zn-2MgCl 0 15 *Ph 91
Ph KH

103g

0
cl H ~ Cl
11 103g 6 MeR N 80
“Ph

61c 110k
Me_  Zn-2MgX, 0 Me  OH
—2 ol ’ ) cl
12 N D e 24 N | 83
0) cl o Me Cl
103t 61b 110l
(e} Me OH
Hf Q)L " N ]
13 103 14 \ 76
NN %7 Me NIY
\=N N=/
61n 110m

[a] Complexed LiCl has been omitted for the sakeclafity. [b] All reactions are performed at 25 °C unless
otherwise indicatedkc] Isolated yield of analytically pure product] [d = Cl, Br.[e] Reaction performed at 50 °C.

Benzylic zinc reagents are similarly activated bg presence of Mg&lThus, electron-poor 4-
fluorobenzylzinc chloride-MgGl (9509 added toa-tetralone $8¢ and acetophenon&8m
providing the product&llab in 74-80% yield (entries 1 and 2 of Table 20). Btorer, addition
of zinc reagentd5c to benzophenon&8n provided the tertiary alcohalllc in 78% yield
(entry 3).  4-Methoxybenzylzinc  chloride-MgCl (95i) reacted well with 4-
(dimethylamino)benzaldehyde6ih) and 4-acetylbenzonitrile58m) furnishing the benzylic
alcohols111de in 74-99% vyield (entries 4 and 5). The ester-sulisti benzylic zinc reagent
95m smoothly added within 16 h to trifluoromethyl pleketone b8l) leading to the alcohol
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111f in 87% vyield (entry 6). Instead of using benzyl@nc chlorides of typ&5
(ArCH»ZnClI-MgCh; 1.2 equiv) it is also possible to use bisbenzziic compounds of typE06
((ArCHy)2Zn-2MgCh; 0.6 equiv). Usually, both benzylic groups arensfarred to the
electrophile. Recently, it has been reported ttah karyl N-(2-pyridylsulfonyl)aldimines and
Cu(ll)-catalysis are required for adding variousczieagent$3® However, the presence of MgCl
allows a direct addition of organozincs fé-tosylimines. Thus, the reaction of bis(3-
(ethoxycarbonyl)benzyl)zinc- 2Mg£ (1068 with the N-tosylimine 610 affords the expecteN-
tosylamine derivativd11gin 86% yield within 24 h at 25 °C (entry 7). Fwetimore, the benzylic
zinc reageniO6aadded to 4-fluorophenylmethyl ketor&8¢;, 50 °C, 24 h) leading to the tertiary
alcohol 111h in 68% vyield (entry 8). Electron-rich methoxy-stibtged benzylic zinc reagent
106breacted well with dicyclopropyl ketonB8g) within 1 h at 25 °C and furnished the benzylic
alcohol111iwithin 1 h at 25 °C in 84% yield (entry 9).

Table 20: Addition of benzylic zinc reagents of tyP®& and106to different carbonyl derivatives.

1L
1 2
(F: 0 i ) LR
N . -Li A . A .0 equiv N
Fo ganI MgCLLict _:(j/hn 2MgCl, LiCl ro :
- Z conditions F R
95¢-m (1.2 equiv) 106a-b (0.6 equiv) 11124
68-99%
FG = F, OMe, CO,Et X=0,N
R' = aryl, alkyl
R2 = alkyl, aryl, H
i a Carbonyl Time Yield
Entry Zinc reagent derivative (hy? Product 00)°
o
Jij/\chnga2 F Q OH
Lo ’ SO
95¢
S8e 111a
0 CN
Me O
? /©)L 15 O 80
HO M
95¢ NC - O Me
58m 111b

136 (@) J. Esquivias, R. G. Arrayas, J. C. Carreté&mgew. Chem. Int. Ed. 2007, 46, 9257; (b) A. Cote, A. B.
Charette,J. Am. Chem. Soc. 2008 130, 2771; (c) Using benzylic zinc reag&Bm (1.2 equiv) under similar reaction
conditions led to 90% conversion of the aldim@ie.
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Table 20 continued

Cl
0 0
3 95¢ 48 OH 78
Cl
58n

ci
111c
(0] NMeZ
/©/\ZnCI-MgCI2 Q)LH O
4 1 O 29
MeO
95i MeoN MeO OH
61h 111d
(@] CN
Me O
5 95i /<J)L 14 HO e 74
NC cg MeO
m 111e
(o]
Etozc\Ej/\ZnCI-MgCIQ CF EtO,C O
3
6 16 O o Gr. 87
95m 58 111f
Ts.
N H
Et0,C — | Et0,C N.p
7 [ ] H 24 m 86
106a 610 1119
0 F
8 1064 Me 2 HOC l 68
E HO Me
580 111h
o) OH
MeO > Zn-2MgCl, MeO
9 1 84
106D 589 111j

[a] Complexed LiCl has been omitted for the sakeclafity. [b] All reactions are performed at 25 °C unless
otherwise indicatedc] Isolated yield of analytically pure product.][d.2 Equivalents were usefg] Reaction
performed at 50 °C.

Remarkably, the presence of Mg@llows the addition of aryl and benzylic zinc reats to CQ
(1 bar) at 25 °C in THF without the need of a pdlalvent®” or transition metal catalysfs®
Thus, bis(4-methoxyphenyl)zinc-2MgX103g X = ClI, Br) added in THF to C{(1 bar, 25 °C,

137 K. Kobayashi, Y. KondoQrg. Lett. 2009 11, 2035.
138 C. S. Yeung, V. M. Dongl. Am. Chem. Soc. 2008 130, 7826.
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3 h) providing 4-methoxybenzoic acitil) in 94% vyield (Scheme 76° Furthermore, reaction
of bis(benzylzinc)- 2MgGl(1069 with CO;led to phenylacetic acid {3) in 76% yield.

@Zn-ZMgXQ-LiG CO, (1 bar) /©)(l
T, OH
MeO X = Cl, Br 25°C.3h MeO
103a 112; 94%
©/7§Zn-2MgCI2-LiCI CO, (1 bar) ©/\ﬂ/ on
25°C, 2.5h o
106¢ 113: 76%

Scheme 76:Preparation of carboxylic acidsl2 and 113 by the direct reaction of organozinc
reagentd 03 and106with carbon dioxide under mediation of MgCl

The acceleration effect of Mg£inay be rationalized by the following explanatiohke usual 6-
membered transition stat&) is modified by the presence of MgCScheme 77)*° Thus, the
organozinc regent ¥nCl which complexes the carbonyl group, is repiabg MgCh (see the
transition statd). Since MgCl is a stronger Lewis-acid than the zinc compoufzhil, a more

effective activation of the carbonyl group towatls addition of the zinc reagent is expected.

Cl Cl
Zn----- CI\ /Zn ----- CI\
3 Zn—Ry Rs Mg—Cl
\ \ )
Ryree (0] R1' """ —O0
1 F /—
R2 R2
A B

Scheme 77:Proposed MgGtmodified six membered transition state for theitioidl of R>ZnCl
to carbonyl reagents {R’CO).

The results described above showed that the addfi@n organometallic reagent to a carbonyl

group depends not only on the reactivity of theboarmetal bond, but also on a Lewis-acid

1391n a comparative experiment, performed by S. Bamihand given here for the sake of completeness,
4-MeO(GH4)ZnBr-MgCl- LiCl added to carbon dioxide within 6 h reactiong under similar reaction conditions to
reach full conversion of the zinc reagent; seel@4.

1403) C. Lambert, F. Hampel, P. von R. Schleyergew. Chem. Int. Ed. 1992 31, 1209; (b) M. Uchiyama, S.
Nakamura, T. Ohwada, M. Nakamura, E. NakamiirAm. Chem. Soc. 2004 126, 10897.



B. Results and Discussion 82

activation of this carbonyl group. Both of theséefs should be considered for predicting the

addition rates of organometallics. Similar synemeffectshave been reportéd* 14

141 E NegishiChem. Eur. J. 1999 5, 411.

142(@) Y. N. Belokon, W. Clegg, R. W. Harrington, ¥oung, M. North, Tetrahedron 2007,63, 5287; (b) Y. N.
Belokon,Pure Appl. Chem. 1992 64, 1917; (c) Y. N. Belokon, W. Clegg, R. W. Harriagt V. I. Maleev, M. North,
M. O. Pujol, D. L. Usanov, C. YounGhem. Eur. J. 2009 15, 2148.
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3. Carbocupration of Alkynes With Functionalized Diorganozinc Reagents
3.1.Introduction

The stereo- and regioselective formation of tetratituted olefins is still a challenge in the field
of organic chemistry®® One major way to obtain these substances is tieetdiarbometalation
of alkynes. Several possible products can be forasatustrated in Scheme 78.

Z-isomers E-isomers Z-isomers E-isomers
R1 :[ M R1 R3 R1 R4 R1 R3
| X X X

R2 R3 M RQ R2 R3 R4 R2

R

! Rs—M R,—X

| ’ _— + e +

Ro
R4 R3 R4 R4

M Ri_Rs Ry
X X X
Ry R,

Ry Ry Ry

Scheme 78Possible isomers obtained by carbometalation @asbf alkynes.

A range of carbometalation reactions is known todemly involving copper, magnesium, tin
and boron reagent$!* Recently, it was shown that arylzinc reagents wesed for
carbometalation reactions of alkynes in the presaficatalytic amounts of cobalt dibromitfa.

In this work the use of symmetrical alkynes is raitlescribed. In the case of unsymetrically
substituted alkynes without directing group, thdesvity of the regioisomers decreases
(Scheme 79).

143 (@) J. F. Normant, A. Alexaki§ynthesis 1981, 841; (b) O. ReiserAngew. Chem. Int. Ed. 2006 45, 2838; (c) K.
Itami, T. Nokami, Y. Ishimura, K. Mitsudo, T. Kamel. YoshidaJ. Am. Chem. Soc. 2001, 123, 11577; (d) F.
Alonso, |. P. Beletskaya, M. Yu€hem. Rev. 2004 104, 3079; (e) D. Hamels, P. M. Dansette, E. A. Hdlg8. Top,
A. Vessieres, P. Herson, G. Jaouen, D. Man8aogew. Chem. Int. Ed. 2009 48, 9124; (f) J. P. Das, H. Chechik, I.
Marek, Nat. Chem. 2009 1, 128; (g) A. Abramovitch, I. Marelgur. J. Org. Chem. 2008 4924; (h) |I. MarekChem.
Eur. J. 2008 14, 7460.

144 @) A. B. Flynn, W. W. OgilvieChem. Rev. 2007, 107, 4698; (b) C. Zhou, R. C. Laroc®rg. Lett. 2005 7, 259;
(c) H. Oda, M. Morishita, K. Fugami, H. Sano, M. $(mi, Chem. Lett. 1996 25, 811, (d) K. Itami, T. Kamei, J.
Yoshida,J. Am. Chem. Soc. 2003 125, 14670; (e) R. B. Miller, M. I. Al-Hassad, Org. Chem. 1985 50, 2121.

145 K. Murakami, H. Yorimitsu, K. OshimaDrg. Lett. 2009 11, 2373.
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PhZnl (3.0 equiv), CoBr; (5 mol%) CsHyq  CsHyy
CsHy1—=—CsH1, —
MeCN, 60 °C, 2 h, then H,O Ph H
82%
Phznl (3.0 equiv), CoBr, (5 mol%) Me CsHy4 Me CsHq4
Me———=CsH4 >:< * —
MeCN, 60 °C, 2 h, then H,O Ph H H Ph
64% (55:45)

Scheme 79Arylzincation of alkynes by cobalt catalysis.

Furthermore, functionalized organozinc reagents bantransmetalated with stoichiometric
amounts of copper(l)- salts providing highly reaetorganocopper reagents which were used for
carbometalation reactions of alkyndd44 and 115 and, after subsequent reaction of the
intermediate vinylic cuprate with different elegttoles, substituted olefin$16 and 117 were
obtained (Scheme 861°

EtCu(CN)ZnEt-2LiCl (2.0 equiv) Bu SMe
Bu—=——SMe >—
THF,0°C,1h Et H
114 then H,O (excess) 116: 92%
EtCu(CN)ZnEt-2LiCl (2.0 equiv) Ph H

Ph———H >:<_//
THF, -20 °C, 12 h Et

then allyl bromide (excess)
115 117: 92%

Scheme 80Copper(l)-mediated carbometalation reactions oiouaracetylenes with alkylzincs.

3.2.Carbocupration reaction on thioether-substituted akynes

Copper(l)-mediated carbocupration reactions usingziac reagents are less investigated
probably due to the difficulties in the preparationethod of the organozincs. Since
functionalized arylzinc reagents are readily avwdda these reagents were used in
carbometalation reactions. A comparative study padgormed showing the influence of the

preparation method of the zinc reagent on theviolig carbocupration (Scheme 81).

146(3@) S. A. Rao, P. Knochel, Am. Chem. Soc. 1991, 113, 5735; (b) A. Sidduri, P. Knochel, Am. Chem. Soc.
1992 114, 7579; (c) A. Levin, A. Basheer, |I. MareBynlett 201Q 329; (d) C. Meyer, I. Marek, G. Courtemanche, J.-
F. Normant,Tetrahedron 1994 50, 11665; (e) For a nickel-catalyzed carbozincatibalkynes, see: T. Stidemann,
P. Knochel Angew. Chem. Int. Ed. 1997, 36, 93.
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conditions Ph CuX
Ph—=—=—SMe _— —
Ph SMe
118a 119a
PhZnl-LiClI (5b; 3.0 equiv) conversion of 118a: < 10%
CuCN-2LiCl (1.5 equiv) (25 °C, 23 h)

Ph,Zn-2MgCl,-2LiCl (103i; 1.5 equiv) full conversion of 118a
CuCN-2LiClI (1.5 equiv) (25 °C, 23 h)

Scheme 81linfluence of MgC} on the carbometalation of alky@a&8awith phenylzinc reagents.

Thus, the transmetalation of PhZib( 3.0 equiv) which was prepared by the direct inser
into phenyliodide in the presence of LICI with Cu@MiCl (1.5 equiv) provided the
corresponding arylcopper reagent which did nottreéth alkynel18a(1.0 equiv). On the other
hand, the related organocopper compound prepardtebgeaction of CUCN-2LICl (1.5 equiv)
with PhZn-2MgC}- 2LICI (103i, 1.5 equiv; prepared by transmetalation using RBMg
(3.0 equiv) and ZnGlLiCl solution (1.5 equiv)) smoothly led to the yiit copper intermediate
119a within 23 h at 25 °C*" One can say that in the presence of stoichiomaimiounts of
MgCl, the carbometalation reaction occurs. Having tbigehreaction in hand, several thioether-
substituted alkynes were subjected to copper(l)iated carbometalation reaction with

functionalized diorganozinc reagents.

Table 21:Carbocupration of  thioether-substituted alkynes hwit functionalized
diarylzinc reagents.

AraZn (1.5 equiv) Ar Cux E* (3.3 equiv) Ar E

R'——=—SR? = E—— P
T 2eG epent 0 SF condiions ©o

118b-e 119b-e 120b-e
51-91%

R, R2 = Alkyl, Aryl

147 For the use of vinylic sulfides, see: (a) A. Sabad. Love,Org. Lett. 2008 10, 3941; (b) H. Kuniyasu, A.
Ohtaka, T. Nakazono, M. Kinomoto, H. KurosawaAm. Chem. Soc. 2000, 122, 2375; (c) M. Su, W. Yu, Z. Jin,
Tetrahedron Lett. 2001, 42, 3771; (d) P. A. Magriotis, T. J. Doyle, K. D. Kimetrahedron Lett. 199Q 31, 2541; (e)
S. Kanemura, A. Kondoh, H. Yorimitsu, K. Oshinggthesis 2008 2659; (f) N. TaniguchiTetrahedron 2009 65,
2782.
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Entry Zinc reagent®

Alkyne® Electrophile®

d
Product (%)

Yield

e

OMe

2
Zn-2MgX,
103a

2 103a

CO,Et

2
Zn-2MgX,
103j

CN

2
Zn-2MgX,
103k

2
Zn-2MgCl,
103i

oOMe (-40 °C, 10 min)

118b(25 °C, 6 h)

allyl bromide
118b(25 °C, 6 h)
(-60to 0 °C, 1h)

o CO,Et
MeO ——SMe /L\/Br

55b

118¢(25 °C, 24 h) (-40 t0 0 °C, 1 h)

CO,Et
I A _Br

S 55b
: OMe

118d(25 °C, 16 Hj

Hex——S

I2

ome  (-40 °C, 10 min)

118e(25 °C, 15 H

(-60 to 20 °C, 2 h)

MeO

7,
- S@—OMe 82
s

120b(E/Z = 99:1§

MeO

)

= o
Cho
120c(E/Z = 99:1§

EtO,C

O

MeO
120d(E/Z = 94:6§

CO,Et 68

NC

O SOOMG

F
120e(E/Z = 68:32§

CO,Et

51

Hex S@OMe

120f (E/Z = 96:4§

80148

[a] LiCl has been omitted for the sake of clari¥/= ClI, Br. [b] Reaction conditions for the carbawlation step.
First, the zinc reagent (1.5 equiv) was transmigdlasing CUCN- 2LiCl (1.5 equiv; -20 °C, 15 mirg} Conditions
for the reaction with the electrophile. [B]Z-ratio determined by 2D-NMR. [e] Yield of isolatedhalytically pure

product.

Thus, the reaction of bis(4-methoxyphenyl)zinc-2M@X3g 1.5 equiv; X = CI, Br) with the
alkyne118b (1.0 equiv) in the presence of CuUCN-2LiCl (1.5ieprovided the vinylic copper

148 The experiment was performed by Cora Dunst andivien here for the sake of completeness. For furthe
informations, see: Ph.D. thesis Cora Dunst, LMU Mhbn
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intermediatel19b within 6 h at 25 °C. Its subsequent reaction widine led to the vinylic
iodide 120bin 82% yieldwith an excellenE/Z-ratio determined by 2D-NMR (entry 1 of Table
21). Similarly, the copper speci@$9bwas smoothly allylated using allyl bromide prowvigithe
alkenel20cin 91% vyield (E/Z-ration = 99:1, entry 2). Furthere, the alkynd18cwas prone to
stereoselective Cu(l)-mediated carbometalation ti@acusing the ester-substituted arylzinc
reagent103) and provided the expected olefir20d after allylation reaction with ethyl (2-
bromomethyl)acrylate56b) in 68% yield (entry 3). The fluoro-substitutedefdene118d was
used in the carbometalation reaction with bis(4ropdenyl)zinc- 2MgX (104k X = CI, Br) and
the desired vinyl sulfidd20ewas obtained in 51% vyield with d&iZ-ration of 68:32 (entry 4).
Finally, the alkylacetylen&18eunderwent smooth carbometalation with bis(phemyt)aMgCh
(104K and led to the vinylic iodid&20fin 80% yield (entry 5).
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4. Transition Metal-Catalyzed Cross-Coupling Reactionsof Functionalized
Organozinc Reagents With Methylthio-Substituted N-Heterocycles

4.1.Introduction

Transformation of a carbon-sulfur bond into a carbarbon bond via transition metal catalysis
is an efficient tool in organic synthesis, as shawthe introduction. Nevertheless, organozinc
reagents are rarely used for such cross-coupli@gs. of the first documented examples for the
Pd-catalyzed reaction of heterocyclic thioetherthvarganozinc reagents was the reaction of
methylthio-substituted pyridindé21 with benzylzinc bromide in thpresence of Pd(PBjj at
elevated temperatures leading to the heterodiatjane122 (Scheme 82§#°

©/\ZnBr

| SN (1.8 equiv) | X
- Pd(PPhs), (1 mol%) -
N™ "SMe  11F 55°C.5h N
121 122: 80%

Scheme 82:Palladium-catalyzed cross-coupling reaction afayézinc bromide with
2-(methylthio)pyridine 121) at elevated temperatures.

Very recently, it was shown that the functionalizatof oxazoles was achieved by Pd- or Ni-

catalyzed reactions of methylthio-substituted of@asing arylzinc reagents (Scheme 83).

J@/anI
FsC
N (1.5 equiv) N
[ S—SMe [ \>—®70F3
o NiCL,PPhs (4 mol%) o]

60 °C, 6h

88%

Scheme 83Ni-catalyzed cross-coupling reaction for the fuotlization of oxazole derivatives.

149 (@) M. E. Angiolelli, A. L. Casalnuovo, T. P. Sg/iBynlett 200Q 905; (b) J. Srogl, W. Liu, D. Marshall, L. S.
Liebeskind,J. Am. Chem. Soc. 1999 121, 9449; (c) For Pd-catalyzed reactions of orgarmzieagents with
thioimidates, see: (i) I. Ghosh, P. A. JacabiQrg. Chem. 2002 67, 9304; (ii) W. P. Roberts, I. Ghosh, P. A. Jacobi,
Can. J. Chem. 2004 82, 279; (iii) D. M. Mans, W. H. Pearsoi, Org. Chem. 2004 69, 6419; (d) For cross-coupling
reactions of vinyl sulfides with benzylic and altykinc reagents under nickel catalysis, see: YaagB&. Toshimitsu,
S. MatsubaraSynlett 2008 2061.

150K Lee, C. M. Counceller, J. P. Stamb@rg. Lett. 2009 11, 1457.
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4.2.Palladium-catalyzed cross-coupling reactions of fustionalized organozinc reagents
with methylthio-substituted N-heterocycles

It can be difficult to introduce a halogen subsittito heterocyclic systems. Therefore, the use of
the methylthio-group for cross-couplings has a geslvantage due to the easy introduction of
this group as well as the long-time stability obtither-substituted heterocycf@s The classical
way to prepare methylthio-substituted heterocyeles condensation reactions of for example
thiourea with 1,3-dioxo systems followed by methigia of the resulting thiot>® Alternatively,
substitution reactions of a heteroaromatic halaggng NaSMe in DMF are possibi& Thus, 3-
chloro-6-methoxypyradazinel23) was converted to the expected methylthio-prodita in
69% vyield (Scheme 84).

NaSMe (1.1 equiv)

MeO ~ DMF, 25 °C, 24 h MeO ~
NN >l NN sMe
123 124a: 69%

Scheme 84: Preparation of methylthio-substituted pyridazind24a by classical
substitution reaction.

Also, by using the selective bases TMPMgCI- LICTMP,Mg- 2LiCl several heterocycles can be
easily metalated and reacted with various sulfapates in order to introduce the thioether
moiety to the heterocyclic systéth.'** Thus, 2-bromopyridine 125 was reacted with
TMPMgCI- LiCl and subsequent reaction wlBmethyl methanesulfonothioat®7b) led to the
desired methylthio-substituted pyrimidia@4bin 70% yield (Scheme 855°

151 For reactions of organomagnesium as well as omjaogeagents with tetramethylthiuram disulfideg:sg) A.
Krasovskiy, A. Gavryushin, P. Knoch&ynlett 2005 2691; (b) A. Krasovskiy, A. Gavryushin, P. KnotLHgynlett
2006 792.

152(@) D. G. Crosby, R. V. Berthold, H. E. Johnsong. Synth. 1963 43, 68; (b) L. Bethge, D. V. Jarikote, O. Seitz,
Bioorg. Med. Chem. 2008 16, 114; (c) J. E. Arguello, L. C. Schmidt, A. B. Raory,Org. Lett. 2003 5, 4133.

153 (a) L. Testaferri, M. Tiecco, M. Tingoli, D. BattpA. Massoli, Tetrahedron 1985 41, 1373; (b) B. A. Johns, K.
S. Gudmundsson, E. M. Turner, S. H. Allen, V. Amaao, J. A. Ray, G. A. Freeman, F. L. Boyd, Jr.J CSexton,
D. W. Selleseth, K. L. Creech, K. R. Moni#iioorg. Med. Chem. 2005 13, 2397.

154(a) G. C. Clososki, C. J. Rohbogner, P. KnocArgiew. Chem. Int. Ed. 2007, 46, 7681; (b) C. J. Rohbogner, G.
C. Clososki, P. KnocheAngew. Chem. Int. Ed. 2008 47, 1503; (c) G. Chauviere, B. Bouteille, B. EnanGa,de
Albuquerque, S. L. Croft, M. Dumas, J. PedeMed. Chem. 2003 46, 427.

155 M. Mosrin, P. KnochelQrg. Lett. 2008 10, 2497.
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1) TMPMgCI-LiCI (1.1 equiv) SMe

SN THF, 65 °C, 2h W
CY X
N S Br N” Br

2) MeSO,SMe (57b; 1.5 equiv)
-55t025°C,15h
125 124b: 70%

Scheme 85Preparation of methylthio-substituted pyrimidid24b) by metalation procedures.

Furthermore, the catalytic system for the Pd-catdycross-coupling of organozinc reagents
with heterocyclic thioethers was optimized to parfdhis reaction at ambient temperature. Thus,
the reaction of benzylzinc chlorid&4g) with 4-methyl-2-(thiomethyl)pyrimidinel@49 in the
absence of any catalyst led to no conversion optrenidine 124c(entry 1 of Table 22). Using
PdCL(dppe) as well as Pd(db&jp no conversion of the pyrimiding24c was observed too
(entries 2 and 3). By using PEPPSI-IPr, the crasgling took place and after 19 h only 27%
starting material was left (entry 4). The best lggitasystem for the cross-coupling of organozinc
reagents with heterocyclic thioethers was fountded®d(OAcYS-Phos (entry 5§ Additionally,

is was observed that these cross-couplings canbalgeerformed using a cheap nickel catalyst.
Thus, reaction of pyrimidind24c with benzylzinc chloride54a) using NiCh(PPh) led to full
conversion of the heterocyclic specigsicwithin 12 h at 60 °C (entry 6).

Table 22:Screening of various transition-metal-ligand systefior the cross-coupling of
methylthio-substituted pyrimiding24cwith benzylzinc chloride544).

©A2n0|-u0|

Me Me
(54a; 1.5 equiv)

g sy
catalyst (2 mol%),

N/J\SMe N”

ligand (4 mol%),
25°C,19h

124c

Entry Catalyst (2 mol%) Ligand (4 mol%) Conversion®

1 - 0

2 PdC} dppe 0

3 Pd(dba) tfp <5

4 PEPPSI-IPr - 73

5 Pd(OAc) S-Phos 93

6 NiCl, PPh 95 (60 °C, 12 h)

[a] Conversions were determined by GC-analysis dfiydrolyzed reaction
aliquot using tetradecane as internal standard.
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Having a robust catalytic system in hand, severgdmmozinc reagents were reacted with different
methylthio-substituted heterocyclic compounds. Eha@®ss-couplings were mainly performed at
25 °C (Scheme 86).

A x RZnY-LiCl (1.5 equiv) = O
S SO S N %
N~ “SMe Pd(OAc), (2.5 mol%) N” R e O e
- 0,
124a-m S Pho§ (5.0 mol%) 126a-q
25-50 °C, 1-24 h 52.95% S-Phos
X=N,S,CH
R = aryl, heteroaryl,
benzyl, alkyl
Y =Cl,Br, |

Scheme 86:Pd-catalyzed cross-coupling reactions of functiaeal organozinc reagents with
methylthio-substituted N-heterocycles.

Thus, the reaction of 4-methoxyphenylzinc iodidebc)( with  2-(methylthio)-5-
(trifluoromethyl)pyridine £24d) provided the cross-coupling prodd@6ain 95% vyield (entry 1

of Table 23). Smooth cross-coupling of the nicatinacid derivative 124e with 4-
(ethoxycarbonyl)phenylzinc iodid&d) led to the heterocyclic diest&éP6bin 67% yield (entry
2) Cyano-substituted pyrazid4f was smoothly converted to the substituted pyraz2gcin
57% yield (entry 3). Furthermore, electron-rictatines underwent the cross-coupling as well.
Thus, dimethoxy-substituted triazid@4greacted with 3-(ethoxycarbonylphenyl)zinc iodiée)
furnishing the triazind26din 84% yield (entry 4). Furthermore, Pd-catalyzeolss-coupling of
the substituted pyrazol&24h with 4-cyanophenylzinc iodide5€) led to the expected product
126ein 52% vyield (entry 5). Moreover, heterocyclic ziagents readily participate in the cross-
coupling under these conditions. Thus, 2-thienglziodide 6f) reacted with the substituted
pyridine 124i and pyridazinel24a as well as the quinazolink24j leading to the heterocyclic
biphenyls126fh in 91-95% vyields (entries 6-8).
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Table 23: Reaction of aromatic and heteroaromatic zinc reag) with methylthio-
substituted N-heterocycle$d4) under palladium catalysis.

Aryl- and
Entry heteroarylzinc Electrophile Time (h)? Product Yield (%)°
reagent
FsC
sz-um FoC ~ Y \/
N
! MeO N” SMe ! 95
5¢ 124d
Znl-LiCl @COZEt
2 EtO,C” i N” “SMe 6 67
5a 124e
Znl-LiCl N._CN
o) (X
3 MeO N” SMe ° 57
5c 124f
OMe
EtO,C Znl-LiCl Y
4 \© L0 21 84
5d MeO~ N SMe
1249
QZM.UCI N@SMe
5 NG o 15 52
5e 124h
CN
U\z I-LiCI (\/E
ni-LI
6 S N SMe 18 93
5f 124i
MeO | N
C
7 5f N.\# SMe 5 91
124a
MeO N
3
8 5f MeO 7 10 95
SMe
124

126h

[a] The reaction time for the Pd-catalyzed crossptiog is given. All reactions were performed at Z5
unless otherwise indicated. [b] Yield of isolatashitically pure product. [c] The reaction was penfied
at 50 °C.

These Pd-catalyzed cross-coupling reactions proeésd well with benzylic zinc reagents of
type 54. Thus, reaction of 3,4,5-trimethoxybenzylzinc clde (54h) with the ester-substituted
pyrimidine 124k afforded the 2-benzylated pyrimidid26i in 88% vyield (entry 1 of Table 24).
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Smooth cross-coupling reaction of the functionaizepyrimidine 124c with 3-
(ethoxycarbonyl)benzylzinc chlorid®4m) provided the heterocyclic diarylmethah26j (73%,
entry 2). Similarly, pyridazinel24a and quinazolinel24j underwent also efficient cross-
couplings with various benzylic zinc reagents bega@n ester or a nitrile group furnishing the
desired productd26k-l in 71-78% vyield (entries 3 and 4). Moreover, méthg-substituted
benzothiazole 1241 provided, after Pd-catalyzed cross-coupling reactiwith 3,4,5-
trimethoxybenzylzinc chlorideb@h), easily the desired produt6m within 16 h reaction time
in 70% yield (entry 5).

Table 24: Reaction of benzylic zinc reagents4] with methylthio-substituted N-hetero-
cycles (24) under palladium catalysis.

Entry  Benzylic zinc chloride Electrophile Time (h}' Product \(ﬂ,f)"ﬂ

COLE CO,Et

MeO .
ZnCI-LiCl OMe
1 MeO 15 Q J\l\/@[we 88

OMe | SN |
54h “
N/)\SMe N Lo OMe
124k
EO.C Me Me CO,Et
2 ZnCI-LiCl SN SN
2 | P 24 | _ 73
54m N SMe N )
124c 126j
MeO
MeO X
NC ZnCI-LiCl | N NI B
3 N. ~ 14 °N CN 71
N SMe 126k
540 124a

MeO N

EtO,C ZnCI-LiCl \?\l
4 MeO 7 1 O 78
54n

SMe
124 CO,E
126l
MeO OMe
MeO ZnCI-LiCI S o
5 )—SMe ©
MeO N 16 S 70
OMe 1241 ©: /
54h N
126m

[a] Reaction time for the Pd-catalyzed cross-caupls given. All reactions were performed at 25ui@ess
otherwise indicated. [b] Yield of isolated analgliy pure product. [c] The reaction was performe8@&°C.
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The scope of this Pd-catalyzed cross-coupling i@aetas extended to alkylzinc reagents. Thus,
3-cyanopropylzinc bromide 107b) reacted with trifluoromethyl-substituted pyridineE24d
providing the pyridind26nwithin 16 h at 25 °Gn 84% yield (Scheme 87).

FsCo NC™ " ZnBr-LiCI (107b; 1.5 equiv) FaCo
» P CN
N~ “SMe Pd(OAc), (2.5 mol%), S-Phos (5.0 mol%) N
25°C, 16 h
124d 126n: 84%

Scheme 87:Cross-coupling  reaction of 3-cyanopropylzinc  broenid (107  with
2-(methylthio)-5-(trifluoromethyl)pyridinel24d at 25 °C.

A selective bis-functionalization of pyrimidines positions 2 and 4 can be achieved. Cross-
coupling occurs first in position 2 or 4 dependargthe substrate. Thus, the reaction of 2-bromo-
4-(methylthio)pyrimiding124b) with 4-methoxybenzylzinc chloridé&4i) proceeded rapidly in
the presence of Pd(dbAj)p leading to intermediat&27a(25°C, 3 h; equation 1, Scheme 88).

ZnCI-LiCl Znl-Licl
SMe (54i: 1.02 equiv) SMe (5a: 1.50 equiv)
™) ﬁ,\, OMe ﬁN OMe COLEt
S99l
N/)\ Br  Pd(dba), (2.5 mol%) NG Pd(OAC), (2.5 mol%)
tfp (5.0 mol%) S-Phos (5.0 mol%)
124b 25°C,3h 127a 25°C,24h 1260: 67%
(over 2 steps)
ZnCI-LiCI ~ _ zoilicl
OMe OMe

(5a: 1.50 equiv)

I (54i: 1.02 equiv) o[-
%) | N OMe SN CO,Et ,
/)\ | /)\ N
N~ >sSMe Pd(dba); (2.5 mol%) N~ >SMe Pd(OAc), (2.5 mol%) N~ 7
O,Et

tfp (5.0 mol%) L - S-Phos (5.0 mol%)
25°C, 10 min 25°C,20 h
124m 127b 126p: 80%
(over 2 steps)

Scheme 88:Selective one-pot cross-couplings of 2-bromo-4-fivigtio)pyrimidine (24b)
or  4-iodo-2-(methylthio)pyrimidine  124m) using Pd(dbajtfp  and
in situ Pd(OAc)/S-Phos.
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After a direct addition of a second catalyst sys{@wm(OAc)/S-Phos) to the reaction mixture, a
second cross-coupling occurred with 4-(ethoxycayhphenylzinc iodide %a) providing the 2,4-
disubstituted pyrimidine 1260 in 68% overall vyield. Alternatively, 4-iodo-2-
(methylthio)pyrimiding124m) was converted into the regioisomeric 2,4-distbsd pyrimidine
126p by performing first a cross-coupling with 4-methbeyzylzinc chloride §4i) using
Pd(dbay/tfp (25 °C, 10 min; leading tdl27b) followed by a second cross-coupling with the
arylzinc reagenba in the presence of Pd(OA£3$-Phos (25C, 20 h). The pyrimidind26p was
obtained in 80% overall yield in this one-pot daibtoss-coupling sequence (equation 2).

This Pd-catalyzed cross-coupling reaction can lsédyescaled up. Thus, 10 mmol scale reaction
of the ester-substituted arylzinc iodifla with the methylthio-substituted pyrimidii€4cled to
the heterocyclic biphenyll26qwithin 18 h at 25 °C in 91% yield (Scheme 89).

/©/ Znl-LiCl
Me EtO,C

Me
| SN (5a; 1.5 equiv) | N
A 5
N™ "SMe Pd(OAc), (2.5 mol%) N
S-Phos (5.0 mol%) CO,Et
25°C,18h
124¢ 126q: 91%

(10 mmol scale)

Scheme 89:Cross-coupling reaction of arylzinc iodidea with pyrimidine (@249 under
palladium catalysis on a 10 mmol scale.

4.3. Nickel-catalyzed cross-coupling reactions of funatinalized organozinc reagents with
methylthio-substituted N-heterocycles

During the screening of the catalytic system far palladium catalyzed cross-coupling reaction
of methylthio-substituted N-heterocycles with orgainc reagents it was found, that this cross-
coupling can be also performed under nickel caslentry 6 of Table 22), lowering the catalyst
system cost. Therefore, an optimization of the elidatalytic systems was performedlt was
found that by using Ni(acao2.5 mol%) and DPE-Ph&¥ (5.0 mol%) a broad reaction scope
was achieved and the cross-couplings could be aigtpln 724 h at 25 °C (Scheme 90).

158 The screening of the nickel/ligand catalytic systavas performed by Laurin Melzig. For further imhation, see
also: Ph.D. thesis Laurin Melzig, LMU Munich.
157 DPE = bis(2-diphenylphosphinophenyl)ether.
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X RZnY-LiCl (1.5 equiv) A X PPh, PPhy
RN NS °
N~ “SMe Ni(acac), (2.5 mol%) N~ R
_| 0,
124c-0 ?POECP';°234(‘:’]'O mol%) 128a-1
ST 69-95% DPE-Phos
X=N,CH
R = aryl, heteroaryl,
benzyl
Y=Cl I

Scheme 90:Ni-catalyzed cross-coupling reactions of functiezed organozinc reagents with
methylthio-substituted N-heterocycles at 25 °C.

Thus, the cross-coupling proceeded well with a eaoigfunctionalized aryl- and heteroarylzinc
reagents. The reaction of ethyl 2-(methylthio)nicotinate 1249  with  3-
(ethoxycarbonyl)phenylzinc iodid&d) provided the functionalized pyridir28ain 91% vyield
(entry 1 of Table 25). Similarly, 2-(methylthio)witnonitrile (124i) reacted with 4-
(ethoxycarbonyl)phenylzinc iodid&d) leading to the heterocyclic bipheny28b in 69% yield
(entry 2). Electron-poor zinc reagertid-e bearing an ester or a nitrile function readily tedc
with 4-methyl-2-(methylthio)pyrimidind24cleading to the functionalized pyrimidin&28cd in
73-95% vyield (entries 3 and 4). Furthermore, 3qeylcarbonyl)phenylzinc iodides¢l) reacted
smoothly with the 2-(methylthio)pyrazindZ4n) and 6,7-dimethoxy-4-(methylthio)quinazoline
(124)) leading to the polyfunctional heterocyclE88eand 128fin 74-80% yield (entries 5 and
6). The reaction of trifluoromethyl-substitutedazine 1240 with 2-thienylzinc iodide %f) gave
the triazinel28gin 94% vyield (entry 7). Using this method, it wasspible to prepare the anti-
inflammatory agertt® 128h in 87% yield by cross-coupling reaction of the &;dubstituted
triazine124gwith the heteroarylzinc reagebt (entry 8). The reaction protocol was also applied
to benzylic zinc reagents of tyded. Thus, the 2-(methylthio)-5-(trifluoromethyl)-sutbsted
pyridine 124d reacted with 3-(ethoxycarbonyl)benzylzinc chlor{8@m) furnishing the expected
product128iin 74% yield (entry 9). Similarly, the pyridirf24i and the pyrimidinel24c were
cross-coupled with benzylic zinc reagents bearinghl@ro-substituent as well as a sensitive

nitrile group leading to the heterocyclic diarylimahesl28j-k in 69-94% vyield (entries 10-11).

%8 (@) R. Menicagli, S. Samaritani, G. Signore, Fghfd, L. Dalla Via, J. Med. Chem. 2004 47, 4649; (b) C.
Dianzani, M. Collino, M. Gallicchio, S. Samarita®, Signore, R. Menicagli, R. Fantozdi, Pharm. Pharmacol.
2006 58, 219; (c) S. Samaritani, G. Signore, C. MalangaylBnicagli, Tetrahedron 2005 61, 4475.
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Table 25:Reaction of aromatic, heteroaromatic and benzyhc zeagentsY and 54) with
methylthio-substituted N-heterocyclel?é) under nickel catalysis.

Entry Zinc reagent Electrophile Time (h)? Product \((0'/3(3
CO,Et
EtO,C Znl-LiCl - CO2Et | X 2
1 @ Ej: 14 N COREt o1
5 N” “SMe
124e
128a
CN
| N
2 EtO,C N7 “SMe 18 69
5a 124i CO,Et
128b
Me
Me
EtO,C Znl-LiCl | SN
3 \©/ | /)N\ 12 7 CO,E 95
5d N~ “SMe
124c
128c
Me
Znl-Licl ﬁN
4 NC/©/ 124c 18 N/)\©\ 73
5e N
128d
N
EtO,C Znl-LiCl N [ N
[ j\ = CO,Et
° N7 “sMe 14 N 74
5d 124n
MeO N
EtO,C Znl-LiCl N
6 @ MeO N 18 80
5d SMe
124
S s
S
5 Fsc/k\N/kSMe
1240
OMe
NN
NZ>N |
8 5f ~ | 16 )\ = S 87
MeO)\NJ\SMe MeO™ "N™ ™y P
1249 128h
CO,Et
F,C
EtOQC\©/\ZnCI_LiCI 3 ﬁ F\C “
° N” SMe 24 |N/ 74
54m 124d
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Table 25 continued

CN
@E\chmm | NN | D
/
10 (5:|4 X N/ SMe 24 N ) 69
124i 128]
NG Me Me CN
ZnCI-LiCI SN SN
11 | Y 7 I 94
~ /
540 N SMe N
124c 128k

[a] Reaction time for the Ni-catalyzed cross-conglireaction at 25 °C is given. [b] Yield of isoldte
analytically pure product.

Finally, this Ni-catalyzed cross-coupling reactiomas scaled up. Thus, reaction of 4-
methoxybenzylzinc chloride 58i) with the 2-(methylthio)pyrazinel24n provided the
heterocyclic diarylmethanE28I within 15 h at 25 °C in 84% vyield.

/©/\ZnCI-LiCI
MeO

(54i; 1.5 equiv)

Ni(acac), (2.5 mol%)
DPE-Phos (5.0 mol%)

N
N
(L
N~ “SMe
25°C,15h

124n 1281: 84%
(10 mmol scale)

Scheme 91:Cross-coupling reaction of 4-methoxybenzylzinc dde ©G4i) with
2-(methylthio)pyrazinel24n) under nickel catalysis on a 10 mmol scale.
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5. Summary and Outlook

This work was focused on the preparations and egpins of benzylic zinc chlorides.
Furthermore, the Lewis acid promoted additionsrggnomagnesium and organozinc reagents to
carbonyl derivatives were investigated. Additiopalh novel Cu(l)-mediated carbometalation
reaction using functionalized arylzinc reagents waseloped. Finally, mild and convenient
transition metal-catalyzed cross-couplings of ttheesubstituted N-heterocycles with
organozinc compounds were studied.

5.1. Preparation and applications of benzylic zinc chloides

In summary, the LiCl-mediated direct insertions afmmercially available zinc dust into

benzylic chlorides under mild conditions was exetbr The desired highly functionalized

benzylic zinc chlorides are easily accessible ineignt yields and are normally storable over

months without significant loss of reactivity (Some 92).

Zn (1.5-2.0 equiv),

| A LiCl (1.5-2.0 equiv) | Xy “znClLiCl
// //

FG THF, 0-25 °C, 1-24 h FG
53a-v 54a-v
up to 99%

FG=ClI, F, Br, |, CF3, OMe,
SMe, CO4R, CN, COR

Br\©/\ZnCI-LiCI @C znorticl €0 ZnCI-LiCl <OKI\ZnCI-LiCI
[ MeO 0 cl

OMe
5de: 94% 54f: 99% 54h: 78% 54k: 93%
(25°C, 4 h) (25 °C, 2 h) (25°C, 3.5 h) (25 °C, 1 h)
o) Me
Etozc\©/\ZnCl-LiCI NC\©/\ZnCI-LiCI Et)k©/\ZnCI-LiCI @zm-um
54m: 85% 540: 93% 54s: 72% 54u: 85%
(25°C, 3.5 h) (25°C, 3 h) (25°C, 3 h) (25°C, 11 h)

Scheme 92Preparation of functionalized benzylic zinc chlesd
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These novel benzylic zinc reagents were reactedh warious electrophiles leading to
polyfunctionalized products (Scheme 93). Moreoitevas possible to establish an easy access to

phenylacetic acid derivative as well as the alkhfmpaverine (Scheme 93).

s N ZnCHLCH  electrophile Ly F
FG P —’ FGNF

conditions
54a-v 56a-as

FG =Cl, F, Br, I, CFs, CO,R,
CN, COR, OMe, SMe

Br CN o} 0 O c
EtO,C O @\/é cl
OR! J T

56u: 99% 56x: 91% 56ad: 97% 56ai: 95%
MeO N
MeO N
Cl © MeO
62a: 81% papaverine (63): 68%

Scheme 93: Reaction of benzylic zinc chlorides with differeelectrophiles leading to
polyfunctionalized products.

Furthermore, benzylic zinc reagents were prone ftecatblyzed cross-coupling reactions

providing the important class of diarylmethaneshue 94).

Ni(acac), (0.5 mol%)
. X PPh; (2 mol%)
X . =z 3 © X X
. @/\Zn(}l LiCl + \©_:FG" - O/\E;_FG"
THF:NMP = 4:1
54c-u 71a-e 60°C,3-16 h 72a-f: 43-95%
X = Br, Cl
FG'=F, CO,R, CN, COR
FG" = CO,Et, CN, CF5
CO,Et 0 CN Me
[ Et
N~
F CO,Et
72a: 78% 72d: 71% 72f: 95%

Scheme 94: Ni-catalyzed cross-couplings of benzylic zinc cides with aromatic halides.
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Additionally, benzylic zinc chlorides underwent smio Pd-catalyzed cross-couplings with
unsaturated bromides bearing free amino or alcdhnttion without previous protections

(Scheme 95).
Pd(OAC), (1.0 mol%)

AN T B S-Phos (2.0 mol%) B 2
FG:_(j/\ZnCI Lcl Br /\/ s Fofi h
= THF, 25 °C, 1.5-24 h Z
54c-0 77a-d 78a-e: 42-87%
FG=F, CF; OMe, CN
XH=NR, O
H
m MeO NH, OH
78b: 87% 78¢: 77% 78e: 84%

Scheme 95:Pd-catalyzed cross-couplings of benzylic zinc reégevith unsaturated bromides
bearing acidic protons.

The preparation of benzylic zinc chlorides and rthiinsition metal-catalyzed cross-couplings
were modified to a one-pot procedure providing asyeaccess to diarylmethanes without the

handling of air and moisture sensitive zinc comisun

| X
Ve
N Zn (1.5-2.0 equiv) N _ FG N N
| Cl  LiCl (1.5-2.0 equiv) | ZnCl-LiCl (71b-k; 0.5-0.6 equiv) | |
& & & X
FG' THF, 0-25 °C, 1-24 h FG' PEPPSI-IPr (0.25 mol%) FG' FG"
53c-u 54c-u THF, 25 °C, 2-24 h 80a-j: 60-99%
FG'=F, OMe, CO,R, CN, COR generated in situ FG" = CO,Et, CN, OMe, CF,
0 o 0 CO,Me
EtO BuCOgEt Et
CFs CN F
80c: 94% 80e: 92% 80f: 79% 80a: 96%

Scheme 96:Pd-catalyzed cross-couplings @ situ generated benzylic zinc chloride with
aromatic bromides in the presence of residual durst.

Furthermore, heterobenzylic zinc reagents were goegp by metalation reactions of methyl-
substituted heterocycles using TMR- 2MgCb- 2LiCl (Scheme 97).
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CO,Et

Zn
Me ' . 2 }\/Br (1.4 equiv)
N TMP,Zn-2MgCl,.2LiCl (0.6 equiv) N 55b X COqEt
| _ N | Pz | =
cl N THF,0°C,3.0h cl N CuCN-2LiCl (cat.) cl N
60t00°C,1h
85 g6l 88: 98%

[a] Complexed LiCl and MgCl, have
been omitted for the sake of clarity.

Scheme 97Application of TMRZn-2MgCl- 2LiCl to prepare heterobenzylic zinc reagents.

Alternatively, the direct insertion of zinc dustanheterobenzylic chlorides in the presence of
LiCl was examined giving an access to heterobeozihc reagent as exemplarily shown in
Scheme 98. Analogously, these zinc reagents weatead with different electrophiles providing
polyfunctional heterocyclic products.

Zn (1.5 equiv)

| Xl LiCl (1.5 equiv) /(Yzm-ua
B
cI” N -

\

THF,25°C,2.5h Cl N
90a 91a: 78%
Cl

Me

N 7
P o "ol o L
CI” °N Me CO,Et

92a: 99% 92c: 81% 92d: 65%

Scheme 98: Preparation of heterobenzylic zinc reagents by ctlireinc insertion into
heterobenzylic chlorides and reactions thereof wattious electrophiles.

Furthermore, benzylic zinc chlorides were smootplepared by the direct insertion of
magnesium into benzylic chlorides in the presericgn€l, and LiCl. Their subsequent reactions
with different electrophiles led to highly functialized products (Scheme 99).
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Mg (2.5 equiv)

Cl ZnCl, (1.1 equiv) ZnCl-MgCl,-LiCl E
LiCl (1.25 equiv) E* (0.7 equiv)
| A s R | A s —_— | A s
JFG THF, 0-25°C JF oF
= 15min-2h = 7
53a-v 95a-v 97a-t
51-92%
Cl
OMe
Y U
O OH (e} OMe
97d: 85% 97h: 89% 97m: 78%
cl O
M
NC ‘ al e
OH O
97p: 83% 97t: 68%

Scheme 99:Preparation of benzylic zinc chlorides by Mg ingertinto benzylic chlorides in the
presence of ZnGILiCl and subsequent reactions with various elgittiies.

The previously described methods can be extendd#tketpreparation of benzylic aluminum and
benzylic manganese reagents by direct metal inoseds well as by the insertion of magnesium
into benzylic chlorides in the presence of the esponding metal salt which should provide new

benzylic organometallics having different chemigadperties.

5.2.Lewis-acid promoted additions of functionalized orgnomagnesium and organozinc
reagents to carbonyl derivatives

It was demonstrated that by using the THF-solublemex LaC}-2LiCl in a catalytic fashion
organomagnesium reagents easily add to enolizaitnés to provide the expected alcohols in

similar yields to when using LagPLiCl in stoichiometric amounts (Scheme 100).
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c-HexMgBr-LiCl (28b; 1.1 equiv)

(0] Lac|32|_|c| (0_100 mol%) HO Me Y|eId Wit.hOUt LaCI32L|CI 33% )
Ph\)J\M Ph Yield using 30 mol% of LaCl;-2LiCl: 87%
e o . Yield using 100 mol% of LaCls-2LiCl: 93%
58¢c 25°C, 15 min 98a 9 ° 3 °
O . .
MeMgCl (28d; 1.1 equiv) HO Me Yield without LaCly-2LiCI: 69%
LaCls-2LiCl (0-100 mol%) Yield using 30 moi% of LaCly-2LiCl: 94%
Yield using 100 mol% of LaCl3-2LiCl: 95%
25°C,2h
58e 98c
o PhMgClI (28e; 1.1 equiv) v(})i/
LaClz-2LiCl (0-100 mol%) Ph Ph Yield without LaCl-2LiCl: 67%
Ph Ph 3 ield without LaCls-2Li o
QJV Ph Yield using 30 mol% of LaCly-2LiCl: 93%
58d 25°C,1h 98d Yield using 100 mol% of LaClz-2LiCl: 97%

Scheme 100:Addition of Grignard reagents to enolizable ketonies the presence of
catalytic amounts of LagI2LiCl.

Furthermore, it was demonstrated that functiondlibeganozinc reagents add to aldehydes,
ketones and even carbon dioxide in the presensemhiometric amounts of Mggunder mild
conditions (Scheme 101).

1L
2 3
R R R2 YH
(1.0 equiv) VR3
FG-R'ZnX-MgX,'LiCl or FG-R",Zn-2MgX,-LiCl _— FG-R'
25-50 °C
) ) 1-48 h
93e-g (1.2 equiv), 103a-h (0.6 equiv), 110a-m (62-98%)
95¢c-m (1.2 equiv) 111a-b (0.6 equiv) 111a-i (68-99%)
FG =Me, CF;, Cl, OMe, R'=aryl, alkyl, benzyl
TMS, NMe, R2 = aryl, alkyl
X=Cl,Br, | R%=H, alkyl
Y=0,N
OH OH OH OH
joposion s O% w0
~N
cl Br o ™S CN Me,N N""pp CN
110e: 85% 110g: 95% 110h: 74% 110j: 98%
M OH
: E < N.
1 1) Towt O
o} Me Cl Ph (0]
1101: 83% 111a: 74% 111g: 86% 113: 76%

Scheme 101:Addition of functionalized organozinc reagents tarbonyl derivatives in the
presence of stoichiometric amounts of MgCl
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The catalytic use of Lagl2LiCl for the addition of a Grignard reagent tketone can be
extended to a catalytic use of the lanthanum saltdductions of 1,4-systems having a positive
influence for industrial processes. Furthermore, dddition of zinc organometallics to carbonyl
derivatives should be performed in the presencganibus magnesium or aluminum salts to
change the reaction scope. Also the addition cdmmoginc reagents to carbonyl derivatives in the
presence of a chiral ligand should be investigaMdreover, this method can find important
applications in the pharmaceutical and agrochemiwilstry due to the high functional group
tolerance of the utilized zinc reagents which isnmally not given for the corresponding Grignard

compounds.

5.3. Carbocupration of alkynes with functionalized diorganozinc reagents
A novel Cu(l)-mediated carbometalation reaction vaEveloped using thioether-substituted
alkynes and functionalized diarylzinc reagents € ok 102). The reaction proceeds in very good

stereo- and regioselectivity providing tetrasubsgitl olefins in good yields.

AroZn (1.5 equiv) Ar CuX E* (3.3 equiv) Ar, E
R1%SR2 H P — H
CUuCN-2LiCl (1.5 equiv) R" SR2 conditions R'" SR?
THF, 25 °C, 6-24 h
118b-e 119b-e 120b-e
51-91%
R' R2= Alkyl, Aryl
MeO MeQ EtO,C

) D W,
— _ —{  CO,Et
SOOMe SOOMe SMe
Ve Wai W,

120b: 82% 120c: 91% 120d: 68%
(E/Z =99:1) (E/Z =99:1) (E/Z = 94:6)

Scheme 102Carbometalation reactions on thioether-substitatkgnes.

As an extension of this method the use of benzjic reagents as well as various alkynes

bearing directing groups should be possible.
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5.4. Transition metal-catalyzed cross-coupling reactionsof functionalized organozinc
reagents with methylthio-substituted N-heterocycles

A mild Pd-catalyzed cross-coupling reaction of oxganc reagents with N-heterocycles was
studied. Numerous methylthio-substituted N-hetect&sy were used as electrophiles and the

coupling products were generally obtained in ganexcellent yields (Scheme 103).

> RZnY-LiCl (1.5 equiv) e
el I el I
N X
N~ >SMe Pd(OAC), (2.5 mol%) N" R
_ o,
124a-m S Pho§ (5.0 mol%) 126a-q
25-50 °C, 1-24 h 52-95%
X=N,S, CH
R = aryl, heteroaryl,
benzyl, alkyl
Y =Cl,Br, |
OMe
FsC
8 ~ N)\N CN MeO
| N7 PNy CO,Et | B
~
MeO~™ "N N \ S N‘N/ CN
OMe /
126a: 95% 126d: 84% 126f: 93% 126k: 71%

MeO N FsC | N
MeO Nig CN

1261: 78% 126n: 84%

CO,Et

Scheme 103Pd-catalyzed cross-couplings of organozinc reageititssheterocyclic thioethers.

Furthermore, selective one-pot cross-coupling piocs were developed.
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[
@ ﬁN
N/)\SM

124m

ZnCI-LiCl

(54i: 1.02 equiv) SMe

Pd(dba), (2.5 mol%) N/
tfp (5.0 mol%)
25°C,3h 127a
ZnClI-LiCl _ B
OMe
(54i: 1.02 equiv)
OMe NN
|
Pd(dba), (2.5 mol%) N/)\SMe
tfp (5.0 mol%) L _
25 °C, 10 min
127b

Znl-LiCl

(5a: 1.50 equiv)
CO,Et

Pd(OAc), (2.5 mol%)
S-Phos (5.0 mol%)
25°C,24h

Znl-LiCl

(5a: 1.50 equiv)
CO,Et

Pd(OAc), (2.5 mol%)
S-Phos (5.0 mol%)
25°C,20h

1260: 67%
(over 2 steps)

OMe

126p: 80%
(over 2 steps)

Scheme 104:Selective Pd-catalyzed cross-coupling reactions ogjanozinc halides with
pyrimidines bearing a halogen and a thioether gulesit.

The method was extended to Nickel-catalyzed crosplong reactions of functionalized
organozinc reagents with methylthio-substituted dtelocycles. All reactions could be

performed at ambient temperature. Moreover, theti@a scope is similar to the Pd-catalyzed
cross-couplings (Scheme 105).

> RZnY:LiCl (1.5 equiv) > %
S ol
N _ X
N~ ~SMe Ni(acac), (2.5 mol%) N~ 'R
124c-0 DPE-Phos (5.0 mol%) 128a-k
25°C, 7-24 h 69-95%
X=N,CH
R = aryl, heteroaryl,
benzyl
Y=Cl| I
Me S s
AN CO,Et ﬁN SN COQEt
| COLEt \ L FaCo
N FaCT N, »
CN / N
128a: 91% 128d: 73% 1289: 94% 128i: 74%

Scheme 105Ni-catalyzed cross-couplings of organozinc reagerith heterocyclic thioethers.
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These methods allow smooth cross-couplings of figinhctionalized organozinc reagents with
stable thioether-substituted N-heterocycles ang taa find several applications in fields where

the cross-couplings of halogen-substituted hetelesyare not possible due to the instability of

the starting materials as well as the difficulire$heir preparations.
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1. General Considerations
All reactions were carried out with magnetic stigiand, if the reagents were air or moisture
sensitive, in flame-dried glassware under argoming§gs which were used to transfer reagents

and solvents were purged with argon prior to use.

1.1.Solvents

Solvents were dried according to standard procedbse distillation over drying agents and

stored under argon.

CHCI, was predried over Cagfand distilled from Cak

DMF was heated to reflux for 14 h over Gakhd distilled from CaH

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

distilled.

Et,O was predried over calcium hydride and dried with $blvent purification system SPS-400-
2 from INNOVATIVE TECHNOLOGIES INC.

NMP was heated to reflux for 14 h over Gakhd distilled from CaH

Pyridine was dried over KOH and distilled

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

Toluenewas predried over Cagand distilled from Capd

Triethylamine was dried over KOH and distilled

Solvents for column chromatography were distilleidpto use.

1.2.Reagents
All reagents were obtained from commercial sousres used without further purification unless
otherwise stated. Liquid aldehydes and acid chésrisvere distilled prior to use. Following

compounds were prepared according to literaturecquhares: 3-(ethoxycarbonyl)benzyl

63a 159

chloride, sulfonothioate derivatives, 2-iodocyclohex-2-en-1-one,
160

ethyl (2-bromomethyl)- acrylaté, (2-bromoprop-2-en-1-yl)phenylamine,
2,4-dimethoxy-6-(methylthio)-1,3,5-triazine !>  6,7-dimethoxy-4-(methylthio)quinazolirté&:

159 M. E. Krafft, J. W. CranSynlett 2005 1263.
1603 Barluenga, F. Foubelo, F. J. Fananas, M. Yu€§hem. Soc. Perkin Trans 1 1989 553
161 A Metzger, L. Melzig, C. Despotopoulou, P. Knoki@rg. Lett. 2009 11, 4228.
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1-methyl-5-(methylthio)-H-pyrazole,*®? ethyl 4-[2-(methylthio)pyrimidin-4-yllbenzoat¥® 2-
bromo-4-(methylthio)pyrimidiné>® 4-iodo-2-(methylthio)pyrimidine,*** 2-(methylthio)-4-(2-
thienyl)-6-(trifluoromethyl)pyrimidine-®°

i-PrMgCI-LiCl solution in THF was purchased from Chemetall.

i-PrMgCI solution in THF was purchased from Chemetall

PhMgCI solution in THF was purchased from Chemetall

n-BuLi solution in hexane was purchased from Chemetall.

TMPMQgCI-LiCl was prepared according to a literature procedefe&3).

TMP »Zn-2MgCl,- 2LiCl was prepared according to a literature procedeafe Z0a).

CuCN-2LiCl solution (1.00m) was prepared by drying CuCN (80.0 mmol, 7.17 g &iCl
(160 mmol, 6.77 g) in &hlenk-tube under vacuum at 140 °C for 5 h. After coqli®@g mL dry
THF were added and stirring was continued untilsdlé was dissolved.

ZnCl, solution (1.00m) was prepared by drying Zn{100 mmol, 136 g) in &chlenk-flask
under vacuum at 140 °C for 5 h. After cooling, X80 dry THF were added and stirring was
continued until the salt was dissolved.

LiCl solution (0.5m) was prepared by drying LiCl (100 mmol, 4.23 g)iSchlenk-flask under
vacuum at 140 °C for 5 h. After cooling, 200 mL dimjF were added and stirring was continued
until the salt was dissolved.

ZnCl,/LiCl solution (1.1/1.5v) was prepared by drying LiCl (15.9 g, 375 mmoldatnCh
(37.5 g, 275 mmol) under high vacuum (1 mbar) fdr & 140 °C. After cooling to 25 °C, dry

THF (250 mL) was added and stirring was continueiil the salts were dissolved.

1.3. Content determination of organometallic reagents
Organzinc and organomagnesiunreagents were titrated againginl a 0.5m LiCl solution in
THF.™

162 c. Despotopoulou, L. Klier, P. Knochérg. Lett. 2009 11, 3326.

163 (@) Ethyl 4-[2-(methylthio)pyrimidin-4-yllbenzoateras obtained as chemical gift from Dr. M. Mosrindais
herewith gratefully acknowledged; (b) See alsoC(i)Gosmini, J. Y. Nedelec, J. Perichderahedron Lett. 200Q
41, 201;(ii) C. J.Rohbogner, S. H. Wunderlich, G. C. Clososki, P. &, Eur. J. Org. Chem. 2009 1781.

164 A J. Majeed, O. Antonsen, T. Benneche, K. Undh@ietrahedron 1989 45, 993.

185 A F. C Flores, L. Pizzuti, S. Brondani, M. Rossa\l. Zanatta, M. A. P Martins, Braz. Chem. Soc. 2007, 18,
1316.
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Organolithium reagents were titrated against menthol using fliRanthroline as indicator in
THF.
TMPMgCI-LICI and TMP,Zn-2MgCl,-2LiCl were titrated against benzoic acid using 4-

(phenylazo)diphenylamine as indicator in THF.

1.4.Chromatography
Flash column chromatography was performed using silica géd (0.040-0.063 mm) from
Merck.
Thin layer chromatography was performed using Si(re-coated aluminium platé@glerck 60,
F-254). The chromatograms were examined under gt it 254 nm and/or by staining of the
TLC plate with one of the solutions given belowldaled by heating with a heat gun:

- KMnO,4(3.0 g), 5 drops of conc.280, in water (300 mL).

- Phosphomolybdic acid (5.0 g), Ce(§£(2.0 g) and conc. 3Oy (12 mL) in water

(230 mL).

1.5. Analytical data

NMR spectra were recorded on VARIAN Mercury 200, BRUKEXR 300, VARIAN VXR
400 S and BRUKER AMX 600 instruments. Chemical tshdre reported agvalues in ppm
relative to the residual solvent peak of CE{@: 7.25,4:: 77.0). For the characterization of the
observed signal multiplicities the following appiaions were used: s (singlet), d (doublet), t
(triplet), q (quartet), quint (quintet), sept (setpt m (multiplet) as well as br (broad).

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

For the combination of gas chromatography with nsgeectroscopic detection, a GC/MS from
Hewlett-Packard HP 6890 / MSD 5973 was used.

Infrared spectra (IR) were recorded from 4500 tro 650 crit on a PERKIN ELMER
Spectrum BX-59343 instrument. For detection a SMBTEDETECTION DuraSamfR I
Diamond ATR sensor was used. The absorption bared®ported in wavenumbers (¢n

Melting points (M.p.) were determined on a BUCHI B-540 apparaius are uncorrected.
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2. Typical Procedures (TP)

2.1.Typical procedure for the preparation of benzylic znc chlorides by LiCl-mediated
direct zinc insertion into benzylic chlorides (TP1)

A Schlenk-flask equipped with a magnetic stirrireg bnd a septum was charged with LiCl (1.5—
2.0 equiv). The flask was heated with a heat g@® (<) for 10 min under high vacuum. After
cooling to 25 °C, the flask was flushed with arg8rtimes). Zinc dust (1.5-2.0 equiv) was added
followed by THF. 1,2-Dibromoethane was added (5%)chnd the reaction mixture was heated
until ebullition occurs. After cooling to 25 °Cjrrethylsilyl chloride (1 mol%) was added and
the mixture was heated again until ebullition osclihe benzylic chloride (1.0 equiv) was added
at the required temperature (usually 25 °C) aslatiea in THF (usually 4 M). When capillary
GC analysis of a hydrolyzed aliquot containing aterinal standard showed a conversion of
> 98%, the Schlenk-flask was centrifuged for 75 @ir2000 rpm or the reaction mixture was
allowed to settle down for some hours. The vyieldhs resulting benzylic zinc chloride was

determined by iodiometric titratiot.

2.2. Typical procedure for the reaction of benzylic zinachlorides with aldehydes (TP2)

In a dry argon-flushed Schlenk flask, equipped vatimagnetic stirring bar and a septum, the
aldehyde (1.0 equiv) was dissolved in THF at 0 A@ the benzylic zinc chloride (1.3 equiv) was
added dropwise. The resulting solution was allowedvarm to 25 °C and was stirred for the
required time. Then, sat. aq. WH (20 mL) solution was added. The phases wererasgghand
the aq. layer was extracted with,@t(3 x 20 mL). The combined organic extracts weredl
over MgSQ. Evaporation of the solventtn vacuo and purification by flash column

chromatography afforded the expected alcohols.

2.3. Typical procedure for the reaction of benzylic zinachlorides with acid chlorides (TP3)

Into a dry argon-flushed Schlenk flask, equippethvd magnetic stirring bar and a septum,
CuCN-2LiCl solution (1.4 equiv) was added: Thew, dlesired benzylic zinc chloride (1.4 equiv)
was added dropwise at -25 °C. The resulting reactioxture was stirred for 15 min at this

temperature. Then, the solution was cooled to duiired temperature and the acid chloride
(1.0 equiv) was added dropwise. The reaction mextuas stirred for the given time and allowed
to warm to 25 °C. Then, a mixture of sat. aq.48H NH3(25% in HO) = 2:1 was added, the
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phases were separated and the aq. layer was extrath EtO (3 x 100 mL). The combined
organic extracts were dried over MgS@vaporation of the solvenits vacuo and purification by

flash column chromatography afforded the expecttdries.

2.4. Typical procedure for the reaction of benzylic zincchlorides with unsaturated ketones
(TP4)

Into a dry argon-flushed Schlenk flask, equippethvd magnetic stirring bar and a septum,
CuCN-2LiCl solution (1.25 equiv) was added. Thehe tdesired benzylic zinc chloride
(1.25 equiv) was added dropwise at -25°C. The ti@guteaction mixture was stirred for 15 min

at this temperature. Then, the solution was cotdetthe required temperature and a mixture of
the unsaturated ketone (1.0 equiv), trimethylsidylloride (2.5 equiv) and THF was added
dropwise. The reaction mixture was stirred forghen time and allowed to reach 25 °C. Then, a
mixture of sat. agq. NKCI / NH3(25% in HO) = 2:1 was added. The phases were separated and
the ag. layer was extracted with,@t(3 x 100 mL). The combined extracts were driedrov
MgSQ,. Evaporation of the solvents vacuo and purification by flash column chromatography

afforded the expected ketones.

2.5.Typical procedure for the Ni-catalyzed cross-couptig reactions of benzylic zinc
chlorides with aromatic halides (TP5)

In a dry argon-flushed Schlenk flask equipped vétseptum and a magnetic stirring bar, the
aromatic bromide or chloride (2.00 mmol, 1.0 equings dissolved in NMP (0.4 mL) and RPh
(0.2 mL, 0.04 mmol, 0.41 in THF, 2 mol%) was added. Then, Ni(acd6)1 mL, 0.01 mmol, 0.1

M in THF, 0.5 mol%) was added. After the additiontlod corresponding benzylic zinc reagent
(2.40 mmol, 1.2 equiv), the reaction mixture wasmed to 60 °C and stirred for the given time
until GC-analysis showed full conversion of thecéiephile. The reaction mixture was quenched
with sat. ag. NECI solution and extracted with £ (3 times). The combined organic phases
were dried over MgSgand the solvent was removedvacuo. The product was purified by flash

column chromatography.
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2.6. Typical procedure for the Pd-catalyzed cross-couptig reaction with a bromo-aniline
(TP6)

A dry and argon flushed Schlenk-flask, equippedwaitmagnetic stirring bar and a septum, was
charged with the bromo-aniline (1.0 equiv), Pd(QA®&) mol%), S-Phos (2 mol%) and THF.
After stirring the reaction mixture for 5 min, tlzéc reagent was added. The reaction mixture
was stirred for the given time at 25 °C. Then, rs&ction mixture was quenched with a sat. aqg.
NH,4CI solution, extracted with ED (3 times). The combined organic phases were vdaglite

an ag. thiourea solution and dried over MgSRurification of the crude residue obtained after

evaporation of the solvents by flash column chragetphy yielded the desired product.

2.7.Typical procedure for the Pd-catalyzed cross-couptig reaction with a bromo-alcohol
(TP7)

A dry and argon flushed Schlenk-flask, equippedwaitmagnetic stirring bar and a septum, was
charged with the bromo-alcohol (1.0 equiv), Pd(QA&) mol%), S-Phos (2 mol%) and THF.
After stirring the reaction mixture for 5 min, tlznc reagent was added slowly over 90 min
using a syringe pump at 25 °C. Then, the reactiotiure was quenched with a sat. aq. /OH
solution, extracted with ED (3 times). The combined organic phases were waglith an aqg.
thiourea solution and dried (MgQPurification of the crude residue obtained aeaporation

of the solvents by flash chromatography yieldeddésired product.

2.8. Typical procedure for the one-pot Negishi cross-cquling reaction (TP8)

A Schlenk-flask, equipped with a magnetic stirringy and a septum, was charged with LiCl
(1.5 equiv). The flask was heated with a heat @@® °C) for 10 min under high vacuum. After
cooling to 25 °C, the flask was flushed with arg8ntimes). Zinc dust (1.5 equiv) was added
followed by THF. 1,2-Dibromoethane was added (5%j)oand the reaction mixture was heated
to ebullition for 15 s. After cooling to 25 °C, methylsilyl chloride (1 mol%) was added and the
mixture was heated to ebullition for 15 s. The bdinzchloride (1.0 equiv) was added at the
required temperature (usually 25 °C) as a solutiHF (usually 4 M). When capillary GC
analysis of a hydrolyzed aliquot containing an riné standard showed a conversion of > 98%,
the aromatic bromide was added, followed by PERPEIThe reaction mixture was stirred at
25 °C until GC analysis of a hydrolyzed aliquot @oning an internal standard showed a

conversion of > 98%. Then, sat. aq. J0H solution was added (20 mL). The phases were
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separated and the aq. layer was extracted witftCGH3 x 20 mL). The combined extracts were
dried over MgSQ@ Evaporation of the solventsn vacuo and purification by flash

chromatography afforded the expected diarylmethanes

2.9. Typical procedure for preparation of benzylic zincchlorides by magnesium insertion in
the presence of ZnCGl and LiCl (TP9)

A dry and argon-flushe8chlenk-flask, equipped with a magnetic stirring bar angeptum, was
charged with magnesium turnings (122 mg, 5.00 mma{! (5.00 mL, 2.50 mmol, 0.3 in
THF) and ZnC} (2.20 mL, 2.20 mmol, 1.0 in THF) were added. The benzylic chloride
(2.00 mmol) was added in one portion at the giengerature. The reaction mixture was stirred

for the given time and then canulated to a Sellenk-flask for the reaction with an electrophile.

2.10. Typical procedure for the addition of organomagnesim reagents to carbonyl
derivatives in the presence of variable amounts dfaCls- 2LiCl (TP10)

A dry and argon-flushe8chlenk-flask, equipped with a magnetic stirring bar angeptum, was
charged with the carbonyl derivative (1 equiv) &dk- 2LiCl solution (1 equiv) and the reaction
mixture was stirred for 1 h. Then, the organomamgmeseagent (1.1 equiv) was added dropwise
at 0 °C. The reaction mixture was stirred for theeg time at the required temperature until GC-
analysis of a quenched reaction aliquot showed t&mgonversion. Then, the reaction mixture
was cooled to 0 °C and quenched with sat. agiNIdolution and extracted with 2 (3 times).
The combined organic phases were dried oveSRNa Evaporation of the solvents vacuo and

purification by flash column chromatography affaldbe expected alcohols.

2.11. Typical procedure for the preparation of zinc reagats using Mg and ZnCL/LiCl
solution (TP11)

A dry and argon-flushefichlenk-flask, equipped with a magnetic stirring bar angeptum, was
charged with magnesium turnings (2.5 equiv). TIBTCL/LICl (1.1/1.5m) solution was added
(2 mL / mmol for the preparation of organozinc rewatg of type RZnX-Mgx LiCl (X = Cl, Br);
0.5 mL / mmol for the preparation of diorganozieagents of type Zn-2MgX:LIiCl (X = Cl,
Br)). The organic halide (1.0 equiv) was added diep as a solution in THF using a water
cooling bath to keep the temperature below 30 & feaction mixture was stirred for the given

time until GC-analysis of a quenched reaction atgshowed complete conversion. Then, the
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supernatant solution was carefully cannulated toew dry and argon-flushe8chlenk-flask
through a syringe filter. The concentration of thec reagent was determined by iodometric

titration.

2.12. Typical procedure for the addition of organozinc reagents of type RZnX- MgX- LiCl
or diorganozinc reagents of type RZn-2MgX,: LiCl to carbonyl derivatives (TP12)

A dry and argon-flushe8chlenk-flask, equipped with a magnetic stirring bar angeptum, was
charged with the carbonyl derivative (1.5 mmol)TIHF (1 mL). Then, the organozinc reagent
RZnX-MgX,-LICl (1.8 mmol, 1.2 equiv; X = CI, Br) or the dganozinc reagent
R2Zn-2MgX- LiCl (0.9 mmol, 0.6 equiv; X = Cl, Br) was addewpwise. The reaction mixture
was stirred for the given time until GC-analysisaofuenched reaction aliquot showed complete
conversion. Then, the reaction mixture was coote@® C and quenched with sat. aq. JOH
solution and extracted with EtOAc (3 x 50 mL). Téwmbined organic phases were dried over
MgSO,. Evaporation of the solvents vacuo and purification by flash column chromatography

afforded the expected products.

2.13. Typical procedure for the addition of organozinc reagents to carbon dioxide (TP13)

A Schlenk-flask, equipped with a magnetic stirring bar areeptum, was flame-dried under high
vacuum. After cooling to 25 °C, the flask was filleith dry CQ(g) and the organozinc reagent
(typically 1.0 mmol for AsZn or (ArCH),Zn) was added. Then, dry Ggwas bubbled through
the reaction mixture (ca. 5 min) until a ballootaehed to the reaction flask by a short length
rubber tubing and a needle adapter was inflated. rEaction mixture was stirred for the given
time and temperature until the zinc reagent hadh bssmpletely consumed (quenching of
reaction aliquots withpland GC-analysis). The reaction mixture was dilwéth EtLO (20 mL)
and sat. ag. NaHGQ30 mL) was added. After filtration, the organiease was separated and
extracted with sat. ag. NaHG@ x 30 mL). The combined aq. phases were cayeédidified
with HCI (5 M) until pH < 5 and extracted with 2 (3 x 100 mL). The combined organic phases
were dried over N&O,. Evaporation of the solveni®m vacuo provided the corresponding

carboxylic acids.
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2.14. Typical procedure for the Pd-catalyzed cross-couptig reaction of organozinc
reagents with methylthio-substituted N-heterocycle§TP14)

In a dry argon-flushed Schlenk flask, equipped vatinagnetic stirring bar and a septum, the
aromatic thioether (1.00 mmol), Pd(OA¢2.5 mol%) and S-Phos (5.0 mol%) were dissolved in
THF (1 mL). After 10 min of stirring, the zinc reagt (1.5 mmol) was added dropwise and the
reaction mixture was stirred for the given timeted required temperature until GC-analysis of a
hydrolyzed aliquot showed full consumption of thiec&ophile. The reaction mixture was
guenched with sat. agq. b&O; solution and extracted with EtOAc (3 x 25 mL). T¢mmbined
organic layers were dried over }2,. Evaporation of the solventa vacuo and purification by

flash column chromatography afforded the expecteduyrcts.

2.15. Typical procedure for the Ni-catalyzed cross-coupfig reaction of organozinc
reagents with methylthio-substituted N-heterocycle§TP15)

In a dry argon-flushed Schlenk flask, equipped vatinagnetic stirring bar and a septum, the
aromatic thioether (1.00 mmol), Ni(aca€2.5 mol%) and DPE-Phos (5.0 mol%) were dissolved
in THF (1 mL). After 10 min of stirring, the zineagent (1.5 mmol) was added dropwise and the
reaction mixture was stirred for the given timeat°C until GC-analysis of a hydrolyzed aliquot
showed full consumption of the electrophile. Thact®n mixture was quenched with sat. ag.
NaCO; solution and extracted with EtOAc (3 x 25 mL). Tdwenbined organic layers were dried
over NaSQ,. Evaporation of the solventsn vacuo and purification by flash column

chromatography afforded the expected products.
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3. Preparation and Applications of Benzylic Zinc Chloldes
3.1. Prepartion of the starting materials

2-Bromobenzyl chloride (53d)

ac
Br

To a solution of LiCl (2.54 g, 60.0 mmol, dried fb®@ min under high vacuum at 400 °C using a
heat gun) in THF (50 mL) was added 2-bromobenzyblabl (3.74 g, 20.0 mmol) at 0 °C. Then,
NEt; (5.56 mL, 40.0 mmol) was added dropwise, followeg mesyl chloride (2.32 mL,
30.0 mmol). The reaction mixture was allowed tocle@5 °C within 15 h. Then, GBI,
(300 mL) was added and the solution was washed witer (3 x 250 mL). The combined
extracts were dried over MgQCEvaporation of the solvenis vacuo and purification by flash
chromatography (silica gel, pentane J&t= 98:2) afforded the benzylic chlorid8d (3.67 g,
89%) as a colourless oll.

'H-NMR (300 MHz, CDCls): 8/ ppm = 7.58 (ddJ = 8.0 Hz, 1.2 Hz, 1H), 7.48 (dd= 7.4 Hz,
1.6 Hz, 1H), 7.35-7.28 (m, 1H), 7.22-7.15 (m, 1#Y0 (s, 2H).

BC-NMR (75 MHz, CDCls): &/ ppm = 136.6, 133.1, 130.8, 130.0, 127.8, 14611..

IR (Diamond-ATR, neat): U / cm* = 3060 (w), 2968 (w), 1588 (w), 1570 (w), 1470 (m338
(m), 1280 (w), 1264 (m), 1210 (w), 1046 (w), 1028 820 (m), 762 (m), 728 (vs), 672 (s), 656
(m), 570 (m).

MS (El, 70 eV): m/z (%) = 204 (M, 25), 171 (98), 169 (100), 90 (22), 84 (15), 6B)(1

HRMS (C7/HeBrCl): calc.: 203.9341; found: 203.9339.

4-(Ethoxycarbonyl)benzyl chloride (53n)

0L
EtO,C

N,N-Dimethylpyridin-4-amine (305 mg, 2.50 mmol) waBssolved in ethanol (4 mL) and
pyridine (7.5 mL) at 0 °C. 4-(Chloromethyl)benzoghloride (9.45 g, 50.0 mmol, in 2.5 mL
Et,0O) was added dropwise. Then, the reaction mixtae warmed to 25 °C and added to a dilute
HCI/Et,O mixture = 1:1 (200 mL). The phases were separatedthe organic layer was washed
successively with FO (100 mL) and brine (100 mL), then dried over MgSBvaporation of the
solventsin vacuo afforded the benzylic chloridg3n (9.51 g, 96%) as a pale yellow liquid which

was used without further purification.
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'"H-NMR (300 MHz, CDCl3): 8/ ppm = 8.06-7.98 (m, 2H), 7.47-7.41 (m, 2H), 4892H), 4.37
(q,J=7.0Hz, 2H), 1.38 (gl = 7.2 Hz, 3H).

3C-NMR (75 MHz, CDCl3): 3/ ppm = 166.0, 142.1, 130.4, 129.9, 128.4, 61513,414.3.

IR (Diamond-ATR, neat): V / cmi' = 2982 (w), 1712 (s), 1614 (w), 1578 (w), 1446 (W14
(w), 1368 (m), 1306 (w), 1270 (vs), 1178 (m), 1X06), 1020 (s), 920 (w), 856 (w), 804 (m),
772 (m), 710 (vs), 676 (m), 622 (w).

MS (El, 70 eV): m/z (%) = 198 (M, 11), 170 (29), 163 (12), 155 (28), 153 (100), 135), 89
(29).

HRMS (C10H11CIOy): calc.: 198.0448; found: 198.0446.

3-Cyanobenzyl chloride(530)

NC\©ACI
LiCl (6.36 g, 150 mmol) was dried (high vacuum, thegun 400 °C, 10 min). 3-
(Bromomethyl)benzonitrile (9.80 g, 50.0 mmol) wakled followed by THF (100 mL) at O °C.
The reaction mixture was refluxed for 5h. The h#sg suspension was transferred into a
separation funnel, washed with water (3 x 150 mhgl @ried over MgS® followed by the
evaporation of the solvenis vacuo. Again, LIiCl (6.36 g, 150 mmol) was dried (highcuam,
heat gun 400 °C, 10 min) and the crude product adaied followed by THF (100 mL) at O °C.
The reaction mixture was refluxed for 5h. The h#sg suspension was transferred into a
separation funnel, washed with water (3 x 150 mhyl aried over MgS@Q followed by the
evaporation of the solvenis vacuo. Once again, LiCl (6.36 g, 150 mmol) was driedgkhi
vacuum, heat gun 400 °C, 10 min) and the crudeymtodas added followed by THF (100 mL)
at 0 °C. The resulting suspension was transfeméal a separation funnel, washed with water
(3x 150 mL) and dried over MgQdollowed by the evaporation of the solvents vacuo.
Purification by flash chromatography (short colursitica gel, pentane / D = 9:1) afforded the
benzylic chloridés30(7.47 g, 99%) as a white solid.

M.p. (°C): 73-75.

'H-NMR (300 MHz, CDCk): &/ ppm = 7.70-7.65 (m, 1H), 7.65-7.57 (m, 2H), 7523 (m,
1H), 4.58 (s, 2H).

3C-NMR (300 MHz, CDCls): 3/ ppm = 138.8, 132.8, 131.9, 131.9, 129.6, 11B12,9, 44.6.
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IR (Diamond-ATR, neat): 7 / cmi* = 3060 (w), 2227 (m), 1584 (w), 1484 (m), 1445 (n®75%
(m), 1240 (m), 1153 (m), 930 (w), 907 (m), 894 (804 (s), 718 (m), 701 (vs), 679 (vs).

MS (El, 70 eV): m/z (%) = 151 (M, 100), 117 (17), 116 (83), 89 (45), 63 (11).

HRMS (CgHeCIN): calc.: 151.0189; found: 151.0183.

4-Cyanobenzyl chloride (53p)

o
NC

LiCl (1.40g, 33.0 mmol) was dried (high vacuum,ahegun ca. 400 °C, 10 min). 4-
(Bromomethyl)benzonitrile (2.16 g, 11.0 mmol) wakled followed by THF (20 mL) at 25 °C.
The reaction mixture was refluxed for 12 h. Theul@sg suspension was transferred into a
separation funnel, washed with water (1 x 50 mLd dried over MgS®followed by filtration
and evaporation of the solvents vacuo. Again, LiCl (1.40 g, 33.0 mmol) was dried (high
vacuum, heat gun ca. 400 °C, 10 min) and the cpadeuct was added followed by THF
(20 mL) at 0 °C. The reaction mixture was refluxded 12 h. The resulting suspension was
transferred into a separation funnel, washed wittew (1 x 50 mL) and dried over Mg®O
followed by the evaporation of the solvems/acuo. Purification by flash chromatography (short
column, silica gel, pentane /;Bx = 5:1) afforded the benzylic chlori&Sp (1.62 g, 97%) as a
white solid.

M.p. (°C): 84-85.

'H-NMR (300 MHz, CDCls): 8/ ppm = 7.64 (dJ = 8.2 Hz, 2H), 7.49 (d] = 8.0 Hz, 2H), 4.59
(s, 2H).

3C-NMR (75 MHz, CDCl3): 5/ ppm = 142.4, 132.5, 129.2, 118.4, 112.2, 45.0.

IR (Diamond-ATR, neat): 7 / cm* = 2228 (m), 1416 (m), 1290 (m), 1266 (m), 1212 (48 8
(s), 830 (s), 740 (m), 708 (m), 660 (vs).

MS (EI, 70 eV): m/z (%) = 151 (M+, 61), 116 (100), 71 (14), 59)(11

HRMS (CgHgCIN): calc.: 151.0189; found: 151.0184.
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3-Pentanoylbenzyl chloride (53Q)
0

Bu)‘\@/\CI

Butylmagnesium chloride (12.2 mL, 18.0 mmol, 1M8n THF/toluene) was added to ZnCl
(18.8 mL, 18.8 mmol, 1.0@ in THF) at -25°C. The mixture was stirred for 8.
CuCN-2LiCl (19.5 mL, 19.5 mmol, 1.00 in THF) was added and the reaction mixture was
stirred for additional 30 min. 3-(Chloromethyl)bent chloride (2.84 g, 15.0 mmol) was added
dropwise and the mixture was stirred for 2 h. Témction mixture was quenched with 60 mL of a
mixture of sat. aq. NkCI / NH3 (25% in HO) = 2:1. The phases were separated and the organic
layer was extracted with 60 mL of a mixture of saj. NHCI / NH; (25% in HO) = 2:1. The
combined aqueous layers were extracted wit EB x 250 mL). The combined organic extracts
were dried over MgS®© Evaporation of the solventsn vacuo and purification by flash
chromatography (silica gel, pentane (@&t= 2:1) afforded the benzylic chlorids3q (2.89 g,
91%) as colourless liquid.

'H-NMR (300 MHz, CDCk): &/ ppm = 7.97-7.95 (m, 1H), 7.90 (dt= 7.7 Hz, 1.3 Hz, 1H),
7.60-7.56 (m, 1H), 7.45 (8= 7.7 Hz, 1H), 4.62 (s, 2H), 2.96 &= 7.1 Hz, 2H), 1.77-1.66 (m,
2H), 1.47-1.34 (m, 2H), 0.95 d,= 7.3 Hz, 3H).

3C-NMR (75 MHz, CDCls): 3/ ppm = 200.2, 138.3, 137.8, 133.1, 129.3, 12828.3, 45.9,
38.7, 26.6, 22.7, 14.2.

IR (Diamond-ATR, neat): 7 / cm®* = 2957 (m), 2931 (w), 2871 (w), 1717 (w), 1682 ()43
(w), 1260 (m), 1233 (w), 1199 (w), 1179 (m), 1162),(1109 (w), 1036 (w), 790 (w), 760 (w),
704 (vs), 654 (m).

MS (El, 70 eV): m/z (%) = 210 (M, 6), 175 (13), 170 (19), 168 (54), 155 (33), 152)( 153
(100), 125 (25), 89 (18).

HRMS (C12.H15CIO): calc.: 210.0811; found: 210.0798.

3-Isobutyrylbenzyl chloride (53r)
0

i-Pr)K©ACI

ZnCl, solution (18.8 mL, 18.8 mmol, 1.00 in THF) was added to-PrMgCI-LiCl (11.3 mL,
18.0 mmol, 1.5% in THF) at -10 °C. Thenixture was stirred for 30 min. CuCN-2LiCl (19.5 mL,
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19.5 mmol, 1.001 in THF) was added and the reaction mixture wasestifor additional 30 min.
3-(Chloromethyl)benzoyl chloride (2.84 g, 15.0 mjnehs added dropwise and the mixture was
stirred for 2 h. The reaction mixture was quenchatth 100 mL of a mixture of sat. aqueous
NH4CIl / NH3 (25% in HO) = 2:1. The layers were separated and the ordaygc was extracted
with 100 mL of a mixture of sat. aqueous MNH/ NH; (25% in HO) = 2:1. Thecombined
aqueous layers were extracted with(@{(3 x 250 mL). The combined extracts were driedrov
MgSQ,. Evaporation of the solventa vacuo and purification by flash chromatography (silica
gel, pentane / ED = 4:1) afforded the ketort8r (2.91 g, 98%) as colourless liquid.

'"H-NMR (300 MHz, CDCls): &/ ppm = 7.97-7.94 (m, 1H), 7.91-7.86 (m, 1H), 7685 (m,
1H), 7.46 (tJ= 7.6 Hz, 1H), 4.62 (s, 2H), 3.62-3.46 (m, 1HR11(d,J = 6.9 Hz, 6H).

3C-NMR (75 MHz, CDCls): 8/ ppm = 203.9, 138.1, 136.6, 132.8, 129.1, 1282R.2, 45.6,
35.4, 19.1.

IR (Diamond-ATR, neat): 7 / cmi* = 2972 (w), 2934 (w), 2874 (w), 1682 (s), 1604 (W§8a
(w), 1466 (w), 1444 (w), 1384 (w), 1270 (w), 1242)( 1186 (w), 1148 (m), 1104 (w), 1090 (w),
1022 (m), 996 (m), 924 (w), 808 (w), 702 (vs), &Y, 644 (m).

MS (El, 70 eV): m/z (%) = 196 (M+, 37), 161 (62), 154 (100), 129), 118 (28), 89 (94).
HRMS (C1;H;3CIO): calc.: 196.0655; found: 196.0656.

3-Propionylbenzyl chloride (53s)
0

Et)‘\©/\CI

Ethylmagnesium bromide (21.2 mL, 18.0 mmol, 0/85in t-BuOMe) was added to Zng£l
(18.8 mL, 18.8 mmol, 1.0@ in THF) at -25°C. The mixture was stirred for 8.
CuCN-2LiCl (19.5 mL, 19.5 mmol, 1.00 in THF) was added and the reaction mixture was
stirred for additional 30 min. 3-(Chloromethyl)beyk chloride (2.84 g, 15.0 mmol) was added
dropwise and the mixture was stirred for 2 h. Témction mixture was quenched with 60 mL of a
mixture of sat. aq. NkCI / NH3 (25% in HO) = 2:1. The phases were separated and the organic
layer was extracted with 60 mL of a mixture of saj. NHCI/ NH3 (25% in HO) = 2:1. The
combined aqueous layers were extracted wit EB x 250 mL). The combined organic extracts

were dried over MgS® Evaporation of the solventsn vacuo and purification by flash
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chromatography (silica gel, pentane p@&t= 1:1) afforded the benzylic chlorides (2.89 g,
94%) as colourless liquid.

H-NMR (300 MHz, CDCY): &/ ppm = 7.98-7.95 (m, 1 H), 7.90 (dt= 7.7 Hz, 1.3 Hz, 1H),
7.60-7.56 (m, 1H), 7.45 (1)=7.5 Hz, 1H), 4.62 (s, 2H), 3.00 d,= 7.3 Hz, 2H), 1.22 (t,
J=7.3 Hz, 3H).

1BC-NMR (75 MHz, CDC}): &/ ppm = 200.5, 138.3, 137.6, 133.1, 129.3, 12828.2, 45.9,
32.1,8.4.

IR (Diamond-ATR, neat): 7 / cm®* = 2978 (w), 1682 (s), 1604 (w), 1586 (w), 1444 (w378
(w), 1350 (m), 1270 (w), 1242 (s), 1184 (m), 116% 974 (m), 786 (m), 704 (vs).

MS (El, 70 eV): m/z (%) = 182 (M, 7), 153 (100), 147 (14), 125 (27), 90 (14), 89)(44 (16).
HRMS (C10H1:ClO): calc.: 182.0498; found: 182.0472.

3-Acetylbenzyl chloride (54t)
0

Me)J\©ACI

Methylmagnesium chloride (7.03 mL, 18.0 mmol, 28661 THF) was added to Zng£(18.8 mL,
18.8 mmol, 1.061 in THF) at -10 °C. The mixture was stirred for rdih. CuCN-2LiCl
(19.5 mL, 19.5 mmol, 1.00 in THF) was added and the reaction mixture wasgestifor
additional 30 min. 3-(Chloromethyl)benzoyl chlorid284 g, 15.0 mmol) was added dropwise
and the mixture was stirred for 2 h. The reactioxtume was quenched with 60 mL of a mixture
of sat. ag. NHCI/ NH3 (25% in HO) = 2:1. The phases were separated and the orty@Ec
was extracted with 60 mL of a mixture of sat. add48l/ NH; (25% in BHO) = 2:1. The
combined aqueous layers were extracted witEB x 250 mL). The combined organic extracts
were dried over MgS®© Evaporation of the solventsn vacuo and purification by flash
chromatography (silica gel, pentane j@&t= 3:1) afforded the benzylic chloridsSt (2.46 g,
97%) as colourless liquid.

'H-NMR (600 MHz, Cg¢De): 8/ ppm = 7.74-7.71 (m, 1H), 7.58 (dt,= 7.7 Hz, 1.4 Hz, 1H),
7.12-7.04 (m, 1H), 6.93 (§,= 7.7 Hz, 1H), 4.02 (s, 2H), 2.06 (s, 3H).

13C-NMR (150 MHz, C¢D¢): &/ ppm = 196.0, 138.2, 137.9, 132.8, 128.9, 12828.2, 45.5,
26.1.
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IR (Diamond-ATR, neat): 7 / cm* = 1680 (vs), 1604 (m), 1586 (w), 1440 (m), 1428 (2856

(s), 1280 (s), 1258 (s), 1192 (s), 1174 (m), 97% Q86 (W), 798 (m), 702 (vs), 688 (S).

MS (El, 70 eV): m/z (%) = 168 (M, 3), 164 (13), 153 (17), 149 (100), 121 (17), 69)( 43 (19).
HRMS (CgHoCIO): calc.: 168.0342; found: 168.0317.

3.2.Preparation of benzylic zinc chlorides by LiCl-medated zinc insertion into benzylic
chlorides

Benzylzinc chloride (54a)

@Achmm

According toTP1 benzyl chloride %33 (2.53 g, 20.0 mmol, in 5 mL THF) was added drogawi
at 25 °C to a suspension of LiCl (1.27 g, 30.0 mmaold zinc dust (1.96 g, 30.0 mmol) in 5 mL
THF (activation: BrCHCH,Br (0.09 mL, 5 mol%), TMSCI (0.03 mL, 1 mol%)). Thieaction
mixture was stirred for 20 h at 25 °C. After cefuigiation iodometric titration db4aindicates a
yield of 87%.

2-Chlorobenzylzinc chloride (54b)

@CZnCI-LiCI
cl

According toTP1 2-chlorobenzyl chloride5@b; 3.22 g, 20.0 mmol, in 5 mL THF) was added
dropwise at 0 °C to a suspension of LiCl (1.27@03nmol) and zinc dust (1.96 g, 30.0 mmol)
in 5mL THF (activation: BrChCH,Br (0.09 mL, 5 mol%), TMSCI (0.03 mL, 1 mol%)). The
reaction mixture was stirred for 15 min at O °Adwled by 1.75 h at 25 °C. After centrifugation

iodometric titration ob4bindicates a yield of 99%.

4-Fluorobenzylzinc chloride (54c)

/@AZnCI-LiCI
F

According toTP1 4-fluorobenzyl chloride53¢ 2.17 g, 15.0 mmol, in 4 mL THF) was added
dropwise at 25 °C to a suspension of LiCl (1.23@0 mmol) and zinc dust (1.96 g, 30.0 mmol)
in 3.5 mL THF (activation: BrCKCH,Br (0.07 mL, 5 mol%), TMSCI (0.02 mL, 1 mol%)). The
reaction mixture was stirred for 24 h at 25 °C.eAftentrifugation iodometric titratioof 54c

indicates a yield of 87%.
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@ZnCI-LiCI
Br

According toTP1 2-bromobenzyl chloride5@d; 3.39 g, 16.5 mmol, in 4 mL THF) was added
dropwise at 0 °C to a suspension of LiCl (1.05482nmol) and zinc dust (1.62 g, 24.8 mmol)
in 4.3 mL THF (activation: BrCECH,Br (0.07 mL, 5 mol%), TMSCI (0.02 mL,1 mol%)). The
reaction mixture was stirred for 10 min at 0 °Cldeoled by 110 min at 25 °C. After

2-Bromobenzylzinc chloride (54d)

centrifugation iodometric titration &4d indicates a yield of 92%.

3-Bromobenzylzinc chloride (54€)

Br\©/\2n0|-u0|

According toTP1 3-bromobenzyl chloride53e 4.11 g, 20.0 mmol, in 5 mL THF) was added
dropwise at 25 °C to a suspension of LiCl (1.23@0 mmol) and zinc dust (1.96 g, 30.0 mmol)
in 3.5 mL THF (activation: BrCKCH,Br (0.09 mL, 5 mol%), TMSCI (0.03 mL, 1 mol%)). The
reaction mixture was stirred for 4 h at 25 °C. Aftentrifugation iodometric titratioof 54e
indicates a yield of 95%.

2-lodobenzylzinc chloride (54f)

@\ZnCI-LiCI
I

According to TP1 2-iodobenzyl chloride53f; 5.05 g, 20.0 mmol, in 5 mL THF) was added
dropwise at 0 °C to a suspension of LiCl (1.27@03nmol) and zinc dust (1.96 g, 30.0 mmol)
in 5mL THF (activation: BrCKHCH,Br (0.09 mL, 5 mol%), TMSCI (0.03 mL, 1 mol%)). The
reaction mixture was stirred for 20 min at 0 °Cldeoled by 100 min at 25 °C. After
centrifugation iodometric titration &4f indicates a yield of 99%.

3-(Trifluoromethyl)benzylzinc chloride (549)

F3C\©A2n0|-u0|

According toTP1 3-(trifluoromethyl)benzyl chloride53g 2.92 g, 15.0 mmol, in 4 mL THF)
was added dropwise at 25 °C to a suspension of (9&4 mg, 22.5 mmol) and zinc dust (1.47 g,
22.5 mmol) in 3.5 mL THF (activation: BrGBH.Br (0.07 mL, 5 mol%), TMSCI (0.02 mL,
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1 mol%)). The reaction mixture was stirred for @h25 °C. After centrifugation iodometric
titration of54gindicates a yield of 94%.

3,4,5-Trimethoxybenzylzinc chloride (54h)

MeO ZnCI-Licl
MeO

OMe
According toTP1 3,4,5-trimethoxybenzyl chloridés3h; 2.71 g, 12.5 mmol, solution in 3 mL
THF) was added dropwise at 0 °C to a suspensionCif (1.06 g, 25.0 mmol) and zinc dust
(1.64 g, 25.0 mmol) in 3.5 mL THF (activation: BrgtH,Br (0.05 mL, 5 mol%), TMSCI
(0.02 mL, 1 mol%)). The ice bath was removed arardaction mixture was stirred for 3 h at
25 °C. After centrifugation iodometric titratiaf 54hindicates a yield of 78%.

4-Methoxybenzylzinc chloride (54i)

/©/\ZnCI-LiCI
MeO

According toTP1 4-methoxybenzyl chloride5@i; 1.57 g, 10.0 mmol, in 5 mL THF) was added
dropwise at 0°C to a suspension of LIiCl (636 m§,0dnmol) and zinc dust (981 mg,
15.0 mmol) in 5mL THF (activation: BrG&H,Br (0.04 mL, 5 mol%), TMSCI (0.01 mL,

1 mol%)). The reaction mixture was stirred for B.at 25 °C. After centrifugation, iodometric

titrationof 54iindicates a yield of 73%.

2-Methoxybenzylzinc chloride (54j)

@CZnCI-LiCI
OMe

According toTP1 2-methoxybenzyl chloride5gj; 2.35 g, 15.0 mmol, in 4 mL THF) was added
dropwise at 25°C to a suspension of LICl (954 r2g@,5 mmol) and zinc dust (1.47 g,
22.5 mmol) in 3.5 mL THF (activation: BrGBH.Br (0.07 mL, 5 mol%), TMSCI (0.02 mL,
1 mol%)). The reaction mixture was stirred for B.at 25 °C. After centrifugation iodometric
titration of54j indicates a yield of 92%.
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6-Chloro-1,3-benzodioxol-5-ylmethylzinc chloride (8k)

<Oji:CZnCI-LiCI
o cl

According toTP1 6-chloro-1,3-benzodioxol-5-ylmethyl chloridé3k; 4.10 g, 20.0 mmol, in
5 mL THF) was added dropwise at 0 °C to a suspansid.iCl (1.27 g, 30.0 mmol) and zinc
dust (1.96 g, 30.0 mmol) in 5 mL THF (activationt@1,CH,Br (0.09 mL, 5 mol%), TMSCI
(0.03 mL, 1 mol%)). The ice bath was removed aredrdaction mixture was stirred for 1 h at
25 °C. After centrifugation iodometric titratiarf 54k indicates a yield of 93%.

4-(Methylthio)benzylzinc chloride (54l)

/©/\ZnCI-LiCI
MeS

According toTP1 4-(methylthio)benzyl chloride5@l, 2.59 g, 15.0 mmol, in 3 mL THF) was
added dropwise at 0 °C to a suspension of LiCl (@84 22.5 mmol) and zinc dust (1.47 g,
22.5 mmol) in 4.5 mL THF (activation: BrGBH,Br (0.07 mL, 5 mol%), TMSCI (0.02 mL,

1 mol%)). The reaction mixture was stirred for 225 °C. After centrifugation, iodometric

titrationof 54l indicates a yield of 77%.

3-(Ethoxycarbonyl)benzylzinc chloride (54m)

Etozc\©/\ZnC|'LiCl

According toTP1 3-(ethoxycarbonyl)benzyl chlorid&3m; 3.97 g, 20.0 mmol, in 5 mL THF)
was added dropwise at 25 °C to a suspension of iCD g, 40.0 mmol) and zinc dust (2.62 g,
40.0 mmol) in 5mL THF (activation: BrGE&H,Br (0.09 mL, 5 mol%), TMSCI (0.03 mL,
1 mol%)). The reaction mixture was stirred for B.at 25 °C. After centrifugation iodometric

titration of 54mindicates a yield of 85%.

4-(Ethoxycarbonyl)benzylzinc chloride (54n)

/©/\ZnCI-LiCI
EtO,C

According toTP1 4-(ethoxycarbonyl)benzyl chlorid&3n; 1.99 g, 10.0 mmol, in 2.5 mL THF)
was added dropwise at 0 °C to a suspension of (8@3 mg, 20.0 mmol) and zinc dust (1.31 g,
20.0 mmol) in 2.5 mL THF (activation: BrGBH.Br (0.04 mL, 5 mol%), TMSCI (0.01 mL,
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1 mol%)). The reaction mixture was stirred for lidvmt O °C followed by 50 min at 25 °C. After
centrifugation iodometric titration &@4nindicates a yield of 64%.

3-Cyanobenzylzinc chloride (540)

NC\©AZnCI-LiCI

According toTP1 3-cyanobenzyl chloride5Bo, 3.03 g, 20.0 mmol, in 5 mL THF) was added
dropwise at 0 °C to a suspension of LiCl (1.27@03nmol) and zinc dust (1.96 g, 30.0 mmol)
in 5 mL THF (activation: BrChCH,Br (0.09 mL, 5 mol%), TMSCI (0.03 mL, 1 mol%)). Thee

bath was removed and the reaction mixture wasedtifor 3 h at 25 °C. After centrifugation

iodometric titration ob4oindicates a yield of 93%.

4-Cyanobenzylzinc chloride (54p)

/@AZnCI-LiCI
NC

According toTP1 4-cyanobenzyl chloride58p; 1.57 g, 10.4 mmol, in 3 mL THF) was added
dropwise at 0 °C to a suspension of LiCl (660 mgsInmol) and zinc dust (1.02 g, 15.6 mmol)
in 2 mL THF (activation: BrCKCH,Br (0.05 mL, 5 mol%), TMSCI (0.01 mL, 1 mol%)). The
reaction mixture was stirred for 2 h at 25 °C. Aftentrifugation iodometric titration dd4p
indicates a yield of 83%.

3-Pentanoylbenzylzinc chloride (54Qq)
0

Bu)‘\©/\ZnCI-LiCI

According toTP1 3-pentanoylbenzyl chloridé&8q; 4.21 g, 20.0 mmol, in 5 mL THF) was added
dropwise at 25 °C to a suspension of LiCl (1.23@0 mmol) and zinc dust (1.96 g, 30 mmol) in
5mL THF (activation: BrCHCH,Br (0.09 mL, 5 mol%), TMSCI (0.03 mL, 1 mol%)). The
reaction mixture was stirred for 3.5 h at 25 °Cteffcentrifugation iodometric titration d&4q
indicates a yield of 72%.
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3-Isobutyrylbenzylzinc chloride (54r)
0

i-Pr)‘\©AZnCI-LiCI

According to TP1 3-isobutyrylbenzyl chloridg53r; (2.18 g, 10.9 mmol, in 3 mL THF) was
added dropwise at 25 °C to a suspension of LiCB @9, 16.5 mmol) and zinc dust (1.08 g,
16.5 mmol) in 2.5 mL THF (activation: BrGBH,Br (0.05 mL, 5 mol%), TMSCI (0.01 mL,

1 mol%)). The reaction mixture was stirred for @h25 °C. After centrifugation iodometric

titration of 54r indicates a yield of 64%.

3-Propionylbenzylzinc chloride (54s):
0

Et)k©/\ZnCI-LiCI

According toTP1 3-propionylbenzyl chloride53s 2.01 g, 11.0 mmol, in 3.5 mL THF) was
added dropwise at 25 °C to a suspension of LiCIQ@, 16.5 mmol) and zinc dust (1.08 g,
16.5 mmol) in 3 mL THF (activation: BrG&H,Br (0.05 mL, 5 mol%), TMSCI (0.01 mL,

1 mol%)). The reaction mixture was stirred for &ah25 °C. After centrifugation iodometric

titration of 54sindicates a yield of 72%.

3-Acetylbenzylzinc chloride (54t)
0

Me)l\©AZnCI-LiCI

According toTP1 3-acetylbenzyl chloride5dt; 1.85 g, 11.0 mmol, in 2.5 mL THF) was added
dropwise at 25 °C to a suspension of LiCl (0.7@&5 mmol) and zinc dust (1.08 g, 16.5 mmol)
in 3 mL THF (activation: BrCRCH,Br (0.05 mL, 5 mol%), TMSCI (0.01 mL, 1 mol%)). The
reaction mixture was stirred for 3.5 h at 25 °Cteffcentrifugation iodometric titration dd4t

indicates a yield of 68%.



C. Experimental Section 131
1-Phenylethylzinc chloride (54u)

Me

@zm-ua

According toTP1 1-phenylethyl chloridg53u; 2.81 g, 20.0 mmol, in 5 mL THF) was added
dropwise at 0 °C to a suspension of LiCl (1.27@03nmol) and zinc dust (1.96 g, 30.0 mmol)
in 5 mL THF (activation: BrChCH,Br (0.09 mL, 5 mol%), TMSCI (0.03 mL, 1 mol%)). Thee

bath was removed and the reaction mixture wasedtifor 11 h at 25 °C. After centrifugation

iodometric titration ob4uindicates a yield of 85%.

(Diphenylmethyl)zinc chloride (54v)
Ph

@zmmm

According toTP1 1,1'-(chloromethylene)dibenzen&3(; 3.04 g, 15.0 mmol, in 4 mL THF) was
added dropwise at 0 °C to a suspension of LiCl (@84 22.5 mmol) and zinc dust (1.47 g,
22.5 mmol) in 3.5 mL THF (activation: BrGBH,Br (0.07 mL, 5 mol%), TMSCI (0.02 mL,
1 mol%)). The reaction mixture was stirred for 1lirat 0 °C followed by 4.5 h at 25 °C. After
centrifugation iodometric titration dd4v indicates a yield of 64%. (8% of the homo-coupling
product was observed.

3.3. Preparation of the title compounds

1-Chloro-2-(cyclohex-2-en-1-ylmethyl)benzene (56a)

3-Bromocyclohexenesbg 419 mg, 2.60 mmol) was added to 2-chlorobenzglzimoride(54b;
1.23 mL, 2.00 mmol, 1.6 in THF) at 0 °C followed by CuCN-2LiCl (0.01 mL,0d mmol,
1.00M in THF). The mixture was stirred for 1.5 h at Z& The reaction mixture was quenched
with sat. ag. NHECI solution. The phases were separated and thé&ayey. was extracted with
Et,O (3 x 5 mL). The combined extracts were dried dMgSQ,. Evaporation of the solvents
vacuo and purification by flash chromatography (silical,gpentane) afforded the cyclohexene
56a(389 mg, 94%) as a colourless liquid.
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'H-NMR (600 MHz, CDCk): &/ ppm = 7.33 (ddJ = 7.7 Hz, 1.3 Hz, 1H), 7.20-7.11 (m, 3H),
5.72-5.68 (m, 1H), 5.58-5.54 (m, 1H), 2.77-2.72 (), 2.69-2.65 (m, 1H), 2.51-2.43 (m, 1H),
2.02-1.96 (m, 2H), 1.77-1.66 (m, 2H), 1.55-1.47 {iH), 1.33-1.27 (m, 1H).

3C-NMR (150 MHz, CDCls): 5/ ppm = 138.5, 134.3, 131.4, 131.0, 129.5, 121125,3, 126.4,
40.0, 35.4, 28.8, 25.4, 21.2.

IR (Diamond-ATR, neat): ¥ / cmi* = 3017 (m), 2922 (s), 2857 (m), 2834 (m), 1473 14%6
(m), 1439 (m), 1052 (m), 1032 (m), 746 (vs), 718,@83 (M), 665 (m).

MS (El, 70 eV): m/z (%) = 208 (M, 9), 206 (31), 125 (22), 82 (12), 81 (24), 80 (10® (24).
HRMS (C13H15Cl): calc.: 206.0862; found: 206.0840.

1-{[(4-Bromophenyl)thiolmethyl}-2-chlorobenzene 4-lbomophenyl 2-chlorobenzyl sulphide

(56b)
/©/Br

To a solution ofS(4-bromophenyl) benzenesulfonothioat§ 658 mg, 2.00 mmol) in THF
(4 mL) at 25 °C was added 2-chlorobenzylzinc clierb4b; 1.55 mL, 2.4 mmol, 1.58 in
THF). The reaction mixture was stirred for 1 h. Thaction mixture was quenched with sat. aqg.
NH4Cl solution. The phases were separated and thdagqr was extracted with GBI,
(3x 20 mL). The combined extracts were dried oMgSO,. Evaporation of the solvenis
vacuo and purification by flash chromatography (silical,gpentane) afforded the sulfid&hb
(559 mg, 89%) as a colourless liquid.

'H-NMR (300 MHz, CDCls): &/ ppm = 7.40-7.33 (m, 3H), 7.23-7.10 (m, 5H), 4482H).
¥C-NMR (75 MHz, CDCls): 8/ ppm = 134.8, 134.8, 134.1, 132.4, 131.9, 13028,7, 128.7,
126.8, 120.9, 37.0.

IR (Diamond-ATR, neat): U / cmi' = 1567 (w), 1471 (vs), 1442 (s), 1386 (m), 1235, (kD90
(s), 1068 (m), 1051 (s), 1037 (s), 1006 (vs), &) 757 (s), 741 (vs), 728 (s), 698 (m), 681 (s),
666 (m).

MS (El, 70 eV): m/z (%) = 316 (35), 314 (50), 312 {ML00), 127 (15), 125 (26), 107 (43), 98
(15), 90 (13), 89 (40), 63 (20).

HRMS (C13H10BrCIS): calc.: 311.9375; found: 311.9366.
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3-(2-Chlorobenzyl)cyclohexanong56c¢)
o}

O
According toTP4 a mixture of cyclohex-2-en-1-on®&8a 480 mg, 5.00 mmol) and TMSCI
(2.60 mL, 12.5 mmol) in 2 mL THF was added dropwsa mixture of CuCN-2LiCl (6.30 mL,
6.30 mmol, 1.0v in THF) and 2-chlorobenzylzinc chloridé4b; 3.83 mL, 6.24 mmol, 1.6@
in THF) at -40 °C. The reaction mixture was allomedreach 25 °C within 15 h and was
guenched with a mixture of sat. ag. M}/ NH3(25% in HO) = 2:1 (20 mL). Purification by
flash chromatography (silica gel, pentane)CEt 4:1) afforded the ketorc (1.03 g, 93%) as a
colourless liquid.
'H-NMR (300 MHz, CDCk): &/ ppm = 7.33-7.27 (m, 1H), 7.18-7.05 (m, 3H), 22862 (m,
2H), 2.38-1.94 (m, 6H), 1.89-1.78 (m, 1H), 1.668L(t, 1H), 1.47-1.32 (m, 1H).
3C-NMR (75 MHz, CDCl3): 5/ ppm = 211.4, 137.5, 134.4, 131.5, 129.9, 12828.9, 47.9,
41.6, 40.6, 39.6, 31.2, 25.3.
IR (Diamond-ATR, neat): ¥ / cmi* = 2936 (w), 2864 (w), 1708 (vs), 1476 (m), 1449,(hB48
(w), 1312 (w), 1224 (m), 1128 (w), 1052 (m), 108§,(748 (vs), 680 (s), 596 (W).
MS (El, 70 eV): m/z (%) = 222 (M, 3), 187 (39), 186 (23), 164 (18), 142 (19), 130)( 129
(24), 127 (11), 125 (28), 115 (16), 97 (87), 91)(3D (14), 69 (100), 55 (46), 44 (15), 41 (58).
HRMS (C13H15CIO): calc.: 222.0811; found: 222.0800.

1-Chloro-2-[2-(4-nitrophenyl)ethyl]lbenzene (56d)

Cl

To a solution of 4-nitrobenzyl bromidé9a 594 mg, 2.75 mmol) in 2.7 mL THF at 0 °C was
added successively 2-chlorobenzylzinc chlorigéb( 2.17 mL, 3.3 mmol, 1.6 in THF) and
CuCN-2LiCI (0.01 mL, 0.01 mmol, 1.0@ in THF). The mixture was stirred for 3 h at 0 “Khe
reaction mixture was quenched with sat. ag4GlHsolution. The phases were separated and the
ag. layer was extracted with BX (5 x 5 mL). The combined extracts were dried aMgSQ,.
Evaporation of the solvents vacuo and purification by flash chromatography (silical,g
pentane / RO = 98:2) afforded the diarylethabéd (643 mg, 89%) as a white solid.

M.p. (°C): 67-68.
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'H-NMR (600 MHz, CDCls): 5/ ppm = 8.14-8.11 (m, 2H), 7.38-7.34 (m, 1H), 77329 (m,
2H), 7.18-7.13 (m, 2H), 7.09-7.06 (m, 1H), 3.07B(M, 4H).

3C-NMR (150 MHz, CDCls): 5/ ppm = 149.3, 146.7, 138.2, 134.1, 130.7, 12829,6, 128.1,
127.1, 123.9, 36.0, 35.4.

IR (Diamond-ATR, neat): U / cm® = 2932 (w), 2854 (w), 1596 (m), 1509 (s), 1470, (4457
(m), 1444 (m), 1334 (m), 1313 (m), 1256 (m), 1161,(1049 (m), 1036 (m), 829 (s), 750 (vs),
698 (s).

MS (El, 70 eV): m/z (%) = 263 (11), 261 (M29), 127 (33), 125 (100), 89 (13).

HRMS (C14H12CINO,): calc.: 261.0557; found: 261.0560.

Ethyl 4-(2-chlorobenzyl)benzoate (56e€)

‘ :CI ‘ “CO,Et

To a solution of ethyl 4-iodobenzoatéaf 690 mg, 2.50 mmol) in 2.5 mL THF at 25 °C was
added successively 2-chlorobenzylzinc chlorigéb( 1.96 mL, 3.00 mmol, 1.5@ in THF) and
Pd(PPR)4 (69 mg, 2 mol%). The resulting reaction mixturesweeated to 60 °C for 5 h. After
cooling to 25 °C the reaction mixture was dilutehvEt,O (5 mL) and quenched with sat. aqg.
NH,4CI solution. The phases were separated and tHaysg.was extracted with £ (5 x 5 mL).
The combined extracts were dried over MgS@vaporation of the solventi® vacuo and
purification by flash chromatography (silica getnpane / BO = 9:1) afforded the diarylmethane
56e(667 mg, 97%) as a pale yellow liquid.

'"H-NMR (300 MHz, CDCk): &/ ppm = 8.06-8.01 (m, 3H), 7.46-7.42 (m, 1H), 77338 (m,
2H), 7.27-7.18 (m, 2H), 4.42 (4= 7.2 Hz, 2H), 4.21 (s, 2H), 1.44 {t= 7.2 Hz, 3H).

3C-NMR (75 MHz, CDCl3): 3/ ppm = 166.8, 145.0, 138.0, 134.5, 131.3, 13029,9, 129.1,
128.9,128.2,127.2, 61.1, 39.5, 14.6.

IR (Diamond-ATR, neat): ¥ / cmi* = 2980 (w), 1712 (vs), 1610 (m), 1473 (w), 1443,(h#15
(m), 1366 (w), 1271 (vs), 1177 (m), 1103 (s), 10®), 1039 (m), 1020 (m), 747 (S).

MS (El, 70 eV): m/z (%) = 276 (23), 275 (15), 274 {(\M77), 248 (10), 246 (30), 239 (13), 232
(38), 231 (17), 230 (100), 211 (21), 203 (12), 284), 167 (20), 166 (39), 165 (67).

HRMS (C16H15ClOy): calc.: 274.0671; found: 274.0748.
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1-(2-Chlorophenyl)acetone (56f)
©\/\H/Me
a®

According toTP3 acetyl chloride §0g 166 mg, 2.11 mmol) was added dropwise to a mexadr
CuCN-2LiCl (3.00 mL, 3.00 mmol, 1.00 in THF) and 2-chlorobenzylzinc chloridé&4b;
1.96 mL, 3.00 mmol, 1.58 in THF) at —40 °C. The reaction mixture was alldwe reach 25 °C
within 13.5 h and was quenched with a mixture df ag. NHCI/ NH; (25% in HO) = 2:1
(30 mL). Purification by flash chromatography (ligel, pentane / £ = 98:2) afforded the

ketone56f (315 mg, 89%) as a colourless liquid.

'"H-NMR (300 MHz, CDCl3): 3/ ppm = 7.41-7.34 (m, 1H), 7.26-7.16 (m, 3H), 3(832H), 2.19
(s, 3H).

13C-NMR (75 MHz, CDCls): &/ ppm = 204.9, 134.4, 132.9, 131.6, 129.5, 128%.0, 48.3,
29.6.

IR (Diamond-ATR, neat): ¥ / cmi* = 3060 (vw), 3001 (vw), 2907 (vw), 1720 (s), 14(d),
1444 (m), 1410 (m), 1356 (m), 1323 (m), 1219 (W)54 (s), 1127 (w), 1053 (s), 1040 (m), 746
(vs), 716 (m), 682 (s), 631 (m).

MS (El, 70 eV): m/z (%) = 168 (M, 5), 141 (11), 133 (44), 125 (32), 91 (8), 89 (B9 (6), 42
(100).

HRMS (CgHoCIO): calc.: 168.0342; found: 168.0329.

1,2-Bis(2-chlorophenyl)ethanol (569)

O oOH ¢

According toTP2 2-chlorobenzylzinc chloride5édb; 18.0 mL, 28.1 mmol, 1.5@ in THF) was
reacted with 2-chlorobenzaldehyd&lg 2.81 g, 20.0 mmol, in 10 mL THF) at 0 °C. Afteh3
the reaction mixture was quenched with sat. aq.,QdH200 mL). Purification by flash
chromatography (silica gel, pentane J&¢t 7:1) afforded the benzylic alcoHsfg (4.67 g, 87%)
as a white solid.

M.p. (°C): 86-88.

'"H-NMR (300 MHz, CDCl3): &/ppm= 7.68-7.62 (m, 1H), 7.46-7.20 (m, 7H), 5.&,
J=28.8 Hz, 4.1 Hz, 1H), 3.33 (dd,= 13.9 Hz, 4.1 Hz, 1H), 3.11 (dd~= 13.7 Hz, 8.9 Hz, 1H),
2.07 (s, 1H).
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13C-NMR (75 MHz, CDCls): &/ ppm = 141.1, 135.5, 134.6, 132.0 (double), 12926.4, 128.6,
128.1,127.3,127.1, 126.7, 70.2, 41.5.

IR (Diamond-ATR, neat): ¥ / cmi' = 3332 (w), 3257 (w), 2939 (w), 1572 (w), 1473 (1142
(m), 1433 (m), 1346 (w), 1176 (w), 1123 (w), 1056),(1047 (s), 1030 (s), 996 (m), 758 (vs),
746 (vs), 723 (s), 699 (s), 680 (m), 628 (m), 58%, 658 (s), 555 (s).

MS (El, 70 eV): m/z (%) = 266 (M, 1), 178 (7), 143 (34), 141 (100), 128 (18), 138)( 113
(15), 91 (16), 77 (48).

HRMS (C14H12Cl20): calc.: 266.0265; found: 266.0251.

Ethyl 2-[2-(4-fluorophenyl)ethyl]acrylate (56h)
CO,Et

F
To a solution of ethyl (2-bromo)methylacrylaté5b; 965 mg, 5.00 mmol) in 3 mL THF
at -60 °C was added 4-fluorobenzylzinc chlori®ddq 4.12 mL, 6.00 mmol, 1.45 M in THF)
followed by CuCN-2LiCI (0.01 mL, 0.01 mmol, 1.00 in THF). The reaction mixture was
stirred at -60 °C for 1.5 h, followed by stirring @°C for additional 30 min. Workup as usual
and purification by flash chromatography (silicd, gentane / EO = 98:2) afforded the acrylate
56h (1.03 g, 93%) as colourless liquid.

'"H-NMR (600 MHz, CDCls): &/ ppm = 7.14-7.10 (m, 2H), 6.97-6.92 (m, 2H), 66153 (m,
1H), 5.47-5.45 (m, 1H), 4.21 (4,= 7.2 Hz, 2H), 2.79-2.72 (m, 2H), 2.61-2.54 (m,)2H30 (t,
J=7.2 Hz, 3H).

13C-NMR (150 MHz, CDCls): &/ ppm = 167.0, 161.3 (dJc.r= 243.7 Hz), 139.9, 137.0 (d,
“Jcr=3.1 Hz), 129.8 (fJcr = 7.6 Hz), 125.2, 115.0 (A)c.r = 21.0 Hz), 60.6, 34.1, 34.0, 14.2.
IR (Diamond-ATR, neat): U / cm* = 2932 (w), 2984 (w), 1632 (w), 1304 (m), 524 (1934
(m), 1028 (m), 1092 (m), 1156 (m), 820 (s), 11321820 (s), 1184 (s), 1712 (s), 1508 (s).

MS (El, 70 eV): m/z (%) = 222 (M, 5), 209 (9), 176 (13), 148 (7), 109 (100), 10}, &3 (6).
HRMS (C13H15FO,): calc.: 222.1056; found: 222.1032.
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1-(4-Fluorophenyl)-4,4-dimethylpentan-2-one (56i)

F o

According toTP3 3,3-dimethylbutyryl chlorideG0b; 377 mg, 2.80 mmol) was added dropwise
to a mixture of CuCN-2LIiCIl (3.92 mL, 3.92 mmol, @.& in THF) and 4-fluorobenzylzinc
chloride 4¢ 2.69 mL, 3.93 mmol, 1.4@ in THF) at -40 °C. The reaction mixture was akalv
to reach 25 °C within 15 h and was quenched withixure of sat. ag. NI/ NH3(25% in
H,O) = 4:1 (25 mL). Purification by flash chromatoging (silica gel, pentane /£ = 98:2)
afforded the ketonB6i (555 mg, 95%) as a pale yellow liquid.

'H-NMR (600 MHz, CDCk): 8/ ppm = 7.15-7.10 (m, 2H), 7.02-6.97 (m, 2H), 3(861H), 2.35
(s, 1H), 1.00 (s, 9H).

13C-NMR (150 MHz, CDCls): 8/ ppm = 207.8, 162.1 (dJc.r = 245.1 Hz), 131.2 (FIcr =
8.1 Hz), 130.1 (dWcr = 3.4 Hz), 115.7 (fJcr = 21.6 Hz), 54.4, 51.2, 31.3, 29.9.

IR (Diamond-ATR, neat): V / cmi' = 2956 (m), 1712 (s), 1508 (vs), 1364 (m), 1352, (1220
(vs), 1160 (m), 1084 (m), 1064 (m), 824 (m), 780,(B24 (m).

MS (El, 70 eV): m/z (%) = 208 (M, 3), 109 (53), 99 (60), 71 (17), 57 (100), 43 (4 (16).
HRMS (C13H17F0): calc.: 208.1263; found: 208.1261.

3-(2-Bromobenzyl)cyclohex-2-en-1-one (56j)
o

CCO
According toTP4 3-iodocyclohex-2-en-1-oné&8b; 666 mg, 3.00 mmol) was added dropwise at
—-60 °C to a mixture of CuCN-2LiCl (3.90 mL, 3.90 wim 1.00m in THF) and 2-
bromobenzylzinc chloridebéd, 2.52 mL, 3.90 mmol, 1.5 in THF). The reaction mixture was
allowed to reach slowly 0°C within 15h and wasemgched with a mixture of sat. ag.
NH4CIl/ NH3 (25% in HO) = 2:1 (100 mL). Purification by flash chromataghy (silica gel,
pentane / BO = 2:1) afforded the unsaturated ket&6¢ (779 mg, 96%) as a colourless oil.
'"H-NMR (300 MHz, CDCls): 8/ ppm = 7.55 (ddJ = 8.0 Hz, 1.3 Hz, 1H), 7.29-7.22 (m, 1H),
7.19-7.07 (m, 2H), 5.68-5.64 (m, 1H), 3.65 (s, 2H3%0-2.29 (m, 4H), 2.05-1.94 (m, 2H).
13C-NMR (75 MHz, CDCls): 5/ ppm = 199.6, 163.3, 136.6, 133.1, 131.2, 12827.6, 127.0,
125.1, 43.9, 37.3, 29.7, 22.6.
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IR (Diamond-ATR, neat): ¥ / cmi* = 3054 (vw), 2944 (w), 2926 (w), 2887 (w), 2869 ,(8823
(vw), 1664 (vs), 1627 (m), 1567 (w), 1470 (m), 148§, 1371 (m), 1348 (m), 1323 (m), 1245
(m), 1190 (m), 1131 (w), 1023 (s), 967 (m), 884,(@A9 (vs), 659 (S).

MS (El, 70 eV): m/z (%) = 264 (M, 53), 235 (55), 185 (50), 15 (66), 129 (100), 115), 90
(12), 67 (24).

HRMS (C13H13BrO): calc.: 264.0150; found: 264.0142.

2-(3-Bromophenyl)-1-(3,4-dichlorophenyl)ethanol (5K)
Cl

Br O OH cl
According toTP2 3-bromobenzylzinc chloridés4e 1.72 mL, 2.68 mmol, 1.5@ in THF) was
reacted with 3,4-dichlorobenzaldehyddllf; 361 mg, 2.1 mmol, in 1.5 mL THF). After 17 h the
reaction mixture was quenched with sat. ag. 4GlHolution. Purification by flash
chromatography (silica gel, pentane /&t 98:2) afforded the alcoh&bk (699 mg, 98%) as a
white solid.
M.p. (°C): 64-65.
'H-NMR (600 MHz, CDCk): &/ ppm = 7.43 (dJ = 2.0 Hz, 1H), 7.41-7.34 (m, 3H), 7.16 J&
7.7 Hz, 1H), 7.12 (ddJ = 8.4 Hz, 2.0 Hz, 1H), 7.06 (d,= 7.5 Hz, 1H), 4.81 (dd] = 8.4 Hz,
4.6 Hz, 1H), 2.96-2.85 (m, 2H), 2.09 (s, 1H).
13C-NMR (150 MHz, CDCls): 5/ ppm = 143.6, 139.6, 132.6, 132.4, 131.5, 13088,1, 130.0,
128.1,127.8,125.1, 122.6, 73.8, 45.4.
IR (Diamond-ATR, neat): V / cmi' = 3288 (m), 1564 (m), 1470 (s), 1424 (m), 1202, (k18

(m), 1070 (s), 1046 (s), 1026 (s), 998 (s), 884182 (vs), 668 (vs).
HRMS (ESI; C15H12,BrCl,03): calc.: 388.9352 ([M+HCg)); found: 388.9360 ([M+HCg)).

2-(3-Bromophenyl)-1-cyclopropylethanone (56l)

Br
(0]

According toTP3 cyclopropanecarbonyl chloridé@c 320 mg, 3.07 mmol) was added dropwise
to a mixture of CUCN-2LiCl (4.2 mL, 4.2 mmol, 1.@0n THF) and 3-bromobenzylzinc chloride
(54e 2.75 mL, 4.2 mmol, 1.58 in THF) at -40 °C. The reaction mixture was allo\te reach
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0 °C within 18 h and was quenched with a mixturesatf ag. NECI / NH; (25% in HO) = 2:1
(100 mL). Purification by flash chromatography il gel, pentane / D = 98:2) afforded the

ketone561 (675 mg, 92%) as a colourless liquid.

'H-NMR (300 MHz, CDCls): &/ ppm = 7.42-7.35 (m, 2H), 7.23-7.10 (m, 2H), 3(29 2H),
2.00-1.89 (m, 1H), 1.08-1.00 (m, 2H), 0.91-0.83 ).

¥C-NMR (75 MHz, CDCl3): 3/ ppm = 207.3, 136.5, 132.5, 130.1, 130.0, 12822.6, 49.9,
20.2,11.4.

IR (Diamond-ATR, neat): ¥ / cmi* =3007 (w), 1693 (s), 1593 (w), 1567 (m), 1474 (i%)28
(m), 1379 (s), 1205 (m), 1066 (vs), 1021 (m), 98§,(900 (m), 886 (m), 816 (m), 787 (m), 766
(s), 695 (s), 681 (m), 670 (m), 664 (m), 600 (NGB Hm), 565 (m).

MS (El, 70 eV): m/z (%) = 238 (M, 4), 168 (7), 90 (8), 69 (100), 59 (6), 45 (5),(48), 40 (21).
HRMS (C1;H11BrO): calc.: 237.9993; found: 237.9983.

1-(3-Bromophenyl)-4,4-dimethylpentan-2-one (56in

Br t-Bu
(0}

According toTP3 3,3-dimethylbutyryl chlorideG0b; 581 mg, 4.32 mmol) was added dropwise
to a mixture of CuCN-2LiCl (6.02 mL, 6.02 mmol, Q. in THF) and 3-bromobenzylzinc
chloride 64e 1.72 mL, 6.02 mmol, 1.53 M in THF) at -60 °Chel reaction mixture was
allowed to reach -20°C overnight and was quench@th a mixture of sat. aqg.
NH4CI/ NH3(25% in HO) =2:1 (25 mL). Purification by flash chromatoghg (silica gel,
pentane / RO = 98:2) afforded the ketori®m (1.11 g, 96%) as a pale yellow liquid.

'H-NMR (600 MHz, CDCls): &/ppm= 7.40-7.37 (m, 1H), 7.33-7.32 (m, 1H), 7.¢t8
J=7.8 Hz, 1H), 7.11-7.08 (m, 1H), 3.62 (s, 2HR®(s, 2H), 1.00 (s, 9H).

BC-NMR (150 MHz, CDCl3): &/ ppm = 206.9, 136.4, 132.5, 130.1, 130.0, 12822.6, 54.3,
51.3,31.1, 29.7.

IR (Diamond-ATR, neat): V' / cm® = 2868 (m), 1596 (m), 1188 (m), 1222 (m), 996 (%28
(m), 1350 (m), 1568 (m), 2954 (m), 668 (s), 136} 696 (s), 1474 (s), 772 (s), 1072 (vs),
1714 (vs).

MS (El, 70 eV): m/z (%) = 268 (M, 6), 180 (16), 169 (16), 99 (100), 90 (15), 71)(B¥ (79).
HRMS (C,3H17BrO): calc.: 268.0463; found: 268.0457.
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3-(3-Bromobenzyl)cyclohexanone (56n)
Br o}

s¥e

According to TP4 a mixture of cyclohex-2-en-1-on&8g 480 mg, 5.00 mmol) and TMSCI
(2.60 mL, 12.5 mmol) in 2 mL THF was added dropwis@ mixture of CuUCN-2LiCl (6.25 mL,
6.25 mmol, 1.001 in THF) and 3-bromobenzylzinc chloridg6g 4.08 mL, 6.25 mmol, 1.58

in THF) at -40 °C. The reaction mixture was allowedreach 25 °C within 16 h and was
guenched with a mixture of sat. aq. M/ NH3; (25% in BO) = 2:1 (60 mL). Purification by
flash chromatography (silica gel, pentane, CEt 4:1) afforded the ketortn (1.22 g, 91%) as
a colourless liquid.

'"H-NMR (300 MHz, CDCls): &/ppm= 7.36-7.30 (m, 1H), 7.29-7.25 (m, 1H), 7.{t4
J=7.8 Hz, 1H), 7.07-7.00 (m, 1H), 2.65-2.50 (m,)2R.43-2.17 (m, 3H), 2.12-1.94 (m, 3H),
1.91-1.79 (m, 1H), 1.70-1.52 (m, 1H), 1.43-1.281(H).

1BC-NMR (75 MHz, CDCl3): &/ ppm = 211.0, 141.7, 132.0, 129.9, 129.3, 12722.4, 47.6,
42.5,41.3, 40.6, 30.8, 25.0.

IR (Diamond-ATR, neat): U / cmi* = 2926 (m), 1707 (vs), 1565 (m), 1473 (m), 1447, (424
(m), 1224 (m), 1070 (m), 997 (m), 857 (m), 778 (@H3 (m), 696 (M), 668 (mM).

MS (El, 70 eV): m/z (%) = 266 (M, 31), 210 (38), 208 (38), 170 (12), 129 (26), {18), 97
(100), 90 (16), 69 (70), 55 (38), 40 (37).

HRMS (C13H1sBrO): calc.: 266.0306; found: 266.0297.

1-(3-Chlorophenyl)-2-(2-iodophenyl)ethanol (560)

I Cl
| OH

According toTP2 2-iodobenzylzinc chloridg54f, 1.28 mL, 1.96 mmol, 1.5@ in THF) was
reacted with 3-chlorobenzaldehydél¢ 211 mg, 1.5 mmol, in 1.5 mL THF). After 5 h, the
reaction mixture was quenched with sat. ag. 46IH solution. Purification by flash
chromatography (silica gel, pentane J&t 9:1 to 7:3) afforded the alcoh®bo (470 mg, 87%)
as a pale yellow solid.

M.p. (°C): 68-70.
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'H-NMR (600 MHz, CDCk): &/ ppm = 7.86 (ddJ = 7.8 Hz, 1.2 Hz, 1H), 7.46-7.44 (m, 1H),
7.30-7.24 (m, 4H), 7.18 (dd,= 7.5 Hz, 1.8 Hz, 1H), 6.96-6.93 (m, 1H), 5.0174(f, 1H), 3.17-
3.13 (m 1H), 3.08-3.03 (m, 1 H), 1.92 (s 3.3 Hz, 1H).

3C-NMR (150 MHz, CDCls): 5/ ppm = 145.7, 140.4, 139.7, 134.4, 131.3, 12828,7, 128.3,
127.8,125.9, 123.9, 100.9, 72.8, 50.4.

IR (Diamond-ATR, neat): ¥ / cmi' = 3322 (w), 3252 (w), 1596 (w), 1575 (w), 1468 (11}35
(m), 1198 (m), 1055 (s), 1015 (s), 884 (m), 78374p (s), 725 (s), 695 (vs).

MS (El, 70 eV): m/z (%) = 358 (M, 1), 218 (100), 142 (8), 141 (27), 77 (13).

HRMS (C14H1,CIlIO): calc.: 357.9621; found: 357.9629.

3-(2-lodobenzyl)cyclohexanone (56p)
O

s¥e
According toTP4 a mixture of cyclohex-2-en-1-on®&8a 480 mg, 5.00 mmol) and TMSCI
(2.60 mL, 12.5 mmol) in 2 mL THF was added dropwsa mixture of CuCN-2LiCl (6.30 mL,
6.30 mmol, 1.00v in THF) and 2-iodobenzylzinc chloridé4f; 4.81 mL, 6.25 mmol, 1.3@ in
THF) at -40 °C. The reaction mixture was alloweddach 25 °C within 15 h and was quenched
with a mixture of sat. ag. Ni&I/ NH3(25% in HO) =2:1 (20 mL). Purification by flash
chromatography (silica gel, pentane /&t= 4:1) afforded the ketong&6p (1.13 g, 72%) as a
colourless liquid.
'H-NMR (300 MHz, CDCk): &/ ppm = 7.80 (dd) = 7.8 Hz, 1.2 Hz, 1 H), 7.28-7.22 (m, 1H),
7.13-7.09 (m, 1H), 6.91-6.85 (m, 1H), 2.82-2.64 @H), 2.43-1.98 (m, 6H), 1.95-1.83 (m, 1H),
1.70-1.53 (m, 1H), 1.53-1.37 (m, 1H).
13C-NMR (75 MHz, CDCls): 8/ ppm = 211.3, 142.2, 139.7, 130.4, 128.1 (ovéy2p1.0, 47.6,
47.2,41.4,39.5, 30.9, 25.1.
IR (Diamond-ATR, neat): ¥ / cm* = 2933 (m), 2863 (m), 1706 (vs), 1466 (m), 1448, (i224
(m), 1008 (s), 744 (s), 646 (m).
MS (El, 70 eV): m/z (%) = 314 (M, 9), 217 (18), 188 (13), 187 (100), 1269 (15), (16), 97
(66), 91 (22), 89 (12), 69 (72), 55 (34), 41 (33).
HRMS (C13H1510): calc.: 314.0168; found: 314.0166.
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Ethyl 2-[2-(2-iodophenyl)ethyl]acrylate (56p)

CO,Et

|
2-lodobenzylzinc chlorideb@f; 3.92 mL, 6.00 mmol, 1.5@ in THF) was added to a solution of
ethyl (2-bromomethyl)acrylatesbb; 965 mg, 5.00 mmol) in 3 mL THF at -60 °C followeg
CuCN-2LiCI (0.01 mL, 0.01 mmol, 1.0@ in THF). The reaction mixture was stirred at -0 °
for 30 min, followed by stirring at 0 °C for additial 30 min. Then, the reaction mixture was
guenched by adding a mixture of sat. aq.,8H NH; (25% in HO) = 9:1 (100 mL).
Purification by flash chromatography (silica gednpane / EO = 9:1 + 1 vol-% NE) afforded
the acrylaté6p (1.42 g, 86%) as colourless liquid.
'H-NMR (300 MHz, CDCl3): &/ ppm = 7.80 (d,J = 6.9 Hz, 1H), 7.32-7.14 (m, 2H), 6.93-6.81
(m, 1H), 6.17 (s, 1H), 5.53 (d,= 1.4 Hz, 1H), 4.22 (d] = 7.2 Hz, 2H), 2.95-2.85 (m, 2H), 2.63-
2.54 (m, 2H), 1.31 (t) = 7.2 Hz, 3H).
13C-NMR (75 MHz, CDCls3): 6/ ppm = 167.0, 143.9, 139.7, 139.4, 129.6, 12823,8, 125.5,
100.4, 60.7, 39.9, 32.4, 14.2.
IR (Diamond-ATR, neat): ¥ / cmi* = 3057 (vw), 2978 (w), 2932 (w), 2903 (vw), 2868V},
1711 (vs), 1629 (m), 1562 (w), 1465 (m), 1368 (&P99 (m), 1251 (m), 1240 (m), 1180 (vs),
1136 (vs), 1102 (m), 1027 (m), 1010 (s), 943 (i} 8n), 747 (vs), 717 (m), 645 (s).
MS (El, 70 eV): m/z (%) = 330 (M, 2), 217 (100), 175 (14), 157 (12), 131 (13), 189), 90
(26), 64 (6).
HRMS (C13H1510): calc.: 330.0117; found: 330.0110.

1-(1-Benzothien-3-yl)-2-[3-(trifluoromethyl)phenyl}-ethanol (56r)

F4C ~°
O OH

According toTP2 3-(trifluoromethyl)benzylzinc chloride54g 1.39 mL, 2.09 mmol, 1.5Q in
THF) was reacted with benzothiophene-3-carbaldeh$de; 260 mg, 1.60 mmol, in 0.5 mL
THF) at 0 °C. The ice-bath was removed. After @hle, reaction mixture was quenched with sat.

ag. NH,Cl (50 mL). The phases were separated and theagqr was extracted with GaI,
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(3 x 50 mL). Purification by flash chromatograplsyli¢a gel, pentane / D = 3:1) afforded the
benzylic alcohob6r (441 mg, 86%) as a yellow oil.

H-NMR (400 MHz, C¢De): &/ ppm = 7.68-7.64 (m, 1H), 7.59-7.55 (m, 1H), 7(891H), 7.25
(d,J=7.4 Hz, 1H), 7.20-7.15 (m, 1H), 7.12-7.07 (m,),16192-6.88 (m, 1H), 6.86 ({,= 7.7 Hz,
1H), 6.78-6.76 (m 1H), 4.68 (,= 6.3 Hz, 1H), 2.79 (d] = 6.2 Hz, 2H), 1.24 (s, 1H).

3C-NMR (100 MHz, C¢De): 8/ ppm = 141.3, 139.7, 139.2, 137.5, 133.2(0g,r = 1.2 Hz),
130.6 (q,Jcr = 31.7 Hz), 128.7, 126.5 (qJcr= 3.8 Hz), 125.0 (q;Jc.F= 272.5 Hz), 124.7,
124.2,123.4 (q) = 3.8 Hz), 123.2, 122.6, 122.6, 70.5, 43.4.

IR (Diamond-ATR, neat): ¥ / cmi* = 2970 (w), 2919 (w), 1739 (m), 1450 (m), 1428,(§65
(m), 1326 (s), 1217 (m), 1201 (m), 1160 (s), 114H,(1098 (s), 1072 (s), 797 (m), 761 (s), 732
(s), 701 (s), 657 (s).

MS (El, 70 eV): m/z (%) = 322 (M, 2), 240 (2), 164 (100), 135 (21), 91 (8).

HRMS (C17H13F30S): calc.: 322.0639; found: 322.0630.

Ethyl 2-[2-(3,4,5-trimethoxyphenyl)ethyl]acrylate G6s)

CO,Et
MeO

MeO
OMe

To a solution of ethyl (2-bromomethyl)acrylaté5b; 579 mg, 3.00 mmol) in 1.5 mL THF
at -60 °C was added 3,4,5-trimethoxybenzylzinc kté G4h; 7.40 mL, 3.75 mmol, 0.5¢ in
THF) followed by CuCN-2LiCl (0.01 mL, 0.01 mmol0D.m in THF). The reaction mixture was
stirred at -60 °C for 30 min followed by stirring @ °C for additional 30 min. Then, the reaction
mixture was quenched by adding sat. aq4GlHolution. The phases were separated and the aq.
layer was extracted with #d (3 x 20 mL). The combined extracts were driedrovigSQ.
Evaporation of the solvents vacuo and purification by flash chromatography (silical,g
pentane / RO = 7:1) afforded the acrylai6s (867 mg, 98%) as colourless liquid.

'H-NMR (300 MHz, CDCk): &/ppm= 6.36 (s, 2H), 6.11 (s, 1H), 5.48 (s, 1M)7 (q,
J=7.1Hz, 2H), 3.79 (s, 6H), 3.77 (s, 3H), 2.78X(m, 2H), 2.62-2.51 (m, 2H), 1.26 (t,
J=7.2 Hz, 3H).

3C-NMR (75 MHz, CDCl3): 5/ ppm = 167.3, 153.3, 140.3, 137.5, 136.4, 125(%.6, 61.0,
60.8, 56.2, 35.6, 34.2, 14.4.
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IR (Diamond-ATR, neat): 7 / cmi* = 2936 (w), 2840 (w), 1712 (m), 1588 (m), 1508,(t)56
(m), 1420 (m), 1332 (m), 1236 (s), 1184 (s), 11&),(1008 (m), 944 (m), 820 (m).

MS (El, 70 eV): m/z (%) = 294 (M, 31), 182 (20), 181 (100), 148 (7), 121 (9).

HRMS (C16H2205): calc.: 294.1467; found: 294.1457.

Ethyl 2-[2-(4-methoxyphenyl)ethyl]acrylate (56t)
CO,Et

MeO
To a solution of ethyl 2-bromomethylacrylat&5b; 772 mg, 4.00 mmol) in THF (2 mL) at
-40 °C was added 4-methoxybenzylzinc chlori@di;( 7.19 mL, 5.00 mmol, 0.7Q@ in THF)
followed by CuCN-2LiCI (0.01 mL, 1.0@ in THF). The reaction mixture was stirred at -4 °
for 30 min, followed by stirring at 0 °C for additial 30 min. Then, the reaction mixture was
guenched by adding sat. aq. MH solution. The phases were separated and th&ayey. was
extracted with EO (3 x 50 mL). The combined extracts were driedrdgSQ.. Evaporation of
the solventsn vacuo and purification by flash chromatography (silied, gpentane / EO = 98:2)
afforded the acrylaté6t (0.91 g, 97%) as colourless liquid.
'H-NMR (300 MHz, CDCls): 8/ ppm = 7.14-7.06 (m, 2H), 6.86—-6.79 (m, 2H), 66153 (m,
1H), 5.49-5.46 (m, 1H), 4.22 (d,= 7.1 Hz, 2H), 3.78 (s, 3H), 2.78-2.69 (m, 2H}E222.53 (m,
2H), 1.31 (tJ = 7.1 Hz, 3H).
3C-NMR (75 MHz, CDCl3): 5/ ppm = 167.1, 157.8, 140.2, 133.5, 129.3, 1251®.7, 60.6,
55.2,34.1, 34.0, 14.2.
IR (Diamond-ATR, neat): U / cmi' = 2936 (w), 1712 (s), 1612 (m), 1512 (vs), 1300, (i244
(vs), 1176 (vs), 1132 (s), 1104 (m), 1032 (s), @44 816 (s), 520 (m).
MS (El, 70 eV): m/z (%) = 234 (M, 50), 189 (31), 161 (12), 121 (100), 115 (10),(2%), 77
(30).
HRMS (C14H1503): calc.: 234.1256; found: 234.1233.
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1-(4-Chlorophenyl)-2-(2-methoxyphenyl)ethanone (56u

OMe O cl
(7

According toTP3 4-chlorobenzoyl chloride60d; 411 mg, 2.35 mmol) was added dropwise to a
mixture of CuCN-2LiCl (3.29 mL, 3.29 mmol, 1.00 in THF) and 2-methoxybenzylzinc
chloride 64i; 2.19 mL, 3.29 mmol, 1.5@ in THF) at -40 °C. The reaction mixture was allowe
to reach 25 °C within 21 h and was quenched withixture of sat. aq. NKCI / NH; (25% in
H,O) = 2:1 (100 mL). Purification by flash chromataghy (silica gel, pentane /&t = 14:1)
afforded the ketonB6u (605 mg, 99%) as a white solid.

M.p. (°C): 56-57.

'H-NMR (300 MHz, CDCls): 3/ ppm = 7.99-7.94 (m, 2H), 7.44-7.38 (m, 2H), 77292 (m,
1H), 7.16 (ddJ = 7.8 Hz, 1.7 Hz, 1H), 6.95-6.85 (m, 2H), 4.2324), 3.78 (s, 3H).

3C-NMR (75 MHz, CDCl3): 3/ ppm = 196.8, 157.0, 139.2, 135.2, 130.9, 12928.8, 128.5,
123.4,120.7, 110.6, 55.4, 39.9.

IR (Diamond-ATR, neat): U / cmi' = 2988 (w), 2954 (w), 2940 (w), 2912 (w), 2832 (A$92
(vs), 1590 (s), 1494 (s), 1466 (m), 1398 (m), 1834 1288 (m), 1238 (vs), 1208 (s), 1196 (s),
1174 (m), 1110 (s), 1086 (s), 1026 (s), 992 (sp, @%), 766 (vs), 758 (vs), 568 (m).

MS (El, 70 eV): m/z (%) = 260 (M, 19), 141 (31), 139 (100), 121 (22), 111 (14)(®4).

HRMS (C1s5H13ClOy): calc.: 260.0604; found: 260.0599.

1-(6-Chloro-1,3-benzodioxol-5-yl)-4,4-dimethylpenta-2-one (56v)

O t-Bu
CI LY
0 a©

According toTP3 3,3-dimethylbutyryl chlorideG0b; 377 mg, 2.80 mmol) was added dropwise
to a mixture of CuCN-2LiCl (3.92mL, 3.92 mmol, @@ in THF) and 6-chloro-1,3-
benzodioxol-5-ylmethylzinc chloridéb4k; 2.80 mL, 3.92 mmol, 1.4@ in THF) at -60 °C. The
reaction mixture was allowed to reach 25 °C withinh and was quenched with a mixture of sat.
ag. NH,CI/ NH3(25% in HO) = 5:1 (25 mL). Purification by flash chromatoghg (silica gel,
pentane / RO = 95:5) afforded the ketoriv (703 mg, 93%) as a pale yellow liquid.

'H-NMR (600 MHz, CDCkL): 5/ ppm = 6.84 (s, 1H), 6.63 (s, 1H), 5.95 (s, 2BiY0 (s, 2H),
2.38 (s, 2H), 1.02 (s, 9H).
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13C-NMR (150 MHz, CDCls): 5/ ppm = 206.5, 147.4, 146.7, 126.0, 125.7, 11009,8, 101.7,
54.3, 49.2, 31.0, 29.6.

IR (Diamond-ATR, neat): V / cmi' = 2952 (m), 2904 (w), 1716 (m), 1504 (s), 1480,(1864
(m), 1248 (s), 1232 (s), 1120 (s), 1036 (vs), 98% 032 (s), 840 (s), 724 (w), 684 (W).

MS (El, 70 eV): m/z (%) = 268 (77), 171 (76), 169 (50), 110 (Z8,(100), 71 (65), 57 (43), 41
(33).

HRMS (C14H17ClO3): calc.: 268.0866; found: 268.0855.

1-[4-(Methylthio)phenyl]butan-2-one (56w)

o
MeS ©

According to TP3 propanoyl chloride @0e 95.3 mg, 1.03 mmol, in 0.5 mL THF) was added
dropwise at -20 °C to a mixture of CuCN-2LiCIl (0r8Q, 0.50 mmol, 1.0x in THF) and 4-
(methylthio)benzylzinc chloride 541, 0.85 mL, 1.20 mmol, 1.42 M in THF). The reaction
mixture was stirred at 0 °C and slowly warmed to’@5within 4 h. Then, a mixture of sat. aqg.
NH4Cl/ NH3(25% in HO) =9:1 (25 mL) was added and the phases wereaepda The ag.
layer was extracted with E2 (5 x 20 mL). The combined extracts were driedravigSQ,.
Evaporation of the solvents vacuo and purification by flash chromatography (silical,g
pentane / ED = 9:1) afforded the ketor¥w (143 mg, 71%) as a white solid.

M.p. (°C): 42-43.

'H-NMR (600 MHz, CDCl3): 8/ ppm = 7.23-7.19 (m, 2H), 7.13-7.10 (m, 2H), 3(632H) 2.46
(9,J=7.3 Hz, 2H), 2.46 (s, 3H), 1.02 Jtz= 7.3 Hz, 3H).

13C-NMR (150 MHz, CDCls): 5/ ppm = 208.8, 137.0, 131.3, 129.8, 127.0, 4%2,316.0, 7.8.
IR (Diamond-ATR, neat): ¥ / cmi* = 2978 (w), 2937 (w), 2922 (w), 2903 (w), 1711)(\E501
(W), 1496 (s), 1456 (m), 1438 (m), 1413 (s), 138, (1351 (m), 1317 (m), 1111 (s), 1098 (m),
1087 (m), 1038 (s), 1020 (m), 993 (m), 969 (m), 959, 866 (M), 823 (m), 803 (vs), 725 (M),
667 (M).

MS (El, 70 eV):m/z (%) = 194 (M, 26), 137 (100), 122 (11), 57 (10).

HRMS (C1;H140S): calc.: 194.0765; found: 194.0747.
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Ethyl 3-[2-(4-bromophenyl)-2-hydroxyethyl]benzoate(56x)

Br
EtO,C ‘
S

According toTP2 3-(ethoxycarbonyl)benzylzinc chloridé4m; 4.10 mL, 5.33 mmol, 1.3Q in
THF) was reacted with 4-bromobenzaldehy@éeg 775 mg, 4.2 mmol, in 3 mL THF). After

4.5 h the reaction mixture was quenched with sat. NH;Cl solution. Purification by flash

chromatography (silica gel, pentane J&t= 7:3) afforded the alcohd&@6x (1.33 g, 91%) as a
white solid.

M.p. (°C): 65-66.

'H-NMR (600 MHz, CDCk): &/ ppm = 7.92-7.90 (m, 1H), 7.86-7.85 (m, 1H), 77424 (m,
2H), 7.37-7.30 (m, 2H), 7.22-7.19 (m, 2H), 4.9174(@, 1H), 4.36 (q,) = 7.1 Hz, 2H), 3.04-
3.01 (m, 2H), 1.97 (d] = 3.1 Hz, 1H), 1.39 (1] = 7.2 Hz, 3H).

3C-NMR (150 MHz, CDCls): 8/ ppm = 166.5, 142.5, 137.9, 134.1, 131.5, 1303D,4, 128.5,
127.9, 127.6, 121.5, 74.6, 61.0, 45.6, 14.3.

IR (Diamond-ATR, neat): ¥ / cmi* = 3466 (w), 1704 (s), 1682 (s), 1484 (m), 1446, (1400
(m), 1366 (M), 1278 (s), 1200 (s), 1108 (s), 13561024 (s), 1004 (s), 746 (vs), 698 (S).

MS (El, 70 eV): m/z (%) = 348 (M, <1), 164 (100), 136 (29), 135 (13), 118 (10),(9Q), 91
(16), 90 (11), 78 (10), 77 (20).

HRMS (C,7H1/BrOy): calc.: 348.0361; found: 348.0372.

Ethyl 3-[(3-oxocyclohexyl)methyl]benzoate (56y)

COEt O

According to TP4 a mixture of cyclohex-2-en-1-on&8g 480 mg, 5.0 mmol) and TMSCI
(2.60 mL, 12.5 mmol) in 2 mL THF was added dropwsa mixture of CuCN-2LiCl (6.30 mL,
6.30 mmol, 1.0m in THF) and 3-(ethoxycarbonyl)benzylzinc chlorid®4m; 4.46 mL,
6.24 mmol, 1.40 in THF) at -40 °C. The reaction mixture was allomte reach 25 °C within
15 h and was quenched with a mixture of sat. agsMHNH; (25% in HO) = 2:1 (20 mL).
Purification by flash chromatography (silica geknpane /EBEO =5:1 to 1:1) afforded the
cyclohexanon®&6y (1.26 g, 97%) as a colourless liquid.
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'H-NMR (300 MHz, CDCk): &/ ppm = 7.82-7.78 (m, 1H), 7.74-7.72 (m, 1H), 77284 (m,
1H), 7.24-7.21 (m, 1H), 4.28 (4,= 7.2 Hz, 2H), 2.63-2.53 (m, 2H), 2.28-2.21 (m,)2R.20-
2.13 (m, 1H), 2.01-1.89 (m, 3H), 1.79-1.73 (m, 1H}K7-1.47 (m, 1H), 1.33-1.25 (m, 1H), 1.30
(t, J=7.2 Hz, 3H).

3C-NMR (75 MHz, CDCl3): 8/ ppm = 211.2, 166.7, 140.0, 133.7, 130.8, 13028.6, 127.7,
61.1,47.8,42.9,41.5, 40.9, 31.0, 25.2, 14.5.

IR (Diamond-ATR, neat): ¥ / cm* = 2936 (w), 1708 (vs), 1444 (m), 1368 (w), 1276)(\1196
(s), 1108 (s), 1024 (m), 864 (w), 748 (s), 700 @72 (w).

MS (El, 70 eV): m/z (%) = 260 (M, 30), 215 (36), 214 (79), 164 (26), 129 (39), 183), 115
(20), 97 (80), 91 (33), 69 (100), 55 (46), 41 (50).

HRMS (C16H2003): calc.: 260.1412; found: 260.1386.

Ethyl 3-[2-hydroxy-2-(3-thienyl)ethyl]benzoate (562

s
EtO,C [,

OH
According toTP2 3-(ethoxycarbonyl)benzylzinc chloridé4m; 3.07 mL, 3.90 mmol, 1.2¥ in
THF) was reacted with 3-thiophencarbaldehy@#f;,(337 mg, 3.00 mmol, in 1.5 mL THF) at
0 °C. After 22 h at 25 °C, the reaction mixture wganched with sat. ag. NEI (50 mL). The
phases were separated and the ag. layer was exitraith CHCI, (3 x 50 mL). Purification by
flash chromatography (silica gel, pentane $CEt= 3:1) afforded the benzylic alcoh8bz
(730 mg, 88%) as a pale yellow solid.
M.p. (°C): 44-46.
'H-NMR (300 MHz, CDCls): 8/ ppm = 7.94-7.82 (m, 2H), 7.37-7.26 (m, 3H), 771@8 (m,
1H), 7.09-7.03 (m, 1H), 4.99 (dd= 6.9 Hz, 6.4 Hz, 1H), 4.34 (d,= 7.2 Hz, 2H), 3.16-3.00 (m,
2H), 2.22 (s, 1H), 1.37 (8,= 7.2 Hz, 3H).
13C-NMR (75 MHz, CDCls): &/ ppm = 166.6, 145.0, 138.2, 134.0, 130.5, 13028.3, 127.7,
126.1, 125.5, 120.9, 71.2, 60.9, 44.8, 14.3.
IR (Diamond-ATR, neat): ¥ / cmi' = 3350 (w), 3267 (w), 3100 (w), 2980 (w), 2924 (@11
(vs), 1605 (w), 1587 (w), 1472 (w), 1443 (m), 1388, 1279 (s), 1261 (s), 1196 (s), 1106 (s),
1060 (s), 1029 (s), 922 (m), 853 (s), 792 (S), B)7727 (vs), 673 (m).
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MS (El, 70 eV): m/z (%) = 276 (M, 1), 231 (13), 164 (100), 136 (42), 118 (12), 133), 91
(18), 85 (22).

HRMS (C15H1603S): calc.: 276.0820; found: 276.0817.

Ethyl 3-[(methylthio)methyl]benzoate (56aa)

EtOQC\©/\SMe

3-(Ethoxycarbonyl)benzylzinc chlorid®4m; 1.82 mL, 2.40 mmol, 1.32 in THF) was added
dropwise toS-methyl methanethiosulfonat&qb; 254 mg, 2.01 mmol) at 25 °C. After 25 h, the
reaction mixture was quenched with sat. aq4GIH25 mL). The phases were separated and the
ag. layer was extracted with @El; (3 x 25 mL). The combined extracts were dried dMgEQ;.
Evaporation of the solventsy vacuo and purification by flash chromatography (silical, ge
pentane) afforded the thioetHs8aa (370 mg, 88%) as a yellow liquid.

'"H-NMR (300 MHz, CDCl3): &/ ppm = 7.98-7.88 (m, 2H), 7.50 (d= 7.6 Hz, 1H), 7.38 (t,
J=7.6 Hz, 1H), 4.36 (q] = 7.2 Hz, 2H), 3.69 (s, 2H), 1.98 (s, 3H), 1.38)g 7.2 Hz, 3H).
3C-NMR (75 MHz, CDCl3): 5/ ppm = 166.4, 138.7, 133.2, 130.7, 129.8, 12828.2, 61.0,
38.0, 14.9, 14.3.

IR (Diamond-ATR, neat): ¥ / cmi* = 2979 (w), 2914 (w), 1713 (vs), 1605 (w), 1587, (d442
(m), 1366 (m), 1303 (m), 1277 (vs), 1236 (s), 11901102 (s), 1078 (s), 1021 (m), 912 (w), 863
(w), 818 (w), 761 (m), 730 (s), 714 (m), 699 (H26m).

MS (El, 70 eV): m/z (%) = 210 (M, 28), 181 (11), 163 (100), 135 (18), 119 (39)(82), 77 (6).
HRMS (C1;H140,S): calc.: 210.0715; found: 210.0711.

Ethyl 4-[2-(4-chlorophenyl)-2-oxoethyl]benzoate (5&b)

‘ Cl
EtO,C O ©
According toTP3 4-chlorobenzoyl chloride60d; 350 mg, 2.00 mmol) was added dropwise to a
mixture of CUCN- 2LiCl (2.60 mL, 2.60 mmol, 1.00in THF) and 4-(ethoxycarbonyl)benzylzinc
chloride 64n; 2.20 mL, 2.60 mmol, 1.18 in THF) at -40 °C. The reaction mixture was allowe
to reach 25 °C within 20 h and was quenched withixture of sat. ag. NKCI / NH; (25% in
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H,O) = 2:1 (50 mL). Purification by flash chromatoging (silica gel, pentane /& = 9:1)
afforded the ketonB6ab (261 mg, 43%) as a white solid.

M.p. (°C):141-143.

"H-NMR (300 MHz, CDCl3): 8/ ppm = 8.03-7.97 (m, 2H), 7.95-7.89 (m, 2H), 77489 (m,
2H), 7.34-7.28 (m, 2H), 4.35 (4= 7.2 Hz, 2H), 4.30 (s, 2H), 1.37 Jt= 7.1 Hz, 3H).

3C-NMR (75 MHz, CDCls): &/ ppm = 195.6, 166.3, 139.9, 139.2, 134.6, 128c@fle), 129.5,
129.3,129.0, 60.9, 45.4, 14.3.

IR (Diamond-ATR, neat): ¥ / cmi* = 2981 (m), 2970 (m), 2928 (m), 1739 (s), 1728 1305
(s), 1681 (vs), 1586 (m), 1489 (m), 1399 (m), 1866 1267 (s), 1229 (s), 1216 (s), 1200 (s),
1091 (s), 1022 (s), 1015 (m), 992 (s), 930 (m), 87AH 824 (s), 797 (m), 758 (vs), 725 (S).

MS (El, 70 eV): m/z (%) = 302 (M, 1), 257 (8), 141 (31), 139 (100), 111 (13).

HRMS (C17H15ClO3): calc.: 302.0710; found: 302.0716.

3-(3-Methoxybenzyl)benzonitrile (56ac)

NC\‘/\‘/ OMe

To a solution of 3-iodoanisoletly; 585 mg, 2.5 mmol) in 2.0 mL THF at 25 °C was atide
successively 3-cyanobenzylzinc chloridg4q¢ 2.03 mL, 3.00 mmol, 1.48 in THF) and
Pd(PPh)4 (139 mg, 5.0 mol%). The resulting reaction mixtwas heated to 60 °C for 5 h. After
cooling to 25 °C, the reaction mixture was diluteith Et,O (5 mL) and quenched with sat. aqg.
NH,4CI solution. The phases were separated and tHaysy.was extracted with £ (5 x 5 mL).
The combined extracts were dried over MgS@vaporation of the solvents vacuo and
purification by flash chromatography (silica getnpane / EO = 9:1) afforded the diarylmethane
56ac(492 mg, 88%) as a colourless liquid.

'H-NMR (300 MHz, CDCL): 8/ ppm = 7.51-7.34 (m, 4H), 7.26-7.20 (m, 1H), 66887 (m,
3H), 3.97 (s, 2H), 3.78 (s, 3H).

13C-NMR (75 MHz, CDClj3): &6/ ppm = 160.2, 142.7, 141.2, 133.6, 132.6, 13030, 129.5,
121.5,119.2,115.2, 112.8, 112.0, 55.4, 41.6.

IR (Diamond-ATR, neat): ¥ / cm* = 2937 (w), 2228 (s), 1596 (s), 1582 (s), 14881453 (m),
1435 (m), 1257 (vs), 1151 (m), 1048 (s), 779 (M), {m), 686 (s).

MS (El, 70 eV): m/z (%) = 224 (15), 223 (M 100), 222 (12), 208 (13), 190 (10).

HRMS (C1sH13NO): calc.: 223.0997; found: 223.0988.
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3-(3,3-Dimethyl-2-oxobutyl)benzonitrile (56ad)

CN (6]

Ve

According toTP4 a mixture of cyclohex-2-en-1-on&8g 480 mg, 5.00 mmol) and TMSCI
(2.60 mL, 12.5 mmol) in THF (2 mL) was added drggavto a mixture of CuCN-2LiCl
(6.30 mL, 6.30 mmol, 1.0Q in THF) and 3-cyanobenzylzinc chlorid&4(; 4.05 mL, 6.25 mmol,
1.55m in THF) at -40 °C. The reaction mixture was allomte reach 25 °C within 15 h and was
guenched with a mixture of sat. aq. NH/ NH3 (25% in HO) = 2:1 (20 mL). Purification by
flash chromatography (silica gel, pentane,Cet 3:1) afforded the cyclohexanobéad (1.03 g,
97%) as a pale yellow liquid.

'"H-NMR (300 MHz, CDCls): &/ ppm = 7.53-7.46 (m, 1H), 7.43-7.32 (m, 3H), 2237 (m,
2H), 2.42-2.18 (m, 3H), 2.14-1.95 (m, 3H), 1.909L(vh, 1H), 1.71-1.53 (m, 1H), 1.45-1.29 (m,
1H).

3C-NMR (75 MHz, CDCl3): 3/ ppm = 210.6, 140.8, 133.5, 132.5, 130.1, 12918.8, 112.5,
47.5,42.4,41.2, 40.5, 30.7, 24.9.

IR (Diamond-ATR, neat): ¥ / cmi* = 2933 (w), 2863 (w), 2227 (m), 1706 (vs), 1583, (#4483
(w), 1448 (m), 1429 (w), 1346 (w), 1312 (w), 12W),(1258 (w), 1225 (m), 1100 (w), 1059 (w),
912 (w), 901 (w), 866 (w), 796 (m), 753 (w), 723)(B91 (s), 572 (w), 558 (W).

MS (El, 70 eV): m/z (%) = 213 (M, 52), 155 (78), 142 (12), 116 (28), 97 (100), 89)( 69 (93),
55 (45).

HRMS (C14H1sNO): calc.: 213.1154; found: 213.1153.

3-(3,3-Dimethyl-2-oxobutyl)benzonitrile (56ae)

NC t-Bu
oY

According to TP3 2,2-dimethylpropionyl chloride 60b; 225 mg, 1.87 mmol) was added
dropwise to a mixture of CuCN-2LiCl (2.6 mL, 2.6 wiinand 3-cyanobenzylzinc chloridg4g,
1.9 mL, 2.6 mmol, 1.37 M in THF) at -60 °C. Thactgon mixture was allowed to reach -20 °C
within 15 h and was quenched with a mixture of sat. NHCI/NH3(25% in HO) =5:1
(25 mL). Purification by flash chromatography (i gel, pentane / £ = 6:1) afforded the
ketoneb56ae(292 mg, 78%) as a white solid.

M.p. (°C): 39-40.
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'"H-NMR (600 MHz, CgD¢): &/ ppm = 7.03-7.01 (m, 1H), 6.98-6.95 (m, 2H), 6(74 = 7.8 Hz,
1H), 3.13 (s, 2H), 0.89 (s, 9H).

3C-NMR (150 MHz, C¢D¢): 8/ ppm = 209.7, 136.7, 134.0, 133.2, 130.2, 12818.9, 112.9,
44.3,42.2, 26.1.

IR (Diamond-ATR, neat): U / cm* = 2956 (m), 2226 (m), 1700 (s), 1482 (m), 1364, (k330
(s), 1058 (vs), 1020 (s), 808 (m), 770 (vs), 683).(v

MS (El, 70 eV): m/z (%) = 201 (M, <1), 117 (28), 116 (22), 85 (22), 57 (100), 4Q)(3

HRMS (C13H1sNO): calc.: 201.1154; found: 201.1131.

Ethyl 2-[2-(4-cyanophenyl)ethyl]acrylate (56af)
CO,Et

NC
4-Cyanobenzylzinc chloridé&4p; 6.90 mL, 10.0 mmol, 1.4& in THF) was added to a solution
of ethyl (2-bromomethyl)acrylat&%b; 1.54 g, 8.00 mmol) in 4 mL THF at -60 °C followbg
CuCN-2LiCl (0.01 mL, 1.0&n in THF). The reaction mixture was stirred at -&@for 30 min,
followed by stirring at 0 °C for additional 30 mifihen, the reaction mixture was quenched by
adding a mixture of sat. ag. M€l / NHz (25% in BO) = 9:1 (100 mL). Purification by flash
chromatography (silica gel, pentane j@&t= 3:1) afforded the acrylate6af (1.48 g, 81%) as
colourless oil.
'"H-NMR (300 MHz, CDCls): &/ ppm = 7.58-7.51 (m, 2H), 7.29-7.22 (m, 2H), 66170 (m,
1H), 5.48-5.43 (m, 1H), 4.19 (d,= 7.1 Hz, 2H), 2.88-2.79 (m, 2H), 2.65-2.54 (m,)2H28 (t,
J=7.1Hz, 3H).
3C-NMR (75 MHz, CDCls): 3/ ppm = 166.7, 147.0, 139.3, 132.1, 129.3, 12516.0, 109.9,
60.7, 35.0, 33.4, 14.2.
IR (Diamond-ATR, neat): ¥ / cmi* = 2983 (w), 2936 (w), 2228 (m), 1710 (vs), 163), (608
(m), 1506 (w), 1445 (w), 1412 (w), 1369 (m), 1309 ,1273 (m), 1254 (m), 1184 (vs), 1135 (s),
1105 (m), 1027 (m), 947 (m), 838 (m), 820 (s), 668
MS (El, 70 eV): m/z (%) = 229 (M, 12), 183 (80), 155 (35), 127 (11), 116 (100),(29), 43
(15).
HRMS (C14H1sNOy): calc.: 229.1103; found: 229.1096.
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S-(4-Fluorophenyl) (4-cyanophenyl)methanesulfono-tluate (56ag)

Neacd

To S(4-fluorophenyl) benzenesulfonothioat®7¢ 644 mg, 2.40 mmol, in 1.0 mL THF) was
added dropwise 4-cyanobenzylzinc chloridgd 2.30 mL, 2.88 mmol, 1.2& in THF). The
reaction mixture was stirred for 1.5 h followedthg addition of sat. aq. Nj@I solution at 0 °C.
The phases were separated and the ag. layer wastegtwith E£O (3 x 50 mL). Purification by
flash chromatography (silica gel, pentane,CEt 95:5) afforded the thioeth&6ag (552 mg,
95%) as a white solid.

M.p. (°C): 50-51.

'H-NMR (300 MHz, CDCl3): &/ ppm = 7.58-7.52 (m, 2H), 7.30-7.21 (m, 4H), 76021 (m,
2H), 4.03 (s, 2H).

3C.NMR (75 MHz, CDCls): &/ppm= 162.4 (d,'Jcr=248.2Hz), 143.3, 134.2 (d,
%Jcr = 8.3 Hz), 132.2,129.5, 129.2 (4 3.4 Hz), 118.7, 116.1 (d,= 21.9 Hz), 110.9, 40.4.

IR (Diamond-ATR, neat): V / cmi' = 3064 (w), 3044 (w), 2930 (w), 2856 (w), 2360 (@342
(w), 2228 (m), 1862 (w), 1734 (w), 1606 (m), 159§,(1506 (m), 1488 (s), 1416 (m), 1400 (m),
1298 (w), 1216 (s), 1180 (m), 1158 (m), 1104 (n®9C (m), 1014 (w), 968 (w), 924 (w), 904
(w), 856 (s), 812 (vs), 804 (vs), 760 (s), 712 (630 (s).

MS (El, 70 eV): m/z (%) = 243 (M, 35), 127 (5), 117 (8), 116 (100), 89 (9) 83 @3, (2).
HRMS (C14H10FNS): calc.: 243.0518; found: 243.0513.

1-[3-(2-Oxo-2-phenylethyl)phenyl]pentan-1-one (56gh

i g

Bu O T

According toTP3 benzoyl chloride §0f;, 278 mg, 1.98 mmol) was added dropwise to a maxtur
of CuCN-2LICl (2.60 mL, 2.60 mmol, 1.0@ in THF) and 3-pentanoylbenzylzinc chlori¢e4q;
2.30 mL, 2.64 mmol, 1.1& in THF) at -20 °C. The reaction mixture was stirfer 15 h at this
temperature followed by quenching with a mixturesaf. aq. NHCI / NH3(25% in HO) = 5:1
(25 mL). Purification by flash chromatography (&ligel, pentane / D = 9:1) afforded the
ketone56ah (470 mg, 85%) as a white solid.
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M.p. (°C): 33-36.

'H-NMR (600 MHz, CDCk): &/ ppm = 8.03-8.00 (m, 2H), 7.86-7.83 (m, 2H), 7555 (m,
1H), 7.49-7.40 (m, 4H), 4.35 (s, 2 H), 2.94)(& 7.4 Hz, 2H), 1.73-1.67 (m, 2H), 1.43-1.35 (m, 2
H), 0.94 (tJ = 7.4 Hz, 3H).

3C-NMR (150 MHz, CDCls): 5/ ppm = 200.4, 197.0, 137.4, 136.4, 135.0, 13438,4, 129.2,
128.8, 128.7, 128.5, 126.7, 45.1, 38.4, 26.4, 2B4).

IR (Diamond-ATR, neat): ¥ / cmi* = 2956 (w), 2932 (w), 1678 (vs), 1594 (m), 1580, (h#46
(m), 1328 (m), 1266 (m), 1206 (s), 1164 (m), 994, @74 (m), 748 (s), 692 (vS).

MS (El, 70 eV): m/z (%) = 280 (M, 6), 223 (6), 105 (100), 77 (17).

HRMS (C19H200-): calc.: 280.1463; found: 280.1439.

1-{3-[2-(3,4-Dichlorophenyl)-2-hydroxyethyl]phenyljpentan-1-one (56ai)
o cl
Bu O O cl
OH

According toTP3 3-pentanoylbenzylzinc chloridé4q; 2.40 mL, 2.59 mmol, 1.08 in THF)
was reacted with 3,4-dichlorobenzaldehyé@él 350 mg, 2.00 mmol, in 1.5 mL THF). After
5.5 h the reaction mixture was quenched with sat. NH,Cl solution. Purification by flash
chromatography (silica gel, pentane J&t= 2:1) afforded the alcoh&bai (665 mg, 95%) as a
white solid.
M.p. (°C): 47-48.
'H-NMR (300 MHz, CDCL): &/ ppm = 7.84-7.80 (m, 1H), 7.75-7.72 (m, 1H), 7480 (m, 4
H), 7.16-7.11 (m, 1H), 4.92-4.85 (m, 1H), 3.04-3(69 2H), 2.01 (tJ = 7.4 Hz, 2H), 2.11-1.93
(s, 1H), 1.76-1.62 (m, 2H), 1.47-1.32 (m, 2H), 0(84 = 7.3 Hz, 3H).
3C-NMR (75 MHz, CDCl3): 3/ ppm = 200.5, 143.8, 137.8, 137.4, 134.1, 1323,5, 130.4,
129.0, 128.8, 127.9, 126.7, 125.2, 73.9, 45.7,,3%b, 22.5, 13.9.
IR (Diamond-ATR, neat): 7 / cm®* = 3427 (w), 2956 (m), 2930 (m), 2871 (w), 1673 (€01
(w), 1583 (m), 1466 (s), 1440 (m), 1379 (m), 1349,(1261 (m), 1231 (m), 1199 (m), 1179 (m),
1163 (m), 1129 (m), 1057 (s), 1028 (vs), 885 (n20 &), 787 (m), 764 (m), 730 (m), 692 (s),
675 (S).
MS (El, 70 eV): m/z (%) = 350 (M, <1), 293 (7), 177 (15), 176 (100), 175 (14), 18P
HRMS (C19H20Cl0>): calc.: 350.0840; found: 350.0839.
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1-{3-[2-(2-Furyl)-2-oxoethyl]phenyl}-2-methyl-propan-1-one (56a))
O , N
i-Pr (¢}
O

According toTP3 2-furoyl chloride 60g 261 mg, 2.00 mmol) was added dropwise to a mextur
of CuCN-2LiCl (2.60 mL, 2.60 mmol, 1.00in THF) and 3-isobutyrylbenzylzinc chlorid&4;
2.36 mL, 2.60 mmol, 1.1@ in THF) at -40 °C. The reaction mixture was allovte reach 25 °C
within 20 h and was quenched with a mixture of sat. NHCIl/ NH;z (25% in HO) = 2:1
(50 mL). Purification by flash chromatography @#igel, pentane / £ = 3:1) afforded the
ketone56aj (259 mg, 51%) as a yellow oll.

'H-NMR (600 MHz, CDCls): 5/ ppm = 7.88 (s, 1H), 7.84 (d,= 8.1 Hz, 1H), 7.62-7.59 (m,
1H), 7.50 (d,J=7.6 Hz, 1H), 7.42 (d)=7.6 Hz, 1H), 7.27-7.24 (m, 1H), 6.56-6.52 (m,),1H
4.18 (s, 2H), 3.56-3.50 (m, 1H), 1.19 {ds 6.9 Hz, 6H).

3C-NMR (150 MHz, CDCls): 5/ ppm = 204.3, 186.1, 152.3, 146.7, 136.5, 13438,0, 129.5,
128.9,127.1,117.9, 112.5, 45.0, 35.4, 19.1.

IR (Diamond-ATR, neat): V' /cm* = 3132 (vw), 2972 (w), 2934 (w), 2873 (w), 1673)Vv
1568 (m), 1465 (s), 1439 (m), 1384 (m), 1335 (288 (m), 1235 (s), 1149 (s), 1084 (m), 1039
(m), 1019 (s), 994 (s), 912 (m), 882 (m), 836 (B4 (s), 734 (s), 708 (m), 685 (m), 643 (M),
594 (s), 576 (m).

MS (El, 70 eV): m/z (%) = 256 (M, 10), 214 (65), 185 (21), 128 (20), 118 (11), 260Q), 90
(20).

HRMS (C16H1603): calc.: 256.1099; found: 256.1097.

Ethyl 2-[2-(3-propionylphenyl)ethyl]acrylate (56ak)
o) CO,Et
Et

To a solution of ethyl (2-bromomethyl)acrylaté5f; 560 mg, 2.90 mmol) in 1.5 mL THF

at -60 °C was added 3-propionylbenzylzinc chlorigés 2.80 mL, 3.48 mmol, 1.2& in THF)
followed by CuCN-2LiCI (0.01 mL, 0.01 mmol, 1.00 in THF). The reaction mixture was
stirred at -60 °C for 30 min followed by stirring @ °C for additional 30 min. Then, the reaction
mixture was quenched by adding sat. aq4GlHolution. The phases were separated and the aq.

layer was extracted with E2 (3 x 20 mL). The combined extracts were driedravigSQ,.
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Evaporation of the solvents vacuo and purification by flash chromatography (silical,g
pentane / BD = 95:5) afforded the acrylab6ak (694 mg, 92%) as a pale yellow liquid.
H-NMR (300 MHz, CDCL): &/ ppm = 7.80-7.74 (m, 2H), 7.39-7.34 (m, 2H), 66164 (m,
1H), 5.48 (qJ = 1.3 Hz, 1H), 4.21 (q) = 7.1 Hz, 2H), 2.98 (g] = 7.1 Hz, 2H), 2.89-2.80 (m,
2H), 2.66-2.59 (m, 2H), 1.30 @,= 7.2 Hz, 3H), 1.21 ({] = 7.3 Hz, 3H).

1BC-NMR (75 MHz, CDCl3): &/ ppm = 200.9, 167.0, 141.9, 139.8, 137.1, 13B2B.5, 128.0,
125.8, 125.4, 60.7, 34.8, 33.8, 31.8, 14.2, 8.3.

IR (Diamond-ATR, neat): U / cm* = 2978 (w), 2938 (w), 1712 (vs), 1684 (vs), 1361),(1240
(s), 1184 (vs), 1164 (s), 1132 (s), 1028 (m), 944 782 (s), 694 (s).

MS (El, 70 eV): m/z (%) = 260 (M, 23), 232 (16), 231 (100), 214 (11), 213 (11), {B5), 147
(28), 129 (14), 128 (12), 118 (10), 91 (12), 90)(BT (15).

HRMS (C16H2003): calc.: 260.1412; found: 260.1419.

4,4-Dimethyl-1-(3-propionylphenyl)pentan-2-one (564
O

Et t-Bu
O

According toTP3 3,3-dimethylbutyryl chlorideG0b; 192 mg, 1.44 mmol) was added dropwise
to a mixture of CuCN-2LiCl (1.88 mL, 1.88 mmol, @.Q in THF) and 3-propionylbenzylzinc
chloride f4s 1.76 mL, 1.88 mmol, 1.0M in THF) at -60 °C. The reaction mixture was akalv
to reach -20 °C within 15 h and was quenched withixture of sat. aq. NKCI / NH3(25% in
H,O) =5:1 (25 mL). Purification by flash chromatoging (silica gel, pentane /£ =9:1)
afforded the ketonB6al (246 mg, 69%) as a white solid.

M.p. (°C): 39.4-41.5.

'H-NMR (600 MHz, CDCl3): &/ppm= 7.86-7.83 (m, 1H), 7.77-7.75 (m, 1H), 7.41
J=7.6 Hz, 1H), 7.37-7.35 (m, 1H), 3.73 (s, 2HPX(q,J = 7.3 Hz, 2H), 2.38 (s, 2H), 1.21 {(t,
J=7.2 Hz, 3H), 1.00 (s, 9H).

3C-NMR (150 MHz, CDCls): 5/ ppm = 207.2, 200.6, 137.2, 134.7, 134.0, 12528,8, 126.7,
54.4,51.6, 31.8, 31.1, 29.7, 8.2.

IR (Diamond-ATR, neat): U / cm™* = 2947 (m), 2938 (m), 2899 (w), 2867 (w), 1711 (77
(vs), 1604 (w), 1459 (m), 1440 (m), 1411 (m), 1469, 1369 (m), 1364 (m), 1340 (s), 1311 (m),
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1247 (m), 1235 (m), 1193 (m), 1167 (s), 1149 (n@B3L(s), 1037 (m), 1024 (m), 983 (m), 898
(m), 778 (vs), 747 (m), 697 (vs), 647 (w), 571 (m).

MS (El, 70 eV): m/z (%) = 246 (M, 2), 217 (9), 148 (23), 147 (33), 118 (11), 99)(7A. (18),
57 (100), 43 (11), 41 (14).

HRMS (C16H2205): calc.: 246.1620; found: 246.1626.

1-(3-Acetylphenyl)-4,4-dimethylpentan-2-one (56am)
o}

Me t-Bu
(0]

According toTP3 3,3-dimethylbutyryl chlorideG0b; 192 mg, 1.44 mmol) was added dropwise
to a mixture of CuCN-2LiCl (1.88 mL, 1.88 mmol, @.& in THF) and 3-acetylbenzylzinc
chloride 64t; 1.68 mL, 1.88 mmol, 1.1 in THF) at -60 °C. The reaction mixture was stir
for 15 h at -20 °C and quenched with a mixture af 9. NHCI/ NH3(25% in HO) =5:1
(25 mL). Purification by flash chromatography (i gel, pentane / D = 7:3) afforded the
ketone56am (248 mg, 74%) as a pale yellow liquid.

'"H-NMR (600 MHz, CDCL): 8/ ppm = 7.85-7.82 (m, 1H), 7.75-7.74 (m, 1H), 77480 (m,
1H), 7.38-7.36 (m, 1H), 3.73 (s, 2H), 2.58 (s, 3HRB7 (s, 2H), 1.00 (s, 9H).

13C-NMR (150 MHz, CDCls): 3/ ppm = 207.1, 197.9, 137.4, 134.7, 134.2, 128288, 127.0,
54.4,51.5, 31.1, 29.6, 26.6.

IR (Diamond-ATR, neat): ¥ / cmi' = 2868 (w), 1920 (w), 1602 (w), 1584 (w), 2953 (11939
(m), 790 (m), 1063 (m), 1083 (m), 1189 (m), 1713, (1356 (s), 693 (s), 1269 (s), 1681 (vs).
MS (El, 70 eV): m/z (%) = 232 (M, 3), 134 (18), 133 (50), 99 (100), 90 (15), 71)(B7 (72),
43 (27).

HRMS (C15H200y): calc.: 232.1463; found: 232.1447.

Ethyl 2-[2-(3-acetylphenyl)ethyl]acrylate (56an)
0 CO,Et

Me

To a solution of ethyl 2-bromomethylacrylat&5p; 193 mg, 1.00 mmol) in THF (3 mL)
at -60 °C was added 3-acetylbenzylzinc chlorisit;(1.16 mL, 1.30 mmol, 1.1 in THF) and
CuCN-2LiCl (0.01 mL, 0.01 mmol, 1.00 in THF). The reaction mixture was stirred at -0 °
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for 30 min, followed by stirring at 0 °C for additial 30 min. Then, the reaction mixture was
guenched by adding sat. aq. MH solution. The phases were separated and th&aygey. was
extracted with BO (3 x 100 mL). The combined extracts were driedraMgSQ. Evaporation
of the solvent$n vacuo and and purification by flash chromatography ¢silgel, pentane /

= 9:1 to 6:1) afforded the acrylaé®an (239 mg, 97%) as colourless liquid.

"H-NMR (600 MHz, CDCl3): 8/ ppm = 7.80-7.75 (m, 2H), 7.41-7.34 (m, 2H), 66164 (m,
1H), 5.50-5.47 (m, 1H), 4.21 (d,= 7.1 Hz, 2H), 2.87-2.81 (m, 2H), 2.65-2.60 (m,)2Ri59 (s,
3H), 1.30 (qJ = 7.1 Hz, 3H).

3C-NMR (150 MHz, CDCls): 5/ ppm = 198.3, 167.0, 142.0, 139.8, 137.3, 13R28,6, 128.2,
126.2, 125.4, 60.7, 34.8, 33.8, 26.7, 14.2.

IR (Diamond-ATR, neat): ¥ / cmi' = 2980 (w), 2931 (w), 1711 (s), 1682 (vs), 1438, (1857
(m), 1300 (m), 1270 (s), 1241 (m), 1184 (vs), 1{83 1114 (m), 1026 (m), 946 (m), 795 (m),
693 (s).

MS (El, 70 eV): m/z (%) = 234 (M, 23), 201 (18), 200 (29), 185 (29), 157 (19), {830), 129
(20), 118 (11), 90 (18), 42 (48).

HRMS (C1sH1503): calc.: 246.1156; found: 246.1143.

1-{3-[2-(3,4-Dichlorophenyl)-2-hydroxyethyl]phenyl}-ethanone (56a0)

o

o O Cl
Me O I

According toTP2 3-propionylbenzylzinc chloride54t; 3.12 mL, 3.12 mmol, 1.0@ in THF)
was reacted with 3,4-dichlorobenzaldehy@élf 420 mg, 2.40 mmol, in 2 mL THF) at 25 °C.
After 3 h, the reaction mixture was quenched wah ag. NHCI (5 mL). Purification by flash
chromatography (silica gel, pentane §&t 2:1 + 1 vol-% NE) afforded the benzylic alcohol
56a0(609 mg, 82%) as a white solid.
M.p. (°C): 65-67.
'"H-NMR (300 MHz, CDCls): 5/ ppm = 7.84-7.80 (m, 1H), 7.77-7.75 (m, 1H), 7431 (m,
4H), 7.16-7.11 (m, 1H), 4.89 (dd= 7.3 Hz, 6.1 Hz, 1H), 3.03 (s, 1H), 3.01 Jd; 1.9 Hz, 1H),
2.57 (s, 3H), 2.11 (s, 1H).
13C-NMR (75 MHz, CDClj3): 6/ ppm = 198.1, 143.9, 137.9, 137.4, 134.3, 13234,.5, 130.4,
129.2, 128.8, 128.0, 127.0, 125.3, 73.9, 45.6,.26.6
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IR (Diamond-ATR, neat): U / cm® = 3353 (w), 2921 (w), 1676 (s), 1601 (m), 1583,(t967
(m), 1438 (m), 1389 (m), 1357 (s), 1271 (s), 1189, (L129 (m), 1056 (m), 1028 (s), 957 (M),
906 (m), 887 (m), 820 (s), 792 (s), 730 (s), 69),(874 (S).

MS (El, 70 eV): m/z (%) = 308 (M+, <1), 212 (11), 174 (85), 144)4135 (90), 119 (27), 111
(100), 91 (95), 75 (21), 43 (57).

HRMS (C16H14Cl205): calc.: 308.0371; found: 308.0371.

1,2-Diphenylethanone (56ap)

g

(1
According toTP3 benzoyl chloride&0f; 1.69 g, 12.0 mmol) was added dropwise to a mextir
CuCN-2LiCl (16.8 mL, 16.8 mmol, 1.00 in THF) and benzylzinc chlorideb4g 11.1 mL,
16.8 mmol, 1.521 in THF) at -40 °C. The reaction mixture was allomte reach 25 °C within
20 h and was quenched with a mixture of sat. aggHNH; (25% in HO) = 2:1 (100 mL).
Purification by flash chromatography (silica getnpane / BEO = 9:1) afforded the ketorig6ap
(2.17 g, 92%) as a pale yellow solid.
M.p. (°C): 55-57.
H-NMR (300 MHz, CDCls): &/ ppm = 8.06-7.98 (m, 2H), 7.59-7.51 (m, 1H), 75081 (m,
2H), 7.37-7.21 (m, 5H), 4.29 (s, 2H).
13C-NMR (75 MHz, CDCls): &/ ppm = 197.6, 136.6, 134.5, 133.1, 129.4, 12828.6, 128.6,
126.8, 45.5.
IR (Diamond-ATR, neat): v / cmi* = 3564 (vw), 3058 (w), 3027 (w), 2922 (vw), 290&)(
1682 (s), 1593 (m), 1579 (m), 1496 (m), 1447 (n®36L(m), 1323 (m), 1216 (m), 1199 (m),
1076 (m), 1026 (m), 991 (m), 750 (s), 728 (s), {h), 698 (vs), 686 (vs), 662 (s), 648 (M), 619
(m), 565 (vs).
MS (El, 70 eV): m/z (%) = 196 (M, 2), 165 (5), 105 (100), 91 (13), 77 (41), 69 @,(5), 51
(8), 44 (32).
HRMS (C14H120): calc.: 196.0888; found: 196.0872.
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Ethyl 2-(2-phenylethyl)acrylate (56aq)
CO,Et

To a solution of ethyl 2-bromomethylacrylatg5p; 965 mg, 5.00 mmol) in THF (2.5 mL) at
-60 °C was added benzylzinc chlorid®4g 3.85 mL, 6.00 mmol, 1.56 M in THF) and
CuCN-2LiCI (0.01 mL, 0.01 mmol, 1.080 in THF). The reaction mixture was stirred at -€D °
for 30 min, followed by stirring at 0 °C for additial 30 min. Then, the reaction mixture was
guenched by adding sat. aq. MH solution. The phases were separated and th&ayey. was
extracted with BEO (3 x 100 mL). The combined extracts were driedraMgSQ. Evaporation
of the solventsn vacuo and and purification by flash chromatography ¢ailgel, pentane / &

= 08:2) afforded the acrylataq (948 mg, 93%) as colourless liquid.

'H-NMR (300 MHz, CDCl3): &/ ppm = 7.33-7.24 (m, 2H), 7.23-7.15 (m, 3H), 66184 (m,
1H), 5.52-5.47 (m, 1H), 4.23 (d,= 7.1 Hz, 2H), 2.85-2.76 (m, 2H), 2.67-2.58 (m,)2H32 (q,
J=7.2 Hz, 3H).

13C-NMR (75 MHz, CDCl3): &/ ppm = 167.1, 141.4, 140.1, 128.4, 128.3, 1252%.0, 60.6,
34.9, 33.9, 14.2.

IR (Diamond-ATR, neat): U / cmi' = 2980 (w), 2932 (w), 1712 (vs), 1632 (w), 1458,(1308
(m), 1240 (m), 1184 (s), 1156 (m), 1132 (s), 1023 044 (m), 748 (m), 700 (vs).

MS (El, 70 eV): m/z (%) = 234 (M, 7), 158 (17), 130 (26), 91 (100), 65 (11), 57)(13

HRMS (C13H1605): calc.: 204.1150; found: 204.1144.

5,5-Dimethyl-2-phenylhexan-3-one (56ar)

Me

t-Bu
(0]

According toTP3 3,3-dimethylbutyryl chlorideG0b; 382 mg, 2.84 mmol) was added dropwise
to a mixture of CuCN-2LiCl (3.90 mL, 3.90 mmol, @.& in THF) and 1-phenylethylzinc
chloride(54u; 2.73 mL, 3.90 mmol, 1.4Q in THF) at -60 °C. The reaction mixture was akalv
to reach 25 °C within 15 h and was quenched withixure of sat. ag. NI/ NH3(25% in
H,0) = 9:1 (25 mL). Purification by flash chromatoging (silica gel, pentane /£ = 95:5)
afforded the ketonB6ar (556 mg, 96%) as a colourless liquid.
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'H-NMR (600 MHz, CDCk): &/ ppm = 7.39-7.35 (m, 2H), 7.32-7.28 (m, 1H), 77283 (m,
2H), 3.76 (gqJ = 6.9 Hz, 1H), 2.37 (d] = 15.3 Hz, 1H), 2.23 (d] = 15.5 Hz, 1H), 1.40 (d] =
6.9 Hz, 3H), 1.00 (s, 9H).

3C-NMR (150 MHz, CDCls): &/ ppm = 210.3, 140.5, 128.8, 128.0, 127.0, 543:2,530.9,
29.6, 17.4.

IR (Diamond-ATR, neat): U / cm® = 2952 (m), 2868 (w), 1712 (s), 1492 (w), 1452, (864
(m), 1068 (w), 1044 (w), 1028 (w), 1016 (w), 912 (k56 (m), 700 (vs), 548 (m), 520 (w).
MS (El, 70 eV): m/z (%) = 204 (M, 3), 105 (63), 99 (74), 83 (14), 79 (11), 71 (&9,(13), 57
(100), 55 (13), 43 (23).

HRMS (C14H200): calc.: 204.1514; found: 204.1525.

Ethyl 2-(2,2-diphenylethyl)acrylate (56as)
Ph CO,Et

(Diphenyl)methylzinc chloride 54v; 5.42 mL, 3.90 mmol, 0.7 in THF) was added to a
solution of ethyl (2-bromomethyl)acrylaté5b; 579 mg, 3.00 mmol) in THF (3 mL) at -60 °C
followed by CuCN-2LiCI (0.01 mL, 1.0@ in THF). The reaction mixture was stirred at -€D °
for 30 min, followed by stirring at 0 °C for additial 30 min. Then, the reaction mixture was
guenched by adding a mixture of sat. aq.,8H NH; (25% in HO) = 8:1 (100 mL).
Purification by flash chromatography (silica gegnpane / BO = 98:2) afforded the acrylate
56as(804 mg, 96%) as colourless oil.

'H-NMR (300 MHz, CDCl3): 8/ ppm = 7.39-7.21 (m, 10H), 6.16-6.14 (m, 1H),06%437 (m,
1H), 4.34 (t,J = 7.9 Hz, 1H), 4.26 (d) = 7.2 Hz, 2H), 3.19-3.13 (m, 2H), 1.36 Jt= 7.1 Hz,
3H).

3C-NMR (75 MHz, CDCl3): 5/ ppm = 167.1, 144.0, 138.5, 128.4, 128.0, 12628.2, 60.6,
49.9, 38.0, 14.2.

IR (Diamond-ATR, neat): 7 / cm* = 3061 (vw), 3027 (w), 2981 (w), 2936 (vw), 1709, (
1630 (w), 1600 (w), 1494 (w), 1464 (w), 1450 (m36&8 (w), 1330 (w), 1300 (m), 1231 (w),
1187 (s), 1134 (s), 1082 (w), 1028 (m), 944 (m)3 &), 816 (w), 788 (w), 742 (s), 697 (vs),
602 (m).
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MS (El, 70 eV): m/z (%) = 280 (M, 2), 235 (3), 167 (100), 165 (14), 152 (9), 128 (D5 (3),
77 (2).

HRMS (C19H200,): calc.: 280.1463; found: 280.1461

Ethyl (2-chlorophenyl)acetate (62a)
©j\”/OEt
a®
Reaction 1 using ethyl chloroformate:

To 2-chlorobenzylzinc chloridé4b; 2.62 mL, 4.00 mmol, 1.5Q in THF) at -30 °C was added
THF (0.5 mL) followed by Pd(PRJx (116 mg, 5.0 mol%). The reaction mixture was stirfor 5
min. Then, ethyl chloroformatesQh, 227 mg, 2.09 mmol) was added dropwise. Stirrirgg w
continued for 10 min at -30 °C followed by 6.25t2& °C. The reaction mixture was quenched
by adding a mixture of sat. ag. WEl / NH3(25% in HO) = 4:1 (15 mL). The phases were
separated and the ag. layer was extracted witfOCGH3 x 50 mL). The combined extracts were
dried over MgSQ@ Evaporation of the solventsn vacuo and purification by flash
chromatography (silica gel, pentane &t 98:2) afforded the phenylacetic acid est@a
(336 mg, 81%) as colourless liquid.

Reaction 2 using ethyl cyanoformate:

To 2-chlorobenzyl zinc chloridé4b; 0.67 mL, 1.00 mmol, 1.5Q in THF) at -30 °C was added
dropwise TMSCHLi (1.00 mL, 1.00 mmol, 1.0& in pentane). The reaction mixture was stirred
for 30 min. CuCN- 2LiCl solution (1.00 mL, 1.00 mmaI00m in THF) was added dropwise and
the mixture was stirred for additional 30 min. Htbhyanoformate §0i; 150 mg, 1.5 mmol) was
added dropwise. Stirring was continued for 10 min-39 °C followed by 6 h at 0 °C. The
reaction mixture was quenched by adding a mixt@irgat aq. NHCI / NH3(25% in HO) = 2:1
(15 mL). The phases were separated and the aq. Wa® extracted with CiI, (3 x 50 mL).
The combined extracts were dried over MgS@vaporation of the solventi® vacuo and
purification by flash chromatography (silica getnpane / BEO = 98:2) afforded the phenylacetic
acid este62a (152 mg, 77%) as colourless liquid.

'H-NMR (300 MHz, CDCk): &/ppm= 7.42-7.34 (m, 1H), 7.32-7.17 (m, 3H), 4.04q,
J=7.1Hz, 2H), 3.76 (s, 2H), 1.25 Jt= 7.2 Hz, 3H).
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13C-NMR (150 MHz, CDCl3): 5/ ppm = 170.5, 134.5, 132.5, 131.4, 129.4, 128268, 61.0,
39.2, 14.1.

IR (Diamond-ATR, neat): 7 / cm* = 2981 (w), 1731 (vs), 1475 (m), 1445 (m), 1415, (1867
(m), 1335 (m), 1279 (m), 1246 (m), 1216 (s), 118€),(1122 (m), 1053 (s), 1028 (s), 928 (w),
885 (w), 859 (w), 827 (w), 741 (vs), 681 (s), 62§.(

MS (El, 70 eV): m/z (%) = 198 (M, 4), 163 (100), 135 (23) 127 (78), 125 (35, 89 (21

HRMS (C10H11ClOy): calc.: 198.0448; found: 198.0462.

Ethyl 3-(2-ethoxy-2-oxoethyl)benzoate (62b)

Et0,C OFt
10N

Ethyl chloroformate 0h; 1.09 g, 10.0 mmol) was solved in THF (5 mL) a0 °€. Then,
Pd(PPR)4 (290 mg, 0.25 mmol, 2.5 mol%) was added and theumg was stirred for 10 min. 3-
(Ethoxycarbonyl)benzylzinc chloridés4m; 9.09 mL, 12.0 mmol, 1.32 in THF) was added
dropwise. The reaction mixture was stirred for &tt25 °C. Then, sat. aq. N&l / NH3z (25% in
H,0) = 9:1 (100 mL) was added. The phases were deplaaad the ag. layer was extracted with
CH.Cl, (3 x 150 mL). The combined extracts were dried rovgSQ,. Evaporation of the
solventsin vacuo and purification by flash chromatography (silicd, ggeentane / ED = 9:1)
afforded the este82b (1.79 g, 76%) as colourless liquid.

'H-NMR (300 MHz, CDCls): 8/ ppm = 7.96-7.91 (m, 2H), 7.49-7.45 (m, 1H), 77435 (m,
1H), 4.36 (qJ = 7.1 Hz, 2H), 4.14 (q] = 7.1 Hz, 2H), 3.65 (s, 2H), 1.38 {t= 7.2 Hz, 3H), 1.24
(t, J=7.1 Hz, 3H).

3C-NMR (75 MHz, CDCl3): &/ ppm = 171.1, 166.3, 134.4, 133.7, 130.8, 13028.5, 128.3,
61.0 (double), 41.1, 14.3, 14.1.

IR (Diamond-ATR, neat): ¥ / cmi* = 2982 (w), 1715 (vs), 1589 (w), 1446 (m), 1367,(0278
(vs), 1251 (s), 1192 (s), 1156 (s), 1104 (s), 13311025 (s), 902 (w), 863 (w), 741 (s), 725 (m),
685 (m).

MS (El, 70 eV): m/z (%) = 236 (M, 99), 208 (33), 192 (18), 191 (87), 164 (100), 134), 135
(89), 119 (95), 77 (16), 59 (11).

HRMS (C13H1604): calc.: 236.1049; found: 236.1033.
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sen
| 0

TMSCH,Li (5.00 mL, 5.00 mmol, 1.0&1 in pentane) was added dropwise to 2-iodobenzylzinc
chloride 64f, 3.76 mL, 5.00 mmol, 1.3@ in THF) at -30 °C, followed by THF (1 mL). The
resulting mixture was stirred for 30 min. Then, GUELICI (5.00 mL, 5.00 mmol, 1.0@ in
THF) was added and stirring was continued for &olusl 30 min. Ethyl cyanoformates(@i;

Ethyl (2-iodophenyl)acetate (62c)

625 mg, 6.31 mmol) was added dropwise and theiogagtixture was stirred for 6 h at 0 °C. The
reaction mixture was quenched with 30 mL of a mitaf sat. aq. NkCI / NH3 (25% in HO) =
2:1. The phases were separated and the organic & extracted again with 30 mL of a
mixture of sat. aq. NkCI/ NH; (25% in HO) = 2:1. The combined ag. layers were extracted
with Et,O (3 x 100 mL). The combined organic extracts whied over MgSQ@ Evaporation of
the solventsn vacuo and purification by flash chromatography (silicd, gentane / ED = 98:2)
afforded the estd2c (859 mg, 59%) as a white solid.

M.p. (°C): 51-52.

'H-NMR (300 MHz, CDCls): &/ ppm = 7.87-7.81 (m, 1H), 7.34-7.24 (m 2H), 6891 (m,
1H), 4.18 (qJ = 7.1 Hz, 2H), 3.78 (s, 2H), 1.23 {t= 7.1 Hz, 3H).

3C-NMR (75 MHz, CDCl3): 5/ ppm = 170.5, 139.5, 137.9, 130.6, 128.8, 128M4,.0, 61.0,
46.3, 14.2.

IR (Diamond-ATR, neat): ¥ / cmi* =2987 (w), 2944 (w), 2906 (w), 1726 (s), 1564 (#4369
(m), 1411 (m), 1366 (m), 1338 (s), 1277 (m), 124y {171 (s), 1162 (s), 1113 (m), 1029 (s),
1012 (vs), 926 (m), 888 (m), 760 (s), 734 (vs), 68), 647 (s), 594 (m), 574 (s).

MS (El, 70 eV): m/z (%) = 289 (M, 4), 216 (100), 163 (60), 135 (96), 107 (11), 58)( 63 (13),
43 (10).

HRMS (C10H11105): calc.: 289.9804; found: 289.9803.

N-[(1E)-(3,4-Dimethoxyphenyl)methylene]-2,2-dimethoxyethaamine (64)
Meoj@\/ OMe
MeO /N\)\OMe
To a solution of 3,4-dimethoxybenzyaldehy@®If 8.31 g, 50.0 mmol) in 150 mL toluene was

added aminoacetaldehyde dimethylacetal (8.24 mLQ #nol). The reaction mixture was

refluxed for 6 h and the water was removed by ufdegn—Stark apparatus. After cooling to
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25 °C, the solvent was removadvacuo. The yellow oil was dissolved in GBI, (50 mL) and
washed with water (4 x 50 mL), then dried over®@,. Evaporation of the solventa vacuo
gives the imine64 (12.8 g, 100%) as a pale yellow solid which wasdusvithout further
purification. The spectroscopic data match theditee®*

M.p. (°C): 55-56.

'H-NMR (300 MHz, CDCL): 3/ ppm = 8.18-8.17 (m, 1H), 7.41 (d= 1.9 Hz, 1H), 7.14 (dd,
J=8.1Hz, 1.9 Hz, 1H), 6.85 (d,= 8.4 Hz, 1H), 4.65 (t) = 5.4 Hz, 1H), 3.91 (s, 3H), 3.89 (s,
3H), 3.73 (dd,) = 5.4 Hz, 1.3 Hz, 2H), 3.40 (s, 6H).

3C-NMR (150 MHz, CDCls): 5/ ppm = 163.0, 151.4, 149.2, 129.3, 123.3, 11008,8, 103.9,
63.4,55.9, 55.9, 54.1.

IR (Diamond-ATR, neat): ¥ / cmi* = 3001 (w), 2932 (w), 2912 (w), 2884 (w), 2832 (@41
(s), 1600 (m), 1583 (s), 1512 (s), 1464 (s), 1444, (L422 (s), 1396 (m), 1361 (m), 1334 (w),
1305 (w), 1263 (vs), 1238 (vs), 1187 (m), 1158 1437 (vs), 1092 (s), 1066 (s), 1036 (s), 1015
(vs), 996 (s), 971 (s), 959 (vs), 868 (s), 850 @RR (s), 809 (s), 780 (m), 752 (s), 636 (s), 691 (

(3,4-Dimethoxybenzyl)(2,2-dimethoxyethyl)amine (65)

MeoDVH oMe

MeO N\)\OMe
To a solution of N-[(1E)-(3,4-dimethoxyphenyl)methylene]-2,2-dimethoxyethmine (64;
12.8 g, 50.0 mmol) in ethanol (50 mL) was addedwsudborohydride (3.78 g, 100 mmol) and
the reaction mixture was stirred for 60 h at 25 T@en, water (150 mL) was added carefully.
The phases were separated and the aq. layer wesctert with CHCI, (3 x 300 mL). The
combined extracts were washed with water (3 x 3QQ brine (1 x 300 mL) and then dried over
NaSO. Evaporation of the solvenis vacuo gives the aminé5 (11.0 g, 86%) as a pale yellow
liquid which was used without further purificatiofhe spectroscopic data match the literaftfte.
'"H-NMR (300 MHz, CDCk): &/ppm = 6.88-6.85 (m, 1H), 6.84-6.76 (m, 2H), 4.46
J=5.5Hz, 1H), 3.86 (s, 3H), 3.83 (s, 3H), 3.722d), 3.34 (s, 6H), 2.72 (d,= 5.8 Hz, 2H).
13C-NMR (75Hz, CDCls): 5/ ppm = 148.8, 147.9, 132.6, 120.1, 111.2, 11103,7, 55.7, 55.7,
53.7, 53.5, 50.3.
MS (El, 70 eV): m/z (%) = 255 (M, 2), 180 (5), 151 (100), 107 (3), 75 (14).
HRMS (C13H21NOy): calc.: 255.1464; found: 255.1471.
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N-(3,4-dimethoxybenzyl)N-(2,2-dimethoxyethyl)-4-methylbenzenesulfonamide &
Me

Pyridine (3.40 mL, 42.0 mmol) was added dropwise ®tC to a solution of 3,4-
dimethoxybenzyl)(2,2-dimethoxyethyl)amiri@5; 7.66 g, 30.0 mmol) in C}Cl, (60 mL). Tosyl
chloride (7.43 g, 39.0 mmol) was added and theti@acnixture was allowed to warm to 25 °C
within 15 h and then poured on sat. ag. NaH&@ution. The phases were separated and the aq.
layer was extracted with GBI, (3 x 100 mL), then dried over MgQOEvaporation of the
solventsin vacuo and purification by flash chromatography (silical,gpentane / EO = 1:2)
afforded the sulphonamid® (12.2 g, 99%) as a pale yellow liquid.

'H-NMR (300 MHz, CDCkL): &/ ppm = 7.74-7.68 (m, 2H), 7.30-7.24 (m, 2H), 66731 (m,
2H), 6.66-6.64 (m, 1H), 4.38 (s, 2H), 4.33J% 5.4 Hz, 1H), 3.81 (s, 3H), 3.71 (s, 3H), 3.23 (s
6H), 3.18 (dJ = 5.4 Hz, 2H), 2.39 (s, 3H).

13C-NMR (150 MHz, CDCl3): &/ ppm = 149.0, 148.5, 143.1, 137.7, 129.5, 1282%4.1, 121.0,
111.3,110.7, 103.8, 55.8, 55.6, 54.5, 52.2, 4813.

IR (Diamond-ATR, neat): V' / cm® = 2935 (w), 2834 (w), 1595 (w), 1514 (s), 1438 (4837
(s), 1255 (s), 1236 (s), 1155 (vs), 1066 (s), 1028, 997 (s), 911 (s), 813 (s), 760 (s), 706 (m),
658 (vs).

MS (El, 70 eV): m/z (%) = 409 (M, <1), 254 (5), 151 (28), 91 (4), 75 (100).

HRMS (C,0H27/NOgS): calc.: 409.1559; found: 409.1546.

6,7-Dimethoxyisoquinoline (67)

To a solution ofN-(3,4-dimethoxybenzyIN-(2,2-dimethoxyethyl)-4-methylbenzenesulfonamide
(66; 12.1 g, 29.5 mmol) in dioxane (280 mL) was ad@BdHCI (22 mL). The reaction mixture
was refluxed for 22 h. After cooling to 25 °C th@wtion was poured on water. The phases were
separated and the aq. phase was extracted with 2tx 250 mL), CHCI, (3 x 250 mL). The
combined ag. phases were treated with NaOH (10%j}iso until pH >9. The aq. phase was
extracted with BO (2 x 250 mL) and CKCl, (3 x 250 mL). The combined extracts were dried
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over MgSQ. Evaporation of the solvenis vacuo and purification by flash chromatography
(silica gel, EtOAc) afforded the isoquinolie& (4.78 g, 86%) as a white solid.

M.p. (°C): 93-95.

'H-NMR (300 MHz, CDCL): &/ppm = 8.98 (s, 1H), 8.33 (d=5.6 Hz, 1H), 7.42 (d,
J=5.8 Hz. 1H), 7.11 (s, 1H), 6.98 (s, 1H), 3.956(4).

1BC-NMR (150 MHz, CDCl3): 8/ ppm = 152.8, 150.1, 149.8, 141.8, 132.3, 12116,0, 105.1,
104.4, 55.9, 55.9.

IR (Diamond-ATR, neat): ¥ / cmi* = 3015 (w), 2836 (w), 1573 (m), 1502 (s), 1477 ()59
(m), 1433 (m), 1412 (s), 1335 (s), 1248 (vs), 1@)61138 (vs), 1001 (s), 923 (s), 852 (vs), 755
(s), 632 (s).

MS (El, 70 eV): m/z (%) = 189 (M, 100), 174 (11), 146 (24), 117 (8), 103 (6), 9 (6

HRMS (C11H11NOy): calc.: 189.0790; found: 189.0788.

1-lodo-6,7-dimethoxyisoquinoline (68)

To a solution of 6,7-dimethoxyisoquinoli{g7; 946 mg, 5.00 mmol) in THF (5 mL) was added
TMPMgCI-LiCI (5.13 mL, 6.00 mmol, 1.1M in THF) at 25 °C. The reaction mixture was stirred
for 4 h. lodine (1.52 g, 6.00 mmol) was dissolved’HF (3 mL) in a second flask at -40 °C. To
this solution the magnesium compound was addedndsep The solution was stirred 10 min at
-40 °C, then 10 min at 0 °C. The reaction mixtugswuenched by adding a mixture of sat. aqg.
NH,4CI solution and sat. ag. b&0O;3 solution, then sat. ag. NaH@@ntil pH >7. The phases
were separated and the ag. phase was extractedCrBl, (3 x 100 mL), then dried over
MgSQ,. Evaporation of the solventa vacuo and purification by flash chromatography (silica
gel, pentane / ED = 1:4) afforded the iodo-substituted isoquinolé&(1.14 g, 73%) as a pale
yellow solid.

M.p. (°C): 140-141 (decomposition).

'H-NMR (300 MHz, CDCL): &/ ppm = 8.06 (dJ = 5.6 Hz, 1H), 7.37 (d] = 5.1 Hz, 1H), 7.29
(s, 1H), 6.59 (s, 1H), 4.03 (s, 3H), 4.00 (s, 3H).

3C-NMR (150 MHz, CDCls): &/ ppm = 153.3, 151.3, 141.8, 132.4, 127.9, 12426,0, 111.0,
105.0, 56.3, 56.1.
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IR (Diamond-ATR, neat): U / cm* = 2936 (w), 1504 (s), 1473 (s), 1458 (s), 14311892 (s),
1296 (s), 1251 (s), 1226 (s), 1140 (vs), 1006929, (s), 858 (vs), 774 (s), 671 (s).

MS (El, 70 eV): m/z (%) = 315 (M, 53), 189 (12), 188 (100), 145 (3), 94 (6).

HRMS (C11H10INO): calc.: 314.9751; found: 314.9756.

4-(Chloromethyl)-1,2-dimethoxybenzene (53w)

MeO o
To a solution of LiCl (2.54 g, 60.0 mmol, dried fb® min under high vacuum at 400 °C using a
heat gun) in THF (50 mL) was added 3,4-dimethoxylgemalcohol 69; 3.30 g, 20.0 mmol) at
0 °C. Then, NEt (5.60 mL, 40.0 mmol) was added dropwise, followey mesyl chloride
(2.33 mL, 30.0 mmol). The reaction mixture was &hd to reach 25 °C within 15 h. Then,
CH.Cl; (300 mL) was added and the solution was washett wiater (3 x 250 mL). The
combined extracts were dried over MgS@vaporation of the solveniis vacuo and purification
by flash chromatography (silica gel, pentanexOEt 4:1) afforded the benzylic chlorideSw
(2.56 g, 69%) as a white solid.
M.p. (°C): 55-56.
'H-NMR (300 MHz, CDCL): 3/ ppm = 6.94-6.88 (m, 1H), 6.89 (s, 1H), 6.83-§17i7 1H), 4.54
(s, 2H), 3.87 (s, 3H), 3.85 (s, 3H).
13C-NMR (150 MHz, CDCl3): &/ ppm = 149.1, 149.0, 129.9, 121.0, 111.6, 11698, 55.8,
46.6.
IR (Diamond-ATR, neat): U / cm™ = 3010 (w), 2935 (w), 2838 (w), 1593 (m), 1514 (s)63
(s), 1450 (m), 1437 (m), 1259 (s), 1232 (vs), 1), 1139 (vs), 1036 (s), 1022 (vs), 848 (s),
815 (s), 685 (vs).
MS (El, 70 eV): m/z (%) = 186 (M, 17), 151 (100), 107 (9), 91 (3), 77 (4).
HRMS (CyH1;ClOy): calc.: 186.0448; found: 186.0434.

3,4,-Dimethoxybenzyl zinc chloride (54w)

Meojij/\ZnCI-LiCI

MeO

According toTP1 3,4-dimethoxybenzyl chloridés3w; 933 mg, 5.00 mmol, in 2 mL THF) was
added dropwise at 0 °C to a suspension of LiCl @48 20.0 mmol) and zinc dust (1.31 g,
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20.0 mmol) in 2 mL THF (activation: BrG&@H,Br (0.02 mL, 5 mol%), TMSCI (0.01 mL,

1 mol%)). The reaction mixture was stirred for att0 °C followed by stirring for 2.5 h at 25 °C.

After centrifugation iodometric titration &4windicates a yield of 72%.

Papaverine (63)

MeO. N

N
MeO Z

MeO.

e
To a solution of 1-iodo-6,7-dimethoxyisoquinolir@( 315 mg, 1.00 mmol) in THF (3 mL) was
added S-Phos (20.5 mg, 0.05 mmol, 5.0 mol%), Pdje¢@&c6 mg, 0.03 mmol, 2.5 mol%). Then,
3,4,-dimethoxybenzylzinc chloride54w; 2.00 mL, 1.40 mmol, 0.7@ in THF) was added
dropwise. The reaction mixture was stirred for 1n2&t 25 °C, then quenched by adding a
mixture of sat. aq. NKCI / NH3(25% in HO) = 5:1. The phases were separated and the a. lay
was extracted with C}€l, (5x50 mL). The combined extracts were dried okySQ,.
Evaporation of the solvents vacuo and purification by flash chromatography (silical,g
pentane / BD = 1:4, + 2 vol-% NEt + 2 vol-% EtOH) afforded papaverie8 (229 mg, 68%) as
pale yellow solid.
M.p. (°C): 144-146.
'H-NMR (300 MHz, CDCL): &/ ppm = 8.35 (dJ = 6.0 Hz, 1H), 7.46 (d] = 5.7 Hz, 1H), 7.37
(s, 1H), 7.06 (s, 1H), 6.83—-6.80 (m, 2H), 6.75),8.1 Hz, 1H), 4.58 (s, 2H), 4.00 (s, 3H), 3.91
(s, 3H), 3.81 (s, 3H), 3.77 (s, 3H).
3C-NMR (150 MHz, CDCls): 8/ ppm = 157.7, 152.3, 149.7, 149.0, 147.4, 14183.4, 132.2,
122.8,120.4, 118.6, 111.8, 111.1, 105.2, 104.8,%55.8, 55.8, 55.7, 42.2.
IR (Diamond-ATR, neat): V / cmi* = 2956 (w), 2939 (w), 2835 (w), 1504 (vs), 1478 (163
(s), 1454 (m), 1434 (s), 1414 (s), 1257 (vs), 1832, 1202 (s), 1157 (s), 1153 (s), 1147 (s), 1139
(vs), 1075 (m), 1045 (m), 1028 (vs), 986 (s), 836 867 (m), 860 (s), 843 (s), 822 (s), 805 (m),
785 (s), 768 (m), 736 (m), 732 (m), 661 (s), 64%.(M
MS (El, 70 eV): m/z (%) = 339 (M, 55), 324 (75), 308 (20), 154 (13).
HRMS (C20H21NOy): calc.: 339.1471; found: 339.1455.
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3.3 Efficient Nickel-catalyzed cross-coupling rea@ns of benzylic zinc chloride with
aromatic halides

Ethyl 2-(4-fluorobenzyl)nicotinate (72a)
CO,Et

N
. N_~

According toTP5 4-fluorobenzylzinc chlorid¢54¢ 1.98 mL, 2.40 mmol, 1.2 in THF) was

reacted with ethyl 2-chloronicotinatélig 371 mg, 2.00 mmol in 0.4 mL NMP), PRB.1 mL,

0.04 mmol, 0.41 in THF) and Ni(acag)(0.1 mL, 0.01 mmol, 0. in THF). The reaction

mixture was stirred for 3 h. Purification by flashromatography (silica gel, pentane J&t=

1:1) afforded the est&i2a (407 mg, 78%) as a pale yellow oil.

'H-NMR (600 MHz, CDCk): 5/ ppm = 8.67 (ddJ = 5.0 Hz, 1.8 Hz, 1H), 8.17 (dd,= 7.8 Hz,

1.9 Hz, 1H), 7.25-7.20 (m, 3H), 6.94-6.89 (m, 2#)4 (s, 2H), 4.32 (q1 = 7.0 Hz, 2H), 1.33 {(t,

J=7.2 Hz, 3H).

13C-NMR (150 MHz, CDCls): &/ ppm = 166.3, 161.4 (d)c.r = 243.7 Hz), 161.0, 151.8, 138.8,

135.2 (d,*Jc.r = 3.1 Hz), 130.4 (fJc.r = 7.9 Hz), 126.0, 121.3, 115.0 {@c.r = 21.0 Hz), 61.5,

41.4,14.1.

IR (Diamond-ATR, neat): 7 / cmi* = 2988 (m), 2970 (m), 1720 (vs), 1601 (w), 1583, (1568

(m), 1507 (s), 1438 (m), 1365 (s), 1296 (m), 1266 1217 (vs), 1157 (m), 1129 (s), 1094 (s),

1078 (vs), 1057 (s), 1017 (m), 860 (m), 810 (mp ¥H, 747 (s), 607 (m).

MS (El, 70 eV): m/z (%) = 259 (M, 100), 230 (61), 213 (86), 184 (70), 157 (11), (D9), 93

(10).

HRMS (C1sH140,NF): calc.: 259.1009; found: 259.1006.

Ethyl 3-[3,5-bis(trifluoromethyl)benzyllbenzoate (722b)

EtOQC \‘/\,/ C F3
CF;

According toTP5 3-(ethoxycarbonyl)benzylzinc chloridéb4m; 1.90 mL, 2.40 mmol, 1.2@ in
THF) was reacted with 1-bromo-3,5-bis(trifluoromgjbenzene 71b; 586 mg, 2.00 mmol in
0.4 mL NMP), PP(0.1 mL, 0.04 mmol, 0. in THF) and Ni(acag)0.1 mL, 0.01 mmol, 0.

in THF). The reaction mixture was stirred for 4Rurification by flash chromatography (silica
gel, pentane / D = 95:5) afforded the esté2b (331 mg, 45%) as a white solid.
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M.p. (°C): 55-57.

'H-NMR (600 MHz, CDCl3): 5/ ppm = 7.96-7.93 (m, 1H), 7.90-7.88 (m, 1H), 7(31H), 7.62
(s, 2H), 7.41 (t) = 7.6 Hz, 1H), 7.36-7.33 (m, 1H), 4.37 (s 7.2 Hz, 2H), 4.14 (s, 2H), 1.38 (t,
J=7.2 Hz, 3H).

13C-NMR (150 MHz, CDCl3): 3/ ppm = 166.3, 142.9, 139.0, 133.2, 131.80g,r = 33.4 Hz),
131.2, 130.0, 129.0, 128.9 (m), 128.2, 123.3Jgr = 272.6 Hz), 120.5 (m), 61.1, 41.2, 14.3.
IR (Diamond-ATR, neat): 7 / cm* = 2989 (w), 2970 (w), 2911 (w), 1739 (m), 1712 (8)47
(m), 1376 (s), 1278 (vs), 1255 (s), 1205 (s), 1541110 (vs), 1027 (m), 930 (m), 921 (m), 868
(m), 843 (m), 752 (s), 728 (m), 708 (s), 699 (8 €s).

MS (El, 70 eV): m/z (%) = 376 (M, 18), 357 (11), 348 (25), 331 (100), 283 (17), 2B9), 165
7).

HRMS (C17H150>): calc.: 376.0898; found: 376.0888.

Ethyl 2-(3-cyanobenzyl)nicotinate (72c¢)
CO,Et

NC X

N
According toTP5 3-cyanobenzylzinc chloridéb4a 0.94 mL, 1.20 mmol, 1.2w in THF) was
reacted with ethyl 2-chloronicotinatélg 186 mg, 1.00 mmol in 0.2 mL NMP), PRB.05 mL,
0.02 mmol, 0.41 in THF) and Ni(acag)(0.05 mL, 0.005 mmol, 0.1 in THF). The reaction
mixture was stirred for 4 h. Purification by flashromatography (silica gel, pentane J&t=
1:1) afforded the est&2c (115 mg, 43%) as a colourless oil.
'"H-NMR (300 MHz, CDCls3): 5/ ppm = 8.68 (ddJ = 4.8 Hz, 1.8 Hz, 1H), 8.23 (dd,= 8.0 Hz,
1.8 Hz, 1H), 7.57-7.52 (m, 2H), 7.47-7.43 (m, 1A)37-7.31 (m, 1H), 7.28 (dd, = 8.0 Hz,
4.8 Hz, 1H), 4.59 (s, 2H), 4.33 @~ 7.1 Hz, 2H), 1.33 (1 = 7.1 Hz, 3H).
13C-NMR (75 MHz, CDCl3): &/ ppm = 166.0, 159.9, 152.1, 141.0, 138.9, 13832.6, 129.9,
128.9,125.7,121.7,119.0, 112.1, 61.6, 41.7,.14.2
IR (Diamond-ATR, neat): V / cm* = 2983 (w), 2229 (m), 1717 (vs), 1581 (m), 1568, (1483
(w), 1436 (m), 1366 (w), 1259 (vs), 1172 (w), 118}, 1079 (vs), 1058 (s), 1016 (m), 861 (w),
823 (w), 781 (s), 742 (s), 712 (m), 689 (s).
MS (El, 70 eV): m/z (%) = 266 (M, 63), 265 (100), 237 (41), 221 (33), 193 (75), LB4).
HRMS (C16H14N205): calc.: 266.1055; found: 266.1057.
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2-(3-Propionylbenzyl)benzonitrile (72d)
0 CN

aeas

According toTP5 3-propionylbenzylzinc chlorides@ds 1.63 mL, 1.80 mmol, 1.1& in THF)
was reacted with 2-chlorobenzonitrilélg 206 mg, 1.50 mmol in 0.3 mL NMP), PRB.08 mL,
0.03 mmol, 0.4 in THF) and Ni(acag)0.075 mL, 0.0075 mmol, 0.&t in THF). The reaction
mixture was stirred for 6 h. The reaction mixturaswquenched with sat. ag. MH solution
(50 mL) and extracted with GEI, (3 x 50 mL). Purification by flash chromatograplsylica gel,
pentane / BD = 3:1) afforded the nitril@2d (265 mg, 71%) as a whisslid.

M.p. (°C): 50-52.

'H-NMR (600 MHz, CDCls): 8/ ppm = 7.84-7.80 (m, 2H), 7.65-7.61 (m, 1H), 7528 (m,
1H), 7.43-7.41 (m, 1H), 7.39 @ = 7.6 Hz, 1H), 7.33-7.29 (m, 1H), 7.27 @z 8.1 Hz, 1H),
4.25 (s, 2H), 2.97 (4l = 7.2 Hz, 2H), 1.19 (J = 7.2 Hz, 3H).

1BC-NMR (150 MHz, CDClk): 8/ ppm = 200.6, 144.1, 139.2, 137.3, 133.4, 13833,0, 130.0,
128.9, 128.3, 127.0, 126.4, 118.0, 112.5, 40.(8,3L1.

IR (Diamond-ATR, neat): ¥ / cm* = 2970 (m), 2935 (m), 2901 (m), 2224 (m), 1739, (h6)84
(s), 1597 (m), 1488 (m), 1445 (m), 1437 (m), 146, (1375 (s), 1347 (m), 1238 (s), 1217 (m),
1163 (s), 1080 (m), 1066 (m), 1028 (m), 980 (w)3 961), 944 (w), 918 (m), 851 (m), 789 (s),
765 (s), 755 (vs), 711 (m), 694 (s), 647 (m), 634 (

MS (El, 70 eV): m/z (%) = 249 (M, 2), 220 (100), 192 (10), 190 (19), 178 (9), 189)( 116 (4),
89 (3).

HRMS (C;7H1sNO): calc.: 249.1154; found: 249.1152.

Ethyl 3-(3-acetylbenzyl)benzoate (72€)

o}
Me W CO,Et

According to TP5 3-acetylbenzylzinc chloride54t, 2.27 mL, 2.40 mmol, 1.0% in THF,
addition via syringe pump over 30 min) was reactétt ethyl 3-boromobenzoat& 1d, 458 mg,
2.00 mmol in 0.4 mL NMP), PRIf0.1 mL, 0.04 mmol, 0.4 in THF) and Ni(acag)0.1 mL,
0.01 mmol, 0.1m in THF). The reaction mixture was stirred for 16 Rurification by flash
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chromatography (silica gel, pentane j@&t= 4:1) afforded the estéi2e (289 mg, 51%) as a
yellow oil.

'"H-NMR (300 MHz, CDCl3): 8/ ppm = 7.92-7.86 (m, 2H), 7.82-7.76 (m, 2H), 77482 (m,
4H), 4.35 (qJ = 7.2 Hz, 2H), 4.07 (s, 2H), 2.57 (s, 3H), 1.30& 7.1 Hz, 3H).

3C-NMR (75 MHz, CDCly): 8/ ppm = 198.1, 166.5, 141.1, 140.7, 137.5, 13833.3, 130.9,
129.9, 128.8, 128.6, 128.5, 127.6, 126.5, 61.(,£6.7, 14.3.

IR (Diamond-ATR, neat): V / cmi* = 2981 (w), 2928 (w), 1714 (s), 1682 (s), 1602, (1§85
(m), 1484 (w), 1437 (m), 1392 (w), 1358 (m), 1268)( 1193 (s), 1104 (s), 1081 (m), 1021 (m),
977 (w), 954 (w), 918 (w), 861 (w), 789 (m), 753 (&L8 (s), 690 (s), 587 (s), 559 (m).

MS (El, 70 eV): m/z (%) = 282 (M, 100), 268 (52), 237 (61), 194 (9), 165 (72), 15Q), 43
(35).

HRMS (C1gH1503): calc.: 282.1256; found: 282.1249.

Ethyl 4-(1-phenylethyl)benzoate (72f)
Me

‘ ‘ “CO,Et

According toTP5 1-phenylethylzinc chlorid¢54u; 1.78 mL, 2.40 mmol, 1.3& in THF) was
reacted with ethyl 4-bromobenzoai#lé 458 mg, 2.00 mmol in 0.4 mL NMP), PRB.1 mL,
0.04 mmol, 0.41 in THF) and Ni(acag)(0.1 mL, 0.01 mmol, 0. in THF). The reaction
mixture was stirred for 12 h. Purification by flashromatography (silica gel, pentane /&t
98:2) afforded the est&2f (485 mg, 95%) as a colourless liquid.

'"H-NMR (300 MHz, CDCls): &/ ppm = 8.00-7.93 (m, 2H), 7.33-7.26 (m, 4H), 77286 (m,
3H), 4.36 (9,J = 7.1 Hz, 2H), 4.20 (¢J = 7.1 Hz, 1H), 1.66 (tJ = 7.3 Hz, 3H), 1.37 (t) =
7.1 Hz, 3H).

13C-NMR (75 MHz, CDCl): &/ ppm = 166.5, 151.5, 145.4, 129.7, 128.5, 1282%,6, 127.5,
126.3, 60.7, 44.8, 21.6, 14.3.

IR (Diamond-ATR, neat): 7 / cm* = 3085 (vw), 3061 (vw), 3028 (vw), 2973 (w), 2934v),
2905 (vw), 2876 (vw), 1712 (s), 1610 (m), 1574 (v494 (w), 1451 (w), 1415 (w), 1391 (w),
1367 (m), 1310 (w), 1271 (vs), 1178 (m), 1102 (€55 (w), 1019 (s), 980 (w), 910 (w), 857
(m), 758 (m), 738 (M), 698 (vs), 646 (W), 634 (BI5 (W).

MS (El, 70 eV): m/z (%) = 254 (M, 100), 239 (45), 209 (40), 181 (41), 165 (57)(61
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HRMS (C;/H150,): calc.: 254.1307; found: 254.1305.

3.4.Pd-catalyzed cross-couplings of benzylic zinc chligles with unsaturated bromides
bearing relatively acidic protons

N-[2-(4-fluorobenzyl)prop-2-en-1-yl]aniline (78a)

H
F

According toTP6 4-fluorobenzylzinc chloride54c 3.34 mL, 2.40 mmol, 0.7 in THF) was
added to a solution of (2-bromo-allyl)-phenyl-amit&’a 424 mg, 2.00 mmol), Pd(OAL)
(4.5 mg, 0.02 mmol) and S-Phos (16.4 mg, 0.04 mmdlHF (2 mL). The reaction mixture was
stirred for 24 h at 25 °C. Purification by flashraimatography (silica gel, pentane {&t= 98:2)
afforded the aniling8a (295 mg, 61%) as a pale yellow oil.

'H NMR (300 MHz, CDCls): &/ ppm = 7.21-7.11 (m, 4H), 7.05-6.94 (m, 2H), 66787 (m,
1H), 6.59-6.51 (m, 2H), 5.14-5.10 (m, 1H), 4.9534(f, 1H), 3.88 (s, 1H), 3.65 (s, 2H), 3.39 (s,
2H).

13C NMR (75 MHz, CDCls): 8/ ppm = 161.5 (d'Jc.r = 244.0 Hz), 148.0, 146.0, 134.7 {dc.

= 3.1 Hz), 130.3 (d®Jc.r = 7.7 Hz), 129.1, 117.4, 115.2 @c.r = 21.1 Hz), 112.8, 112.5, 48.1,
40.1.

IR (Diamond-ATR, neat): V' / cm* = 3419 (vw), 3051 (vw), 2909 (vw), 2839 (vw), 1661),
1601 (s), 1504 (vs), 1432 (w), 1313 (m), 1268 (8262 (m), 1218 (s), 1180 (m), 1156 (m), 1092
(m), 1071 (w), 1016 (w), 993 (w), 901 (m), 852 (B)2 (m), 777 (m), 747 (vs), 690 (s).

MS (El, 70 eV): m/z (%) = 241 (M, 100), 147 (55), 132 (28), 109 (25), 106 (72),(98), 77
(25).

HRMS (Ci6H16FN): calc.: 241.1267; found: 241.1262.

N-{2-[3-(trifluoromethyl)benzyl]prop-2-en-1-yl}anili ne (78b)

F3C\©/\”/\N, Ph
H

According toTP6 3-(trifluoromethyl)benzylzinc chloridebdg 1.60 mL, 2.40 mmol, 1.5 in
THF) was added to a solution of (2-bromo-allyl)-pjleamine {7 424 mg, 2.00 mmol),
Pd(OAc) (4.5 mg, 0.02 mmol) and S-Phos (16.4 mg, 0.04 mmol'HF (2 mL). The reaction
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mixture was stirred for 8 h at 25 °C. Purificatidty flash chromatography (silica gel,
pentane / BD = 98:2) afforded the anilinéb (437 mg, 87%) as a yellow oil.

H NMR (600 MHz, CDCls): &/ ppm = 7.51-7.46 (m, 2H), 7.43-7.38 (m, 2H),7Z7112 (m,
2H), 6.72-6.68 (m, 1H), 6.65-6.52 (M, 2H), 5.17J&,0.9 Hz, 1H), 4.94 (d] = 0.9 Hz, 1H) 3.82
(s, 1H), 3.66 (s, 2H), 3.47 (s, 2H).

3¢ NMR (150 MHz, CDCly): &/ ppm = 148.0, 145.3, 140.1, 132.3 Jo5 1.3 Hz), 130.8 (q,
2Jor = 32.1 Hz), 129.2, 128.8, 125.5 fjcr = 3.9 Hz), 124.2 (qiJcr = 272.3 Hz), 123.2 (q,
3Jce=4.0 Hz), 117.5, 113.2, 112.8, 48.1, 40.6.

IR (Diamond-ATR, neat): V / cm* = 3420 (vw), 3054 (vw), 2913 (vw), 1603 (s), 1506),
1448 (w), 1327 (vs), 1161 (s), 1117 (vs), 109316)2 (s).

MS (El, 70 eV): m/z (%) = 291 (M, 100), 276 (18), 132 (29), 129 (21), 106 (95).

HRMS (Ci7H16F3N): calc.: 291.1235; found: 291.1227.

2-Chloro-4-(4-methoxybenzyl)aniline (78c)

CI
MeO NH2

According toTP6 4-methoxybenzylzinc chloridé4i, 1.94 mL, 2.40 mmol, 1.24 in THF) was
added to a solution of 4-bromo-2-chloroanilin@lf;, 413 mg, 2.00 mmol), Pd(OAc)4.5 mg,
0.02 mmol) and S-Phos (16.4 mg, 0.04 mmol) in TRFnL). The reaction mixture was stirred
for 6.25 h at 25 °C. Purification by flash chrongrtphy (silica gel, pentane /,Bt= 9:1 to 3:1)
afforded the aniling8c (381 mg, 77%) as a yellow oil.

'H NMR (600 MHz, CDCls): 8/ ppm = 7.10-7.06 (m, 2H), 7.06 @@= 1.9 Hz, 1H), 6.87 (ddl

= 8.1 Hz, 1.9 Hz, 1H), 6.85-6.81 (m, 2H), 6.68 Jd&; 8.1 Hz, 1H), 3.92 (s, 2H), 3.79 (s, 2H),
3.78 (s, 3H) .

3C NMR (150 MHz, CDCls): 5/ ppm = 157.9, 140.9, 133.2, 132.6, 129.7, 12128,0, 119.3,
115.9, 113.9, 55.2, 39.8.

IR (Diamond-ATR, neat): U / cmi* = 3465 (vw), 3062 (vw), 3029 (vw), 2983 (vw), 17(V),
1602 (w), 1580 (vw), 1494 (w), 1446 (m), 1369 (ARO5 (vs), 1271 (s), 1225 (w), 1164 (s),
1124 (vs), 1095 (s), 1032 (vs), 960 (w), 928 (n) 9w), 883 (w), 840 (w), 766 (vs), 698 (vs).
MS (El, 70 eV): m/z (%) = 247 (M, 100), 212 (69), 180 (12), 168 (12), 140 (13), (DB

HRMS (C14H14CINO): calc.: 247.0764; found: 247.0756.
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4-(3,4,5-Trimethoxybenzyl)phenol (78d)

’ Cl
MeO OH
OMe

According toTP7 3,4,5-trimethoxybenzylzinc chloridé4h, 2.47 mL, 2.40 mmol, 0.9% in
THF) was slowly added over 90 min using a syringmp to a solution of 4-bromophendl7g
346 mg, 2.00 mmol), Pd(OAc)4.5 mg, 0.02 mmol) and S-Phos (16.4 mg, 0.04 mmolHF
(2 mL) at 25 °C. Purification by flash chromatodmggsilica gel, pentane / g = 1:1) afforded
the phenolr8d (232 mg, 42%) as a white solid.

M.p. (°C): 119-120.

'H NMR (300 MHz, CDCl3): 8/ ppm = 7.07-7.00 (m, 2H), 6.79-6.73 (m, 2H), 6(882H), 5.22
(s, 1H), 3.84 (s, 2H), 3.82 (s, 3H), 3.79 (s, 6H).

3¢ NMR (75 MHz, CDCl3): &/ ppm = 154.0, 153.1, 137.3, 136.0, 132.8, 1291%.3, 105.7,
60.8, 56.0, 41.2.

IR (Diamond-ATR, neat): ¥ / cmi* = 3338 (w), 1612 (w), 1592 (m), 1511 (m), 1462 ()44
(w), 1438 (w), 1420 (m), 1342 (w), 1318 (w), 1269,(1240 (s), 1224 (m), 1189 (w), 1172 (w),
1126 (vs), 1040 (w), 1001 (m), 971 (w), 862 (w)6&), 824 (m), 783 (w), 720 (vw), 669 (m).
MS (El, 70 eV): m/z (%) = 274 (M, 100), 259 (19), 227 (9), 184 (8), 107 (5).

HRMS (C16H1804): calc.: 274.1205; found: 274.1208.

3-[4-(Hydroxymethyl)benzyl]benzonitrile (78e)

NC
1OA ST

According toTP7 3-cyanobenzylzinc chlorides4o, 1.89 mL, 2.40 mmol, 1.2% in THF) is
slowly added over 90 min using a syringe pump s$olation of (4-bromophenyl)methandlqd,

374 mg, 2.00 mmol), Pd(OAc)Y4.5 mg, 0.02 mmol), S-Phos (16.4 mg, 0.04 mmol)THF

(2 mL) at 25 °C. Purification by flash chromatognmgsilica gel, pentane / £ = 1:1) afforded
the nitrile78e (375 mg, 84%) as a yellow solid.

M.p. (°C): 53-55.

'H NMR (600 MHz, CDCls): 8/ ppm = 7.51-7.33 (m, 4H), 7.31 @z 8.2 Hz, 2H), 7.15 (d] =

8.4 Hz, 2H), 4.65 (s, 2H), 3.99 (s, 2H), 1.95 (4).1
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13C NMR (150 MHz, CDCls): 8/ ppm = 142.5, 139.3, 138.7, 133.3, 132.2, 12829,2, 129.0,
127.4,118.8, 112.4, 64.9, 41.0.

IR (Diamond-ATR, neat): ' / cm’* = 3404 (m), 2921 (m), 2853 (m), 2228 (s), 1582, (1H12
(w), 1482 (m), 1419 (m), 1209 (w), 1031 (s), 104§ 794 (s), 750 (m), 730 (m), 686 (vs).

MS (El, 70 eV): m/z (%) = 223 (M, 80), 221 (18), 224 (12), 192 (63), 165 (41), 146), 107
(100), 91 (14), 79 (35), 44 (38).

HRMS (C1sH1aNO): calc.: 223.0997; found: 223.0988.

3.5. Palladium-catalyzed one-pot reaction ofn situ generated benzylic zinc chlorides with
aromatic bromides

Methyl 2-(4-fluorobenzyl)benzoate (80a)
CO,Me

fepe

According toTP8 — zinc insertion: 4-fluorobenzyl chloride 53¢ 723 mg, 5.00 mmol), LiCl
(318 mg, 7.50 mmol) and Zn (490 mg, 7.50 mmol) HFT(2.5 mL), { = 25 °C for 24 hrross-
coupling: methyl 2-bromobenzoate7lg 645 mg, 3.00 mmol), PEPPSI-IPr (8.5 mag,
0.013 mmol), THF (1.0 mL),t= 25 °C for 24 hwork-up and purification: extracted with BO

(3 x 20 mL), purified by flash chromatography (=ligel, pentane / g = 98:2) to give the
diarylmethané30aas a colourless liquid (702 mg, 96%).

'H-NMR (300 MHz, CDCls): 8/ ppm = 7.90 (ddj = 7.9 Hz, 1.3 Hz, 1H), 7.47-7.39 (m, 1H),
7.33-7.25 (m, 1H), 7.22-7.17 (m, 1H), 7.13-7.06 @Hl), 6.98-6.89 (m, 2H), 4.34 (s, 2H), 3.82
(s, 3H).

¥C-NMR (75 MHz, CDCls): 5/ ppm = 167.9, 161.2 (dJc.r = 243.8 Hz), 142.0 (F)c.r = 1.0
Hz), 136.5 (d*Jc.r = 3.4 Hz), 132.1, 131.5, 130.8, 130.2 & = 7.7 Hz), 129.8, 126.4, 115.0
(d,%Jc.r = 21.4 Hz), 51.9, 38.8 (@Jc.r = 0.5 Hz).

IR (Diamond-ATR, neat): ¥ / cmi* = 2952 (w), 2360 (w), 2342 (w), 1718 (vs), 1602,(&576
(w), 1508 (s), 1434 (m), 1258 (vs), 1220 (s), 1192, 1158 (m), 1128 (s), 1094 (s), 1076 (s),
1048 (m), 1016 (w), 966 (w), 914 (w), 844 (m), §&D), 802 (m), 776 (s), 732 (vs), 704 (m), 664
(m).

MS (El, 70 eV): m/z (%) = 244 (M, 3), 212 (100), 183 (38), 133 (10), 109 (5), 91 (5

HRMS (CsH13FOy): calc.: 244.0900; found: 244.0895.
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4-(3,4,5-Trimethoxybenzyl)benzonitrile (80b)

MeO O l
MeO l I CN
OMe

According toTP8 — zinc insertion: 3,4,5-trimethoxybenzyl chloridéb3h; 1.08 g, 5.00 mmol),
LiCl (318 mg, 7.50 mmol) and Zn (490 mg, 7.50 mmal)THF (2.5 mL), 1 = 25 °C for 4 h;
cross-coupling:  4-bromobenzonitrile Alh; 455 mg, 2.50 mmol), PEPPSI-IPr (8.5 mg,
0.013 mmol), THF (1.0 mL),t= 25 °C for 15 hwork-up and purification: extracted with BO

(3 x 20 mL), purified by flash chromatography (&ligel, pentane / g = 3:1) to give the
diarylmethane30b as a white solid (698 mg, 99%).

M.p. (°C): 60-62.

'H-NMR (300 MHz, CDCls): &/ ppm = 7.60-7.54 (m, 2H), 7.31-7.25 (m, 2H), 6(842H), 3.95
(s, 2H), 3.81 (s, 3H), 3.80 (s, 6H).

13C-NMR (75 MHz, CDCl3): 8/ ppm = 153.4, 146.5, 136.6, 134.8, 132.3, 12918,9, 110.1,
105.9, 60.8, 56.0, 42.2.

IR (Diamond-ATR, neat): U / cmi' = 2990 (w), 2940 (w), 2836 (w), 2360 (w), 2342 (&p24
(w), 1590 (s), 1508 (m), 1500 (m), 1464 (m), 14@9,(1338 (w), 1324 (w), 1238 (s), 1186 (w),
1128 (vs), 1016 (w), 998 (s), 978 (m), 944 (w), 984, 854 (w), 832 (m), 818 (m), 808 (m), 734
(m), 666 (M), 644 (m).

MS (El, 70 eV): m/z (%) = 283 (M, 100), 268 (54), 240 (12), 225 (9), 209 (6), 185 154 (4),
127 (5), 116 (10).

HRMS (C17H17/NO3): calc.: 283.1208; found: 283.1203.

Ethyl 3-[4-(trifluoromethyl)benzyl]benzoate (80c)

O
CFs

According to TP8 — znc insertion: 3-(ethoxycarbonyl)benzyl chloridé53m; 993 mg,
5.00 mmol), LiCl (424 mg, 10.0 mmol) and Zn (654,@.0 mmol) in THF (2.5 mL); & 25 °C
for 4 h; cross-coupling: 1-bromo-4-(trifluoromethyl)benzene7Xi; 667 mg, 2.97 mmol),
PEPPSI-IPr (8.5 mg, 0.013 mmol), THF (1.0 mk)=t25 °C for 4 hwork-up and purification:
extracted with CBHLCl, (3 x 20 mL), purified by flash chromatographyi¢sil gel, pentane / KD
= 95:5) to give the diarylmetha®®cas a colourless liquid (857 mg, 94%).
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'"H-NMR (600 MHz, CDCl3): 5/ ppm = 7.93-7.90 (m, 1H), 7.90-7.88 (m, 1H), 7(84J = 8.1
Hz, 2H), 7.37 (tJ = 7.6 Hz, 1H), 7.35-7.33 (m, 1H), 7.28 (& 8.1 Hz, 2H), 4.36 (q] = 7.2 Hz,
2H), 4.07 (s, 2H), 1.38 (8,= 7.1 Hz, 3H).

3C-NMR (150 MHz, CDCls): 8/ ppm = 166.5, 144.5 (dJcr = 1.3 Hz), 140.2, 133.3, 130.9,
130.0, 129.1, 128.7, 128.7 @c.r = 32.3 Hz), 127.7, 125.5 (§c.r = 3.9 Hz), 124.2 (qJcr =
271.9 Hz), 61.0, 41.4, 14.3.

IR (Diamond-ATR, neat): ¥ / cmi* = 2985 (vw), 1715 (s), 1619 (w), 1588 (w), 1445,(0418
(w), 1368 (w), 1322 (vs), 1278 (s), 1188 (m), 1161 1119 (s), 1104 (vs), 1065 (vs), 1018 (s),
939 (w), 852 (m), 816 (m), 764 (w), 742 (vs), 689,672 (m), 639 (m), 596 (M).

MS (El, 70 eV): m/z (%) = 308 (M, 39), 280 (20), 263 (100), 235 (23), 215 (9), (&3).

HRMS (C17H15F30,): calc.: 308.1024; found: 308.1022.

3-[3,5-Bis(trifluoromethyl)benzyl]benzonitrile (80d)

CF;

According toTP8 — zinc insertion: 3-cyanobenzyl chloride580 758 mg, 5.00 mmol), LiCl
(318 mg, 7.50 mmol) and Zn (490 mg, 7.50 mmol) HFT(2.5 mL), { = 25 °C for 3.5 hgross-
coupling: 1-bromo-3,5-bis(trifluoromethyl)benzene (879 30 mmol), PEPPSI-IPr (8.5 mg,
0.013 mmol), THF (1.0 mL)pt= 25 °C for 15.5 hyork-up and purification: extracted with EO
(3 x 20 mL), purified by flash chromatography (sligel, pentane / g = 95:5 to 9:1) to give
the diarylmethan80d as a white solid (844 mg, 85%).

M.p. (°C): 66-67.

'H-NMR (300 MHz, CDCls): &/ ppm = 7.77 (m, 1H), 7.60 (m, 2H), 7.59-7.54 (ihl), 7.49-
7.43 (m, 2H), 7.43-7.38 (m, 1H), 4.14 (s, 2H).

3C-NMR (75 MHz, CDCls): 5/ ppm = 141.8, 140.2, 133.3, 132.3, 132.1%0a,- = 33.3 Hz),
130.8, 129.8, 128.9 (m), 123.1 (dc.F = 273.1 Hz), 120.9 (m), 118.5, 113.1, 40.9.

IR (Diamond-ATR, neat): U /cm® = 3675 (w), 2989 (m), 2970 (m), 2229 (w), 1739 (74
(s), 1275 (s), 1229 (s), 1217 (s), 1165 (s), 1A3&3, (1109 (vs), 944 (m), 911 (m), 903 (m), 881
(m), 842 (m), 804 (m), 737 (m), 726 (m), 708 (H26€s), 682 (s).

MS (El, 70 eV): m/z (%) = 329 (M, 100), 309 (68), 289 (13), 260 (33), 240 (30), 126),
116 (8).
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HRMS (C16HgFsN): calc.: 329.0639; found: 329.0628.

Ethyl 3-(3-pentanoylbenzyl)benzoate (80e¢)

(0]
BUW:‘COQEt

According toTP8 — zinc insertion: 3-pentanoylbenzyl chloridé8qg, 843 mg, 4.00 mmol), LiCl
(254 mg, 6.00 mmol) and Zn (392 mg, 6.00 mmol) KFT(2.0 mL), { = 25 °C for 4 hicross-
coupling: ethyl 3-bromobenzoaté&1d;, 458 mg, 2.00 mmol), PEPPSI-IPr (6.8 mg, 0.01 mmol
THF (1.0 mL), $ = 25 °C for 2 hwork-up and purification: extracted with CECl, (3 x 20 mL),
purified by flash chromatography (silica gel, pema/ EtO = 15:1 to 7:1) to give the
diarylmethane30eas a colourless liquid (595 mg, 92%).

'H-NMR (300 MHz, CDCls): &/ ppm = 7.92-7.86 (m, 2H), 7.82-7.75 (m, 2H), 7481 (m,
4H), 4.35 (qJ = 7.1 Hz, 2H), 4.07 (s, 2H), 2.92 Jt= 7.3 Hz, 2H), 1.76-1.62 (m, 2H), 1.45-1.30
(m, 2H), 1.37 (tJ=7.1 Hz, 3H), 0.93 (tJ = 7.3 Hz, 3H).

3C-NMR (75 MHz, CDCl3): 8/ ppm = 200.5, 166.5, 141.0, 140.7, 137.4, 138v@r(ap), 130.8,
129.9, 128.8, 128.6, 128.3, 127.6, 126.2, 60.%9,488.4, 26.4, 22.4, 14.3, 13.9.

IR (Diamond-ATR, neat): U / cm* = 2957 (m), 2931 (m), 2871 (w), 1714 (vs), 1681 (943
(m), 1366 (M), 1276 (vs), 1190 (s), 1159 (m), 1{®%, 1081 (m), 1022 (m), 745 (m), 703 (m).
MS (El, 70 eV): m/z (%) = 324 (M, 3), 282 (25), 267 (100), 237 (10), 236 (51), 16B), 165
(30), 161 (13).

HRMS (C21H2403): calc.: 324.1725; found: 324.1714.

4-(3-Propionylbenzyl)benzonitrile (80f)

O
Et
CN

According toTP8 — zinc insertion: 3-propionylbenzyl chloride53s 365 mg, 2.00 mmol), LiCl
(127 mg, 3.00 mmol) and Zn (196 mg, 3.00 mmol) KFT(1.0 mL), { = 25 °C for 4 hicross-
coupling: 4-bromobenzonitrile(71h; 182 mg, 1.0 mmol), PEPPSI-IPr (3.4 mg, 0.005 mmol
THF (1.0 mL), $ = 25 °C for 2 hwork-up and purification: extracted with CECl, (3 x 20 mL),
purified by flash chromatography (silica gel, pewtd EtO = 7:1) to give the diarylmethar@®f
as a white solid (196 mg, 79%).
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M.p. (°C): 83-84.

'H-NMR (300 MHz, CDC}): 8/ ppm = 7.83-7.71 (m, 2H), 7.53 (d= 8.3 Hz, 2H), 7.42-7.20
(m, 4H), 4.04 (s, 2H), 2.93 (d,= 7.1 Hz, 2H), 1.17 (1) = 7.3 Hz, 3H).

3C-NMR (75 MHz, CDCls): 5/ ppm = 200.6, 146.0, 139.9, 137.4, 133.3, 13228,6, 129.0,
128.3,126.5, 118.8, 110.3, 41.8, 31.8, 8.2.

IR (Diamond-ATR, neat): 7 / cm* = 2978 (w), 2938 (w), 2227 (m), 1683 (vs), 1603,(506
(m), 1413 (m), 1349 (m), 1240 (s), 1177 (m), 1160 1020 (m), 973 (m), 859 (m), 813 (s), 783
(s), 746 (s), 695 (S).

MS (El, 70 eV): m/z (%) = 249 (M, 100), 221 (26), 220 (31), 191 (42), 190 (86), (Bm), 152
(11).

HRMS (C17H1sNO): calc.: 249.1154; found: 249.1131.

1-{3-[3-(Trifluoromethyl)benzyl]phenyl}ethanone (8Qy)

(0]
MeCF3

According toTP8 — zinc insertion: 3-acetylbenzyl chlorides@t; 674 mg, 4.00 mmol), LiCl (254
mg, 6.00 mmol) and Zn (392 mg, 6.00 mmol) in THERO(L), t = 25 °C for 3 h;cross
coupling: 1-bromo-3-(trifluoromethyl)benzen@1j; 450 mg, 2.00 mmol), PEPPSI-IPr (6.8 mg,
0.01 mmol), THF (1.0 mL),t= 25 °C for 5 hwork-up and purification: extracted with ether (3
x 20 mL), purified by flash chromatography (siligel, pentane / ED = 4:1) to give the
diarylmethane30gas a colourless liquid (476 mg, 86%).

'H-NMR (300 MHz, CDCls): &/ ppm = 7.84-7.78 (m, 2H), 7.51-7.31 (m, 6H), 4992H), 2.58
(s, 3H).

3C-NMR (75 MHz, CDCl3): &/ ppm = 198.0, 141.3, 140.6, 137.6, 133.6, 132,2Jgr =
1.3 Hz), 130.9 (q%Jc.r = 32.2 Hz), 129.1, 129.0, 128.6, 126.7, 125.5%4g+ = 3.8 Hz), 124.1
(m, Jcr=272.1 Hz), 123.3 (dJc.r = 3.9 Hz), 41.5, 26.7.

IR (Diamond-ATR, neat): U / cmi* = 1682 (s), 1436 (w), 1358 (m), 1329 (s), 12681459 (s),
1117 (vs), 1094 (s), 1072 (vs), 915 (m), 790 (48 @), 719 (m), 701 (s), 692 (s), 655 (m).
MS (El, 70 eV): m/z (%) = 278 (M, 21), 263 (100), 215 (12), 165 (23), 43 (13).

HRMS (C16H13F30): calc.: 278.0918; found: 278.0921.
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Ethyl 4-(3-acetylbenzyl)benzoate (80h)

(0]
Me
CO,Et

According to TP8 — zinc insertion: 3-acetylbenzyl chloride5@t; 337 mg, 2.00 mmol), LiCl
(127 mg, 3.00 mmol) and Zn (196 mg, 3.00 mmol) HFT(1.0 mL), t = 25 °C for 3 hicross-
coupling: ethyl 4-bromobenzoat&1e 229 mg, 1.00 mmol), PEPPSI (3.4 mg, 0.005 mnidH)-
(2.0 mL), & = 25 °C for 2 h;work-up and purification: extracted with ChkLCl, (3 x 20 mL),
purified by flash chromatography (silica gel, perdd EtO = 7:1) to give the diarylmetha®@h
as a white solid (264 mg, 94%).

M.p. (°C): 78-80.

'"H-NMR (300 MHz, CDCl3): &/ ppm = 7.99-7.93 (m, 2H), 7.82-7.77 (m, 2H), 77432 (m,
2H), 7.26-7.21 (m, 2H), 4.35 (4,= 7.1 Hz, 2H), 4.07 (s, 2H), 2.56 (s, 3H), 1.36J(t 7.2 Hz,
3H).

3C-NMR (75 MHz, CDCls): 5/ ppm = 198.1, 166.5, 145.6, 140.8, 137.5, 13B2B,9, 128.9,
128.9 (overlap), 128.8, 128.6, 126.6, 60.9, 41677,214.3.

IR (Diamond-ATR, neat): U / cm* = 2984 (w), 1706 (vs), 1673 (vs), 1609 (m), 1580,(1478
(m), 1416 (m), 1363 (s), 1288 (s), 1274 (vs), 1(941177 (s), 1125 (s), 1103 (s), 1021 (s), 958
(m), 920 (s), 856 (m), 792 (s), 763 (s), 720 (898 (vs).

MS (El, 70 eV): m/z (%) = 282 (M, 48), 267 (100), 237 (26), 165 (20), 111 (12)(4B).

HRMS (C1gH103): calc.: 282.1256; found: 282.1234.

1-[3-(3-Methoxybenzyl)phenyl]ethanone (80i)

O
MeOMe

According toTP8 — zinc insertion: 3-acetylbenzyl chloride5@t; 337 mg, 2.00 mmol), LiCl (127
mg, 3.00 mmol) and Zn (196 mg, 3.00 mmol) in THFRO(INL), t = 25 °C for 3 h;cross-
coupling: 1-bromo-3-methoxybenzene71k; 187 mg, 1.00 mmol), PEPPSI-IPr (3.4 mg,
0.005 mmol), THF (1.0 mL),t= 25 °C for 5 hwork-up and purification: extracted with Ch{Cl,

(3 x 20 mL), purified by flash chromatography (sligel, pentane / £ = 7:1) to give the
diarylmethane30i as a white solid (145 mg, 60%).

M.p. (°C): 78-80.
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'H-NMR (300 MHz, CDCls): 8/ ppm = 7.84-7.74 (m, 2H), 7.43-7.33 (m, 2H), 7(21J =
7.9 Hz, 1H), 6.81-6.69 (m, 3H), 4.00 (s, 2H), 3(363H), 2.57 (s, 3H).

3C-NMR (75 MHz, CDCls): 5/ ppm = 198.2, 159.8, 141.9, 141.5, 137.4, 13329.5, 128.7,
128.6, 126.3, 121.3, 114.8, 111.5, 55.1, 41.8,.26.7

IR (Diamond-ATR, neat): ¥ / cmi' = 3003 (vw), 2938 (w), 2836 (w), 1680 (s), 1598 (583
(s), 1488 (s), 1454 (m), 1434 (m), 1356 (m), 1265),(1257 (vs), 1162 (m), 1148 (s), 1047 (s),
778 (s), 740 (s), 690 (vs).

MS (El, 70 eV): m/z (%) = 240 (M, 84), 226 (20), 225 (100), 197 (21), 182 (18), 143), 153
(21), 44 (17), 42 (23).

HRMS (C16H1602): calc.: 240.1150; found: 240.1132.

Ethyl 3-[4-(trifluoromethyl)benzyl]benzoate (80j)
Me

sasl

According to TP8 — zinc insertion: (1-chloroethyl)benzene58u; 703 mg, 5.00 mmol), LiCl
(318 mg, 7.50 mmol) and Zn (490 mg, 7.50 mmol) HFT(1.0 mL), { = 25 °C for 15 hgross-
coupling: 4-bromobenzonitrile 1h; 546 mg, 3.00 mmol), PEPPSI-IPr (8.5 mg, 0.013 thmo
THF (1.0 mL), § = 25 °C for 8 hwork-up and purification: extracted with ChCl, (3 x 20 mL),
purified by flash chromatography (silica gel, ped EtO = 98:2) to give the 1,1-diarylethane
80j as a colourless liquid (586 mg, 94%).

'H-NMR (600 MHz, CDCls): 5/ ppm = 7.56 (dJ = 8.6 Hz, 2H), 7.33-7.27 (m, 4H), 7.21J&
7.4 Hz, 1H), 7.18 (d] = 7.2 Hz, 2H), 4.19 (q] = 7.5 Hz, 1H), 1.64 (d] = 7.2 Hz, 3H).

13C-NMR (150 MHz, CDCl3): 8/ ppm = 151.9, 144.7, 132.2, 128.6, 128.4, 12726,4, 119.0,
109.9, 44.9, 21.4.

IR (Diamond-ATR, neat): U / cmi* = 3031 (vw), 2973 (w), 2934 (w), 2876 (W), 2222) (11012
(vw), 1606 (w), 1598 (w), 1502 (w), 1491 (m), 1468), 1416 (w), 1374 (w), 1302 (w), 1176
(w), 1122 (w), 1086 (w), 1045 (w), 1028 (w), 1018),(982 (w), 840 (s), 771 (s), 730 (s), 702
(vs), 600 (s), 559 (s).

MS (El, 70 eV): m/z (%) = 207 (M, 36), 192 (100), 165 (18), 95 (5), 83 (4).

HRMS (C1sH13N): calc.: 207.1048; found: 207.1038.
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3.6. Preparation of diheterobenzylic zinc reagents and éterobenzylic zinc chlorides

2-(2-Chloropyridin-4-yl)-1-phenylethanone (87)
0

X
I

CI” N
To a solution of 2-chloro-4-methylpyridin8%, 357 mg, 2.80 mmol) in THF (1.5 mL) was added
TMP,Zn-2MgCb- 2LICl (4.19 mL, 1.55 mmol, 0.3¥ in THF) at 0 °C. The reaction mixture was
stirred for 3 h. Then, the reaction mixture was ledoto -30 °C. CuCN-2LiCIl (3.10 mL,
3.10 mmol, 1.0Qv in THF) was added and the reaction mixture wasestifor 30 min. Then,
benzoyl chloride §0f, 281 mg, 2.00 mmol) was added at -78 °C and theti@ mixture was
slowly warmed to -20 °C within 22 h. Then, a miduof sat. ag. NECI/ NH3(25% in
H,0) = 2:1 was added (50 mL). The phases were sephsaid the aq. layer was extracted with
CH.Cl, (3 x 50 mL). The combined extracts were dried dMgS0Q,. Evaporation of the solvents
in vacuo and purification by flash chromatography (silicg, gpentane / EO = 1:4) afforded the
pyridine87 (279 mg, 60%) as a white solid.
M.p. (°C): 90-92.
'H-NMR (300 MHz, CDCl3): &/ ppm = 8.33 (dJ = 5.1 Hz, 1H), 8.02-7.93 (m, 2H), 7.65-7.56
(m, 1H), 7.53-7.44 (m, 2H), 7.26-7.24 (m, 1H), ZAB9 (M, 1H), 4.27 (s, 2H).
¥C-NMR (75 MHz, CDCls): 8/ ppm = 195.0, 151.7, 149.6, 146.7, 136.0, 13B28,9, 128.4,
125.4, 123.7, 44.0.
IR (Diamond-ATR, neat): U /cm* = 3062 (vw), 2914 (vw), 1688 (s), 1597 (m), 1579, (
1550 (w), 1446 (w), 1416 (w), 1388 (m), 1325 (m29Q (w), 1230 (m), 1208 (m), 1184 (w),
1124 (w), 1088 (m), 992 (m), 915 (w), 898 (w), 88, 860 (W), 792 (m), 756 (vs), 722 (m),
690 (s), 674 (m).
MS (El, 70 eV): m/z (%) = 231 (M, 1), 105 (100), 77 (32), 63 (1), 51 (8).
HRMS (C13H10CINOg): calc.: 231.0451; found: 231.0439.
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Ethyl 4-(2-chloropyridin-4-yl)-2-methylidenebutanoate (88)

\, COEt
L

Cl N
To a solution of 2-chloro-4-methylpyridin8%, 255 mg, 2.00 mmol) in THF (1 mL) was added
TMP,Zn-2MgCb- 2LICl (3.24 mL, 1.20 mmol, 0.3¥ in THF) at 0 °C. The reaction mixture was
stirred for 3 h. Then, the reaction mixture was ledoto -60 °C and ethyl 2-
(bromomethyl)acrylate 56b; 541 mg, 2.80 mmol) was added followed by CuCNC2Li
(0.01 mL, 0.01 mmol, 1.0@ in THF). The reaction mixture was stirred for 3trat -60 °C and
additional 30 min at 0 °C. Then, sat. ag. /8Hsolution (20 mL) was added. The phases were

separated and the ag. layer was extracted witfOCGH3 x 20 mL). The combined extracts were
dried over MgSQ@ Evaporation of the solventsn vacuo and purification by flash
chromatography (silica gel, pentane §&t= 4:1) afforded the pyridin88 (472 mg, 98%) as a
yellow liquid.

'"H-NMR (300 MHz, CDCl3): 8/ ppm = 8.25 (dJ = 5.1 Hz, 1H), 7.16-7.12 (m, 1H), 7.04-7.00
(m, 1H), 6.18-6.15 (m, 1H), 5.48 (@~ 1.3 Hz, 1H), 4.20 (g] = 7.0 Hz, 2H), 2.83-2.73 (m, 2H),
2.64-2.55 (m, 2H), 1.29 (§,= 7.1 Hz, 3H).

3C-NMR (75 MHz, CDCls): 5/ ppm = 166.6, 153.7, 151.6, 149.5, 138.9, 12629,2, 122.7,
60.8, 33.9, 32.5, 14.2.

IR (Diamond-ATR, neat): U /cm® = 2982 (w), 2930 (w), 1711 (vs), 1631 (w), 1598 (548
(m), 1466 (m), 1445 (w), 1386 (s), 1311 (m), 128%,(1277 (m), 1256 (m), 1241 (m), 1183 (vs),
1135 (s), 1086 (s), 1028 (m), 990 (m), 945 (m), @@y 875 (m), 835 (s), 818 (m), 721 (m), 711
(w), 684 (w), 635 (w).

MS (El, 70 eV): m/z (%) = 239 (M, 12), 210 (18), 194 (24), 165 (100), 151 (16), {#P), 130
(82), 103 (16), 91 (18), 77 (20), 63 (11), 51 (15).

HRMS (C12H14CINOy): calc.: 239.0713; found: 239.0701.
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2-(2-Chloropyridin-4-yl)-1-phenylethanol (89)
OH

| X

cI” N
To a solution of 2-chloro-4-methylpyridin8%, 357 mg, 2.80 mmol) in THF (1.5 mL) was added

TMP,Zn-2MgCb- 2LICl (4.19 mL, 1.55 mmol, 0.3¥ in THF) at O °C. The reaction mixture was
stirred for 3 h. Then, benzaldehyd@0¢ 228 mg, 2.15 mmol) was added and the reaction
mixture was slowly warmed to 25 °C and stirred #©5 h. Sat. ag. NIl / NH;3(25% in
H,0) = 8:1 was added (10 mL). The phases were sephsaid the aq. layer was extracted with
CH.Cl, (3 x 100 mL). The combined extracts were driedroMeSO,. Evaporation of the
solventsin vacuo and purification by flash chromatography (silical,gpentane / EO = 1:1)
afforded the pyridin@9 (485 mg, 97%) as a white solid.

M.p. (°C): 80-82.

'H-NMR (400 MHz, DMSO-d6): 5 / ppm = 8.25 (ddJ = 5.1 Hz, 0.6 Hz, 1H), 7.38-7.27 (m,
5H), 7.25-7.19 (m, 2H), 5.43 (d,= 4.7 Hz, 1H), 4.87-4.80 (m, 1H), 2.98-2.92 (m,)1R91-
2.84 (m, 1H).

13C-NMR (100 MHz, DMSO-d6): & / ppm = 152.4, 149.9, 149.1, 145.0, 127.9, 1262%.8,
125.0, 124.4, 72.2, 44.1.

IR (Diamond-ATR, neat): U / cmi* = 3311 (w), 3063 (w), 2946 (w), 2909 (w), 2834 Jv1596
(s), 1547 (m), 1452 (w), 1431 (m), 1387 (s), 1389, (1277 (w), 1237 (w), 1220 (w), 1204 (w),
1124 (w), 1086 (s), 1051 (vs), 1026 (m), 1010 @96 (m), 918 (w), 900 (w), 888 (w), 847 (m),
816 (m), 761 (m), 752 (m), 735 (m), 717 (s), 708)(v

MS (El, 70 eV): m/z (%) = 233 (M, <1), 215 (1), 180 (1), 127 (100), 107 (63), 76)(3

HRMS (C13H12CINO): calc.: 233.0607; found: 233.0595.

6-Chloropyridin-3-yl)methylzinc chloride (91a)

| N ZnCI-LiCl
7

Cl N
According toTP1 2-chloro-5-(chloromethyl)pyridine90a 1.62 g, 10.0 mmol, in 4 mL THF)

was added dropwise at 0 °C to a suspension of (3@3 mg, 20.0 mmol) and zinc dust (1.31 g,
20.0 mmol) in THF (1 mL) (activation: BrGEH,Br (0.04 mL, 5 mol%), TMSCI (0.01 mL,
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1 mol%)). The reaction mixture was stirred for B.at 25 °C. After centrifugation iodometric

titration of91aindicates a yield of 78%.

(3,5-Dimethylisoxazol-4-yl)methylzinc chloride (91b
Me

> ZnCI-LiCl
N |
0

Me
According toTP1 4-(chloromethyl)-3,5-dimethylisoxazol®db; 1.02 g, 7.00 mmol) was added
dropwise at 25 °C to a suspension of LiCl (455 rm@,5 mmol) and zinc dust (687 mag,
10.5 mmol) in THF (3.5 mL) (activation: BrGBH,Br (0.03 mL, 5 mol%), TMSCI (0.01 mL,
1 mol%)). The reaction mixture was stirred for 4h25 °C. After centrifugation iodometric
titration of91bindicates a yield of 90%.

2-(6-Chloropyridin-3-yl)-1-phenylethanol (92a)

X

|
c- >N o

According toTP2 (6-chloropyridin-3-yl)methylzinc chlorided(a 2.33 mL, 2.40 mmol, 1.0Q

in THF) was reacted with benzaldehy@®¢ 212 mg, 2.00 mmol, in 1.0 mL THF) at 0 °C. The
reaction mixture was slowly warmed to 25 °C withihh and was quenched with sat. ag. NaCl
solution (50 mL). The phases were separated andathelayer was extracted with EtOAc
(3 x 50 mL). Purification by flash chromatograplsyli¢a gel, pentane / ED = 1:1) afforded the
benzylic alcohob2a (463 mg, 99%) as a white solid.

M.p. (°C): 115-116.

'H-NMR (400 MHz, DMSO): &/ ppm = 8.14 (dJ = 2.5 Hz, 1H), 7.63 (ddl = 8.2, 2.5 Hz, 1H),
7.37 (dd,J = 8.2, 0.6 Hz, 1H), 7.34-7.27 (m, 4H), 7.25-7.18, (LH), 5.40 (dJ = 4.5 Hz, 1H
(‘OHY), 4.76 (dt,J = 7.9, 4.8 Hz, 1H), 2.93 (dd,= 13.7, 4.9 Hz, 1H), 2.86 (dd= 13.7, 8.0 Hz,
1H).

13C-NMR (100 MHz, DMSO): 8/ ppm = 150.5, 147.8, 144.9, 140.7, 134.0, 12128,8, 125.8,
123.3,72.6, 41.4.

IR (Diamond-ATR, neat): V' / cm* = 3346 (w), 1738 (w), 1586 (w), 1568 (m), 1459 (s)34
(m), 1387 (m), 1312 (m), 1215 (m), 1203 (m), 1141, (1092 (m), 1076 (m), 1060 (s), 1027 (m),
826 (s), 763 (s), 738 (m), 700 (vs), 685 (s), B38]L5 (m).
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MS (El, 70 eV): m/z (%) = 233 (I\7l, <1), 129 (83), 107 (100), 91 (26), 79 (64), 51 (8
HRMS (C13H13CINO): calc.: 234.0686; found: 234.0686.

1-(4-Chlorophenyl)-2-(6-chloropyridin-3-yl)ethanone(92b)
cl

c” N ©

According toTP3 4-chlorobenzoyl chloride6Qd; 404 mg, 2.31 mmol) was added dropwise to a
mixture of CuCN-2LiClI (3.00 mL, 3.00 mmol, 1.80 in THF) and (6-chloropyridin-3-
yl)methylzinc chloride 91a 2.42 mL, 3.00 mmol, 1.24 in THF) at -40 °C. The reaction
mixture was allowed to reach 25 °C within 20 h amas quenched with a mixture of sat. ag.
NH4CI/ NH3 (25% in HO) = 2:1 (100 mL). Purification by flash chromataghy (silica gel,
pentane / BD = 1:1) afforded the ketor#b (379 mg, 62%) as a white solid.

M.p. (°C): 124-125.

'H-NMR (300 MHz, CDCls): 3/ ppm = 8.25 (dJ = 2.4 Hz, 1H), 7.96-7.89 (m, 2H), 7.55 (dd,

= 8.2 Hz, 2.6 Hz, 1H), 7.48-7.42 (m, 2H), 7.30J&; 7.7 Hz, 1H), 4.24 (s, 2H).

13C-NMR (75 MHz, CDCls): &/ ppm = 194.6, 150.3, 150.2, 140.2, 140.1, 13423.7, 129.2,
128.7,124.1, 41.3.

IR (Diamond-ATR, neat): U /cm® = 3091 (vw), 1938 (vw), 1678 (s), 1586 (m), 1568),(
1490 (w), 1457 (s), 1401 (m), 1382 (m), 1323 (n284 (m), 1248 (w), 1226 (m), 1204 (m),
1184 (m), 1169 (m), 1133 (w), 1108 (m), 1087 (€)24 (m), 1014 (m), 988 (s), 858 (m), 833
(vs), 820 (s), 793 (s), 741 (m), 716 (m), 635 (@7 (m).

MS (El, 70 eV): m/z (%) = 265 (M, 5), 141 (100), 126 (4), 111 (52), 75 (14), 63 &) (3).

HRMS (C13HCIoNO): calc.: 265.0061; found: 265.0057.

1-(4-Chlorophenyl)-2-(3,5-dimethylisoxazol-4-yl)etanone (92c)

Cl
Me

N
© MeO

According toTP3 4-chlorobenzoyl chloride6Qd; 350 mg, 2.00 mmol) was added dropwise to a
mixture of CuCN-2LiCl (2.80 mL, 2.80 mmol, 1.80in THF) and (3,5-dimethylisoxazol-4-

yl)methylzinc chloride 91b; 2.37 mL, 2.80 mmol, 1.18 in THF) at -40 °C. The reaction
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mixture was allowed to reach 25 °C within 27 h amas quenched with a mixture of sat. ag.
NH4CI/ NH3z (25% in HO) = 2:1 (100 mL). Purification by flash chromataghy (silica gel,
pentane / RO = 1:1) afforded the ketorg®2c (403 mg, 81%) as a white solid.

M.p. (°C): 139-141.

'H-NMR (300 MHz, C¢Dg): &/ ppm = 7.51-7.45 (m, 2H), 7.06-7.00 (m, 2H), 3(822H), 1.95
(s, 3H), 1.79 (s, 3H).

13C-NMR (75 MHz, C¢Dg): 5/ ppm = 193.5, 166.0, 159.6, 139.7, 134.9, 12928.0, 107.3,
32.1,10.7, 10.2.

IR (Diamond-ATR, neat): V / cmi* = 2930 (vw), 1687 (vs), 1647 (m), 1586 (m), 15W),(
1486 (w), 1455 (m), 1420 (m), 1398 (m), 1333 (n®63 (m), 1212 (s), 1194 (s), 1089 (s), 1015
(m), 987 (vs), 957 (m), 888 (m), 840 (s), 817 (V&9 (vs), 748 (vs), 692 (S).

MS (El, 70 eV): m/z (%) = 249 (M, 3), 206 (40), 141 (100), 113 (17), 111 (53), I8)( 68 (25),
43 (20).

HRMS (C13H1,CINOy): calc.: 249.0557; found: 249.0559.

Ethyl 4-(thiophen-3-ylmethyl)benzoate (92d)

4

S CO,Et
(3-Thienylmethyl)zinc chloride9(lc 1.67 mL, 1.20 mmol, 0.78 in THF) was added dropwise
to a mixture of ethyl 4-bromobenzoai#lé 229 mg, 1.00 mmol), Pd(OAc§4.5 mg, 2.0 mol%)
and S-Phos (16.4 mg, 4.0 mol%) in THF (1 mL) at’@5 The reaction mixture was stirred for
18 h. Then, sat. ag. NBI solution (20 mL) was added. The phases wereraggghand the ag.
layer was extracted with EtOAc (3 x 20 mL). The tamed extracts were dried over MgSO
Evaporation of the solvents vacuo and purification by flash chromatography (silical,g
pentane / BD = 9:1) afforded the thiophe®@d (160 mg, 65%) as a yellow liquid.
'H-NMR (400 MHz, CgD¢): &/ ppm = 8.13-8.08 (m, 2H), 6.96-6.91 (m, 2H), 686, J =
4.9 Hz, 2.9 Hz, 1H), 6.59 (dd,= 4.9 Hz, 1.4 Hz, 1H), 6.54-6.51 (m, 1H), 4.14Jg 7.2 Hz,
2H), 3.58 (s, 2H), 1.03 (8,= 7.1 Hz, 3H).
13C-NMR (100 MHz, CsDe): &/ ppm = 166.2, 146.0, 140.6, 130.1, 129.3, 12928.4, 125.9,
121.7, 60.7, 36.5, 14.3.
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IR (Diamond-ATR, neat): U /cm* = 3101 (vw), 2981 (w), 2906 (vw), 1713 (s), 1610),(
1576 (vw), 1416 (w), 1366 (w), 1275 (vs), 1176 (a0P2 (s), 1021 (m), 942 (w), 919 (vw), 859
(w), 832 (w), 764 (m), 713 (m)..

MS (El, 70 eV): m/z (%) = 246 (M, 100), 218 (10), 201 (84), 173 (77), 128 (11)(20).

HRMS (C14H140,S): calc.: 246.0715; found: 246.0715.

3,5-Dimethyl-4-methylene-4,5-dihydroisoxazol-5-ylghenyl)methanol (92e; rac)

Me

N =Me
\04:/@/0
HO

Cl
According to TP2 (3,5-dimethylisoxazol-4-yl)methylzinc chlorid®Xb; 2.49 mL, 3.03 mmol,
1.22m in THF) was reacted with 3,4-dichlorobenzaldehg@tsy; 408 mg, 2.33 mmol, in 0.5 mL
THF) at 0 °C. The reaction mixture was slowly wadnte 25 °C within 5 h and was quenched
with sat. ag. NHCI solution (20 mL). The phases were separateditaadg. layer was extracted
with EtO (5 x 50 mL). Purification by flash chromatograg(silica gel, pentane / £ =1:1 + 1
vol-% NEg) afforded the racemic alcoh®2e (541 mg, 81%, d:r = 95:5) as a white solid.

M.p. (°C): 90-92.

'"H-NMR (300 MHz, CDCls): 8/ ppm = 7.49-7.46 (m, 1H), 7.41 @ 3= 8.4 Hz, 1H), 7.25-7.20
(m, 1H), 5.33 (dJ = 0.8 Hz, 1H), 4.72-4.70 (m, 1H), 4.66-4.64 (s, 1”171 (s, 1H), 2.00 (s,
3H), 1.39 (s, 3H).

3C-NMR (75 MHz, CDCl3): &/ ppm = 155.6, 150.3, 137.7, 132.0, 131.8, 1292B.6, 127.1,
110.0, 88.7, 76.6, 22.4, 9.7.

IR (Diamond-ATR, neat): ¥ / cm* = 3510 (m), 2987 (m), 2970 (m), 2925 (m), 1648, (1H62
(m), 1468 (m), 1453 (m), 1434 (m), 1401 (m), 1389,(1370 (m), 1351 (m), 1333 (m), 1295
(m), 1282 (m), 1250 (m), 1202 (m), 1170 (m), 118%),(1086 (m), 1062 (s), 1028 (s), 939 (M),
902 (s), 889 (vs), 854 (m), 833 (s), 821 (m), AdH,(727 (s), 695 (M), 671 (s), 616 (M).

MS (El, 70 eV): m/z (%) = 286 ([M+H], <1), 173 (100), 145 (39), 113 (14), 108 (14),(985),

82 (15), 74 (24), 68 (34), 43 (53).

HRMS (C13H13CI,NO,): calc.: 286.0402 ([M+H); found: 286.0396 ([M+H)).
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3.7.Preparation of benzylic zinc chlorides by the diret insertion of magnesium into
benzylic chlorides in the presence of ZnGland LiCl
2-Chlorobenzyl 4-fluorophenyl sulfide (97a)

The zinc reagen®5b was prepared according P9 from 2-chlorobenzyl chloride5@b;
322 mg, 2.00 mmol) in 45 min at 25 °C. The freghigpared zinc reage@6b was added t&
(4-fluorophenyl) benzenesulfonothioate/¢ 376 mg, 1.4 mmol) in 1 mL THF at 25 °C and the
mixture was stirred for 17 h. The reaction mixtwas quenched with sat. ag. MH solution
(100 mL) and extracted with £ (3 x 100 mL). The combined organic layers weiledipver
MgSQO, and concentrateth vacuo. Flash chromatography (silica gel, pentane ,OEt 95:5)
furnished the sulfid®@7a (306 mg, 86%) as a yellow liquid.

'H-NMR (600 MHz, CDCls): & / ppm = 7.37-7.33 (m, 1H), 7.32-7.27 (m, 2H), 77195 (m,
1H), 7.14-7.08 (m, 2H), 6.97-6.92 (m, 2H), 4.1324).

3C-NMR (150 MHz, CDCl3): & / ppm = 162.3 (dXJc.r= 247.4 Hz), 135.2, 134.3 (@)cr=
8.1 Hz), 134.0, 130.7, 130.1 (Hc.r = 3.4 Hz), 129.7, 128.6, 126.6, 115.9 {th.r = 21.9 Hz),
38.3 (d,°Jcr = 1.1 Hz).

IR (Diamond-ATR, neat): ¥ / cmi® = 1739 (vw), 1589 (m), 1488 (vs), 1472 (m), 1448),(
1420 (w), 1396 (w), 1289 (w), 1226 (s), 1155 (n)9@ (m), 1051 (m), 1037 (m), 1013 (w), 944
(w), 880 (w), 820 (s), 758 (s), 742 (s), 733 (|3 €m), 668 (m), 629 (M).

MS (El, 70 eV):m/z (%) = 252 (M, 21), 127 (36), 125 (100), 89 (11), 63 (5).

HRMS (C13H10CIFS): calc.: 252.0176; found: 252.0176.

Ethyl 2-[2-(2-chlorophenyl)ethyl]acrylate (97b)
CO,Et

Cl
The zinc reagen®5b was prepared according P9 from 2-chlorobenzyl chloride5@b;
322 mg, 2.00 mmol) in 45 min at 25 °C. The frespigpared zinc reagefbb was added to
ethyl (2-bromomethyl)acrylatébb; 309 mg, 1.60 mmol) in 0.5 mL THF at 25 °C. CuCN&
(0.01 mL, 0.01 mmol, 1.0& in THF) was added and the mixture was stirreddf®min. The

reaction mixture was quenched with sat. aq4GlHsolution (45 mL) followed by 25% aq. NH
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solution (5 mL) and extracted with X (3 x 50 mL). The combined organic layers werediri
over MgSQ and concentrateich vacuo. Flash chromatography (silica gel, pentane.DEt 98:2)
furnished the acrylat®7b (295 mg, 77%) as a colourless liquid.

'H-NMR (600 MHz, CDCls): & / ppm = 7.33 (ddJ = 7.6 Hz, 1.3 Hz, 1H), 7.21-7.10 (m, 3H),
6.15 (d,J = 1.3 Hz, 1H), 5.49 (d] = 1.3 Hz, 1H), 4.21 () = 7.3 Hz, 2H), 2.94-2.89 (m, 2H),
2.64-2.59 (m, 2H), 1.31 (§,= 7.1 Hz, 3H).

13C-NMR (150 MHz, CDCl3): 6 / ppm = 167.0, 139.8, 138.9, 134.0, 130.5, 1202%4,5, 126.7,
125.4,60.7, 32.7, 32.1, 14.2.

IR (Diamond-ATR, neat): V / cmi* = 2982 (w), 2936 (w), 1713 (vs), 1631 (w), 1479,(4%43
(m), 1303 (m), 1182 (s), 1139 (s), 1113 (m), 10%2, 1035 (s), 944 (m), 816 (m), 749 (vs), 673
(m).

MS (El, 70 eV): mz (%) = 238 (M, 11), 193 (12), 164 (10), 157 (39), 129 (13), {27), 125
(100), 89 (8).

HRMS (C13H150.Cl): calc.: 238.0761; found: 238.0762.

1-(4-Bromophenyl)-2-(4-fluorophenyl)ethanol (97c)

O Br
. O OH

The zinc reager@5cwas prepared according T®9 from 4-fluorobenzyl chlorid¢53¢ 289 mg,
2.00 mmol) in 45 min at 25 °C. The freshly prepamdc reagentd5c was added to 4-
bromobenzaldehyd&{e 259 mg, 1.40 mmol) in 1 mL THF at 0 °C. The mnetwvas stirred for
2h at 25 °C. The reaction mixture was quencheth wét. aq. NECI solution (50 mL) and
extracted with BEO (3 x 50 mL). The combined organic layers weredrover MgS@ and
concentratedn vacuo. Flash chromatography (silica gel, pentane,OEt 1:1 + 1 vol-% NE)
furnished the alcoh@®7c¢ (209 mg, 51%) as a pale yellow solid.
M.p. (°C): 62-64.
'H-NMR (300 MHz, C¢Dg): 8 / ppm = 7.21-7.21 (m, 2H), 6.79-6.63 (m, 6H), 4(28, J
7.6 Hz, 5.5 Hz, 1H), 2.65-2.48 (m, 2H), 1.19 (s).1H
13C-NMR (75 MHz, C¢Dg): 3 / ppm = 162.1 (dJc.r = 244.3 Hz), 143.3, 133.7 (QJcr
3.1 Hz), 131.5, 131.3 (AJc.r = 7.7 Hz), 127.9, 121.4, 115.2 {dc.r = 21.1 Hz), 74.4, 45.1.
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IR (Diamond-ATR, neat): ¥ / cmi' = 3603 (w), 2923 (w), 2875 (vw), 2854 (vw), 1604)(
1507 (m), 1486 (w), 1402 (w), 1274 (w), 1212 (5T (m), 1092 (w), 1049 (m), 1009 (m), 873
(w), 821 (vs), 806 (m), 762 (w), 713 (w).

MS (El, 70 eV): m/z (%) = 294 (M, <1), 276, (3), 185 (100), 157 (20), 110 (90)%2), 51 (5).
HRMS (C14H12BrFO): calc.: 294.0056; found: 294.0059.

1-(2-Chlorophenyl)-2-[3-(trifluoromethyl)phenyllethanol (97d)

Cl

F3C

J T

The zinc reagen®5g was prepared according P9 from 3-(trifluoromethyl)benzyl chloride
(53g 389 mg, 2.00 mmol) in 30 min at 25 °C. The frgghlepared zinc reagefibg was added
to 2-chlorobenzaldehyd&la 197 mg, 1.40 mmol) and the mixture was stirredlfd at 25 °C.
The reaction mixture was quenched with sat. ags@Holution (50 mL) and extracted with
CH.Cl, (3 x 50 mL). The combined organic layers weredoger MgSQ and concentrateish
vacuo. Flash chromatography (silica gel, pentane JOEt 7:1) furnished the alcohd®7d
(357 mg, 85%) as a colourless solid.
M.p. (°C): 44-45.
'"H-NMR (300 MHz, CDCl3): & / ppm = 7.62-7.15 (m, 8H), 5.33 (dii= 8.8 Hz, 3.3 Hz, 1H),
3.18 (ddJ = 13.8 Hz, 3.3 Hz, 1H), 2.89 (dd= 13.8 Hz, 8.8 Hz, 1H), 1.99 (s, 1H).
13C-NMR (150 MHz, CDCls): & / ppm = 140.9, 139.1, 133.0 (4c.r = 1.5 Hz), 131.5, 130.7 (q,
2Jo.r = 32.1 Hz), 129.4, 128.8, 128.7, 127.2, 127.0,.328, *Jcr = 4.0 Hz), 124.2 (q'cr =
272.3 Hz), 123.5 (qJc.r = 4.0 Hz), 71.5, 43.7.
IR (Diamond-ATR, neat): U / cmi* = 3332 (w), 3254 (w), 2932 (W), 1476 (w), 1448 (1332
(s), 1322 (s), 1254 (w), 1198 (m), 1172 (s), 11601114 (vs), 1098 (s), 1072 (s), 1048 (s), 1034
(s), 1004 (m), 910 (m), 854 (m), 794 (s), 758 T&R (M), 708 (s), 698 (s), 660 (m), 650 (M), 622
(m), 586 (s).
MS (El, 70 eV): mVz (%) = 300 (M, <1), 283 (4), 281 (10), 159 (15), 143 (100), 132), 139
(12), 113 (22), 77 (46).
HRMS (C15H12CIF30): calc.: 300.0529; found: 300.0535.
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3-({[3-(Trifluoromethyl)benzyl]thio}methyl)benzonit rile (97¢)

F
SC\©/\S/\©
CN

The zinc reagen®5g was prepared according P9 from 3-(trifluoromethyl)benzyl chloride
(53g 389 mg, 2.00 mmol) in 30 min at 25 °C. The frgghlepared zinc reagefbg was added
to S(3-cyanobenzyl) benzenesulfonothioa®@d; 405 mg, 1.40 mmol) in THF (1 mL) at 25 °C.

The mixture was stirred for 2 h at 25 °C. The rigactnixture was quenched with sat. ag. /8H

solution (50 mL) and extracted with @El; (3 x 50 mL). The combined organic layers were
dried over MgSQ@and concentrateith vacuo. Flash chromatography (silica gel, pentane,OEt
9:1) furnished the sulfid®@7e(372 mg, 86%) as a colourless oil.

'H-NMR (300 MHz, CDCl3): & / ppm = 7.56-7.35 (m, 8H), 3.64 (s, 2H), 3.6(2(3).

13C-NMR (75 MHz, CDCls): § / ppm = 139.4, 138.6, 133.3, 132.3, 132.2%0g,- = 1.3 Hz),
131.0 (92JcF = 32.3 Hz), 130.9, 129.4, 129.1, 125.6(,F = 3.8 Hz), 124.1 (Jc.r = 3.9 H2),
123.9 (q.c.F = 272.4 Hz), 118.5, 112.7, 35.5, 35.1.

IR (Diamond-ATR, neat): U / cmi* = 2230 (w), 1598 (vw), 1582 (w), 1482 (w), 1450,(d430
(w), 1328 (vs), 1240 (w), 1226 (w), 1162 (s), 11¥8), 1092 (s), 1070 (s), 1002 (w), 900 (m),
800 (m), 738 (m), 700 (s), 684 (s), 658 (s), 605 663 (W).

MS (El, 70 eV): m/z (%) = 307 (M, 33), 191 (10), 159 (100), 148 (13), 116 (25).

HRMS (C16H12F2NS): calc.: 307.0643; found: 307.0638.

1-(4-Chlorophenyl)-2-(3,4,5-trimethoxyphenyl)ethanae (97f)

cl

MeO O

MeO O ©

OMe

The zinc reagerfi5h was prepared according T®9 from 3,4,5-trimethoxybenzyl chlorid&3h;
433 mg, 2.00 mmol) in 1 h at 25 °C. The freshlypared zinc reage®5h was cooled to -20 °C
and CuCN-2LiClI (2.00 mL, 2.00 mmol, 1.80in THF) was added. After stirring for 15 min 4-
chlorobenzoyl chloride60d; 245 mg, 1.40 mmol) was added and the mixture \edrto 25 °C
and stirred for 2 h. The reaction mixture was ghedcwith sat. ag. NkCI solution (20 mL)
followed by 25% aq. NElsolution (5 mL) and extracted withBx (3 x 30 mL). The combined
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organic layers were dried over }£, and concentrateih vacuo. Flash chromatography (silica
gel, pentane / ED = 1:1) furnished the ketor®¥f (253 mg, 56%) as a yellow solid.

M.p. (°C): 109-111.

'H-NMR (300 MHz, CDCls): § / ppm = 7.97-7.90 (m, 2H), 7.45-7.39 (m, 2H), 6(d42H), 4.17
(s, 2H), 3.81 (s, 6H), 3.81 (s, 3H).

C-NMR (75 MHz, CDCls): & / ppm = 196.3, 153.3, 139.7, 136.9, 134.7, 12029,6, 129.0,
106.3, 60.8, 56.0, 45.7.

IR (Diamond-ATR, neat): U / cmi' = 3061 (vw), 3011 (vw), 2943 (w), 2842 (w), 2754v],
1681 (m), 1589 (m), 1505 (m), 1458 (m), 1424 (n§91 (m), 1322 (s), 1233 (m), 1123 (vs),
1089 (m), 1036 (w), 993 (m), 846 (m), 812 (w), 188, 758 (w), 728 (m).

MS (El, 70 eV): m/z (%) = 320 (M, 18), 181 (100), 148 (4), 139 (11), 111 (4).

HRMS (C17H1/ClOy): calc.: 320.0815; found: 320.0812.

1-Bromo-4-[(4-methoxybenzyl)thio]benzene (979)

ol
o=
MeO

The zinc reagen®5i was prepared according P9 from 4-methoxybenzyl chlorid€53i;
313 mg, 2.00 mmol) in 2 h at 25 °C. The freshlypared zinc reagerési was added t&(4-
bromophenyl) benzenesulfonothioaté’g 461 mg, 1.40 mmol) in THF (1 mL) at 0 °C. The
mixture was stirred for 17 h at 25 °C. The reactoture was quenched with sat. aq. J0H
solution (50 mL) and extracted with,BXx (3 x 50 mL). The combined organic layers werediri
over MgSQ and concentrateih vacuo. Flash chromatography (silica gel, pentane,OEt 9:1)
furnished the sulfid®@7g (379 mg, 88%) as a white solid.

M.p. (°C): 100-102.

H-NMR (400 MHz, C¢De): & / ppm = 7.09-7.04 (m, 2H), 7.02-6.97 (m, 2H), 66880 (m, 2H),
6.71-6.64 (m, 2H), 3.67 (s, 2H), 3.24 (s, 3H).

13C-NMR (100 MHz, CgDg): 6 / ppm = 159.4, 136.4, 132.0, 131.3, 130.2, 12920.1, 114.2,
54.7, 38.2.

IR (Diamond-ATR, neat): ¥ / cmi' = 3015 (w), 2962 (w), 2921 (w), 2837 (w), 1738 (dp11
(m), 1583 (w), 1511 (m), 1473 (m), 1454 (m), 1441),(1382 (w), 1302 (m), 1254 (m),
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1233 (m), 1176 (m), 1128 (w), 1089 (m), 1027 (§0A (m), 837 (s), 806 (vs), 755 (s), 741 (m),
702 (m), 637 (W)..

MS (El, 70 eV): m/z (%) = 308 (M, 4), 241 (3), 189 (5), 121 (100), 108 (18), 91)(IZ (18),
51 (7).

HRMS (C14H13BrOS): calc.: 307.9870; found: 307.9864.

1-Cyclopropyl-2-(2-methoxyphenyl)ethanone (97h)

OMe

oY

The zinc reagen®5j was prepared according P9 from 2-methoxybenzyl chlorid€53j;
313 mg, 2.00 mmol) in 1 h at 25 °C. The freshlypared zinc reager®5j was added to
CuCN-2LiCl (2.00 mL, 2.00 mmol, 1.0& in THF) at -20 °C. After stirring for 15 min
cyclopropanecarbonyl chloridé@c 146 mg, 1.4 mmol) was added and the mixture Wwaslg
warmed to 25 °C within 6.5 h. The reaction mixtwas quenched with sat. aq. MH solution
(200 mL) followed by 25% aq. Ndsolution (50 mL) and extracted with,BX (3 x 250 mL). The
combined organic layers were dried over MgS@nd concentratedn vacuo. Flash
chromatography (silica gel, pentane {@&t= 8:1) furnished the ketorg#h (238 mg, 89%) as a
colourless liquid.

'H-NMR (300 MHz, CDClg): & / ppm = 7.29-7.21 (m, 1H), 7.18-7.13 (m, 1H), 6685 (m,
2H), 3.80 (s, 3H), 3.79 (s, 2H), 2.00-1.90 (m, 1HP6-0.99 (M, 2H), 0.84-0.76 (m, 2H).
13C-NMR (75 MHz, CDCl3): 6 / ppm = 208.7, 157.5, 131.1, 128.3, 123.7, 12016.5, 55.3,
45.0, 19.6, 10.8.

IR (Diamond-ATR, neat): V / cmi* = 3008 (w), 2838 (vw), 1694 (s), 1602 (w), 1590, (0494
(s), 1464 (m), 1440 (m), 1378 (s), 1320 (w), 12@9, (1244 (vs), 1200 (m), 1112 (m), 1070 (s),
1048 (m), 1024 (s), 930 (w), 898 (m), 818 (w), 18€), 658 (w), 604 (W), 576 (w).

MS (El, 70 eV):m/z (%) = 190 (M, 58), 121 (44), 91 (62), 65 (47), 41 (100).

HRMS (C12H140,): calc.: 190.0994; found: 190.0983.
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1-(3-Chlorophenyl)-2-(2-methoxyphenyl)ethanol (97i)

OMe ‘
Cl
OH

The zinc reagen®5) was prepared according P9 from 2-methoxybenzyl chlorid€53j;

313 mg, 2.00 mmol) in 1 h at 25 °C. The freshlypared zinc reager?5j was added to 3-
chlorobenzaldehydes{c 197 mg, 1.40 mmol) in THF (1 mL) at 0 °C. The tape was stirred
for 4 h at 25 °C. The reaction mixture was quenchél sat. ag. NECI solution (50 mL) and
extracted with BO (3 x 50 mL). The combined organic layers weredrover MgSQ@ and
concentratedn vacuo. Flash chromatography (silica gel, pentane ,OEt 4:1) furnished the
alcohol97i (338 mg, 92%) as a colourless solid.

M.p. (°C): 60-61.

'H-NMR (300 MHz, CDClg): & / ppm = 7.42-7.39 (m, 1H), 7.30-7.21 (m, 4H), 77105 (m,
1H), 6.95-6.87 (m, 2H), 4.98-4.91 (m, 1H), 3.873d), 3.13 (dd,) = 13.6 Hz, 4.1 Hz, 1H), 2.95
(dd,J = 13.6 Hz, 8.8 Hz, 1H), 2.64 (@= 2.9 Hz, 1H).

13C-NMR (75 MHz, CDCl3): & / ppm = 157.5, 146.6, 134.1, 131.5, 129.4, 12827,3, 126.1,
126.0, 123.9, 120.8, 110.5, 73.7,55.4, 41.2.

IR (Diamond-ATR, neat): v / cm* = 3322 (w), 3252 (W), 2946 (w), 2922 (w), 2838 (4500
(m), 1492 (s), 1468 (s), 1438 (m), 1420 (m), 1292, 1238 (vs), 1200 (m), 1182 (m), 1114 (s),
1080 (m), 1062 (s), 1050 (s), 1032 (s), 1008 (M2 8n), 786 (s), 764 (s), 750 (vs), 728 (m), 708
(s), 692 (s), 642 (M), 604 (s), 558 (S).

MS (El, 70 eV): m/z (%) = 262 (M, <1), 165 (2), 122 (100), 91 (25), 77 (13).

HRMS (C15H15ClOy): calc.: 262.0761; found: 262.0747.

1-(4-Bromophenyl)-2-[4-(methylthio)phenyl]ethanol 07))

O Br
AT b
The zinc reagen®5l was prepared according 16°9 from 4-(methylthio)benzyl chloridé53l;
345 mg, 2.00 mmol) in 1.5 h at 25 °C. The freshigpared zinc reage®5| was added to 4-
bromobenzaldehydé{e 259 mg, 1.40 mmol) in 1 mL THF at 25 °C. The ranet was stirred
for 2 h. The reaction mixture was quenched with agt NHCI solution (50 mL) and extracted

with CH,CI; (3 x 50 mL). The combined organic layers weredioeer MgSQ and concentrated



C. Experimental Section 198

in vacuo. Flash chromatography (silica gel, pentane JOEt 3:1) furnished the alcohd@7j
(372 mg, 82%) as a colourless solid.

M.p. (°C): 117-1109.

'"H-NMR (300 MHz, CDCl3): & / ppm = 7.48-7.42 (m, 2H), 7.22-7.16 (m, 4H), 7003 (m,
2H), 4.81 (dd,J = 7.6 Hz, 5.5 Hz, 1H), 2.98-2.88 (m, 2H), 2.463), 1.86 (s, 1H).

3C-NMR (75 MHz, CDCls): & / ppm = 142.6, 136.7, 134.3, 131.5, 130.0, 12726,9, 121.4,
74.6, 45.4,16.0.

IR (Diamond-ATR, neat): ¥ / cmi* = 3310 (w), 2914 (w), 1494 (m), 1488 (m), 1434 ()24
(m), 1404 (m), 1092 (m), 1058 (s), 1008 (m), 1000, 882 (w), 822 (vs), 792 (s), 716 (w).
MS (El, 70 eV):m/z (%) = 322 (M, 3), 187 (14), 185 (16), 138 (100), 123 (30), B1L {7 (14).
HRMS (C1s5H1sBrOS): calc.: 322.0027; found: 322.0018.

3-[4-(Methylthio)benzyl]cyclohex-2-en-1-one (97k)
O

The zinc reagen®5l was prepared according 16°9 from 4-(methylthio)benzyl chloridé€53l;
345 mg, 2.00 mmol) in 1.5h at 25 °C. The freshigpared zinc reager@5l was added to
CuCN-2LiCl (2.00 mL, 2.0 mmol, 1.0&1 in THF) at -20 °C. After stirring for 15 min, 3-
iodocyclohex-2-enone58b; 311 mg, 1.40 mmol) was added at -40 °C and theum was
slowly warmed to 0 °C within 18 h. The reaction tabe was quenched with sat. aq. JXOH
solution (100 mL) followed by 25% aq. NHsolution (50 mL) and extracted withEX (3 x
150 mL). The combined organic layers were dried ®gSQ, and concentrateish vacuo. Flash
chromatography (silica gel, pentane (@&t= 1:1) furnished the cyclohexenof&k (201 mg,
62%) as a yellow oil.

'H-NMR (300 MHz, CDCly): & / ppm = 7.22-7.16 (m, 2H), 7.09-7.03 (m, 2H), 55881 (m,
1H), 3.44 (s, 2H), 2.45 (s, 3H), 2.37-2.30 (m, 2H26-2.19 (m, 2H), 1.99-1.87 (m, 2H).
3C-NMR (75 MHz, CDCls): & / ppm = 199.8, 164.6, 136.9, 133.7, 129.5, 126288, 43.9,
37.2,29.1, 22.6, 15.9.

IR (Diamond-ATR, neat): U / cm® = 3675 (w), 2989 (m), 2970 (m), 2920 (m), 1739 {$63
(vs), 1624 (m), 1493 (m), 1425 (m), 1404 (m), 185)) 1349 (m), 1323 (m), 1230 (s), 1217 (s),
1191 (m), 1092 (m), 1066 (m), 1016 (m), 968 (m) &&), 834 (w), 807 (m), 794 (m), 756 (m),
728 (W), 660 (W).
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MS (El, 70 eV): m'z (%) = 232 (M, 100), 176 (22), 157 (15), 137 (28), 129 (26), 122),
115 (9).

HRMS (C14H1609): calc.: 232.0922; found: 232.0922.

Ethyl 3-[2-(4-chlorophenyl)-2-oxoethyl]benzoate (9f
Cl
EtO,C O
D

The zinc reagen®5m was prepared according Td°9 from 3-(ethoxycarbonyl)benzyl chloride
(53m; 397 mg, 2.00 mmol) in 2 h at 25 °C. The freshiggared zinc reage@6m was added to
CuCN-2LiCl (2.00 mL, 2.00 mmol, 1.0@ in THF) at -20 °C. After stirring for 15 min, 4-
chlorobenzoyl chloride60d; 245 mg, 1.40 mmol) was added and the mixture stased for
1.5h at 0 °C followed by 30 min at 25 °C. The teact mixture was quenched with sat. aq.
NH,4CI solution (40 mL) followed by 25% ag. NKolution (20 mL) and extracted with,BX (3 x
50 mL). The combined organic layers were dried dMgS5Q, and concentrateich vacuo. Flash
chromatography (silica gel, pentane §&t= 9:1) furnished the ketorg#I (347 mg, 82%) as a
colourless solid.

M.p. (°C): 76-78.

'H-NMR (300 MHz, CDClg): & / ppm = 7.97-7.90 (m, 4H), 7.46-7.35 (m, 4H), 4(85J =
7.1 Hz, 2H), 4.30 (s, 2H), 1.37 &= 7.2 Hz, 3H).

13C-NMR (75 MHz, CDCl3): & / ppm = 195.8, 166.3, 139.8, 134.7, 134.4, 13839,9, 130.6,
129.9, 129.0, 128.7, 128.3, 61.0, 45.0, 14.3.

IR (Diamond-ATR, neat): IV / cmi* = 2984 (w), 2914 (w), 1694 (vs), 1588 (m), 1399,(832
(s), 1280 (s), 1208 (vs), 1170 (s), 1108 (s), 13381030 (s), 1000 (s), 990 (s), 944 (m), 832 (s),
814 (vs), 796 (m), 752 (vs), 722 (s), 710 (m), &84, 562 (s).

MS (El, 70 eV): m/z (%) = 302 (M, 1), 259 (6), 257 (20), 141 (100), 139 (13), 113)( 111
(40).

HRMS (C17H15ClO3): calc.: 302.0710; found: 302.0702.
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Ethyl 3-(4-methoxybenzyl)benzoate (97m)

EtOQC\‘/\‘\E ‘
OMe

The zinc reagem®5m was prepared according 1?9 from 3-(ethoxycarbonyl)benzyl chloride
(53m; 397 mg, 2.00 mmol) in 2 h at 25 °C. A dry andoardlushedSchlenk-flask was charged
with 4-iodoanisole4c; 328 mg, 1.40 mmol) and PEPPSI-IPr (3.4 mg, 0.28%6h THF (1.0 mL)
was added. The freshly prepared zinc rea@&mh was added and the reaction mixture was
stirred for 21 h at 25 °C. The reaction mixture wpsenched with sat. ag. N8I solution
(10 mL) and extracted with #» (3 x 10 mL). The combined organic layers weredlrover
MgSO, and concentrateth vacuo. Flash chromatography (silica gel, pentane ,OEt 10:1)
furnished the diarylmetharg?m (295 mg, 78%) as a colourless liquid.

'"H-NMR (300 MHz, CDCls): & / ppm = 7.92-7.83 (m, 2H), 7.37-7.31 (m, 2H), 77186 (m,
2H), 6.86-679 (m, 2H), 4.36 (4,= 7.2 Hz, 2H), 3.96 (s, 2H), 3.77 (s, 3H), 1.38](t 7.2 Hz,
3H).

3C-NMR (75 MHz, CDCls): & / ppm = 166.7, 158.1, 141.8, 133.3, 132.6, 13028,9, 129.8,
128.4,127.3, 114.0, 60.9, 55.2, 40.8, 14.3.

IR (Diamond-ATR, neat): ¥ / cm* = 2982 (w), 2934 (w), 2906 (w), 2836 (w), 1714 (510
(m), 1586 (w), 1510 (s), 1464 (m), 1442 (m), 1369,(1276 (s), 1244 (vs), 1176 (s), 1102 (s),
1080 (s), 1030 (s), 928 (w), 810 (m), 764 (s), 98690 (m), 670 (m), 606 (m).

MS (El, 70 eV):mVz (%) = 270 (M, 100), 241 (20), 225 (23), 197 (32), 165 (13), 22D.

HRMS (C17H1503): calc.: 270.1256; found: 270.1252.

Ethyl 3-{[(4-chlorophenyl)thio]methyl}benzoate (97r)

I
EtOzC\©/\S

The zinc reagen®5m was prepared according 1?9 from 3-(ethoxycarbonyl)benzyl chloride
(53m; 397 mg, 2.00 mmol) in 2 h at 25 °C. The freshiggared zinc reage@bm was added to
S(4-chlorophenyl) benzenesulfonothioa’¢ 399 mg, 1.40 mmol) in THF (1 mL) at O °C. The
mixture was stirred for 2 h at 25 °C. The reactioixture was quenched with sat. aq. JXOH

solution (50 mL) and extracted with,BX (3 x 50 mL). The combined organic layers weredlri
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over MgSQ and concentratedn vacuo. Flash chromatography (silica gel, pentane to
pentane / BD = 98:2) furnished the sulfid®/n (288 mg, 67%) as a yellow solid.

M.p. (°C): 41-43.

'H-NMR (300 MHz, CDCls): & / ppm = 7.94-7.88 (m, 2H), 7.45-7.39 (m, 1H), 77330 (m,
1H), 7.20 (s, 4H), 4.36 (d,= 7.2 Hz, 2H), 4.09 (s, 2H), 1.38 Jt= 7.2 Hz, 3H).

3C-NMR (75 MHz, CDCls): & / ppm = 166.2, 137.6, 134.0, 133.1, 132.8, 13139,8, 129.9,
129.0, 128.5, 128.5, 61.0, 39.1, 14.3.

IR (Diamond-ATR, neat): ¥ / cm* = 3052 (w), 2992 (w), 2934 (w), 1708 (s), 1584,(1470
(s), 1444 (m), 1390 (m), 1282 (s), 1264 (m), 128y {194 (s), 1176 (m), 1108 (s), 1090 (s),
1022 (m), 1006 (m), 944 (m), 934 (m), 806 (s), (§)3730 (vs), 688 (s), 674 (m), 586 (m).

MS (El, 70 eV):m/z (%) = 306 (M, 23), 163 (100), 135 (12), 119( 18) 89 (6).

HRMS (C16H15ClO,S): calc.: 306.0481; found: 306.0481.

Ethyl 2-[2-(3-cyanophenyl)ethyl]acrylate (970)

CO,Et
NC

The zinc reagerfi5owas prepared according T®9 from 3-cyanobenzyl chloridé30, 303 mg,
2.00 mmol) in 2h at 25 °C. The freshly preparedczieagent950 was added to ethyl (2-
bromomethyl)acrylate 56b; 270 mg, 1.40 mmol) in 0.5 mL THF at 25°C. CuCN&
(0.01 mL, 0.01 mmol, 1.0&n in THF) was added and the mixture was stirredéf@min. The
reaction mixture was quenched with sat. aq4GlHsolution (45 mL) followed by 25% aq. NH
solution (5 mL) and extracted with GEl, (3 x 50 mL). The combined organic layers weredirie
over MgSQ and concentrateih vacuo. Flash chromatography (silica gel, pentane,OEt 1:1)
furnished the acrylat®70 (255 mg, 79%) as a colourless liquid.

'H-NMR (600 MHz, CDCls): & / ppm = 7.497.45 (m, 2H), 7.42-7.39 (m, 1H), 7(@87J =
7.6 Hz, 1H), 6.15 (dJ = 1.3 Hz, 1H), 5.46 (o) = 1.2 Hz, 1H), 4.21 (q] = 7.0 Hz, 2H), 2.84-
2.80 (m, 2H), 2.62-2.57 (m, 2H), 1.30Jt 7.2 Hz, 3H).

13C-NMR (150 MHz, CDClg): 6 / ppm = 166.7, 142.7, 139.3, 133.1, 132.0, 12828,1, 125.7,
118.9, 112.3, 60.8, 34.4, 33.5, 14.2.

IR (Diamond-ATR, neat): ¥ / cmi* = 2983 (w), 2935 (w), 2230 (m), 1710 (vs), 163), (4683
(w), 1483 (w), 1445 (w), 1369 (w), 1300 (m), 1256)(1186 (vs), 1134 (s), 1095 (m), 1028 (m),
945 (m), 917 (w), 797 (s), 690 (s).
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MS (El, 70 eV):m/z (%) = 229 (M, 10), 183 (71), 155 (34), 116 (100), 89 (14).
HRMS (C14H1sNOy): calc.: 229.1103; found: 229.1090.

3-[2-(3,4-Dichlorophenyl)-2-hydroxyethyl]benzonitrile (97p)
Cl
NC O O al
OH
The zinc reagerfi5owas prepared according T®9 from 3-cyanobenzyl chloridg30, 303 mg,
2.00 mmol) in 2h at 25 °C. The freshly preparedczreagent950 was added to 3,4-
dichlorobenzaldehydes(b; 245 mg, 1.40 mmol) in 1 mL THF at 0 °C. The mnetwas stirred
for 2 h at 25 °C. The reaction mixture was quenchét sat. aq. NECI solution (50 mL) and
extracted with CHCI, (3 x 50 mL). The combined organic layers were dlioger MgSQ and
concentratedn vacuo. Flash chromatography (silica gel, pentane ,OEt 7:3) furnished the
alcohol97p (341 mg, 83%) as a white solid.
M.p. (°C): 96-97.
'H-NMR (300 MHz, CDCls): § / ppm = 7.55-7.47 (m, 2H), 7.44-7.33 (m, 4H), 7(titl, J =
8.2 Hz, 2.0 Hz, 1H), 4.86 (#,= 6.4 Hz, 1H), 2.99 (d] = 6.4 Hz, 2H), 2.02-1.89 (s, 1H).
13C-NMR (75 MHz, CDCls): & / ppm = 143.5, 138.9, 134.1, 133.1, 132.7, 13138,5, 130.5,
129.2,127.8,125.1, 118.7, 112.5, 73.6, 45.1.
IR (Diamond-ATR, neat): U / cmi' = 3328 (m), 3260 (m), 2232 (m), 1484 (m), 1470 (L6
(m), 1398 (m), 1202 (m), 1142 (m), 1058 (s), 1028 1014 (m), 904 (m), 818 (s), 798 (vs), 690
(s), 650 (s), 602 (m).
MS (El, 70 eV): m/z (%) = 291 (M, 2), 179 (13), 177 (100), 175 (61), 147 (29), {1%), 111
(19), 90 (13), 75 (12).
HRMS (C1sH1:CI;NO): calc.: 291.0218; found: 291.0214.

3-[(3-Oxocyclohex-1-en-1-yl)methyl]lbenzonitrile (9d)

The zinc reagerfi5owas prepared according T®9 from 3-cyanobenzyl chloridg30, 303 mg,
2.00 mmol) in 2 h at 25 °C. The freshly preparattzieagen®50 was added to CuCN-2LiCl
(2.00 mL, 2.00 mmol 1.0&n in THF) at -20 °C. After stirring for 15 min, 3docyclohex-2-
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enone $8b; 311 mg, 1.40 mmol) was added at -60 °C and theunmd was slowly warmed to 0°C
within 18 h. The reaction mixture was quenched wih aq. NECI solution (100 mL) followed
by 25% aq. NH solution (50 mL) and extracted with,BX (3 x 150 mL). The combined organic
layers were dried over MgSQand concentrateth vacuo. Flash chromatography (silica gel,
pentane / BD = 1:2) furnished the cyclohexend®gq (227 mg, 77%) as a yellow liquid.
'H-NMR (300 MHz, CDCls): & / ppm = 7.58-7.52 (m, 1H), 7.47-7.36 (m, 3H), 55806 (m,
1H), 3.53 (s, 2H), 2.40-2.32 (m, 2H), 2.27-2.20 2H), 2.03-1.91 (m, 2H).

3C-NMR (75 MHz, CDCls): & / ppm = 199.3, 162.6, 138.4, 133.6, 132.5, 1302B,5, 127.4,
118.5, 112.9, 43.7, 37.2, 29.3, 22.5.

IR (Diamond-ATR, neat): 7 / cm* = 2926 (w), 2228 (m), 1660 (vs), 1626 (m), 1600, (1632
(W), 1484 (w), 1428 (m), 1372 (m), 1348 (m), 1384),(1250 (m), 1192 (m), 1128 (w), 968 (m),
906 (m), 884 (m), 796 (s), 758 (M), 724 (M), 694 €32 (M), 556 (M).

MS (El, 70 eV):m/z (%) = 211 (M, 62), 183 (100), 154 (48), 140 (16), 67 (23).

HRMS (C14H13NO): calc.: 211.0997; found: 211.0994.

1-(Benzylthio)-4-methoxybenzene (97r)

@S@

The zinc reagenB5a was prepared according BP9 from benzyl chloride §3a 253 mg,
2.00mmol) in 2 h at 25 °C. The freshly preparedczreagent95a was added tdS(4-
methoxyphenyl) benzenesulfonothioa®f 393 mg, 1.40 mmol) in THF (1 mL) at 25 °C. The
mixture was stirred for 13 h at 25 °C. The reactmomture was quenched with sat. aq. /OH
solution (50 mL) and extracted with,BX (3 x 50 mL). The combined organic layers werediri
over MgSQ and concentrateich vacuo. Flash chromatography (silica gel, pentaneOEt 15:1)
furnished the sulfid@7r (252 mg, 78%) as a pale yellow solid.

M.p. (°C): 51-52.

'"H-NMR (300 MHz, CDCls): &/ ppm = 7.33-7.19 (m, 7H), 6.86-6.78 (m, 2H), 4©12H), 3.80
(s, 3H).

3C-NMR (75 MHz, CDCls): 8/ ppm = 159.1, 138.1, 134.0, 128.8, 128.3, 12628,0, 114.4,
55.2,41.2.
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IR (Diamond-ATR, neat): U / cm® = 3675 (w), 2989 (m), 2970 (m), 1739 (s), 1595, (1971
(m), 1492 (s), 1465 (m), 1453 (s), 1435 (m), 1365, (1307 (w), 1284 (m), 1232 (s), 1217 (s),
1203 (s), 1180 (s), 1117 (m), 1105 (m), 1095 (@)@ (m), 1023 (s), 1004 (m), 914 (m), 808
(vs), 794 (m), 778 (m), 710 (vs), 695 (vs), 637 626 (m).

MS (El, 70 eV): m/z (%) = 230 (M, 100), 139 (22), 91 (98), 65 (7).

HRMS (C14H140S): calc.: 230.0765; found: 230.0745.

1-(4-Bromophenyl)-2-phenylpropan-1-ol (97s)

Ve Br
® OH

The zinc reager@5u was prepared according 19 from 1-(chloroethyl)benzen®&4v;, 281 mg,

2.00 mmol) in 1 h at 25 °C. The freshly preparedczreagent54u was added to 4-

bromobenzaldehyd&{e 259 mg, 1.40 mmol) in THF (1 mL) at 25 °C. Thextare was stirred

for 2 h. The reaction mixture was quenched with agt NHCI solution (50 mL) and extracted

with CH,CI; (3 x 50 mL). The combined organic layers weredioger MgSQ and concentrated

in vacuo. Flash chromatography (silica gel, pentane ;OEt 9:1) furnished the alcoh&@7s

(285 mg, 70%) as a colourless solid. Two diastee¥snwere observed with a ratio of 2:1.

Analtical data for the main diastereomer is given.

M.p. (°C): 63-65.

'H-NMR (300 MHz, CDCls): & / ppm = 7.57-7.07 (m, 9H), 4.66 @@= 8.5 Hz, 1H), 3.06-2.94

(m, 1H), 1.90 (g, 1H), 1.13 (d,J = 7.1 Hz, 3H).

3C-NMR (75 MHz, CDCly): & / ppm = 142.8, 141.4, 131.3, 128.7, 128.7, 12820,1, 121.5,

79.0, 48.1, 18.0.

IR (Diamond-ATR, neat): U / cmi* = 3378 (w), 3028 (w), 2968 (w), 2896 (w), 2878 (@360

(vw), 1602 (w), 1488 (m), 1450 (m), 1406 (m), 13%§, 1198 (w), 1092 (m), 1070 (m), 1036

(m), 1026 (m), 1004 (s), 992 (m), 906 (m), 834 (820 (s), 774 (m), 756 (s), 698 (vs), 658 (M),

628 (m), 620 (m), 608 (m), 580 (s), 568 (M), 556.(m

MS (El, 70 eV):mVz (%) = 290 (M, 2), 211 (8), 185 (22), 91 (100), 78 (66), 51 (20)

HRMS (C1sH15BrO): calc.: 290.0306; found: 290.0302.
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1,1-Diphenylacetone (97t)

Me
(1

The zinc reagen®5v was prepared according P9 from 1,1'-(chloromethylene)dibenzene
(53v; 405 mg, 2.00 mmol) in 30 min at 0 °C. The freshifgpared zinc reagefibv was added to
CuCN-2LiCl (2.00 mL, 2.00 mmol, 1.00 in THF) at -20 °C. After stirring for 15 min, agét
chloride 60a 110 mg, 1.40 mmol) was added and the mixture slawly warmed to 10 °C
within 24 h. The reaction mixture was quenched w#h ag. NHECI solution (90 mL) followed
by 25% aq. NH solution (30 mL) and extracted with,EX (3 x 120 mL). The combined organic
layers were dried over MgSQand concentrateth vacuo. Flash chromatography (silica gel,
pentane / BD = 5:1) furnished the ketor®¥t (199 mg, 68%) as a colourless liquid.

M.p. (°C): 100-102.

'"H-NMR (300 MHz, CDCls): 8/ ppm = 7.34-7.17 (m, 10H), 5.09 (s, 1H), 2.213@).

3C-NMR (75 MHz, CDCl3): 3/ ppm = 206.4, 138.2, 128.9, 128.7, 127.2, 6500).3

IR (Diamond-ATR, neat): U / cm* = 3669 (vw), 2989 (m), 2970 (m), 1738 (s), 1714 (598
(w), 1494 (m), 1451 (m), 1419 (w), 1354 (s), 1288,(1217 (m), 1152 (m), 1080 (m), 1032 (m),
893 (w), 753 (m), 695 (vs), 629 (w).

MS (El, 70 eV): m/z (%) = 210 (M, 1), 167 (100), 152 (15), 139 (4), 43 (11).

HRMS (C15H140): calc.: 210.1045; found: 210.1041.

1-[4-(Dimethylamino)phenyl]-2-phenylethanol (97u)

NMe2
J 5

The zinc reagen®5a was prepared according P9 from benzyl chloride 3u; 253 mg,
2.00 mmol) in 2 h at 25 °C. The freshly preparedczreagent95a was added to 4-
(dimethylamino)benzaldehyd&Xh; 209 mg, 1.40 mmol) at 25 °C. The mixture wasratirfor
1 h. The reaction mixture was quenched with satN&tjCl solution (50 mL) and extracted with
CH.Cl, (3 x 50 mL). The combined organic layers weredloger MgSQ and concentrateish
vacuo. Flash chromatography (silica gel, pentane JOEE 1:1) furnished the alcoh®7u
(331 mg, 98 %) as a yellow solid.
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M.p. (°C): 57-59.

'"H-NMR (300 MHz, CDCl3): 5 / ppm = 7.34-7.18 (m, 7H), 6.78-6.70 (m, 2H), 481 = 6.7
Hz, 1H), 3.02 (dJ = 6.7 Hz, 2H), 2.95 (s, 6H), 1.94 (s, 1H).

3C-NMR (75 MHz, CDCls): & / ppm = 150.1, 138.5, 131.9, 129.4, 128.4, 12628,3, 112.5,
75.1, 45.7, 40.7.

IR (Diamond-ATR, neat): 7 / cm* = 3312 (m), 3054 (w), 3026 (w), 2922 (m), 2856 (2§12
(w), 1618 (s), 1526 (s), 1448 (m), 1358 (s), 1336, (1324 (m), 1232 (m), 1188 (m), 1170 (m),
1068 (m), 1020 (s), 1002 (m), 946 (m), 814 (s), ™, 746 (s), 732 (s), 696 (vs), 638 (M),
620 (m), 608 (s).

HRMS (ESI; C16H20NO): calc.: 242.1545 ([M+H); found: 242.1540 ([M+H)).
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4. Lewis-Acid Promoted Additions of Functionalized Organomagnesium and
Organozinc Reagents to Carbonyl Derivatives

4.1. Addition of Grignard reagents to ketones in the preence of catalytic amounts of
LaCl3- 2LiCl

2-Cyclohexyl-1-phenylpropan-2-ol (98a)
HO Me

Ph\)b
Condition A (100 mol% LaGlI2LiCl): according tol P10 cyclohexylmagnesium bromid@8&b;
5.79 mL, 2.20 mmol, 0.3@ in THF) was added to a solution of phenylacetdtx; (268 mg,
2.00 mmol) in LaG 2LiCl (3.85 mL, 2.00 mmol, 0.5& in THF). The reaction mixture was
stirred for 15 min at 25 °C. Purification by flashromatography (silica gel, pentane /&t 9:1
+ 1 vol-% NEg) afforded the alcoh®8a (406 mg, 93%) as a colourless liquid.
Condition B (30 mol% LaGl 2LiCl): cyclohexylmagnesium bromid28b; 5.79 mL, 2.20 mmol,
0.38™ in THF), phenylacetone58c 268 mg, 2.00 mmol, in 2.5 mL THF), Lac2LIiCl
(2.25 mL, 0.60 mmol, 0.5& in THF), 15 min at 25 °C. The alcoh88a (382 mg, 87%) was
obtained as a colourless liquid.
Condition C (no LaGH2LIiCl present): cyclohexylmagnesium bromid@8l§ 5.79 mL,
2.20 mmol, 0.381 in THF), phenylaceton®8a 268 mg, 2.00 mmol, in 3.5 mL THF), 1.75 h at
25 °C. The alcohol58c was obtained in 33% yield (yield determined BH-NMR after
purification by flash chromatography).
H-NMR (300 MHz, Cg¢Dg): 8/ ppm = 7.18-7.04 (m, 5H), 2.66 @@= 13.1 Hz, 1H), 2.50 (d] =
13.3 Hz, 1H), 1.89-1.54 (m, 5H), 1.30-0.87 (m, 7BIR7 (s, 3H).
3C-NMR (75 MHz, CeDg): &/ ppm = 138.4, 131.1, 128.3, 126.5, 73.8, 48.06,488.1, 27.3,
27.1 (double), 27.0, 23.9.
IR (Diamond-ATR, neat): ¥ / cmi' = 3467 (vw), 3028 (vw), 2923 (m), 2852 (m), 16Q4Y,
1494 (w), 1451 (m), 1377 (w), 1346 (w), 1195 (W)38 (w), 1107 (w), 1083 (m), 1060 (w),
1031 (w), 937 (w), 892 (m), 849 (w), 802 (w), 769 ,(736 (m), 726 (m), 700 (vs).
MS (El, 70 eV): m/z (%) = 218 (M, < 1), 200 (2), 180 (10), 127 (100), 109 (42),(23), 83
(43), 67 (18), 55 (25).
HRMS (CsH2,0): calc.: 218.1617; found: 218.1649.
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2-Benzyl-3-methyl-1-phenylbutan-2-ol (98b)

OH
Ph Ph

Me Me
Condition A (100 mol% LaGl2LiCl): according tolP10i-PrMgCl 28¢ 1.29 mL, 2.20 mmol,

1.70m in THF) was added to a solution of 1,3-diphenylane 68d; 421 mg, 2.00 mmol) in
LaCls- 2LiCl (3.85 mL, 2.00 mmol, 0.58 in THF). The reaction mixture was stirred for 5inait
25 °C. Purification by flash chromatography (silgal, pentane / D = 98:2 + 1 vol-% NE)
afforded the alcohd8b (436 mg, 86%) as a white solid.

Condition B (30 mol% LaGl 2LiCl): i-PrMgCl 28¢ 1.29 mL, 2.20 mmol, 1.7@ in THF), 1,3-
diphenylacetone58d; 421 mg, 2.00 mmol, in 2.5 mL THF), La&2LiCl (1.15 mL, 0.60 mmol,
0.52M in THF), 5 min at 25 °C. The alcoh®8b (333 mg, 65%) wasbtained as a white solid.
Condition C (no LaGl 2LiCl present)i-PrMgClI 28¢ 1.29 mL, 2.20 mmol, 1.7Q in THF), 1,3-
diphenylacetone58d;, 421 mg, 2.00 mmol, in 3.5 mL THF), 1.75 h at Z& The alcohoB8b
wasobtained in < 3% yield (GC).

Condition D (100 mol% LaGi2LiCl; upscaled reaction):PrMgCl 28¢ 14.4 mL, 22.3 mmol,
1.55mM in THF), 1,3-diphenylacetone5&d;, 4.27 g, 20.3 mmol), La@l2LiCl (39.0 mL,
20.3 mmol, 0.521 in THF), 1 h at 25 °C. The alcoh®8b (4.30 g, 83%) wasbtained as a white
solid.

M.p. (°C): 59-60.

"H-NMR (300 MHz, C¢D¢): &/ ppm = 7.21-7.08 (m, 10H), 2.78 @3= 13.7 Hz, 2H), 2.54 (d,
J=13.7 Hz, 2H), 1.78-1.67 (m, 1H), 1.09 (s, 1HR®(d,J = 6.7 Hz, 6H).

13C-NMR (75 MHz, C¢De): &/ ppm = 138.0, 131.2, 128.3, 126.5, 76.1, 41.8,347 .4.

IR (Diamond-ATR, neat): V / cm* = 3560 (w), 3064 (vw), 3024 (vw), 2983 (vw), 2968),
2942 (w), 2930 (w), 2917 (w), 2877 (vw), 2852 (WAB02 (w), 1494 (m), 1470 (w), 1454 (w),
1434 (w), 1366 (w), 1350 (w), 1272 (w), 1235 (w},95 (w), 1181 (w), 1080 (m), 1049 (w),
1031 (m), 985 (w), 893 (w), 861 (w), 770 (w), 75}, (709 (s), 701 (vs).

MS (El, 70 eV): m/z (%) = 236 ([M-HOJ", <1), 163 (53), 145 (11), 119 (11), 91 (100), T1)(
43 (12).

HRMS (C1gH2;0): calc.: 236.1551 ([M-kD]"); found: 236.1551 ([M-kO]").
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1-Methyl-1,2,3,4-tetrahydronaphthalen-1-ol (98c)
HO Me

Condition A (100 mol% LaGl2LiCl): according torP10 MeMgCl (28d; 0.74 mL, 2.20 mmol,
2.99M in THF) was added to a solution @ftetralone $8e 292 mg, 2.00 mmol) in Lag2LiCl
(3.85mL, 2.00 mmol, 0.5 in THF). The reaction mixture was stirred for 2ah 25 °C.
Purification by flash chromatography (silica geénpane / BEO = 9:1 + 1 vol-% NEJ) afforded
the alcohoB8c (307 mg, 95%) as a white solid.

Condition B (30 mol% LaGl2LiCl): MeMgCl 28d; 0.74 mL, 2.20 mmol, 2.98 in THF,), a-
tetralone $8e 292 mg, 2.00 mmol, in 2.5 mL THF), La£2LiCl (1.15 mL, 0.60 mmol, 0.5
in THF), 2 h at 25 °C. The alcoh®8c (306 mg, 94%) wasbtained as a white solid.

Condition C (no LaGl2LiCl present): MeMgCIZ8d; 0.74 mL, 2.20 mmol, 2.99 in THF,),a-
tetralone $8e 292 mg, 2.00 mmol, in 3.5 mL THF), 2 h at 25 °he alcohol98c (224 mg,
69%) wasobtained as a white solid.

M. p. (°C): 92-94.

'"H-NMR (300 MHz, CgD¢): & / ppm = 7.58-7.52 (m, 1H), 7.11-7.04 (m, 1H), 76088 (m, 1H),
6.90-6.84 (m, 1H), 2.60-2.39 (m, 2H), 1.70-1.42 &id), 1.39 (s, 3H).

13C-NMR (75 MHz, CgDe):  / ppm = 143.7, 136.2, 128.8, 127.1, 126.9, 128052, 40.0, 31.1,
30.2, 20.7.

IR (Diamond-ATR, neat): U / cmi* = 3313 (m), 2969 (w), 2933 (m), 2865 (w), 1487 (%40
(m), 1366 (m), 1337 (m), 1284 (m), 1230 (w), 1189,(1152 (m), 1103 (s), 1066 (m), 1048 (m),
990 (m), 949 (m), 930 (s), 854 (m), 761 (vs), 728 686 (s).

MS (El, 70 eV): mV/z (%) = 162 (M, 1), 147 (100), 129 (56), 119 (17), 91 (32), 84)(34 (6).
HRMS (C11H140): calc.162.1045; found: 162.1040.

1,2,3-Triphenylpropan-2-ol (98d)

OH
Ph Ph

Condition A (100 mol% LaGl2LiCl): according torP10 PhMgCIl @8e 1.38 mL, 2.20 mmol,
1.60m in THF) was added to a solution of 1,3-diphenylacne 68d; 421 mg, 2.00 mmol) in
LaCls- 2LICl (3.85 mL, 2.00 mmol, 0.5 in THF). The reaction mixture was stirred for Jth
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25 °C. Purification by flash chromatography (silgel, pentane / ED = 98:2 + 1 vol-% NE)
afforded the alcohd®8d (582 mg, 97%) as a white solid.

Condition B (25 mol% LaGl2LiCl): PhMgCIl 8e 1.38 mL, 2.20 mmol, 1.6Q in THF), 1,3-
diphenylacetone58d; 421 mg, 2.00 mmol, in 3.0 mL THF), La&2LiCl (0.96 mL, 0.50 mmol,
0.52M in THF), 2.5 h at 25 °C. The alcora8d (538 mg, 93%) wasbtained as a white solid.
Condition C (no LaGl2LiCl present): PhMgCI28e 1.38 mL, 2.20 mmol, 1.6Q in THF), 1,3-
diphenylacetone58d;, 421 mg, 2.00 mmol, in 3.5 mL THF), 2.5 h at 25 T@e alcohobB8d was
obtained in 67% yield (yield determined By-NMR after purification by flash chromatography).
Condition D (30 mol% LaGl2LiCl; upscaled reaction): PhMgC2&e 12.9 mL, 20.7 mmol,
1.60m in THF), 1,3-diphenylacetone&&d;, 3.96 g, 18.8 mmol, in 25 mL THF), Laf&2LiCl
(10.8 mL, 5.64 mmol, 0.5@ in THF), 1 h at 25 °C. The alcoh®8d (4.75 g, 88%) wasebtained
as a white solid.

M. p. (°C): 85-86.

'H-NMR (400 MHz, CgDg): 8/ ppm = 7.15-7.10 (m, 3H), 7.10-7.04 (m, 2H), 76087 (m, 6H),
6.97-6.90 (m, 4H), 3.11 (d,= 13.5 Hz, 2H), 2.99 (dl = 13.5 Hz, 2H), 1.72 {5 1H).

13C-NMR (100 MHz, Cg¢Dg): &/ ppm = 146.0, 136.9, 131.1, 128.1, 127.9, 1262B,6, 126.2,
76.9, 49.0.

IR (Diamond-ATR, neat): U / cm* = 3565 (w), 3058 (vw), 3027 (w), 2925 (w), 1598 (1495
(m), 1454 (m), 1444 (w), 1349 (w), 1324 (w), 12¥8,(1256 (w), 1158 (vw), 1103 (w), 1080
(w), 1064 (w), 1033 (w), 1008 (w), 918 (w), 867 (W99 (w), 774 (m), 755 (s), 711 (s), 697 (vs),
647 (s).

MS (El, 70 eV): m/z (%) = 288 (M, <1), 197 (100), 179 (7), 105 (90), 77 (28), 44 (6

HRMS (C21H200): calc.: 288.1514; found: 288.1503.

1-Phenyl-1-[2-(trifluoromethyl)phenyllethanol (98f)

HO Me CF3

Condition A (100 mol% LaGI2LIiCl): into a flame dried and argon-flushed flask-
(trifluoromethyl)bromobenzene (495 mg, 2.20 mmolaswadded followed by-PrMgCl-LiCl
(2.32 mL, 2.16 mmol, 1.64 in THF). The reaction mixture was stirred for h5Then, the
resulting aromatic Grignard reaget8g was added to acetopheno®€;(240 mg, 2.00 mmol) in
LaCls- 2LiCl (3.85 mL, 2.00 mmol, 0.5 in THF) according taP10. The reaction mixture was
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stirred for 2 h at 0 °C. Purification by flash chratography (silica gel, pentane (@t= 7:1 +
1 vol-% NEg) afforded the alcohd@8f (384 mg, 72%) as a pale yellow liquid.

Condition B (30 mol% LaGl2LiCl): 2-(trifluoromethyl)bromobenzene (495 mg2@ mmol),
i-PrMgCl-LiCl (1.32 mL, 2.16 mmol, 1.64 in THF), acetophenon&@; 240 mg, 2.00 mmol, in
2.5 mL THF), LaC{- 2LiCI (1.15 mL, 0.60 mmol, 0.58 in THF), 2 h at 0 °C. The alcoh®Bf
(381 mg, 72%) wasebtained as a pale yellow liquid.

Condition C (no LaGlt 2LiCl present): 2-(trifluoromethyl)bromobenzen8%4ng, 2.20 mmol),-
PrMgCI-LiCl (1.32 mL, 2.16 mmol, 1.6 in THF), acetophenon&@, 240 mg, 2.00 mmol, in
3.5mL THF), 2 h at 0 °C. The alcolif (67 mg, 13%) wasbtained as a pale yellow liquid.
H-NMR (600 MHz, C4D1¢0): & / ppm = 7.80 (dJ = 7.6 Hz, 1H), 7.69 (d] = 7.6 Hz, 1H), 7.49
(t,J=7.4 Hz, 1H), 7.35 (1) = 7.6 Hz, 1H), 7.29 (d] = 8.1 Hz, 2H), 7.18 (&) = 7.6 Hz, 2H),
7.11 (t,J=7.4 Hz, 1H), 4.31 (s, 1H), 1.93 (s, 3H).

13C-NMR (150 MHz, C4D100): & / ppm = 149.9 (q¥cr= 1.6 Hz), 148.4 (qNcr= 1.4 H2),
131.6 (4,%Jcr= 1,1 Hz), 129.9, 129.5 (§Jcr = 31.6 Hz), 128.8 (qiJcr= 6.7 Hz), 128.4,
127.7,127.1, 126.5 (QJc.r = 0.8 Hz), 125.4 (dJc.r = 273.4 Hz), 76.7, 33.0 (lcr = 1.7 H2).
IR (Diamond-ATR, neat): U / cm® = 3463 (vw), 2983 (vw), 1602 (w), 1494 (w), 1448)(
1304 (vs), 1271 (s), 1164 (s), 1122 (vs), 10951832 (vs), 928 (m), 910 (m), 765 (vs), 754 (s),
698 (vs).

MS (El, 70 eV): 'z (%) = 266 (M, 2), 251 (100), 231 (61), 211 (29), 183 (6), 169 121 (5).
HRMS (C15H13F30): calc.: 266.0918; found: 266.0905.

4-[Dicyclopropyl(hydroxy)methyl]benzonitrile (989)
HO

CN
Condition A (100 mol% LaGl2LiCl): into a flame dried and argon-flushed flask-
iodobenzonitrile (504 mg, 2.20 mmol, in 1 mL THFpsvadded followed by-PrMgCl-LiCl
(2.32 mL, 2.16 mmol 1.6& in THF) at 0 °C. The reaction mixture was stirfed2 h. Then, the
resulting aromatic Grignard reage2Bh was added to dicyclopropylmethanors8¢ 220 mg,
2.00 mmol) in LaG:-2LiCl (3.85 mL, 2.00 mmol, 0.52x in THF) according toTP10. The

reaction mixture was stirred for 2.5 h at 25 °CrifRaation by flash chromatography (silica gel,
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pentane / ED = 3:1 + 1 vol-% NE) afforded the alcohd®®8g (328 mg, 77%) as a pale yellow
solid.

Condition B (30 mol% LaGl2LiCl): 4-iodobenzonitrile (504 mg, 2.20 mmol, iInmL THF),
i-PrMgCI-LiCl (1.32 mL, 2.16 mmol, 1.6& in THF), dicyclopropylmethanoné&8g 220 mag,
2.00 mmol, in 2.5 mL THF), La@I2LiCl (1.15 mL, 0.60 mmol, 0.5 in THF), 2.5 h at 25 °C.
The alcohoB8g (357 mg, 84%) wasbtained as a pale yellow solid.

Condition C (no LaGlt2LiCl present): 4-iodobenzonitrile (504 mg, 2.2thatb, in 1 mL THF),i-
PrMgCI-LiCl (1.32 mL, 2.16 mmol, 1.6& in THF), dicyclopropylmethanones8g 220 mg,
2.00 mmol, in 3.5 mL THF), 2.5 h at 25 °C. The &lalb98g (371 mg, 87%) wasbtained as a
pale yellow solid.

M.p. (°C): 78-80.

'H-NMR (300 MHz, Cg¢Dg): & / ppm = 7.29-7.23 (m, 2H), 7.15-7.10 (m, 2H), 1(&%, 1H),
0.75-0.63 (m, 2H), 0.43-0.33 (m, 2H), 0.30-0.17 4id), 0.10-(-0.01) (m, 2H).

3C-NMR (75 MHz, C¢Dg¢): 5/ ppm = 153.1, 131.6, 126.4, 119.1, 110.9, 73007,2.3, 0.1.

IR (Diamond-ATR, neat): ¥ / cmi* = 3518 (m), 3089 (vw), 3004 (w), 2226 (m), 1735v)v
1605 (m), 1500 (w), 1460 (w), 1400 (m), 1332 (W)91 (m), 1161 (m), 1106 (m), 1052 (w),
1028 (s), 1003 (m), 965 (m), 909 (m), 881 (m), &v3, 831 (vs), 656 (M).

MS (El, 70 eV): m/z (%) = 213 (M, <1), 185 (100), 170 (37), 154 (7), 143 (20), 180), 127
(8), 102 (19), 69 (13), 41 (6).

HRMS (C14H1sNO): calc.: 213.1154; found: 213.1145.

Ethyl 4-(1-cyclopropyl-1-hydroxyethyl)benzoate (98h
HO Me

CO,Et
Condition A (100 mol% LaGl2LiCl): into a flame dried and argon-flushed flagthyl 4-
iodobenzoate (607 mg, 2.20 mmol, in 1 mL THF) wakleal followed byi-PrMgCl:LiCl
(2.32 mL, 2.16 mmol, 1.6¥ in THF) at -20 °C. The reaction mixture was stirfer 30 min at -
20 °C. Then, the resulting aromatic Grignard rea@8&n was added to 1-cyclopropylethanone
(58h; 220 mg, 2.00 mmol) in Lagl2LiCl (3.85 mL, 2.00 mmol, 0.58 in THF) according to

TP10. The reaction mixture was stirred for 2.5 h at’@5 Purification by flash chromatography
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(silica gel, pentane / D = 3:1 + 1 vol-% NE) afforded the alcohdd8h (354 mg, 76%) as a
yellow oil.

Condition B (30 mol% LaGl 2LiCl): ethyl 4-iodobenzoate (607 mg, 2.20 mmol.limL THF),
i-PrMgCI-LiCl (1.32 mL, 2.16 mmol, 1.6& in THF), 1-cyclopropylethanone&&h; 220 mg,
2.00 mmol, in 2.5 mL THF), La@I2LiCl (1.15 mL, 0.60 mmol, 0.58 in THF), 2.5 h at 25 °C.
The alcohoB8h (389 mg, 83%) wasbtained as a yellow oil.

Condition C (no LaGl 2LiCl present): ethyl 4-iodobenzoate (607 mg, 2riz0ol, in 1 mL THF),
i-PrMgCI-LiCl (1.32 mL, 2.16 mmol, 1.6& in THF), 1-cyclopropylethanone&&h; 220 mg,
2.00 mmol, in 3.5 mL THF), 3 h at 25 °C. The alcof8h (378 mg, 81%) wasbtained as a
yellow oil.

'"H-NMR (300 MHz, Ce¢D¢): & / ppm = 8.24-8.16 (m, 2H), 7.49-7.42 (m, 2H), 4(t5J =
7.0 Hz, 2H), 1.27 ¢ 1H), 1.24 (s, 3H), 1.03 (8 = 7.1 Hz, 3H), 0.97-0.84 (m, 1H), 0.45-0.22
(m, 3H), 0.20-0.09 (m, 1H).

13C-NMR (75 MHz, C¢De): 5/ ppm = 166.4, 154.0, 129.7, 129.4, 125.5, 72038,628.9, 23.1,
14.3,2.0, 1.1.

IR (Diamond-ATR, neat): 7 / cmi* = 3490 (w), 2980 (w), 1698 (s), 1610 (w), 1574 \vih448
(w), 1406 (m), 1368 (m), 1272 (vs), 1182 (m), 116p 1046 (m), 1018 (s), 926 (w), 900 (M),
860 (m), 770 (s), 706 (m).

MS (El, 70 eV): m/z (%) = 234 (M, <1), 219 (22), 206 (100), 193 (23), 189 (17), {69), 143
(5), 133 (6), 91 (7), 43 (10).

HRMS (C14H103): calc.: 234.1256; found: 234.1238.

1-(4-Methoxyphenyl)cyclohexanol (98i)

OMe
OO@

Condition A (100 mol% LaGl2LiCl): into a flame dried and argon-flushed fladkiodoanisole
(515 mg, 2.20 mmol, in 1 mL THF) was added folloviegd-PrMgCl- LiCl (1.32 mL, 2.16 mmol,
1.64m in THF) at 25 °C. The reaction mixture was stirfed1 h at 25 °C. Then, the resulting
aromatic Grignard reager8j was added to cyclohexanon&8{ 196 mg, 2.00 mmol) in
LaCls- 2LiCl (3.85 mL, 2.00 mmol, 0.5 in THF) according taP10. The reaction mixture was
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stirred for 2 h at 25 °C. Purification by flash chratography (silica gel, pentane (@t= 4:1 +

1 vol-% NEg) afforded the alcohd@8i (303 mg, 73%) as a colourless liquid.

Condition B (30 mol% LaGI2LiCl): 4-iodoanisole (515 mg, 2.20 mmol, in 1 nlHF),
i-PrMgCl-LiCl (1.32 mL, 2.16 mmol, 1.6¥ in THF), cyclohexanonesgi; 196 mg, 2.00 mmol,
in 2.5 mL THF), Lad- 2LiCl (1.15 mL, 0.60 mmol, 0.5 in THF), 2 h at 25 °C. The alcohol
98i (306 mg, 74%) wasbtained as a colourless liquid.

Condition C (no LaGl2LICl present): 4-iodoanisole (515 mg, 2.20 mmal,1 mL THF),
i-PrMgClI-LiCl (1.32 mL, 2.16 mmol, 1.6¥ in THF), cyclohexanone5gi; 196 mg, 2.00 mmol,
in 3.5 mL THF), 2 h at 25 °C. The alcolt8i (348 mg, 84%) wasbtained as a colourless liquid.
"H-NMR (300 MHz, C¢Dg): 8/ ppm = 7.39-7.33 (m, 2H), 6.88-6.81 (m, 2H), 3(863H), 1.88-
1.56 (m, 7H), 1.54-1.43 (m, 2H), 1.19 (s, 1H), 11164 (m, 1H).

3C-NMR (75 MHz, C¢D¢): 5/ ppm = 158.8, 142.5, 126.1, 113.7, 72.5, 54.83,3%6.9, 22.5.

IR (Diamond-ATR, neat): ¥ / cmi* = 3443 (w), 2930 (m), 2856 (w), 1739 (w), 1608 (1582
(W), 1510 (s), 1447 (m), 1298 (m), 1244 (vs), 1249, 1177 (s), 1132 (w), 1112 (m), 1036 (s),
1021 (m), 966 (m), 904 (w), 849 (m), 824 (vs), 189.

MS (EI, 70 eV): m/z (%) = 206 (M, 38), 163 (100), 150 (24), 135 (33), 77 (5), 5p (6

HRMS (C13H150,): calc.: 206.1307; found: 206.1300.

1-(1-Naphthyl)cyclopentanol (98Kk)

5

Condition A (100 mol% LaGl2LiCl): according toTP10 naphthylmagnesium chlorid@8f;
3.44 mL, 2.20 mmol, 0.6¢k in THF) was added to a solution of cyclopentan(s&; 168 mg,
2.00 mmol) in LaG 2LiCl (3.85 mL, 2.00 mmol, 0.5& in THF). The reaction mixture was
stirred for 1 h at 25 °C. Purification by flash ehratography (silica gel, pentane §@&t= 9:1 + 1
vol-% NE) afforded the alcohd8k (251 mg, 59%) as a yellow solid.

Condition B (30 mol% LaGl2LiCl): naphthylmagnesium chlorid@8f;, 3.44 mL, 2.20 mmol,
0.64m in THF), cyclopentanone58j; 168 mg, 2.00 mmol, in 2.5 mL THF), La&2LiCl
(2.25 mL, 0.60 mmol, 0.521 in THF), 2 h at 25 °C. The alcoh®8k (277 mg, 65%) was
obtained as a yellow solid.
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Condition C (no LaG}2LiCl present): naphthylmagnesium chlori@8f( 3.44 mL, 2.20 mmol,
0.64Mm in THF), cyclopentanonesgj; 168 mg, 2.00 mmol, in 3.5 mL THF), 2 h at 25 e
alcohol98k (317 mg, 75%) wasbtained as a yellow solid.

M.p. (°C): 74-75.

H-NMR (300 MHz, Cg¢Dg): &/ ppm = 8.84 (ddJ = 8.6 Hz, 0.8 Hz, 1H), 7.70 (dd,= 8.0 Hz,
1.7 Hz, 1H), 7.61 (dJ = 8.2 Hz, 1H), 7.41-7.33 (m, 2H), 7.33-7.26 (m,)1A25-7.18 (m, 1H),
2.16-1.83 (m, 6H), 1.66-1.49 (m, 2H), 1.33,(8H).

13C-NMR (100 MHz, CgDg): &/ ppm = 142.6, 135.4, 132.5, 129.1, 128.7, 12825.5, 125.5,
124.8, 122.8, 83.8, 40.8, 23.9.

IR (Diamond-ATR, neat): ¥ / cmi' = 3296 (w), 3043 (vw), 2955 (w), 2871 (w), 1735vjy
1598 (w), 1508 (w), 1385 (w), 1317 (w), 1241 (W}91 (w), 1109 (w), 1061 (w), 997 (m), 951
(w), 935 (w), 907 (w), 880 (w), 861 (w), 797 (mY,47/(vs), 656 (m), 641 (m).

MS (El, 70 eV): m/z (%) = 212 (M, 78), 194 (9), 183 (42), 170 (23), 165 (32), 1560), 141
(26), 127 (27).

HRMS (C1sH160): calc.: 212.1201; found: 212.1191.

4.2.Addition of functionalized organozinc reagents to klehydes, ketones and carbon
dioxide under mediation of MgCh

4.2.1. Preparation of the organozinc reagents
Phenylzinc iodid (93b)

According to TP11 iodobenzene (3.06 g, 15.0 mmol, in 10.0 mL THF)swaacted with
magnesium turnings (911 mg, 37.5 mmol) in a THRSBoh (15 mL) of ZnCJ(16.5 mmol) and
LiCl (22.5 mmol) at 25 °C for 2 h. After subsequergnnulation to another argon-flushed

Schlenk-flask, iodometric titration of the zinc reag&8b indicated a concentration of 0.68

Tolylzinc iodid (93e)

/©/ZnI-MgCI2
Me

According to TP11 4-iodotoluene (2.17 g, 10.0 mmol, in 6.00 mL THkas reacted with
magnesium powder (608 mg, 25.0 mmol) in a THF smtu¢10 mL) of ZnC} (11.0 mmol) and
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LiCl (15.0 mmol) at 25 °C for 45 min. After subsemqi cannulation to another argon-flushed

Schlenk-flask, iodometric titration of the zinc reag@&eindicated a concentration of 0.52

(3-Methyl-1-phenyl-1H-pyrazol-5-yl)zinc chlorid (93f)
Me

’\?Q\ZnCI-MgCIQ
Ph
According to TP11 5-chloro-3-methyl-1-phenylH-pyrazole (963 mg, 5.00 mmol, in 2.5 mL
THF) was reacted with magnesium turnings (304 n2g5 Tnmol) in a THF solution (5 mL) of
ZnCl, (6.5 mmol) and LiCl (7.5 mmol) at 25 °C for 4 h.t&f subsequent cannulation to another
argon-flushedschlenk-flask, iodometric titration of the zinc reag€8f indicated a concentration

of 0.57m.

Bis(4-methoxyphenyl)zinc (103a)

Zn-2MgX,
LT
MeO X=Cl, Br

According to TP11 4-bromoanisole (2.81 g, 15.0 mmol, in 10.0 mL TH#3s reacted with
magnesium turnings (911 mg, 37.5 mmol) in a THRISoh (7.5 mL) of ZnCJ(8.25 mmol) and
LiCl (11.3 mmol) at 25 °C for 2 h. After subsequesgnnulation to another argon-flushed

Schlenk-flask, iodometric titration of the zinc reagditt3aindicated a concentration of 0.89

Bis[2-(trifluoromethyl)phenyl]zinc (103b)

@Zn-ZMgXZ
2
CF3 X=Cl, Br

According toTP11 1-bromo-2-(trifluoromethyl)benzene (6.75 g, 30.0 ohmn 15.0 mL THF)
was reacted with magnesium turnings (729 mg, 75r®inin a THF solution (15 mL) of Zn¢l
(26.5 mmol) and LIiCl (22.5 mmol) at 25 °C for 3After subsequent cannulation to another
argon-flushed Schlenk-flask, iodometric titration of the zinc reageriO3b indicated a
concentration of 0.48.
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Bis(4-chlorophenyl)zinc (103c)
Zn-2MgX,
2
C|© X=CI, Br

According toTP11 1-bromo-4-chlorobenzene (3.83 g, 20.0 mmol, inMLOTHF) was reacted
with magnesium turnings (1.22 g, 50.0 mmol) in aFT$blution (10 mL) of ZnGl(11.0 mmol)
and LiCl (15.0 mmol) at 25 °C for 1.5 h. After seljsent cannulation to another argon-flushed

Schlenk-flask, iodometric titration of the zinc reagdrt3cindicated a concentration of 0.wil

Bis(4-trimethylsilylphenyl)zinc (103d)

Zn-2MgX,
/@6
™S X=Cl, Br

According toTP11 (4-bromophenyl)trimethylsilane (2.29 g, 10.0 mmiol,8.0 mL THF) was
reacted with magnesium turnings (608 mg, 25.0 mmola THF solution (5 mL) of ZnGl
(6.0 mmol) and LiCl (7.5 mmol) at 25 °C for 2 h.t&f subsequent cannulation to another argon-
flushed Schlenk-flask, iodometric titration of the zinc reagel@3d indicated a concentration of
0.28m.

Bis[4-(dimethylamino)phenyl]zinc (103e)

Zn-2MgXs,
Qr
Me,oN X=Cl, Br

According toTP11 (4-bromophenyl)dimethylamine (8.00 g, 40.0 mmal,16.0 mL THF) was
reacted with magnesium turnings (2.43 g, 100 mmola THF solution (20 mL) of ZnGl
(22.0 mmol) and LiCl (30.0 mmol) at 25 °C for 1After subsequent cannulation to another
argon-flushed Schlenk-flask, iodometric titration of the zinc reageriO3e indicated a
concentration of 0.4.

Bis[2-(dimethylamino)phenyl]zinc (103f)

@Zn-ZMgXZ
2
NMe, X=Cl, Br

According toTP11 (2-bromophenyl)dimethylamine (2.00 g, 10.0 mmal,6.7 mL THF) was
reacted with magnesium turnings (608 mg, 25.0 mnmolx THF solution (5.0 mL) of Zngl

(5.5 mmol) and LIiCl (7.5 mmol) at 25 °C for 2 h. t&f subsequent cannulation to another



C. Experimental Section 218

argon-flushed Schlenk-flask, iodometric titration of the zinc reageriO3f indicated a

concentration of 0.20.

Bis(3-methyl-1-phenyl-H-pyrazol-5-yl)zinc (103Qg)
Me

@Zn-ZMgCIQ
Ph
According to TP11 5-chloro-3-methyl-1-phenylH-pyrazole (2.70 g, 14.0 mmol, in 9.3 mL
THF) was reacted with magnesium turnings (851 g9 3nmol) in a THF solution (7 mL) of
ZnCl, (7.7 mmol) and LiCl (10.5 mmol) at 25 °C for 4 hitéx subsequent cannulation to another
argon-flushed Schlenk-flask, iodometric titration of the zinc reagerit03g indicated a
concentration of 0.3k.

Bis(3,5-dimethylisoxazol-4-yl)zinc (103h)

Me Zn-2MgX,
2

N/\O\ Me  X=ClBr
According toTP11 4-bromo-3,5-dimethylisoxazol.52 g, 20.0 mmol, in 10.0 mL THF) was
reacted with magnesium turnings (1.22 mg, 50.0 mmak THF solution (10 mL) of Zng(11.0
mmol) and LiCl (15.0 mmol) at 25 °C for 1 h. Afteubsequent cannulation to another argon-
flushed Schlenk-flask, iodometric titration of the zinc reageld3h indicated a concentration of

0.20M.

(5-Cyano-5-methylhexyl)zinc bromide (107a)

Me_ Me

N//)WZnBr-Mng

According toTP11 6-bromo-2,2-dimethylhexanitrile (2.04 g, 10.0 mmiol, 5.0 mL THF) was
reacted with magnesium turnings (608 mg, 25.0 minad) THF solution (10 mL) of Zng(11.0
mmol) and LiCl (15.0 mmol) at 25 °C for 4 h. Afteubsequent cannulation to another argon-
flushed Schlenk-flask, iodometric titration of the zinc reageffi7aindicated a concentration of
0.79Mm.
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/©/\ZnCI-MgCI2
F

According toTP11 4-fluorobenzyl chloride (2.17 g, 15.0 mmol, in Tk THF) was reacted
with magnesium turnings (911 mg, 37.5 mmol) in aFT$dlution (15 mL) of ZnGl(16.5 mmol)
and LiCl (22.5 mmol) at 25 °C for 45 min. After sglguent cannulation to another argon-flushed

4-Fluorobenzylzinc chloride (95c¢)

Schlenk-flask, iodometric titration of the zinc reag@fcindicated a concentration of 0.89

4-Methoxybenzylzinc chloride (95i)

/@Achngcb
MeO

According toTP11 4-methoxybenzyl chloride (1.10 g, 7.00 mmol, in kD THF) was reacted
with magnesium powder (425 mg, 17.5 mmol) in a T¥ékution (7.0 mL) of ZnGl(7.7 mmol)
and LiCl (10.5 mmol) at 25 °C for 2 h. After subseqgt cannulation to another argon-flushed

Schlenk-flask, iodometric titration of the zinc reag@fi indicated a concentration of 0.W2

3-(Ethoxycarbonyl)benzylzinc chloride (95m)

EtOzC\©/\ZnCI MgCl,

According toTP11 3-(ethoxycarbonyl)benzyl chloride (1.39 g, 7.00 My 3.75 mL THF) was
reacted with magnesium turnings (425 mg, 17.5 minaod) THF solution (15 mL) of Zng(7.70
mmol) and LiCl (10.5 mmol) at 25 °C for 2 h. Afteubsequent cannulation to another argon-
flushed Schlenk-flask, iodometric titration of the zinc reagedim indicated a concentration of
0.40Mm.

Bis(3-ethoxycarbonyl)benzylzinc (106a)

EtOzC\©/#2\Zn 2MgCl,

According toTP11 3-(ethoxycarbonyl)benzyl chloride (2.71 g, 13.6 nhno 12 mL THF) was
reacted with magnesium turnings (826 mg, 34.0 mnmB THF solution (6.80 mL) of Zngl
(7.45 mmol) and LiCl (10.2 mmol) at 25 °C for 1.5After subsequent cannulation to another
argon-flushedschlenk-flask, iodometric titration of the zinc reagetfi6a (premix of an aliqout

with excess ZnGlsolution (1.00v in THF)) indicated a concentration of 0.@3
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Bis(3-methoxybenzyl)zinc (106b)
Meo\(j/‘ém-2|v|gC|2

According toTP11 3-methoxybenzyl chlorid (2.35 g, 15.0 mmol, in &0 THF) was reacted
with magnesium turnings (608 mg, 25.0 mmol) in aFTddlution (7.5 mL) of ZnGi8.25 mmaol)
and LiCl (11.3 mmol) at 25 °C for 2 h. After subseqt cannulation to another argon-flushed

Schlenk-flask, iodometric titration of the zinc reaget@6b (premix of an aliqout with excess
ZnCl; solution (1.0Qv in THF)) indicated a concentration of 0.@1

Bis(benzyl)zinc (106c)

©ﬂ52n-2MgCI2

According to TP11 benzyl chlorid (1.27 g, 10.0 mmol, in 2.0 mL THF)asvreacted with
magnesium turnings (608 mg, 25.0 mmol) in a THRiGoh (5.0 mL) of ZnCJ (5.5 mmol) and
LiCl (7.5 mmol) at 25 °C for 1 h. After subsequeanhnulation to another argon-flush@ahl enk-
flask, iodometric titration of the zinc reageb®6c (premix of an aligout with excess ZnCl
solution (1.0Qv in THF)) indicated a concentration of 0.42

4.2.2. Preparation of the title compounds

(2-Chlorophenyl)(phenyl)methanol (101)
Cl  OH

According toTP12 phenylzinc iodide- MgGlI(93b; 2.65 mL, 1.80 mmol, 0.68 in THF) was
added to 2-chlorobenzaldehydélg 211 mg, 1.50 mmol, in 3.87 mL THF). The reaction
mixture was stirred for 1 h at 25 °C. Purificatidty flash chromatography (silica gel,
pentane / ED = 9:1 + 1 vol-% NE) afforded the alcohal01 (289 mg, 88%) as a pale yellow
solid.

M.p. (°C): 71-73.

'H-NMR (400 MHz, C¢De): &/ ppm = 7.59-7.52 (m, 1H), 7.37-7.31 (m, 2H), 77186 (m, 3H),
7.05-6.99 (m, 1H), 6.94-6.87 (m, 1H), 6.78-6.71 1), 6.04 (s, 1H), 1.66{s 1H).

13C-NMR (100 MHz, C¢Dg): &/ ppm = 143.1, 142.1, 132.7, 129.5, 128.7, 12828.5, 127.7,
127.2,127.1, 72.6.
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IR (Diamond-ATR, neat): ¥ / cm* = 3174 (w), 1570 (vw), 1465 (w), 1456 (w), 1440,(0315
(w), 1236 (w), 1183 (m), 1122 (w), 1075 (w), 1059,(1024 (m), 953 (w), 916 (vw), 877 (vw),
853 (w), 824 (w), 760 (vs), 725 (m), 696 (S).

MS (El, 70 eV): m/z (%) = 218 (M, 100), 201 (13), 183 (13), 165 (47), 140 (24), 12®), 105
(70), 77 (38).

HRMS (C13H11CIO): calc.: 218.0498; found: 218.0493.

Ethyl 3-{2-[4-(dimethylamino)phenyl]-2-hydroxyethyl}benzoate (105)

NMez
%

CO,Et

According toTP12 3-(ethoxycarbonyl)benzylzinc chloride- MgGR5m; 3.90 mL, 1.56 mmol,
0.40m in THF) was added to 4-(dimethylamino)benzaldehygieh; 194 mg, 1.30 mmol, in
1.0 mL THF). The reaction mixture was stirred forh6at 25 °C. Purification by flash
chromatography (silica gel, pentane J&t= 1:1 + 1 vol-% NE) afforded the alcohol05
(326 mg, 80%) as a yellow oil.

'H-NMR (300 MHz, C¢De): &/ ppm = 8.21-8.17 (m, 1H), 8.08-8.02 (m, 1H), 77185 (m, 3H),
7.03 (t,J = 7.7, 1H), 6.61-6.54 (m, 2H), 4.66 (dt= 7.9 Hz, 5.5 Hz, 1H), 4.13 (4,= 7.2 Hz,
2H), 3.09-2.98 (m, 1H), 2.97-2.88 (m, 1H), 2.516d), 1.70 (s, 1H) 1.02 (tJ = 7.2 Hz, 3H).
13C-NMR (75 MHz, CgDg): 0/ ppm = 166.5, 150.4, 139.8, 134.5, 132.7, 1313,.1, 128.6,
127.7,127.2,112.7,75.1, 60.7, 46.1, 40.3, 14.3.

IR (Diamond-ATR, neat): U / cm™ = 3412 (w), 2980 (w), 2885 (w), 2801 (w), 1713 (514
(m), 1521 (s), 1444 (m), 1348 (m), 1277 (vs), 11€8, 1163 (s), 1104 (s), 1082 (s), 1022 (s),
946 (m), 817 (s), 751 (s), 691 (M), 672 (w).

MS (El, 70 eV):m/z (%) = 313 (M, <1), 295 (100), 267 (13), 222 (2), 178 (4), 12} 110 (3).
HRMS (C19H23NO3): calc.: 313.1678; found: 313.16609.
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8,8,8-Trifluoro-7-hydroxy-2,2-dimethyl-7-phenyloctanenitrile (109)
HO_ CF,

WCN

Me” Me

According toTP12 (5-cyano-5-methylhexyl)zinc bromide-MgQ(107g 1.40 mL, 1.09 mmol,
0.78m in THF) was added to 2,2,2-trifluoro-1-phenyletbaa 68l; 146 mg, 0.84 mmol). The
reaction mixture was stirred for 6 h at 25 °C. feation by flash chromatography (silica gel,
pentane / BED = 4:1) afforded the alcoh@D9 (192 mg, 76%) as a white solid.

M.p. (°C): 76-78.

'H-NMR (400 MHz, C¢D¢): &/ ppm = 7.46 (dJ = 7.8 Hz, 2H), 7.13-7.07 (m, 2H), 7.05-6.99
(m, 1H), 2.40-2.19 (s 1H), 1.96-1.85 (m, 1H), 1.69-1.59 (m, 1H), 1.1920(m, 3H), 0.78-0.66
(m, 3H), 0.73 (s, 3H), 0.71 (s, 3H).

13C-NMR (100 MHz, C¢Dg): &/ ppm = 137.0, 128.5, 128.5, 126.7 {ds.r = 1.3 Hz), 126.5 (q,
YJcr=286.1 Hz), 124.7, 77.3 (4lc.r = 27.8 Hz), 40.6, 35.1, 32.0, 26.4, 26.1, 25.5522

IR (Diamond-ATR, neat): U / cmi' = 3443 (w), 2978 (vw), 2941 (w), 2858 (vw), 2248,
1502 (vw), 1470 (w), 1452 (w), 1406 (w), 1372 (ABO7 (w), 1275 (m), 1243 (m), 1212 (m),
1182 (m), 1151 (vs), 1075 (m), 987 (m), 934 (w)6 lv), 895 (w), 767 (m), 734 (w), 704 (s),
689 (m).

HRMS (ESI; C16H20F3NO): calc.: 322.1395 ([M+N4]); found: 322.1390 ([M+N4).

4-[Hydroxy(4-methylphenyl)methyl]benzonitrile (1109

OH
MG“CECN

According to TP12 tolylzinc iodide-MgC4 (93e 3.46 mL, 1.80 mmol, 0.5 in THF) was
added to 4-formylbenzonitrilésli; 197 mg, 1.50 mmol, in 0.5 mL THF). The reactioixture
was stirred for 13 h at 25 °C. Purification by flashromatography (silica gel, pentane L&t
1:1) afforded the alcohdl10a(244 mg, 73%) as a pale yellow solid.

M.p. (°C): 44-46.

'"H-NMR (400 MHz, C¢D¢): &/ ppm = 7.03-6.97 (m, 6H), 6.96-6.91 (m, 2H), 5(@6J = 2.7
Hz, 1H), 2.07 (s, 3H), 1.80 (d,= 3.3 Hz, 1H).

3C-NMR (100 MHz, C¢D¢): &/ ppm = 149.3, 140.8, 137.7, 132.0, 129.4, 127269, 118.9,
111.3, 75.3, 21.0.
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IR (Diamond-ATR, neat): ¥ / cmi* = 3448 (m), 2234 (m), 1607 (m), 1503 (w), 1404, (§22
(w), 1265 (w), 1230 (m), 1189 (m), 1173 (m), 1120,(1052 (s), 1018 (m), 871 (m), 812 (vs),
770 (vs), 744 (m).

MS (El, 70 eV): m/z (%) = 223 (M, 26), 208 (30), 189 (13), 130 (40), 121 (17), 138), 104
(29), 93 (100), 76 (35), 65 (25); 51 (14).

HRMS (C1sH13NO): calc.: 223.0997; found: 223. 0991.

4-[Hydroxy(3-methyl-1-phenyl-1H-pyrazol-5-yl)methyl]benzonitrile (110b)
OH

N=Nopy CN

According to TP12 (3-methyl-1-phenyl-H-pyrazol-5-yl)zinc chloride-MgGl (93f, 3.16 mL,
1.80 mmol, 0.57v in THF) was added to 4-formylbenzonitrilé1f; 197 mg, 1.50 mmol, in
2.0 mL THF). The reaction mixture was stirred fod h at 25 °C. Purification by flash
chromatography (silica gel, pentane J&t= 1:1 to E1O) afforded the alcohdl10b (425 mg,
98%) as a white solid.

M.p. (°C): 140-142.

H-NMR (300 MHz, C¢Dg): 8/ ppm = 7.56-7.50 (m, 2H), 7.36 (s, 5H), 7.34-7(28 2H), 5.91
(s, 1H), 5.75 (s, 1H), 3.43 (s, 1H), 2.22 (s, 3H).

3C-NMR (75 MHz, C¢Dg): &/ ppm = 149.1, 146.7, 145.1, 139.1, 132.1, 12928.4, 126.9,
125.5, 118.5, 111.5, 106.6, 67.1, 13.3.

IR (Diamond-ATR, neat): ¥ / cmi* = 3265 (w), 2927 (w), 2228 (m), 1598 (w), 1538 (5§02
(m), 1440 (m), 1407 (m), 1370 (m), 1323 (w), 1280, (1197 (w), 1055 (s), 1034 (s), 1028 (m),
860 (m), 810 (vs), 797 (s), 770 (s), 748 (m), 693 §85 (m), 660 (w).

MS (El, 70 eV): m/z (%) = 289 (M, 100), 272 (8), 159 (36), 130 (11), 118 (6), 79)(1

HRMS (C1gH15N30): calc.: 289.1215; found: 289.1204.

(4-Chlorophenyl)[4-(trimethylsilyl)phenyl]methanone (110c)

O
TMS II II Cl

According to TP12 4-(trimethylsilyphenyl)zinc bromide-2Mg£l93g 2.40 mL, 1.80 mmol,
0.75m in THF) was added to 4-chlorobenzoyl chlorid®q;, 525 mg, 3.00 mmol, in 6.0 mL
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THF) and the reaction mixture was stirred for 18 ah 50 °C. Purification by flash
chromatography (silica gel, pentane {@&t= 98:2) afforded the ketorielOc (423 mg, 81%) as
white solid.

M.p. (°C): 67-69.

'H-NMR (400 MHz, C¢Dg): &/ ppm = 7.70-7.66 (m, 2H), 7.50-7.45 (m, 2H), 77428 (m,
2H), 7.03-6.97 (m, 2H), 0.18 (s, 9H).

3C-NMR (100 MHz, Ce¢D¢): 5/ ppm = 194.6, 145.9, 138.6, 138.1, 136.3, 13B34,6, 129.1,
128.7, -1.4.

IR (Diamond-ATR, neat): U / cm* = 2956 (w), 1725 (vw), 1646 (m), 1586 (m), 1543, (®482
(w), 1387 (m), 1300 (m), 1283 (m), 1254 (m), 11&3, (1151 (w), 1085 (m), 1012 (W), 967 (W),
958 (w), 929 (m), 836 (vs), 824 (vs), 754 (s), €1 706 (M), 672 (s).

MS (El, 70 eV): m/z (%) = 288 (M, 29), 275 (100), 139 (10), 73 (7).

HRMS (C16H17CIOSI): calc.: 288.0737; found: 288.0736.

Pyridin-4-yl[2-(trifluoromethyl)phenylmethanol (11 0d)
CF3 OH

N
_N

|
According to TP12 isonicotinaldehyde 1j; 161 mg, 1.50 mmol) was added to bis[2-
(trifluoromethyl)phenyl]zinc- 2MgX (103l X = CI, Br; 2.20 mL, 0.90 mmol, 0.4& in THF).
The reaction mixture was stirred for 8 h at 25 R@rification by flash chromatography (silica
gel, EtO + 1 vol-% NE}) afforded the alcohd10d (311 mg, 82%) as a white solid.
M.p. (°C): 159-160.
'H-NMR (400 MHz, DMSO-d6): &/ ppm = 8.50 (dJ) = 1.6 Hz, 1H), 8.49 (d] = 1.6 Hz, 1H),
7.75-7.70 (m, 1H), 7.70-7.64 (m, 1H), 7.63-7.58 (), 7.54-7.46 (m, 1H), 7.27-7.22 (m, 2H),
6.48 (d,J=4.7 Hz, 1H), 5.99 (d] = 4.5 Hz, 1H).
3C-NMR (100 MHz, DMSO-d6): 3 / ppm = 152.7, 149.6, 142.2 (tic.- = 1.5 Hz), 132.9 (q,
“Jor = 1.1 Hz), 129.8, 128.1, 126.0 {dc.r = 29.6 Hz), 125.3 (¢ Jcr = 5.8 Hz), 124.4 (d-Jcr
= 274.0 Hz), 121.3, 68.4 ({lcr = 2.3 Hz).
IR (Diamond-ATR, neat): ¥ / cmi' = 3042 (w), 2924 (w), 2850 (w), 1738 (w), 1602 (11583
(w), 1452 (m), 1416 (m), 1310 (s), 1282 (m), 1247, (1152 (s), 1109 (vs), 1063 (s), 1051 (s),
1032 (s), 1006 (s), 791 (s), 766 (s), 752 (s), @®BP
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MS (El, 70 eV): m/z (%) = 253 (M, 72), 237 (17), 233 (18), 204 (60), 184 (28), 1530), 145
(19), 127 (58), 106 (33), 80 (59), 51 (20).

HRMS (C13H10F3NO): calc.: 253.0714; found: 253.0711.

(6-Bromo-1,3-benzodioxol-5-yl)(4-chlorophenyl)methaol (110e)

OH
o
1Ly
cl Br o

According toTP12 bis(4-chlorophenyl)zinc- 2MgX(103¢ X = Cl, Br; 6.00 mL, 0.90 mmol,
0.15 m in THF) was added to 6-bromo-1,3-benzodioxolehalehyde §1k; 344 mg,
1.50 mmol, in 1.0 mL THF). The reaction mixture vesred for 10 h at 25 °C. Purification by
flash chromatography (silica gel, pentane,CEt 6:1 + 1 vol-% NE) afforded the alcohdl10e
(438 mg, 85%) as pale yellow oil.

'H-NMR (400 MHz, acetone-d6): & / ppm = 7.44-7.38 (m, 2H), 7.35-7.30 (m, 2H), 7(%2
1H), 7.02 (s, 1H), 6.07 (s, 1H), 6.05 (o5 1.0 Hz, 1H), 6.01 (d] = 1.0 Hz, 1H), 2.83 (g 1H).
13C-NMR (100 MHz, acetone-d6):5 / ppm = 148.8, 148.7, 143.7, 138.0, 133.2, 12923.0,
112.9,112.7, 108.8, 103.0, 73.6.

IR (Diamond-ATR, neat): U / cm* = 3316 (w), 2973 (w), 2896 (W), 1596 (vw), 1501) (1471
(vs), 1407 (m), 1388 (m), 1231 (s), 1103 (m), 1@®), 1035 (vs), 1013 (s), 966 (m), 931 (s),
845 (s), 780 (m), 728 (w), 672 (w).

MS (El, 70 eV): m/z (%) = 342 (100), 340 (M76), 229 (48), 209 (13), 201 (10), 149 (14), 139
(50), 122 (35), 110 (10), 77 (18), 63 (8).

HRMS (C14H10BrClO 3): calc.: 339.9502; found: 339.9504.

4-[1-Hydroxy-1-(4-methoxyphenyl)ethyl]benzonitrile (110f)
HO Me

MeO II II CN

According toTP12 bis(4-methoxyphenyl)zinc-2MgX103g X = Cl, Br; 2.31 mL, 0.90 mmol,
0.39Mm in THF) was added to 4-acetylbenzonitrig8in; 218 mg, 1.50 mmol, in 0.5 mL THF)
and the reaction mixture was stirred for 1 h at@5Purification by flash chromatography (silica
gel, pentane / ED = 9:1 + 1 vol-% NE) afforded the alcohol10f (236 mg, 62%) as white
solid.
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M.p. (°C): 77-79.

'H-NMR (400 MHz, C¢De): &/ ppm = 7.13-7.07 (m, 4H), 7.05-7.00 (m, 2H), 66780 (m, 2H),
3.30 (s, 3H), 1.70 s 1H), 1.50 (s, 3H).

3C-NMR (100 MHz, CeD¢): 8/ ppm = 159.3, 153.7, 139.5, 131.8, 127.4, 12618,9, 113.8,
111.0, 75.2, 54.8, 30.5.

IR (Diamond-ATR, neat): U / cm’* = 3494 (m), 2967 (w), 2231 (m), 1607 (m), 1504 {g¢8
(m), 1403 (m), 1367 (m), 1299 (w), 1245 (vs), 1189, 1178 (s), 1134 (m), 1090 (m), 1061 (m),
1028 (vs), 960 (w), 919 (m), 840 (s), 816 (s), 68%H

MS (El, 70 eV): m/z (%) = 253 (M, 12), 235 (100), 220 (27), 190 (9), 151 (8), 130)( 43 (5).
HRMS (C16H15NOy): calc.: 253.1103; found: 253.1094.

4-{Hydroxy[4-(trimethylsilyl)phenyllmethyl}benzonit rile (1109)

OH
™S II II CN

According to TP2b bis[4-(trimethylsilyl)phenyl]zinc-2MgX (103¢ X = CI, Br; 3.21 mL,
0.90 mmol, 0.28v in THF) was added to 4-formylbenzonitrilé1f, 197 mg, 1.50 mmol, in
0.5mL THF). The reaction mixture was stirred forh6at 25 °C. Purification by flash
chromatography (silica gel, pentane / EtOAc = 12:1 vol-% NEg) afforded the alcohal10g
(401 mg, 95%) as a pale yellow solid.

M.p. (°C): 73-75.

'"H-NMR (300 MHz, C¢De): &/ ppm = 7.45-7.40 (m, 2H), 7.18-7.12 (m, 2H), 76086 (m, 4H),
5.27 (s, 1H), 1.82 (s, 1H), 0.20 (s, 9H).

13C-NMR (75 MHz, CeD¢): 5/ ppm = 149.0, 144.2, 140.2, 133.9, 132.0, 127283, 118.8,
111.5, 75.4, -1.2.

IR (Diamond-ATR, neat): v / cmi* = 3243 (w), 2956 (w), 2902 (w), 2231 (w), 1598 (4500
(w), 1404 (w), 1328 (w), 1275 (w), 1250 (m), 118%),(1172 (w), 1108 (w), 1028 (m), 1014 (m),
836 (vs), 808 (vs), 745 (m), 678 (m).

MS (El, 70 eV): m/z (%) = 281 (M, 5), 266 (100), 250 (17), 190 (6), 119 (3), 73 (7)

HRMS (C17H1NOSI): calc.: 281.1236; found: 281.1223.
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Dicyclopropyl[4-(dimethylamino)phenyllmethanol (110)

OH 2
MEQN

According to TP12 dicyclopropylmethanone58g 165 mg, 1.50 mmol) was added to bis[4-
(dimethylamino)phenyl]zinc- 2Mgx(103e X = Cl, Br; 2.14 mL, 0.90 mmol, 0.42 in THF).
The reaction mixture was stirred for 24 h at 50 P@rification by flash chromatography (silica
gel, pentane / EtOAc = 8:1 + 1 vol-% NE&fforded the alcohdl10h (257 mg, 74%) as a yellow
oil.

'H-NMR (400 MHz, CgD¢) 3/ ppm = 7.61-7.53 (m, 2H), 6.71-6.64 (m, 2H), 2(566H), 1.17-
1.08 (m, 2H), 1.05 (g 1H), 0.67-0.58 (m, 2H), 0.52-0.44 (m, 2H), 0.4339(m, 2H), 0.31-0.20
(m, 2H).

3C-NMR (100 MHz, CsDe) 3/ ppm = 149.8, 135.7, 127.1, 112.4, 73.1, 40.45,21.9, 0.7.

IR (Diamond-ATR, neat): 7 / cm* = 3084 (w), 3005 (w), 2882 (w), 2799 (w), 1612, (563
(W), 1519 (vs), 1480 (m), 1444 (m), 1424 (w), 1348, 1221 (m), 1191 (m), 1157 (s), 1056 (m),
1024 (s), 992 (m), 947 (m), 914 (m), 871 (m), 849,812 (vs), 751 (W), 732 (w).

MS (El, 70 eV): m/z (%) = 231 (M, 32), 213 (100), 198 (24), 190 (27), 185 (19), (39, 141
(14).

HRMS (C;sH2:1NO): calc.: 231.1623; found: 231.1616.

[2-(Dimethylamino)phenyl][4-(trifluoromethyl)phenyl Jmethanol (110i)
OH

‘ :NMe‘zc “CF,4

According toTP12 bis[2-(dimethylamino)phenyl]zinc- 2MgX103f, X = CI, Br; 3.00 mL, 0.90
mmol, 0.30m in THF). was added to 4-(trifluoromethyl)benzalged @1, 261 mg, 1.5 mmol)
The reaction mixture was stirred for 3 h at 25 RQrification by flash chromatography (silica
gel, pentane / EtOAc = 8:1 + 1 vol-% NEafforded the alcohdl10i (413 mg, 93%) as a yellow
oil.

'H-NMR (400 MHz, DMSO-d6): 5/ ppm = 7.63 (dJ = 8.2 Hz, 2H), 7.52 (d] = 8.4 Hz, 2H),
7.32-7.26 (m, 1H), 7.24-7.18 (m, 2H), 7.09-7.02 {H), 6.27 (dJ = 4.3 Hz, 1H), 6.01 (d] =
4.9 Hz, 1H), 2.61 (s, 6H).
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13C-NMR (100 MHz, DMSO-d6): & / ppm = 151.6, 150.7 (¢Jc.r = 1.5 Hz), 139.7, 128.0,
128.0, 127.0 (q°Jcr = 31.9 Hz), 126.8, 124.8 (QJcr = 3.8 Hz), 124.4 (qiJcr = 271.7 Hz),
124.1, 120.3, 68.3, 45.4.

IR (Diamond-ATR, neat): U / cmi* = 3390 (vw), 2945 (w), 2866 (w), 2833 (w), 2790 (1618
(w), 1599 (w), 1489 (m), 1454 (w), 1412 (w), 1328)( 1160 (s), 1110 (s), 1065 (s), 1035 (m),
1016 (s), 936 (m), 859 (m), 805 (m), 768 (m), 744,664 (m).

MS (El, 70 eV): m/z (%) = 295 (M, 94), 280 (100), 276 (20), 262 (65), 242 (69), 1I®), 145
(12), 106 (9), 91 (10), 77 (11).

HRMS (C16H16FsNO): calc.: 295.1184; found: 295.1178.

[4-(Allyloxy)phenyl](3-methyl-1-phenyl-1H-pyrazol-5-yl)methanol (110j)
OH

According toTP12 4-(allyoxy)benzaldehyde6{m; 243 mg, 1.50 mmol) was added to bis(3-
methyl-1-phenyl-H-pyrazol-5-yl)zinc- 2MgGl (103g 2.65 mL, 0.90 mmol, 0.3¥ in THF). The
reaction mixture was stirred for 15 h at 25 °C.iftwation by flash chromatography (silica gel,
pentane / EtOAc = 1:2 + 1 vol-% Njtafforded the alcohdl10j (439 mg, 91%) as a pale yellow
oil.

'H-NMR (400 MHz, C¢De): &/ ppm = 7.63-7.58 (m, 2H), 7.14-7.03 (m, 4H), 76094 (m, 1H),
6.77-6.71 (m, 2H), 6.05 (s, 1H), 5.86-5.74 (m, 181K6 (s, 1H), 5.25-5.17 (m, 1H), 5.05-4.99
(m, 1H), 4.14-4.09 (m, 2H), 2.70 (s, 1H), 2.2634).

3C-NMR (100 MHz, C¢D¢): &/ ppm = 158.6, 148.9, 146.9, 140.7, 135.1, 13B2B,0, 128.1,
127.4,125.4,117.0, 114.7, 107.2, 68.6, 68.0,.13.7

IR (Diamond-ATR, neat): ¥ / cm' = 3241 (w), 3070 (w), 2923 (w), 2866 (w), 1609 (11598
(m), 1548 (w), 1502 (vs), 1458 (m), 1425 (m), 1366, 1302 (m), 1239 (s), 1222 (s), 1173 (s),
1127 (m), 1020 (vs), 997 (s), 920 (m), 793 (s), &6}, 695 (vs), 673 (s), 659 (S).

MS (El, 70 eV): m/z (%) = 320 (M, 100), 303 (35), 279 (96), 261 (34), 233 (13), 185), 169
(9), 159 (17), 77 (17), 41 (17).

HRMS (C20H20N205): calc.: 320.1525; found: 320.1512.



C. Experimental Section 229

(3-Chlorophenyl)(3-methyl-1-phenyl-1H-pyrazol-5-yImethanol (110Kk)
OH

N\©/C|
Me—
N-N.

Ph
According toTP12 3-chlorobenzaldehyd&1c 211 mg, 1.50 mmol) was added to bis(3-methyl-

1-phenyl-H-pyrazol-5-yl)zinc-2MgGl (103g 2.65 mL, 0.90 mmol, 0.344 in THF). The
reaction mixture was stirred for 6 h at 25 °C. feation by flash chromatography (silica gel,
pentane / EOD = 1:1 + 1 vol-% NE) afforded the alcohdl10k (358 mg, 80%) as a white solid.
M.p. (°C): 100-102.

'H-NMR (400 MHz, C¢De): &/ ppm = 7.53-7.47 (m, 2H), 7.28-7.25 (m, 1H), 76094 (m, 4H),
6.87-6.83 (m, 1H), 6.74 (§,= 7.7 Hz, 1H), 5.78 (s, 1H), 5.45 (s, 1H), 2.921¢d), 2.16 (s, 3H).
13C-NMR (100 MHz, CsDe): 8/ ppm = 149.0, 145.8, 144.9, 140.3, 134.4, 12826,1, 127.8,
127.7,126.9, 125.5, 124.8, 107.3, 67.3, 13.5.

IR (Diamond-ATR, neat): 7 / cm* = 3261 (w), 2926 (vw), 1597 (w), 1575 (w), 1543 (0504
(m), 1481 (w), 1437 (m), 1370 (m), 1338 (w), 1298,(1232 (w), 1194 (m), 1146 (w), 1130 (w),
1098 (w), 1079 (w), 1050 (m), 1032 (s), 1000 (W)8 gvw), 888 (w), 874 (w), 826 (w), 797 (vs),
772 (vs), 726 (s), 697 (vs), 660 (m).

MS (El, 70 eV): m/z (%) = 298 (M, 100), 221 (5), 204 (7), 185 (12), 159 (48), 18P 116 (4),
77 (11).

HRMS (C17H15CIN,0): calc.: 298.0873; found: 298.0869.

(3,4-Dichlorophenyl)(3,5-dimethylisoxazol-4-yl)methanol (110I)

Me OH

) cl
N |

0 Nve cl
According to TP12 bis(3,5-dimethylisoxazol-4-yl)zinc- 2MgX(103h X = CI, Br; 3.64 mL,
1.20 mmol, 0.331 in THF) was added to 3,4-dichlorobenzaldehyéid( 350 mg, 2.00 mmol, in
1.0 mL THF). The reaction mixture was stirred fot B at 25 °C. Purification by flash
chromatography (silica gel, pentane / EtOAc = 2:1 ¥ol-% NEg) afforded the alcohol10l
(451 mg, 83%) as a white solid.

M.p. (°C): 108-110.

'"H-NMR (300 MHz, CeD¢): 8/ ppm = 7.54-7.50 (m, 1H), 7.01 (ddl= 8.1 Hz, 1.4 Hz, 1H),
6.69 (t,J= 7.9 Hz, 1H), 5.56 (s, 1H), 2.64 (s, 1H), 1.953(d), 1.81 (s, 3H).
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13C-NMR (75 MHz, CeD¢): 5/ ppm = 166.5, 158.9, 142.1, 133.5, 130.5, 1295,1, 126.3,
114.5, 64.8, 11.2, 10.6.

IR (Diamond-ATR, neat): V / cmi® = 3541 (vw), 3301 (w), 2954 (w), 2923 (m), 2853 (4624
(m), 1446 (m), 1414 (s), 1381 (m), 1323 (w), 1269,(1176 (s), 1153 (m), 1063 (s), 1036 (s),
877 (s), 818 (m), 776 (vs), 748 (s), 680 (s).

MS (El, 70 eV): m/z (%) = 271 (M, 54), 236 (21), 228 (13), 212 (10), 195 (100), (B, 126
(76), 108 (14), 84 (25), 42 (35).

HRMS (C12H11CI2NOy): calc.: 271.0167; found: 271.0165.

(3,5-Dimethylisoxazol-4-yl)[4-(1H-1,2,4-triazol-1-{)phenylJmethanol (110m)
Me OH

N

(0] N\
Me I\\‘ \N
N=/

According to TP12 bis(3,5-dimethylisoxazol-4-yl)zinc- 2Mg@X(103h, X = CI, Br; 3.64 mL,
1.20 mmol, 0.33v in THF) was added to 41,2,4-triazol-1-yl)benzaldehyd&1n;, 346 mg,
2.00 mmol, in 1.0 mL THF). The reaction mixture veisred for 14 h at 25 °C. Purification by
flash chromatography (silica gel, EtOAc + 1 vol-%1) afforded the alcohal10m (413 mg,
76%) as a white solid.

M.p. (°C): 129-130.

'"H-NMR (400 MHz, acetone-d6):5/ ppm = 9.01 (s, 1H), 8.08 (s, 1H), 7.89-7.81 2id), 7.62-
7.55 (m, 2H), 5.93 (s, 1H), 2.91,(s1H), 2.36 (s, 3H), 2.03 (s, 3H).

13C-NMR (100 MHz, acetone-d6):5 / ppm = 166.4, 159.4, 153.2, 144.0, 142.4, 13¥2B.0,
120.2,117.7, 66.2, 11.3, 10.8.

IR (Diamond-ATR, neat): U / cm* = 3560 (vw), 3328 (m), 3124 (w), 3084 (w), 1608,(4522
(vs), 1458 (m), 1438 (m), 1424 (s), 1360 (m), 18&Y 1274 (s), 1248 (m), 1226 (m), 1194 (m),
1174 (m), 1154 (s), 1050 (s), 1032 (s), 982 (sB, @B), 862 (s), 792 (vs), 674 (vs), 648 (m).

MS (El, 70 eV): m/z (%) = 270 (M, 29), 253 (8), 211 (7), 172 (9), 146 (100), 123)(B2 (7),
43 (9).

HRMS (C14H14N4Oy): calc.: 270.1117; found: 270.1115.
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1-(4-Fluorobenzyl)-1,2,3,4-tetrahydronaphthalen-1-b(111a)

<o
According toTP12 4-fluorobenzylzinc chloride-Mgel(95¢ 3.12 mL, 2.40 mmol, 0.7% in
THF) was added ta-tetralone $8e 292 mg, 2.00 mmol, in 1 mL THF). The reaction tuie

was stirred for 9 h at 25 °C. Purification by flastromatography (silica gel, pentane J&t&=
10:1 + 1 vol-% NEJ) afforded the alcohdl11a(378 mg, 74%) as a pale yellow oil.

'"H-NMR (400 MHz, C¢De): &/ ppm = 7.52-7.48 (m, 1H), 7.13-7.03 (m, 2H), 76093 (m, 2H),
6.93-6.89 (m, 1H), 6.83-6.75 (m, 2H), 2.98 Jd; 13.8 Hz, 1H), 2.70 (dl = 13.8 Hz, 1H), 2.56-
2.40 (m, 2H), 1.67-1.59 (m, 1H), 1.52-1.44 (m, 2H%2-1.35 (s, 1H), 1.33-1.24 (m, 1H).
13C-NMR (100 MHz, C¢Dg): 8/ ppm = 162.2 (d"Jcr = 243.7 Hz), 143.1, 136.5, 133.8 {dc.r
= 3.1 Hz), 132.5 (d®Jc.r = 7.7 Hz), 128.8, 127.2, 127.2, 126.3, 114.8Jgr = 21.1 Hz), 72.4,
47.7,35.9, 29.9, 20.2.

IR (Diamond-ATR, neat): ¥ / cm' = 3435 (w), 3064 (w), 3020 (w), 2933 (m), 2868 (103
(m), 1507 (vs), 1488 (m), 1449 (m), 1345 (w), 1219, 1157 (s), 1095 (m), 1078 (m), 1016 (s),
971 (m), 946 (m), 834 (s), 822 (s), 792 (m), 796764 (s), 733 (vS).

MS (El, 70 eV): m/z (%) = 255 ([M-H], <1), 238 (19), 147 (100), 129 (45), 109 (13)(24).
HRMS (C17H17FO): calc.: 255.1185 ([M-H)); found: 255.1209 ([M-H).

4-[2-(4-Fluorophenyl)-1-hydroxy-1-methylethyl]benzaitrile (111b)

O CN
_ HO Me

According to TP12 4-fluorobenzylzinc chloride- Mggl(95¢ 4.62 mL, 1.80 mmol, 0.3® in

THF) was added to 4-acetylbenzonitrig8(; 218 mg, 1.50 mmol, in 0.5 mL THF) and the

reaction mixture was stirred for 15 h at 25 °C.ikuation by flash chromatography (silica gel,

pentane / ED = 1:1 + 1 vol-% NE) afforded the alcohol11b (305 mg, 80%) as yellowish

solid.

M.p. (°C): 93-95.

'H-NMR (300 MHz, C¢De): &/ ppm = 7.07-7.01 (m, 2H), 6.91-6.85 (m, 2H), 66184 (m, 2H),

6.61-6.53 (m, 2H), 2.54 (d,= 13.6 Hz, 1H), 2.49 (d] = 13.6 Hz, 1H), 1.22 {s 1H), 1.05 (s,

3H).
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13C-NMR (75 MHz, CeD¢): &/ ppm = 162 (d"Jc.r = 244.8 Hz), 152.5, 132.2 (llc.c = 7.9 Hz),
132.2 (d,Jc.r = 3.1 Hz), 131.7, 125.9, 118.9, 115.0 (@ = 21.0 Hz), 111.0, 73.9 (QJcr =
1.4 Hz), 49.3, 28.8.

IR (Diamond-ATR, neat): V / cmi* = 3468 (m), 2234 (m), 1739 (w), 1606 (m), 1504, (%04
(m), 1379 (m), 1298 (w), 1220 (s), 1198 (m), 1149,(1098 (m), 1075 (m), 1018 (m), 933 (m),
836 (vs), 821 (s), 770 (m), 734 (m), 709 (m), 6T9.(

HRMS (ESI; C1¢H14FNO): calc.: 273.1403 ([M+NH]*); found: 273.1397 ([M+Ng]").

1-(2-Chlorophenyl)-1-(4-chlorophenyl)-2-(4-fluoroptenyl)ethanol (111c)
Cl

O )

OH

Cl
According toTP12 4-fluorobenzylzinc chloride- Mgel(95¢ 4.62 mL, 1.80 mmol, 0.3® in

THF) was added to (2-chlorophenyl)(4-chlorophenginanone §8n; 377 mg, 1.50 mmol, in
0.5 mL THF) and the reaction mixture was stirred 48 h at 25 °C. Purification by flash
chromatography (silica gel, pentane J&{ CHCl, = 18:1:1) afforded the alcohalL1c(422 mg,
78%) as yellow solid.

M.p. (°C): 90-92.

H-NMR (400 MHz, C¢De): &/ ppm = 7.39 (ddJ = 7.8 Hz, 1.8 Hz, 1H), 7.07-7.00 (m, 3H),
6.88-6.63 (m, 8H), 3.70 (d,= 13.1 Hz, 1H), 3.04 (dl = 13.1 Hz, 1H), 2.31 ¢s 1H).

13C-NMR (100 MHz, CsDe): &/ ppm = 161.8 (dJc.r = 244.2 Hz), 144.3, 142.2, 132.9, 132.2
(d, 3cr=78 Hz), 132.0, 132.0 (dJc-F = 3.3 Hz), 130.8, 128.6, 128.5, 128.0, 127.9, 126.
114.1 (d2Jc.r = 21.0 Hz), 77.3 (dJcr = 1.4 Hz), 43.7.

IR (Diamond-ATR, neat): U / cm* = 3524 (vw), 3465 (vw), 1606 (w), 1510 (s), 1488)
1433 (m), 1401 (w), 1342 (w), 1269 (w), 1224 (959 (m), 1129 (w), 1092 (m), 1056 (w), 1035
(m), 1014 (m), 1002 (m), 944 (w), 925 (w), 886 (WBR2 (vs), 756 (vs), 748 (s), 724 (m),
696 (m).

HRMS (ESI; C,gH1sClsFO): calc.: 405.0466 ([M+HCE"); found: 405.0462 (IM+HCQ").
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1-[4-(Dimethylamino)phenyl]-2-(4-methoxyphenyl)ethaol (111d)

NMGQ
%
MeO

According toTP12 4-methoxybenzylzinc chloride- MgL(95i; 36.1 mL, 13.0 mmol, 0.361 in
THF) was added to 4-(dimethylamino)benzaldehyid(1.49 g, 10.0 mmol, in 5 mL THF) and
the reaction mixture was stirred for 1 h at 25 P@rification by flash chromatography (silica gel,
pentane / BD = 2:5) afforded the alcoh&ll1d (2.68g, 99%) as yellow solid.

M.p. (°C): 113-115.

'H-NMR (400 MHz, CgDg): 8/ ppm = 7.27-7.22 (m, 2H), 7.04-6.99 (m, 2H), 66761 (m, 2H),
6.63-6.58 (M, 2H), 4.75-4.70 (m, 1H), 3.30 (s, 3806 (dd,J = 13.5 Hz, 7.4 Hz, 1H), 2.98 (dd,
J=13.5 Hz, 5.7 Hz, 1H), 2.53 (s, 6H), 1.66 (s, 1H)

13C-NMR (100 MHz, CgDg): o/ ppm = 158.7, 150.4, 133.0, 131.0, 130.9, 12¥13,0, 112.7,
75.6, 54.7, 45.7, 40.3.

IR (Diamond-ATR, neat): V / cmi* = 3556 (w), 2961 (w), 2931 (w), 2908 (w), 2856 (@335
(W), 1614 (m), 1522 (s), 1508 (s), 1440 (m), 13é®, (L354 (m), 1303 (w), 1243 (s), 1204 (m),
1184 (m), 1175 (m), 1156 (m), 1106 (m), 1045 (22 (s), 995 (w), 947 (w), 875 (w), 825
(vs), 762 (w), 706 (w), 638 (w).

MS (El, 70 eV):m/z (%) = 271 (M, 2), 253 (58), 238 (27), 165 (6), 150 (100), 128 120 (6).
HRMS (C;7H2:1NO): calc.: 271.1572; found: 271.1570.

4-[1-Hydroxy-2-(4-methoxyphenyl)-1-methylethyl]benbnitrile (111e)

O CN
o HO Me

According toTP12 4-methoxybenzylzinc chloride- MgC(95i; 2.23 mL, 1.61 mmol, 0.78 in

THF) was added to 4-acetylbenzonitri&8(n; 195 mg, 1.34 mmol, in 0.5 mL THF). The reaction

mixture was stirred for 14 h at 25 °C. Purificatitay flash chromatography (silica gel,

pentane / ED = 4:1 to 1:1 + 1 vol-% NE} afforded the alcohadl11le(264 mg, 74%) as a pale

yellow solid.

M.p. (°C): 120-121.

'H-NMR (300 MHz, C¢Dg): &/ ppm = 7.10-7.04 (m, 2H), 7.00-6.94 (m, 2H), 66783 (m, 4H),

3.29 (s, 3H), 2.69 (d} = 13.4 Hz, 1H), 2.61 (dJ = 13.6 Hz, 1H), 1.39 (s, 1H), 1.15 (s, 3H).
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13C-NMR (75 MHz, CeD¢): 5/ ppm = 159.2, 152.9, 131.7, 131.7, 128.2, 126180, 113.9,
110.9, 74.1, 54.7, 49.4, 29.0.

IR (Diamond-ATR, neat): ¥ / cmi' = 3485 (m), 2974 (w), 2936 (w), 2915 (w), 2840 (2329
(m), 1609 (m), 1582 (w), 1512 (s), 1443 (m), 1409,(1370 (w), 1302 (m), 1284 (w), 1249 (vs),
1225 (s), 1174 (m), 1142 (m), 1109 (m), 1074 (ndp4L(m), 1030 (s), 952 (m), 938 (m), 842 (s),
829 (vs), 763 (m).

MS (El, 70 eV):m/z (%) = 267 (M, 1), 146 (6), 121 (100), 77 (5), 43 (6).

HRMS (C;/H17/NOy): calc.: 267.1259; found: 267.1250.

Ethyl 3-(3,3,3-trifluoro-2-hydroxy-2-phenylpropyl)b enzoate (111f)

EtO,C O
O HO™ “CF,

According toTP12 3-(ethoxycarbonyl)benzylzinc chloride- MgGB5m; 3.00 mL, 1.20 mmol,
0.40m in THF) was added to 2,2,2-trifluoro-1-phenyletbae 68l; 174 mg, 1.00 mmol). The
reaction mixture was stirred for 16 h at 25 °C.iftwation by flash chromatography (silica gel,
pentane / EtOAc = 4:1 + 1 vol-% Njrtfforded the alcohdl11f (296 mg, 87%) as a colourless
oil.

'H-NMR (400 MHz, acetone-d6):3 / ppm = 7.80-7.78 (m, 1H), 7.76-7.72 (m, 1H), 7%37
(m, 2H), 7.36-7.26 (m, 4H), 7.22-7.16 (m, 1H), 4830 (m, 2H), 3.65 (dJ = 14.1 Hz, 1H),
3.49 (d,J = 14.3 Hz, 1H), 2.82 {g 1H), 1.30 (tJ = 7.1 Hz, 3H).

13C-NMR (100 MHz, acetone-d6):5 / ppm = 167.2, 138.2, 136.9, 136.7, 133.4, 13124.6,
129.3, 129.0, 128.9, 128.4 (flcr = 1.6 Hz), 127.8 (qYc.r = 286.3 Hz), 77.3 (¢%Jcr =
28.9 Hz), 61.9, 41.9, 15.2.

IR (Diamond-ATR, neat): 7 / cmi* = 3445 (w), 2984 (vw), 1696 (s), 1608 (w), 1589, (0449
(m), 1370 (m), 1281 (s), 1205 (s), 1150 (vs), 1196 1084 (m), 1074 (m), 1019 (s), 966 (m),
909 (w), 866 (w), 756 (m), 735 (m), 709 (s), 673.(m

MS (El, 70 eV): m/z (%) = 339 ([M+H], 5), 293 (19), 175 (16), 164 (100), 136 (33), (18),
105 (19), 91 (14), 77 (6).

HRMS (C1gH17F303): calc.: 339.1208 ([M+H); found: 339.1196 ([M+H).



C. Experimental Section 235

Ethyl 3-(2-{[(4-methylphenyl)sulfonyllamino}-2-phenylethyl)benzoate (1119)
H

N.
EtO,C Te
Ph

According to TP12 bis(3-(ethoxycarbonyl)benzyl)zinc-2MgC[(106g 3.33 mL, 1.1 mmol,
0.33m in THF) was added to 4-methiMH{(1E)-phenylmethylene]benzenesulfonamidgld
519 mg, 2.00 mmol, in 1.0 mL THF). The reaction e was stirred for 24 h at 25 °C.
Purification by flash chromatography (silica getnpane / EtOAc = 3:1 + 1 vol-% Néttafforded
the aminel11g(728 mg, 86%) as a white solid.

M.p. (°C): 114-116.

'H-NMR (400 MHz, DMSO-d6): & / ppm = 8.34 (dJ = 9.0 Hz, 1H), 7.73-7.68 (m, 1H), 7.67-
7.63 (m, 1H), 7.40-7.33 (m, 1H), 7.30-7.21 (m, 5htl NH)), 7.21-7.10 (m, 3H), 7.00 (d,=
8.0 Hz, 2H), 4.47-4.38 (m, 1H), 4.29 (= 7.2 Hz, 2H), 2.94-2.79 (m, 2H), 2.24 (s, 3HB2L(t,
J=7.1Hz, 3H).

13C-NMR (100 MHz, DMSO-d6): & / ppm = 165.6, 142.2, 141.6, 138.5, 138.4, 1343D.0,
129.5, 128.9, 128.3, 128.0, 127.0, 126.8, 126.5,9150.6, 59.2, 43.0, 20.8, 14.2.

IR (Diamond-ATR, neat): 7 / cmi* = 3269 (m), 2924 (m), 2856 (w), 1696 (vs), 1603, (1589
(W), 1494 (w), 1445 (m), 1426 (m), 1370 (m), 1388 (1284 (vs), 1201 (s), 1158 (vs), 1107 (s),
1092 (s), 1070 (m), 1027 (s), 963 (m), 908 (m), 887, 812 (m), 755 (vs), 699 (m), 692 (M),
664 (s).

MS (El, 70 eV): m/z (%) = 424 ([M+H], <1), 378 (6), 260 (100), 155 (25), 91 (26), 65 (3
HRMS (C24H25NO,S): calc.: 424.1583 ([M+H)); found: 424.1564 ([M+H).

Ethyl 3-[2-(4-fluorophenyl)-2-hydroxypropyl]benzoate (111h)
F
EtO,C O
HO Me
According toTP12 1-(4-fluorophenyl)ethanoné8a, 276 mg, 2.0 mmol) was added to bis(3-
(ethoxycarbonyl)benzyl)zinc- 2Mg£(106g 6.67 mL, 2.2 mmol, 0.3% in THF). The reaction
mixture was stirred for 24 h at 50 °C. Purificatidny flash chromatography (silica gel,

pentane / EtOAc = 4:1 + 1 vol-% Nftafforded the alcoholllh (444 mg, 68%) as a pale

yellow oil.
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'H-NMR (400 MHz, CeDg): 8/ ppm = 8.07-8.01 (m, 1H), 7.95-7.92 (m, 1H), 76025 (m, 3H),
6.95-6.91 (m, 1H), 6.82-6.74 (m, 2H), 4.17-4.08 @H), 2.76 (dJ = 13.3 Hz, 1H), 2.69 (d] =
13.3 Hz, 1H), 1.23 (s, 1H), 1.16 (s, 3H), 1.03&, 7.1 Hz, 3H).

3C-NMR (100 MHz, CsD¢): 5/ ppm = 166.4, 162.0 (dJc.r = 244.4 Hz), 143.6 (dJcr= 3.1
Hz), 137.8, 135.1, 132.2, 130.8, 128.0, 128.0, 1.27,3Jc.r = 8.0 Hz), 114.8 (dJc.r = 21.0 Hz),
73.9, 60.8, 50.5, 29.2, 14.2.

IR (Diamond-ATR, neat): v / cmi* = 3480 (w), 2980 (w), 2930 (w), 1699 (s), 1603 (4508
(s), 1444 (m), 1368 (m), 1277 (vs), 1223 (s), 1199 1160 (m), 1106 (s), 1088 (s), 1015 (m),
952 (w), 932 (w), 863 (m), 836 (s), 815 (M), 755 {0 (s), 700 (m).

MS (El, 70 eV): m/z (%) = 302 (M, <1), 184 (15), 257 (23), 211 (13), 196 (11), {5@0), 139
(88), 136 (42), 118 (11), 91 (18), 43 (36).

HRMS (C1gH19FO3): calc.: 302.1318; found: 302.1306.

1,1-Dicyclopropyl-2-(3-methoxyphenyl)ethanol (111i)

According to TP12 dicyclopropylmethanone58g 156 mg, 1.50 mmol) was added to bis(4-
methoxybenzyl)zinc- 2Mggl(106g 2.90 mL, 0.90 mmol, 0.3@ in THF). The reaction mixture
was stirred for 1 h at 25 °C. Purification by fladiromatography (silica gel, pentane /&t 9:1

+ 1 vol-% NEg) afforded the alcohdl11i (292 mg, 84%) as a colourless oil.

'H-NMR (300 MHz, C¢Dg): &/ ppm = 7.16-7.08 (m, 1H), 7.02-6.98 (m, 1H), 66988 (m, 1H),
6.78-6.71 (m, 1H), 3.39 (s, 3H), 2.80 (s, 2H), 0655 (M, 3H (incl. ®)), 0.44-0.32 (m, 4H),
0.27-0.06 (m, 4H).

13C-NMR (75 MHz, C¢Dg): 8/ ppm = 159.9, 139.7, 129.0, 123.5, 117.2, 112085, 54.7, 49.4,
19.0, 1.3, -0.2.

IR (Diamond-ATR, neat): U / cmi* = 3517 (w), 3084 (w), 3006 (w), 2919 (w), 2835 (dH01
(m), 1584 (m), 1488 (s), 1453 (m), 1437 (m), 1342, (1260 (vs), 1167 (s), 1153 (s), 1117 (m),
1043 (s), 1022 (s), 994 (s), 913 (m), 875 (m), &Y, 826 (m), 778 (s), 749 (m), 738 (m),
703 (8).

MS (El, 70 eV): m/z (%) = 232 (M, <1), 214 (11), 185 (10), 122 (40), 111 (100),(28), 77
(13), 69 (77), 57 (11), 41 (26).
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HRMS (C15H200,): calc.: 232.1463; found: 232.1453.

4-Methoxybenzoic acid (112)

MeOOCOZH

According toTP13 bis(4-methoxyphenyl)zinc-2MgX103g X = Br, Cl; 2.56 mL, 1.00 mmol,
0.39 M in THF) was reacted with dry Gg at 25°C for 3 h. After purification, 4-
methoxybenzoic acifl12, 286 mg, 94%) was obtained as a white solid.

M.p. (°C): 185-186 °C.

'"H-NMR (400 MHz, DMSO-d6): & / ppm = 12.59 (s, 1H), 7.91-7.85 (m, 2H), 7.0366(¢n,
2H), 3.81 (s, 3H).

3C-NMR (100 MHz, DMSO-d6): 5/ ppm = 166.9, 162.8, 131.3, 122.9, 113.8, 55.4.

IR (Diamond-ATR, neat): V / cmi' = 2982 (w), 2940 (w), 2842 (w), 2542 (w), 1924 (4578
(vs), 1602 (s), 1576 (s), 1516 (m), 1426 (m), 1293 1260 (vs), 1166 (s), 1130 (s), 1106 (s),
1024 (s), 924 (s), 844 (s), 824 (m), 772 (s), 68H 634 (m), 614 (S).

MS (El, 70 eV): m/z (%) = 152 (M, 100), 135 (86), 107 (10), 92 (16), 77 (25), 63)(1

HRMS (CgHgO3): calc.: 152.0473; found: 152.0468.

Phenylacetic acid (113)

OH
Y

According toTP13 bis(benzyl)zinc-2MgGl (106¢ 2.38 mL, 1.00 mmol, 0.4® in THF) was
reacted with dry Cgy) at 25 °C for 2.5 h. After purification, phenylaiceticid (113 208 mg,
76%) was obtained as a white solid.

M.p. (°C): 80-82.

'H-NMR (400 MHz, DMSO-d6): & / ppm = 12.29 (s, 1H), 7.33-7.28 (m, 2H), 7.27-7.20 (m,
3H), 3.56 (s, 2H).

3C-NMR (100 MHz, DMSO-d6): 3/ ppm = 172.7, 135.0, 129.3, 128.2, 126.5, 40.7.

IR (Diamond-ATR, neat): 7 / cmi* = 2921 (w), 1692 (s), 1498 (w), 1454 (w), 1407 (4936
(m), 1290 (w), 1228 (m), 1186 (m), 1074 (w), 892,(889 (m), 751 (m), 699 (vs), 676 (S).
MS (El, 70 eV):m/z (%) = 136 (M, 72), 91 (100), 65 (12), 44 (5).

HRMS (CgHgOy): calc.: 136.0524; found: 136.0509.
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5. Carbocupration of Alkynes With Functionalized Diorganozinc Reagents
5.1. Preparation of the starting materials
1-Bromo-2-{[(4-methoxyphenyl)thio]lethynyl}benzene 118b)
D=
-

OMe
To 1-bromo-2-ethynylbenzene (958 mg, 5.29 mmol)TiHF (5 mL) was added MeMgCl

(.77 mL, 5.29 mmol, 2.9@ in THF) at 25 °C and the reaction mixture wagatirffor 1 h. Then,
S(4-methoxyphenyl) benzenesulfonothiodi&f( 1.48 g, 5.29 mmol, in 5 mL THF) was added at
-40 °C and the resulting reaction mixture was sjowarmed to 0 °C within 12 h. The reaction
mixture was quenched with sat. aq. X0H solution (50 mL) and extracted withBEX (3 X
50 mL). The combined organic layers were dried dvaSO, and concentrateish vacuo. Flash
chromatography (silica gel, pentane &t 95:5) furnished the alkyriEl8b (1.48 g, 86%) as a
yellow oil.

'"H-NMR (300 MHz, CDCl3): &/ ppm = 7.60-7.55 (m, 1H), 7.53-7.44 (m, 3H), 77282 (m,
1H), 7.18-7.11 (m, 1H), 6.94-6.88 (m, 2H), 3.8034).

3C-NMR (75 MHz, CDCls): 5/ ppm = 159.1, 133.0, 132.4, 129.2, 129.0, 12728,3, 125.0,
122.5,115.1, 95.0, 82.4, 55.4.

IR (Diamond-ATR, neat): V' / cm® = 2834 (w), 2169 (w), 1590 (m), 1491 (s), 1290,(&P43
(vs), 1174 (s), 1025 (s), 820 (s), 749 (s), 681 (m)

MS (El, 70 eV): m/z (%) = 318 (M, 90), 305 (23), 239 (100), 195 (34), 152 (21), (49), 43
(11).

HRMS (C1sH1,BrOS): calc.: 317.9714; found: 317.9709.

1-Fluoro-4-{[(4-methoxyphenyl)thio]ethynyl}benzene(118d)

To 1-ethynyl-4-fluorobenzene (1.20 g, 10.0 mmolYHF (10 mL) was addea-BuLi (4.20 mL,
10.5 mmol, 2.50v in THF) at -20 °C and the reaction mixture wasrati for 30 min. Then,
freshly prepared Mg@l(21.0 mL, 10.5 mmol 0.5 in THF; prepared by the reaction of 1,2-

dichloroethane with magnesium turnings in THF) wdded and the reaction mixture was stirred
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for additional 30 min. Then,S(4-methoxyphenyl) benzenesulfonothioaté7f( 3.08 g,
11.0 mmol, in 10 mL THF) was added at -40 °C arelrissulting reaction mixture was slowly
warmed to 25 °C within 18 h. The reaction mixturaswguenched with sat. aq. MH solution
(50 mL) and extracted with E» (3 x 50 mL). The combined organic layers weredlrover
N&SO, and concentrateth vacuo. Flash chromatography (silica gel, pentane OEt 98:2)
furnished the alkyn&18d(2.08 g, 80%) as a yellow solid.

M.p. (°C): 40-42.

H-NMR (400 MHz, CDCls): &/ ppm =7.49-7.39 (m, 4H), 7.05-6.97 (m, 2H), 6887 (m, 2H),
3.80 (s, 3H).

13C-NMR (75 MHz, CDCl3): & / ppm = 162.6 (d*Jc.r = 249.9 Hz), 159.1, 133.7 (Vcr =
8.8 Hz), 129.0, 122.8, 119.1 (0. = 3.5 Hz), 115.6 (FJc.r = 22.3 Hz), 115.1, 95.0, 76.8, 55.4.
IR (Diamond-ATR, neat): U / cm* = 2936 (w), 2836 (w), 1652 (vw), 1596 (m), 1574,(1492
(s), 1456 (m), 1438 (m), 1402 (w), 1294 (m), 1249,(1230 (s), 1214 (s), 1176 (s), 1154 (s),
1106 (m), 1092 (m), 1084 (m), 1024 (s), 1006 (r8Y 8/s), 814 (vs), 796 (s), 634 (W), 622 (W).
MS (El, 70 eV): m/z (%) = 258 (M, 100), 243 (50), 215 (17), 199 (7), 183 (10), {¥0), 107
(12).

HRMS (C1sH1:FOS): calc.: 258.0515; found: 258.0505.

5.2. Preparation of the title compounds
1-Bromo-2-{(E)-2-iodo-1-(4-methoxyphenyl)-2-[(4-methoxyphenyl)tio]vinyl}benzene
(120b)

MeQO

Y

< B?OOMe
Bis(4-methoxyphenyl)zinc- 2MgX(103g X = Br, Cl; 8.11 mL, 3.00 mmol, 0.3 in THF) was
added dropwise to CuCN-2LIiCl (3.00 mL, 3.00 mmoQ0Im in THF) at -20 °C. The mixture
was stirred for 30 min. Then, 1-bromo-2-{[(4-metlygpkenyl)thio]ethynyl}benzene 118k
638 mg, 2.00 mmol, in 1 mL THF) was added and #etion mixture was stirred for 6 h at
25 °C. The reaction mixture was added dropwisenotter flask containing iodine (7.78 g,

7.00 mmol) in THF (7 mL) at -40 °C. After stirrinfpr 10 min, a mixture of sat. ag.
NH4CIl / NH3(25% in HO) = 2:1 (100 mL) was added. The phases were deplagad the aqg.
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layer was extracted with D (3 x 100 mL). The combined extracts were drieéroMaSO,;.
Evaporation of the solvents vacuo and purification by flash chromatography (silical,g
pentane / ED = 3:1 + 1 vol-% NE) afforded the vinylic iodidel20b (908 mg, 82%F/Z =
99:1) as a yellow oil.

'H-NMR (400 MHz, acetone-d6):5 / ppm = 7.63 (ddJ = 8.1 Hz, 1.1 Hz, 1H), 7.51 (dd,=
7.6 Hz, 1.8 Hz, 1H), 7.45-7.37 (m, 5H), 7.27-7.81, {H), 6.99-6.93 (m, 2H), 6.91-6.86 (m, 2H),
3.82 (s, 3H), 3.78 (s, 3H).

13C-NMR (100 MHz, acetone-d6):5 / ppm = 161.1, 160.3, 152.4, 143.2, 136.7, 1353R.7,
131.4,131.0, 130.1, 128.6, 127.6, 122.9, 115.8,01B7.7, 55.7, 55.5.

IR (Diamond-ATR, neat): ¥ / cmi' = 2956 (w), 2932 (w), 2870 (w), 2834 (w), 1590 (11§72
(W), 1504 (m), 1492 (s), 1462 (m), 1440 (m), 1288, (1244 (vs), 1172 (s), 1106 (w), 1064 (w),
1028 (s), 952 (w), 910 (w), 826 (s), 770 (m), 74R 708 (w), 656 (W), 640 (w).

MS (El, 70 eV): m/z (%) = 552 (M, 14), 473 (24), 427 (69), 346 (100), 331 (24), 19r 139
(24).

HRMS (C22H18BrlO ,S): calc.: 551.9256; found: 551.9249.

1-Bromo-2-{(12)-1-(4-methoxyphenyl)-2-[(4-methoxyphenyl)thio]perd-1,4-dien-1-yl}-

benzene (120c)
MeO

)

S Brs@om
Bis(4-methoxyphenyl)zinc- 2MgX(103g X = Br, Cl; 4.05 mL, 1.50 mmol, 0.3 in THF) was
added dropwise to CuCN-2LIiCl (1.50 mL, 1.50 mmoQ0Im in THF) at -20 °C. The mixture
was stirred for 30 min. Then, 1-bromo-2-{[(4-metlypkenyl)thio]ethynyl}benzene 118k
318 mg, 1.00 mmol, in 1 mL THF) was added and #ation mixture was stirred for 6 h at
25 °C. The reaction mixture was cooled to -50 °@ aftyl bromide (436 mg, 3.60 mmol, in
5 mL THF) was added. Then, the mixture was stifoed0 min at -50 °C followed by 45 min at
-30 °C. Then, a mixture of sat. aq. MH/ NH3(25% in HO) = 4:1 (100 mL) was added. The
phases were separated and the aq. layer was extratth EtO (3 x 100 mL). The combined

extracts were dried over bB0O,. Evaporation of the solvenis vacuo and purification by flash
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chromatography (silica gel, pentane (/&t= 12:1 + 2 vol-% NE) afforded the olefinel20c
(426 mg, 91%FE/Z = 99:1) as a yellow oil.

"H-NMR (400 MHz, acetone-d6):5 / ppm = 7.63-7.59 (m, 1H), 7.47-7.43 (m, 1H), 77426 (m,
3H), 7.34-7.28 (m, 2H), 7.22-7.16 (m, 1H), 6.9346(&, 4H), 5.89-5.78 (m, 1H), 5.06-4.97 (m,
2H), 3.79 (s, 3H), 3.76 (s, 3H), 3.01-2.96 (m, 2H).

13C-NMR (100 MHz, acetone-d6):5 / ppm = 160.7, 159.8, 144.7, 141.6, 136.5, 136357,
133.6, 133.0, 132.1, 131.1, 129.5, 128.4, 124.6,11216.6, 115.4, 114.2, 55.6, 55.5, 36.1.

IR (Diamond-ATR, neat): ¥ / cmi* = 3002 (w), 2932 (w), 2834 (w), 1592 (m), 1508 (392
(s), 1462 (m), 1440 (m), 1284 (m), 1242 (vs), 1{§)21104 (m), 1028 (s), 914 (m), 828 (s), 800
(m), 766 (M), 742 (s), 656 (W), 626 (w).

MS (El, 70 eV): m/z (%) = 466 (M, 6), 387 (100), 346 (39), 279 (1), 215 (2), 13p (2

HRMS (C2sH23BrO,S): calc.: 466.0602; found: 466.0600.

Ethyl 4-[(12)-4-(ethoxycarbonyl)-1-(4-methoxyphenyl)-2-(methyhio)penta-1,4-dien-1-yl]-
benzoate (120d)
EtO,C

Into a flame dried and argon-flushed flask, ethybdobenzoate (828 mg, 3.00 mmol) was added
followed by i-PrMgCI-LiCl (1.96 mL, 2.95 mmol, 1.5& in THF) at -20 °C. The reaction
mixture was stirred for 60 min at -20 °C. Then, Zn@.50 mL; 1.50 mmol, 1.0@ in THF) was
added and the reaction mixture was stirred for 30. r@uCN-2LiCl (1.50 mL, 1.50 mmol,
1.00Mm in THF) was added and the mixture was stirredafiditional 30 min at -20 °C. Then, 1-
methoxy-4-[(methylthio)ethynyllbenzen&18c 178 mg, 1.00 mmol) was added and the reaction
mixture was stirred for 24 h at 25 °C. The reactwirture was cooled to -40 °C and ethyl (2-
bromomethyl)acrylate (695 mg, 3.60 mmol) was addéebn, the mixture was stirred for 30 min
at -40 °C followed by 30 min at 0 °C. Then, a migtwf sat. ag. NECI/ NH3(25% in
H,0) = 4:1 (100 mL) was added. The phases were depaaad the ag. layer was extracted with
Et,O (3 x 100 mL). The combined extracts were driedraMgSQ. Evaporation of the solvents
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in vacuo and purification by flash chromatography (silical,gpentane / EO = 9:1 + 2 vol-%
NEts) afforded the alken&20d (301 mg, 68%E/Z = 94:6) as a yellow oil.

'"H-NMR (400 MHz, acetone-d6):5 / ppm = 7.95-7.89 (m, 2H), 7.33-7.27 (m, 2H), 77248 (m,
2H), 6.92-6.85 (m, 2H), 6.36-6.30 (m, 1H), 5.9535(fn, 1H), 4.31 (g) = 7.0 Hz, 2H), 4.15 (q,
J=7.1Hz, 2H), 3.77 (s, 3H), 3.39 {t= 1.7 Hz, 2H), 2.09 (s, 3H), 1.32 Jt= 7.1 Hz, 3H), 1.23
(t,J=7.1Hz, 3H).

13C-NMR (100 MHz, acetone-d6):5 / ppm = 166.8, 166.4, 159.7, 148.2, 140.5, 138348,
134.0, 131.6, 130.0, 129.8, 129.6, 125.8, 114.3,@1.3, 55.4, 34.8, 15.0, 14.5, 14.4.

IR (Diamond-ATR, neat): 7 / cm* = 2982 (w), 1710 (vs), 1604 (m), 1508 (m), 1463, (444
(w), 1402 (w), 1366 (w), 1268 (vs), 1244 (vs), 113R 1134 (s), 1098 (s), 1020 (s), 946 (w), 860
(m), 832 (m), 784 (m), 750 (m), 704 (m), 658 (w).

MS (El, 70 eV): m/z (%) = 440 (M, 100), 392 (46), 363 (94), 335 (15), 320 (12), (B5).
HRMS (C2sH2805S): calc.: 440.1657; found: 440.1655.

Ethyl  (42)-5-(4-cyanophenyl)-5-(4-fluorophenyl)-4-[(4-methoyphenyl)thio]-2-methylene-
pent-4-enoate (120e)

Into a flame dried and argon-flushed flask, 4-ioelmonitrile (481 mg, 2.10 mmol, in 1 mL
THF) was added followed hbyPrMgCI-LiCl (1.42 mL, 2.10 mmol, 1.48 in THF) at O °C. The
reaction mixture was stirred for 40 min at 0 °CemhzZnC} (1.05 mL; 1.05 mmol, 1.0& in
THF) was added at -20 °C and the reaction mixtues stirred for 30 min. CuCN-2LiCl
(2.05 mL, 1.05 mmol, 1.0@ in THF) was added at -20 °C and the mixture wasest for
additional 30 min at -20 °C. Then, 1-fluoro-4-{[(dethoxyphenyl)thio]ethynyl}benzen@ 18d
181 mg, 0.70 mmol) was added and the reaction maxtvas stirred for 16 h at 25 °C. The
reaction mixture was cooled to -60 °C and ethyb@mnomethyl)acrylate (444 mg, 2.30 mmol)
was added. Then, the mixture was stirred for 30 atir60 °C followed by 90 min at -20 °C.
Then, a mixture of sat. ag. NEI / NH3(25% in HO) = 4:1 (100 mL) was added. The phases

were separated and the ag. layer was extractedBtgth (3 x 100 mL). The combined extracts
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were dried over N&O,. Evaporation of the solventsr vacuo and purification by flash
chromatography (silica gel, pentane A/&t= 9:1 + 2 vol-% NE) afforded the alken&20e
(172 mg, 51%E/Z = 68:32) as a yellow oil.

'H-NMR (400 MHz, acetone-d6):3 / ppm = 7.75-7.70 (m, 2H), 7.50-7.46 (m, 2H), 77437 (m,
2H), 7.33-7.29 (m, 2H), 7.17-7.12 (m, 2H), 6.9065(&, 2H), 6.26-6.23 (m, 1H), 5.77-5.74 (m,
1H), 4.42(q,J = 7.0 Hz, 2H), 3.78 (s, 3H), 3.16 Jt= 1.6 Hz, 2H), 1.15 (t] = 7.0 Hz, 3H).
13C-NMR (100 MHz, acetone-d6):5 / ppm = 166.4, 162.9 (dJc.r = 245.2 Hz), 161.0, 147.4,
141.1, 138.5 (d*Jc.r = 3.5 Hz), 138.3, 136.3, 135.9, 133.0, 132.5¢lr = 8.2Hz), 130.6, 126.7,
123.7,119.1, 115.9 (aJC-F: 21.6Hz), 115.6, 111.7, 61.1, 55.7, 34.9, 14.4.

IR (Diamond-ATR, neat): ¥ / cmi' = 2980 (w), 2938 (w), 2906 (w), 2838 (w), 2228 (tj12
(s), 1630 (w), 1592 (m), 1504 (s), 1492 (vs), 1464, 1442 (w), 1402 (m), 1368 (w), 1286 (m),
1246 (vs), 1222 (s), 1172 (s), 1136 (s), 1102 @0p8 (s), 944 (m), 828 (vs), 750 (m), 698 (w),
640 (w).

MS (El, 70 eV): m/z (%) =473 (M, 45), 334 (21), 306 (12), 260 (11), 140 (100), (B8

HRMS (C2gH24FNO3S): calc.: 473.1461; found: 473.1461.
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6. Transition Metal-Catalyzed Cross-Coupling Reactionsof Functionalized
Organozinc Reagents With Methylthio-Substituted N-Heterocycles
6.1. Preparation of the starting materials

3-Methoxy-6-(methylthio)pyridazine (124a)
MeO

3-Chloro-6-methoxypyridazinel3 1.86 g, 12.9 mmol) and sodium thiomethanolat®31,
14.2 mmol) were dissolved in DMF (6 mL). After sing for 24 h at 25 °C, the reaction mixture
was quenched with sat. aq. J88; solution (30 mL) followed by extraction using EtOAR x
30 mL). Purification by flash chromatography (sligel, pentane / ED = 3:1) afforded the
pyridazinel24a(1.38 g, 69%) as a white solid.

M.p. (°C): 93-94.

'"H-NMR (300 MHz, CDCk): 8/ ppm = 7.21 (dJ = 9.3 Hz, 1H), 6.81 (d] = 9.3 Hz, 1H), 4.06
(s, 3H), 2.67 (s, 3H).

3C-NMR (75 MHz, CDCl3): 3/ ppm = 163.3, 156.6, 129.1, 117.7, 54.7, 13.5.

IR (Diamond-ATR, neat): ¥ / cmi* = 3059 (w), 2982 (w), 2949 (w), 2922 (w), 1596 (@545
(vw), 1456 (m), 1400 (s), 1300 (s), 1196 (m), 11@H, 1146 (m), 1006 (vs), 964 (m), 838 (s),
812 (m), 723 (m), 672 (s), 622 (m).

MS (El, 70 eV): m/z (%) = 156 (M, 100), 111 (6), 98 (9), 84 (20), 80 (8), 45 (6).

HRMS (CsHgN,OS): calc.: 156.0357; found: 156.0345.

2-(Methylthio)-5-(trifluoromethyl)pyridine (124d)
FaC

N
5-(Trifluoromethyl)pyridine-2-thiol (2.69 g, 15.0mol) was dissolved in THF (13.5 mL) and
CH3CN (1.5mL) at 0°C. DBU (2.51 g, 16.5 mmol) wasded dropwise and the resulting
reaction mixture was stirred for 20 min. Then, Ni2B34 g, 16.5 mmol) was added, the ice-bath
was removed and the reaction mixture was stirredl®5 h. Addition of HO (50 mL) was
followed by extraction using EtOAc (3 x 50 mL). Rization by flash chromatography (silica
gel, pentane / ED = 3:1) afforded the pyridink24d(1.59 g, 55%) as a pale yellow liquid.
'"H-NMR (300 MHz, CDCk): &/ ppm = 8.71-8.63 (m, 1H), 7.70-7.60 (m, 1H), 77321 (m,
1H), 2.58 (s, 3H).
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¥C-NMR (75 MHz, CDCl3): 8/ ppm = 164.9 (¢iJcr = 1.5 Hz), 146.2 (GJcr = 4.4 Hz), 132.3
(@, 3Jr = 3.4 Hz), 123.8 (diJer = 271.6 Hz), 122.0 (§Jcr = 33.0 Hz), 121.0, 13.2.

IR (Diamond-ATR, neat): U / cm* = 2932 (vw), 1596 (m), 1556 (w), 1475 (w), 1377,(0821
(vs), 1251 (w), 1166 (m), 1113 (vs), 1073 (s), 1003, 967 (w), 938 (w), 827 (m), 791 (w), 746
(W).

MS (EI, 70 eV): m/z (%) = 193 (M, 100), 147 (44), 127 (19), 78 (8).

HRMS (C7/HgF3NS): calc.: 193.0173; found: 193.0176.

3-(Methylthio)pyrazine-2-carbonitrile (124f)

[N:ICN

N~ “SMe

3-Chloropyrazine-2-carbonitrile (2.61 g, 18.7 mmaind sodium thiomethanolate (2.10 g,
30.0 mmol) were dissolved in DMF (10 mL). Afterrgtig for 24 h at 25 °C, the reaction mixture
was quenched with sat. aq. /4&; solution (20 mL) followed by extraction using EtOAZ x
20 mL). Purification by flash chromatography (sligel, pentane / ED = 7:2) afforded the
pyrazinel24f (793 mg, 28%) as a yellow solid.
M.p. (°C): 83-84.
'H-NMR (300 MHz, CDCk): 8/ ppm = 8.53 (dJ = 2.4 Hz, 1H), 8.30 (d] = 2.4 Hz, 1H), 2.62
(s, 3H).
3C-NMR (75 MHz, CDCl3): 3/ ppm = 161.8, 145.9, 139.1, 128.1, 114.3, 12.9.
IR (Diamond-ATR, neat): U / cm' = 2230 (w), 1512 (m), 1424 (w), 1354 (s), 1339, (k817
(m), 1196 (m), 1161 (s), 1153 (s), 1142 (m), 1089H,(1074 (s), 1060 (s), 964 (m), 854 (s), 835
(m), 719 (m), 663 (m).
MS (El, 70 eV): m/z (%) = 151 (M, 100), 137 (10), 122 (40), 112 (13), 93 (15), &4)( 77
(24), 52 (35).
HRMS (CgHsN3S): calc.: 151 .0204; found: 151.0190.
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2-(Methylthio)nicotinonitrile (124i)

o CN

/

N~ "SMe
2-Chloronicotinonitrile (2.77 g, 20.0 mmol) and &od thiomethanolate (2.31 g, 33.0 mmol)

were dissolved in DMF (10 mL). After stirring fod2 at 25 °C, the reaction mixture was
guenched with sat. aq.,&O; solution (50 mL) followed by extraction using EtOAB x
100 mL). Purification by flash chromatography ¢sligel, pentane / Ed = 3:1) afforded the
pyridine 124i (665 mg, 22%) as a yellow solid.

M.p. (°C): 90-91.

'H-NMR (300 MHz, CDCk): 8/ ppm = 8.57 (ddJ = 5.0 Hz,J = 1.8 Hz, 1H), 7.77 (dd] = 7.7
Hz,J = 1.8 Hz, 1H), 7.05 (dd] = 7.7 Hz,J = 5.0 Hz, 1H), 2.60 (s, 3H).

3C-NMR (75 MHz, CDCl3): 8/ ppm = 163.4, 152.0, 140.3, 118.2, 115.5, 10I32]..

IR (Diamond-ATR, neat): V / cm* = 3046 (w), 2929 (w), 2224 (m), 1574 (m), 1546 (4§91
(vs), 1316 (m), 1232 (m), 1184 (m), 1143 (m), 1@@g, 959 (w), 801 (vs), 736 (m), 721 (m),
667 (m).

MS (El, 70 eV): m/z (%) = 150 (M, 100), 123 (27), 104 (40), 79 (30), 75 (11), 46)(43 (16).
HRMS (C7HgN3S): calc.: 150.0252; found: 150.0245.

6.2. Prepartion of the title compounds via Pd-catalyzed@ross-couplings

2-(4-Methoxyphenyl)-5-(trifluoromethyl)pyridine (126a)

FsC x

/

N
OMe

According to TP14 2-(methylthio)-5-(trifluoromethyl)pyridine 124d 193 mg, 1.00 mmol, in
1 mL THF) was reacted with (4-methoxyphenyl)zindide 6¢, 1.61 mL, 1.50 mmol, 0.9@ in
THF), Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 mol#er 1 h at 25 °C, the
reaction mixture was quenched with sat. ag,(\ solution (25 mL) followed by extraction
using EtOAc (3 x 25 mL). Purification by flash chmatography (silica gel, pentane /@t
= 12:1) afforded the pyridin€26a(241 mg, 95%) as a white solid.

M.p. (°C): 121-123.

'H-NMR (300 MHz, CDCk): &/ ppm = 8.91-8.86 (m, 1H), 8.05-7.96 (m, 2H), 7088 (m,
1H), 7.76 (dJ = 8.4 Hz, 1H), 7.05-6.96 (m, 2H), 3.87 (s, 3H).
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13C-NMR (75 MHz, CDCls): 5/ ppm = 161.4, 160.2, 146.4 {ic.r = 4.1 Hz), 133.8 (PJc.F =
3.4 Hz), 130.4, 128.7, 124.0 fc.r = 32.9 Hz), 123.8 (dJc.r = 271.9 Hz), 119.1, 114.3, 55.4.
IR (Diamond-ATR, neat): ¥ / cm* = 3031 (vw), 2970 (vw), 1599 (m), 1580 (m), 156®),(
1520 (w), 1483 (w), 1318 (m), 1301 (m), 1282 ()53 (m), 1176 (m), 1166 (m), 1133 (s),
1114 (vs), 1084 (s), 1043 (s), 1024 (s), 1012940, (m), 838 (s), 824 (vs), 774 (S), 712 (m).

MS (El, 70 eV): m/z (%) = 253 (M, 100), 238 (25), 211 (73), 177 (61), 169 (28), {24), 135
(21), 95 (23), 69 (31), 55 (35), 41 (26).

HRMS (C13H10F3NO): calc.: 253.0714; found: 253.0706.

Ethyl 2-[4-(ethoxycarbonyl)phenyl]nicotinate (126b)

«COE
L
N
CO,Et

According toTP14 ethyl 2-(methylthio)nicotinatel@4e 197 mg, 1.00 mmol, in 1 mL THF) was
reacted with 4-(ethoxycarbonyl)phenylzinc iodidss;(2.14 mL, 1.50 mmol, 0.7@ in THF),
Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 moB#er 6 h at 25 °C, the reaction
mixture was quenched with sat. ag.,8@; solution (25 mL) followed by extraction using
EtOAc (3 x 25 mL). Purification by flash chromataghy (silica gel, pentane /&t / CHCl,

= 3:2:3) afforded the pyridin€26b (201 mg, 67%) as a yellow oil.

'H-NMR (300 MHz, CDCk): 3/ ppm = 8.80 (ddJ = 5.0 Hz, 1.6 Hz, 1H), 8.19 (dd,= 7.9 Hz,
1.9 Hz, 1H), 8.14-8.08 (m, 2H), 7.63-7.57 (m, 2HX2 (dd,J = 7.8 Hz, 4.8 Hz, 1H), 4.39 (4,=
7.0 Hz, 2H), 4.15 (q) = 6.9 Hz, 2H), 1.40 (1) = 7.1 Hz, 3H), 1.06 () = 7.3 Hz, 3H).

3C-NMR (75 MHz, CDCl3): 3/ ppm = 167.2, 166.3, 157.6, 150.8, 143.7, 138367, 129.4,
128.7,127.7,122.4,61.8, 61.1, 14.3, 13.7.

IR (Diamond-ATR, neat): ¥ / cm* = 2982 (w), 1710 (vs), 1612 (w), 1582 (w), 1560, (1432
(m), 1404 (w), 1367 (m), 1268 (vs), 1209 (m), 11@H, 1128 (s), 1096 (s), 1054 (s), 1015 (s),
863 (m), 792 (m), 761 (s), 704 (m).

MS (El, 70 eV): m/z (%) = 299 (M, 12), 270 (100), 254 (33), 242 (26), 198 (12), {B1), 153
(8), 127 (6).

HRMS (C;/H17/NOy): calc.: 299.1158; found: 299.1153.
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3-(4-Methoxyphenyl)pyrazine-2-carbonitrile (126c)

N CN
AN
: I@
N
OMe

According toTP14 3-(methylthio)pyrazine-2-carbonitrilel24f, 151 mg, 1.00 mmol, in 1 mL
THF) was reacted with (4-methoxyphenyl)zinc iod{@e 1.61 mL, 1.50 mmol, 0.9@ in THF),
Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 mo&ter 5 h at 25 °C, the reaction
mixture was quenched with sat. ag.,88@; solution (25 mL) followed by extraction using
EtOAc (3 x 25 mL). Purification by flash chromataghy (silica gel, pentane /& =1:2 +

5 vol-% NEg) afforded the pyrazing26c¢(121 mg, 57%) as a yellow solid.

M.p. (°C): 126-127.

'H-NMR (300 MHz, CDCls): 8/ ppm = 8.78 (dJ = 2.4 Hz, 1H), 8.57 (d] = 2.4 Hz, 1H), 8.04-
7.94 (m, 2H), 7.10-7.02 (m, 2H), 3.89 (s, 3H).

13C-NMR (75 MHz, CDClj3): 6/ ppm = 162.1, 156.5, 146.3, 142.2, 130.6, 12¥26.6, 116.7,
114.5, 55.5.

IR (Diamond-ATR, neat): V / cmi' = 2925 (w), 2846 (w), 2232 (w), 1606 (s), 1576 (4§25
(W), 1515 (m), 1444 (w), 1435 (m), 1418 (m), 1398),(1386 (m), 1313 (m), 1289 (w), 1254
(vs), 1183 (s), 1170 (s), 1118 (w), 1065 (w), 1033, 1016 (s), 1005 (m), 966 (W), 874 (m), 842
(vs), 822 (m), 798 (m), 792 (m), 667 (w).

MS (El, 70 eV): m/z (%) = 211 (M, 100), 196 (16), 168 (10), 158 (11), 133 (14), {84 90
(6).

HRMS (C1,HgN30): calc.: 211.0746; found: 211.0736.

Ethyl 3-(4,6-dimethoxy-1,3,5-triazin-2-yl)benzoat€126d)
OMe

‘s

|

According toTP14 2,4-dimethoxy-6-(methylthio)-1,3,5-triazind34g 187 mg, 1.00 mmol, in
1 mL THF) was reacted with 3-(ethoxycarbonyl)phemd iodide bd; 2.21 mL, 1.50 mmol,
0.68m in THF), Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 mol&er 21 h at
25 °C, the reaction mixture was quenched with agt. NaCO; solution (25 mL) followed by



C. Experimental Section 249

extraction using EtOAc (3 x 25 mL). Purification byash chromatography (silica gel,
pentane / BD / EtOAc = 8:1:1) afforded the triazid@6d (242 mg, 84%) as a yellow solid.

M.p. (°C): 103-105.

'H-NMR (300 MHz, CDCl3): &/ ppm = 9.12-9.07 (m, 1H), 8.69-8.60 (m, 1H), 88%8 (m,
1H), 7.55 (tJ = 7.8 Hz, 1H), 4.40 (q] = 7.0 Hz, 2H), 4.12 (s, 6H), 1.40 Jt= 7.1 Hz, 3H).
¥C-NMR (75 MHz, CDCls): 8/ ppm = 174.1, 172.9, 166.0, 135.5, 133.6, 13831,.1, 130.0,
128.6, 61.2, 55.3, 14.3.

IR (Diamond-ATR, neat): 7 / cm* = 3310 (vw), 3232 (vw), 1720 (s), 1592 (m), 156§ (549
(s), 1536 (s), 1504 (s), 1488 (m), 1458 (m), 1363 1356 (vs), 1298 (s), 1267 (vs), 1191 (m),
1177 (m), 1164 (m), 1118 (m), 1108 (m), 1074 (n®34.(s), 1022 (m), 922 (w), 873 (w), 830
(w), 818 (m), 768 (m), 714 (s), 672 (w).

MS (El, 70 eV): m/z (%) = 289 (M, 100), 259 (27), 244 (91), 217 (90), 186 (11), {¥H), 159
(18), 72 (10).

HRMS (C14H15N30,): calc.: 289.1063; found: 289.1064.

4-(1-Methyl-1H-pyrazol-5-yl)benzonitrile (126e€)
N\
N
Me CN

According toTP14 1-methyl-5-(methylthio)-1H-pyrazolel4h 128 mg, 1.00 mmol, in 1 mL
THF) was reacted with (4-cyanophenyl)zinc iodiée (2.31 mL, 1.50 mmol, 0.6 in THF),
Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 moRfigr 1.5 h at 50 °C, the reaction
mixture was quenched with sat. ag.,8@; solution (25 mL) followed by extraction using
EtOAc (3 x 25 mL). Purification by flash chromataghy (silica gel, pentane / &t = 1:4)
afforded the pyrazol&26e(96 mg, 52%) as a pale yellow oll.

'H-NMR (300 MHz, CDCk): &/ ppm = 7.79-7.69 (m, 2H), 7.58-7.49 (m, 3H), 6(87J =
2.1 Hz, 1H), 3.91 (s, 3H).

13C-NMR (75 MHz, CDCls): &/ ppm = 141.7, 138.7, 135.0, 132.5, 129.1, 11812.2, 107.0,
37.7.

IR (Diamond-ATR, neat): ¥ / cm* = 2921 (w), 2224 (m), 1608 (m), 1489 (m), 1468, (425
(w), 1381 (m), 1279 (m), 1224 (w), 1182 (w), 11%3,(1067 (w), 1035 (w), 980 (m), 928 (m),
853 (s), 838 (s), 793 (M), 777 (vs), 708 (m), 66% 649 (m).
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MS (El, 70 eV): m/z (%) = 183 (M, 100), 155 (14), 140 (7), 128 (10), 102 (5).
HRMS (C1;HgN3): calc.: 183.0796; found: 183.0792.

2-(2-Thienyl)nicotinonitrile (126f)

\CN

| - \ S/

According toTP14 2-(methylthio)nicotinonitrile 124i; 150 mg, 1.00 mmol, in 1 mL THF) was
reacted with 2-thienylzinc iodidéf, 1.95 mL, 1.50 mmol, 0.7 in THF), Pd(OAc) (5.6 mg,
2.5 mol%) and S-Phos (20.5 mg, 5.0 mol%). Afterh18t 25 °C, the reaction mixture was
guenched with sat. aq. B&O; solution (25 mL) followed by extraction using EtOA8 x
25 mL). Purification by flash chromatography (sligel, pentane / ED = 4:1) afforded the
pyridine126f (173 mg, 93%) as a yellow solid.

M.p. (°C): 74-75.

'H-NMR (300 MHz, CDChk): 8/ ppm = 8.72 (ddJ = 4.8 Hz,J = 1.8 Hz, 1H), 8.26 (dd] =
4.0 Hz,J = 1.1 Hz, 1H), 8.00 (dd]l = 7.9 Hz,J = 1.8 Hz, 1H), 7.54 (dd] = 5.1 Hz,J = 0.9 Hz,
1H), 7.23 (ddJ = 7.9 Hz,J = 4.8 Hz, 1H), 7.17 (ddl = 5.2 Hz,J = 3.9 Hz, 1H).

3C-NMR (75 MHz, CDCl3): 8/ ppm = 153.5, 152.5, 142.1, 141.6, 130.7, 12828.7, 120.8,
117.8, 103.8.

IR (Diamond-ATR, neat): V / cmi* = 3066 (vw), 2921 (w), 2850 (vw), 2225 (w), 157&)(
1552 (w), 1528 (w), 1472 (vw), 1439 (s), 1414 (1394 (w), 1358 (w), 1229 (w), 1109 (w),
1067 (w), 976 (w), 860 (w), 844 (w), 806 (w), 798 (762 (s), 716 (vs), 676 (m), 619 (w).

MS (El, 70 eV): m/z (%) = 186 (M, 100), 175 (7), 159 (12), 142 (15), 69 (9), 57)(B5 (12),
44 (13).

HRMS (C10HgN2S): calc.: 186.0252; found: 186.0239.

3-Methoxy-6-(2-thienyl)pyridazine (126g)
MeO

X
N. =

N =
S

According to TP14 3-methoxy-6-(methylthio)pyridazinel24g 156 mg, 1.00 mmol, in 1 mL

THF) was reacted with 2-thienylzinc iodidef;(1.94 mL, 1.50 mmol, 0.7M in THF), Pd(OAc)

(5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 mol&ler 5 h at 50 °C, the reaction mixture
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was quenched with sat. aq. /4 solution (25 mL) followed by extraction using EtOA8 x
25 mL). Purification by flash chromatography (sdligel, EtOAc pure) afforded the pyridazine
126g(175 mg, 91%) as a white solid.

M.p. (°C): 79-80.

H-NMR (300 MHz, CDCk): 8/ ppm = 7.68 (dJ = 9.2 Hz, 1H), 7.49 (dd] = 3.6 Hz, 1.21 Hz,
1H), 7.40-7.37 (m, 1H), 7.89 (dd= 5.1 Hz, 3.6 Hz, 1H), 6.96 (d,= 9.2 Hz, 1H), 4.13 (s, 3H).
¥C-NMR (75 MHz, CDCl3): 8/ ppm = 163.9, 151.2, 140.7, 128.1, 127.7, 1252%.0, 117.7,
54.8.

IR (Diamond-ATR, neat): ¥ / cmi* = 3104 (w), 3068 (w), 3001 (w), 2958 (w), 1600 (@550
(W), 1528 (w), 1462 (s), 1437 (m), 1409 (m), 1389,(1301 (m), 1279 (m), 1228 (m), 1110 (m),
1025 (s), 852 (m), 830 (s), 812 (m), 707 (vs), 68%

MS (El, 70 eV): m/z (%) = 192 (M, 100), 163 (23), 121 (60), 108 (19), 77 (8), 68 4B (8).
HRMS (CgHgN,0OS): calc.: 192.0357; found: 192.0352.

6,7-Dimethoxy-4-(2-thienyl)quinazoline (126h)
MeO

According toTP14 6,7-dimethoxy-4-(methylthio)quinazolin&44j; 236 mg, 1.00 mmol, in 1 mL
THF) was reacted with 2-thienylzinc iodidef;(1.95 mL, 1.50 mmol, 0.7M in THF), Pd(OAc)
(5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 moBer 10 h at 25 °C, the reaction mixture
was quenched with sat. aq. /48; solution (25 mL) followed by extraction using EtOA8 x
25 mL). Purification by flash chromatography (sligel, pentane / ED = 1:4 + 2-Vol% NE)
afforded the quinazoling26h (259 mg, 95%) as a yellow solid.

M.p. (°C): 149-150.

'"H-NMR (300 MHz, CDCls3): 8/ ppm = 9.10 (s, 1H), 7.83 (dd= 3.7 Hz, 1.2 Hz, 1H), 7.74 (s,
1H), 7.64 (ddJ = 5.1 Hz, 1.1 Hz, 1H), 7.38 (s, 1H), 7.27 (dds 3.7 Hz, 1.5 Hz, 1H), 4.08 (s,
3H), 4.03 (s, 3H).

3C-NMR (75 MHz, CDCls): &/ ppm = 157.4, 155.8, 153.1, 150.9, 149.2, 14138.0, 130.0,
128.1, 117.5, 107.0, 103.4, 56.4, 56.2.
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IR (Diamond-ATR, neat): 7 / cmi* = 3102 (w), 2961 (w), 2920 (w), 2829 (vw), 1615 (0572
(w), 1535 (w), 1499 (s), 1466 (s), 1450 (m), 148y 1367 (m), 1352 (m), 1296 (m), 1271 (w),
1236 (s), 1217 (s), 1194 (m), 1131 (m), 1101 (rog4L(w), 1021 (m), 996 (s), 960 (m), 942 (m),
867 (m), 838 (s), 778 (m), 739 (vs), 702 (m), 682, 642 (m), 618 (m).

MS (El, 70 eV):m/z (%) = 272 (M, 100), 257 (24), 242 (18), 202 (6), 159 (6), 86)(2

HRMS (C14H12N20,S): calc.: 272.0619; found: 272.0615.

Ethyl 4-[2-(4-methoxybenzyl)pyrimidin-4-yl]benzoate(126i)
CO,Et

OMe
N OMe

According toTP14 ethyl 4-[2-(methylthio)pyrimidin-4-yllbenzoated 24k, 261 mg, 0.95 mmol,

in 1 mL THF) was reacted with 3,4,5-trimethoxybdairyc chloride b4h; 1.67 mL, 1.50 mmol,

0.90m in THF), Pd(OAc) (5.3 mg, 2.5 mol%) and S-Phos (19.5 mg, 5.0 moB&er 1.5 h at

25 °C, the reaction mixture was quenched with agt.NaCOs; solution (25 mL) followed by

extraction using EtOAc (3 x 25 mL). Purification flgsh chromatography (silica gel, EtOAc)

afforded the pyrimidind26i (343 mg, 88%) as a yellow solid.

M.p. (°C): 121-122.

'H-NMR (300 MHz, CDCk): &/ ppm = 8.75 (dJ = 5.5 Hz, 1H), 8.16 (s, 4H), 7.59 (@,=

5.2 Hz, 1H), 6.69 (s, 2H), 4.41 (§~= 7.1 Hz, 2H), 4.29 (s, 2H), 3.84 (s, 6H), 3.803d), 1.41

(t, J=7.1 Hz, 3H).

3C-NMR (75 MHz, CDCl3): &/ ppm = 169.8, 166.0, 163.3, 157.8, 153.1, 14036.7, 133.7,

132.6,130.1, 127.1, 114.7, 106.3, 61.3, 60.8,,56% 2, 14.3.

IR (Diamond-ATR, neat): ¥ / cmi™ = 2939 (w), 2838 (vw), 2826 (vw), 1712 (m), 1591)(

1570 (m), 1542 (w), 1506 (m), 1462 (m), 1444 (m)22 (m), 1408 (m), 1381 (w), 1369 (w),

1336 (m), 1280 (s), 1246 (m), 1124 (vs), 1009 @p (m), 829 (m), 784 (w), 754 (m), 700 (m),

658 (w), 650 (w), 636 (w), 619 (m).

MS (El, 70 eV): m/z (%) = 408 (M, 100), 393 (58), 363 (5), 307 (4), 279 (3), 17p 81 (3).

HRMS (C23H24N20s): calc.: 408.1685; found: 408.1677.
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Ethyl 3-[(4-methylpyrimidin-2-yl)methyl]benzoate (126j)
Me CO,Et
~N

~

N
According to TP14 4-methyl-2-(methylthio)pyrimidine 124¢ 140 mg, 1.00 mmol, in 1 mL
THF) was reacted with 3-(ethoxycarbonyl)benzylziddloride (54m; 1.19 mL, 1.50 mmol,
1.26™m in THF), Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 moB&er 24 h at
25 °C, the reaction mixture was quenched with aqt.NaCQO; solution (25 mL) followed by

extraction using EtOAc (3 x 25 mL). Purification figsh chromatography (silica, pentane At
= 1:3) afforded the pyrimidin&26j (188 mg, 73%) as a yellow oil.

"H-NMR (300 MHz, CDCk): &/ ppm = 8.49 (dJ = 5.2 Hz, 1H), 8.03 (s, 1H), 7.94-7.81 (m
1H), 7.54 (d,J = 7.7 Hz, 1H), 7.34 (t) = 7.8 Hz, 1H), 6.98 (dJ = 5.2 Hz, 1H), 4.33 (¢ =
7.2 Hz, 2H), 4.28 (s, 2H), 2.48 (s, 3H), 1.35)( 7.1 Hz, 3H).

13C-NMR (75 MHz, CDCls): &/ ppm = 168.8, 167.4, 166.5, 156.8, 138.5, 13836.6, 130.2,
128.4,127.7,118.3, 60.8, 45.5, 24.1, 14.3.

IR (Diamond-ATR, neat): ¥ / cm* = 2981 (w), 1714 (vs), 1578 (s), 1555 (m), 1439 1887
(m), 1368 (m), 1279 (vs), 1190 (vs), 1105 (s), 108}, 1023 (m), 929 (w), 839 (w), 754 (s), 740
(s), 697 (s), 672 (M), 651 (m).

MS (El, 70 eV): m/z (%) = 256 (M, 97), 255 (100), 227 (54), 182 (62), 168 (21), (18), 89
(19), 43 (39).

HRMS (C15H16N205): calc.: 256.1212; found: 256.1189.

3-[(6-Methoxypyridazin-3-yl)methyl]benzonitrile (126k)

MeO N

N.
N7 CN

According to TP14 3-methoxy-6-(methylthio)pyridazinel24g 156 mg, 1.00 mmol, in 1 mL
THF) was reacted with 3-cyanobenzylzinc chloriéd 1.05 mL, 1.50 mmol, 1.4@ in THF),
Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 moB4&Er 14 h at 50 °C, the reaction
mixture was quenched with sat. ag..8@; solution (25 mL) followed by extraction using
EtOAc (3 x 25 mL). Purification by flash chromataghy (silica gel, EtOAc) afforded the
pyridazinel26k (160 mg, 71%) as a yellow solid.

M.p. (°C): 76-78.
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'"H-NMR (400 MHz, CDCk): &/ ppm = 7.57-7.49 (m, 3H), 7.43-7.39 (m, 1H), 7(d8J = 9.2
Hz, 1H), 6.91 (dJ = 9.0 Hz, 1H), 4.26 (s, 2H), 4.10 (s, 3H).

3C-NMR (100 MHz, CDCls): 5/ ppm = 164.2, 156.5, 139.9, 133.5, 132.4, 13028,5, 129.5,
118.6, 118.2, 112.7, 54.8, 41.1.

IR (Diamond-ATR, neat): 7 / cmi* = 3065 (vw), 2961 (W), 2923 (w), 2854 (w), 2227)(4595
(w), 1458 (s), 1438 (m), 1412 (m), 1306 (s), 1260, (1234 (w), 1091 (m), 1010 (vs), 900 (m),
858 (m), 784 (s), 718 (m), 688 (s).

MS (El, 70 eV): m/z (%) = 225 (M, 30), 224 (100), 153 (4), 127 (5), 89 (3).

HRMS (C13H11N30): calc.: 225.0902; found: 225.0900.

Ethyl 3-[(6,7-dimethoxyquinazolin-4-yl)methyl]benzate (126l)

MeO O N/\?\l

MeO
According toTP14 6,7-dimethoxy-4-(methylthio)quinazolin&44j; 236 mg, 1.00 mmol, in 1 mL
THF) was reacted with (3-ethoxycarbonyl)benzylziddloride (54m; 1.74 mL, 1.50 mmol,
0.86M in THF), Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 molfer 12 h at
50 °C, the reaction mixture was quenched with agt. NaCQO; solution (25 mL) followed by
extraction using EtOAc (3 x 25 mL). Purification Bgsh chromatography (silica gel, pentane /
EtOAc = 1:6) afforded the quinazolid26l (275 mg, 78%) as a pale yellow solid.
M.p. (°C): 119-121.
'H-NMR (400 MHz, CDCk): 5/ ppm = 9.06 (s, 1H), 8.03-7.98 (m, 1H), 7.89-7(88 1H),
7.46-7.40 (m, 1H), 7.31 (8 = 7.7 Hz, 1H), 7.27 (s, 1H), 7.21 (s, 1H), 4.542), 4.31 (gJ =
7.2 Hz, 2H), 3.99 (s, 3H), 3.91 (s, 3H), 1.32J(t 7.1 Hz, 3H).
3C-NMR (75 MHz, CDCls): 3/ ppm = 166.3, 165.3, 155.9, 153.1, 150.4, 14838.0, 133.2,
130.9, 129.9, 128.8, 128.0, 119.4, 107.1, 102.1,6b.4, 56.1, 41.3, 14.3.
IR (Diamond-ATR, neat): 7 / cmi* = 2982 (vw), 1709 (m), 1615 (w), 1552 (w), 150% (425
(s), 1365 (s), 1288 (vs), 1270 (s), 1234 (vs), 1931123 (m), 1027 (m), 985 (m), 850 (s), 753
(s), 728 (m), 700 (m).
MS (El, 70 eV): m/z (%) = 352 (M, 32), 323 (18), 321 (100), 307 (14), 291 (19), 29)] 263
(6).
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HRMS (C,0H20N20,): calc.: 352.1423; found: 352.1414.

2-(3,4,5-Trimethoxybenzyl)-1,3-benzothiazole (126m)
MeQO OMe

S

L
According toTP14 2-(methylthio)-1,3-benzothiazold Z4l, 181 mg, 1.00 mmol, in 1 mL THF)
was reacted with 3,4,5-trimethoxybenzylzinc chleri®4h; 1.56 mL, 1.50 mmol, 0.9@ in
THF), Pd(OAc) (5.6 mg, 2.5mol%), S-Phos (20.5mg, 5.0 mol%) add(OAc)
(183 mg, 1.00 mmol). After 16 h at 25 °C, the reactmixture was quenched with sat. aqg.
NaCOssolution (25 mL) followed by extraction using EtOA® x 25 mL). Purification by flash
chromatography (silica gel, pentane J&t= 1:1) afforded the benzothiazol26m (222 mg,
70%) as a white solid.
M.p. (°C): 105-107.
'H-NMR (400 MHz, CDCk): &/ ppm = 8.01-7.96 (m, 1H), 7.82-7.76 (m, 1H), 77441 (m,
1H), 7.36-7.29 (m, 1H), 6.57 (s, 2H), 4.35 (s, 2BiB3 (s, 6H), 3.82 (s, 3H).
13C-NMR (100 MHz, CDCl3): &/ ppm = 171.0, 153.4, 153.0, 137.1, 135.5, 13P26,.9, 124.8,
122.7,121.5, 106.0, 60.8, 56.1, 40.9.
IR (Diamond-ATR, neat): ¥ / cm* = 3051 (vw), 2936 (w), 2839 (w), 2361 (vw), 1598)(
1501 (m), 1422 (m), 1334 (m), 1238 (s), 1203 (W54 (w), 1119 (vs), 1063 (m), 996 (s), 977
(m), 856 (M), 834 (m), 764 (vs), 732 (m), 722 6§3 (m), 642 (m).
MS (El, 70 eV): m/z (%) = 315 (M, 100), 300 (53), 268 (5), 257 (5), 186 (10).
HRMS (C17H17NO3S): calc.: 315.0929; found: 315.0925.

OMe

4-[5-(Trifluoromethyl)pyridin-2-yl]butanenitrile (1 26n)
FaC A

| N/ CN

According to TP14 2-(methylthio)-5-(trifluoromethyl)pyridine 124d 193 mg, 1.0 mmol, in
1 mL THF) was reacted with (3-cyanopropyl)zinc brden(127g 3.66 mL, 1.5 mmol, 0.4% in
THF), Pd(OAc) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 moB&er 16 h at 25 °C, the
reaction mixture was quenched with sat,@Gl@; solution (25 mL) followed by extraction using
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EtOAc (3 x 25 mL). Purification by flash chromataghy (pentane / ED = 1.1 + 2 vol-% NE)
furnished the pyridin@26n (180 mg, 0.84 mmol, 84%) as a yellow oil.

H-NMR (300 MHz, CDCl): &/ ppm = 8.83-8.76 (m, 1H), 7.85 (d#i= 8.1 Hz, 2.4 Hz, 1H),
7.31(d,J = 8.1 Hz, 1H), 3.02 (1] = 7.3 Hz, 2H), 2.43 (t] = 7.0 Hz, 2H), 2.23-2.09 (m, 2H).
C-NMR (75 MHz, CDCls): 8/ ppm = 163.5 (¢fiJc.r = 1.4 Hz), 146.4 (GJc.r = 4.0 Hz), 133.7
(0, *Jcr = 3.5 Hz), 124.8 (fJc.r = 33.1 Hz), 123.5 (qiJcr = 272.3 Hz), 122.9, 119.2, 36.2,
24.4, 16.6.

IR (Diamond-ATR, neat): V / cmi* = 2941 (vw), 2248 (vw), 1609 (m), 1574 (w), 1496,
1430 (w), 1396 (w), 1325 (vs), 1166 (m), 1121 (M€)79 (s), 1017 (s), 940 (w), 854 (w), 738
(W), 654 ().

MS (El, 70 eV): m/z (%) = 214 (M, <1), 195 (5), 174 (47), 161 (100), 147 (6), 86)(1

HRMS (C10HgF3Ny): calc.: 214.0718; found: 214. 0697.

Ethyl 4-[2-(4-methoxybenzyl)pyrimidin-4-yl]benzoate(1260)
CO,Et

To a solution of 2-bromo-4-(methylthio)pyrimidinel24ly 205 mg, 1.00 mmol), Pd(dba)
(14.4 mg, 2.5 mol%) and tfp (11.6 mg, 5.0 mol%)TiRF (1 mL) was added dropwise 4-
methoxybenzylzinc chloridebdi; 0.82 mL, 1.02 mmol, 1.2¢ in THF). After stirring for 3 h at
25 °C Pd(OAQ) (5.6 mg, 2.5 mol%) and S-Phos (20.5 mg, 5.0 maele added followed by 4-
(ethoxycarbonyl)phenylzinc iodidéd 2.14 mL, 1.50 mmol, 0.7@ in THF) and the reaction
mixture was stirred for additional 24 h. Then, tlaction mixture was quenched with sat. aqg.
NaCOssolution (25 mL) followed by extraction using EtOA® x 25 mL). Purification by flash
chromatography (silica gel, GBI, / ELO = 1:1) afforded the pyrimiding260(236 mg, 68%) as
a yellow solid.

M.p. (°C): 70-71.

'"H-NMR (600 MHz, CsDs): &/ ppm = 8.28 (dJ = 5.3 Hz, 1H), 8.23-8.20 (m, 2H), 8.00-7.92 (m,
2H), 7.48-7.41 (m, 2H), 6.83-6.77 (m, 2H), 6.68Jd; 5.3 Hz, 1H), 4. 38 (s, 2H), 4.14 @=
7.1 Hz, 2H), 3.27 (s, 3H), 1.03 &= 7.2 Hz, 3H).
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13C-NMR (150 MHz, CsDe): &/ ppm = 171.0, 165.8, 162.6, 159.0, 158.1, 141329, 131.1,
130.7,130.2,127.4,114.3, 114.2, 61.1, 54.7,,4812.

IR (Diamond-ATR, neat): ¥ / cmi* = 2980 (w), 2934 (w), 2835 (vw), 1712 (s), 1611),(1669
(s), 1547 (m), 1510 (s), 1438 (m), 1409 (m), 1383, (1270 (vs), 1242 (vs), 1176 (s), 1105 (s),
1018 (s), 818 (m), 776 (s), 740 (s), 700 (s).

MS (EI, 70 eV): m/z (%) = 348 (M, 100), 333 (26), 305 (15), 160 (4), 121 (10).

HRMS (C23H24N20s): calc.: 348.1474; found: 348.1467.

Ethyl 4-[4-(4-methoxybenzyl)pyrimidin-2-yl]benzoate(126p)
OMe

~N

|
“ﬁ
CO,Et

To a solution of 4-iodo-2-(methylthio)pyrimidinelZ4m 252 mg, 1.00 mmol), Pd(dba)
(14.4 mg, 2.5 mol%) and tfp (11.6 mg, 5.0 mol%) TiRF (1 mL) was added dropwise 4-
methoxybenzylzinc chlorideébgi; 1.31 mL, 1.02 mmol, 0.78 in THF). After stirring for 10 min
at 25 °C Pd(OAg) (5.6 mg, 2.5 mol%), S-Phos (20.5 mg, 5.0 mol%) &rtF (0.5 mL) were
added followed by 4-(ethoxycarbonyl)phenylzinc aeliba; 2.14 mL, 1.50 mmol, 0.7@ in
THF) and the reaction mixture was stirred for addiél 20 h. Then, the reaction mixture was
guenched with sat. aq. M@EO; solution (25 mL) followed by extraction using EtOAc
(3 x 25 mL). Purification by flash chromatograptsylica gel, pentane / Gi&l, / ELO = 12:4:1)
afforded the pyrimidind26p (280 mg, 80%) as a yellow solid.

M.p. (°C): 71-73.

'H-NMR (300 MHz, CDCkL): &/ ppm = 8.67 (dJ = 5.2 Hz, 1H), 8.59-8.50 (m, 2H), 8.20-8.11
(m, 2H), 7.28-7.18 (m, 2H), 6.99 (@= 5.1 Hz, 1H), 6.93-6.81 (m, 2H), 4.40 (o 7.1 Hz, 2H),
4.12 (s, 2H), 3.79 (s, 3H), 1.42 §t= 7.1 Hz, 3H).

13C-NMR (75 MHz, CDCl3): &/ ppm = 170.4, 166.4, 163.2, 158.6, 157.1, 1413.2, 130.3,
129.7,129.5,128.1, 118.5, 114.2, 61.1, 55.2,,43133.

IR (Diamond-ATR, neat): ¥ / cm* = 2992 (w), 2980 (w), 2898 (w), 2836 (w), 1709)(vk611
(w), 1583 (m), 1552 (s), 1512 (s), 1456 (w), 1488,(1401 (s), 1386 (m), 1274 (vs), 1245 (vs),
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1178 (s), 1110 (s), 1099 (s), 1018 (s), 921 (wi 8@), 875 (w), 845 (m), 820 (m), 763 (m), 755
(s), 699 (M), 614 (w).

MS (El, 70 eV): m/z (%) = 348 (M, 100), 333 (24), 303 (8), 151 (5), 121 (15).

HRMS (C,3H24N20s): calc.: 348.1474; found: 348.1462.

Ethyl 3-(4-methylpyrimidin-2-yl)benzoate (126q)
Me
~N

%
N
CO,Et

According toTP14 4-methyl-2-(methylthio)pyrimidinel4¢ 1.40 g, 10.0 mmol, in 5 mL THF)
was reacted with 4-(ethoxycarbonyl)phenylzinc iedfel; 20.0 mL, 15.0 mmol, 0.7& in THF),
Pd(OAc) (56 mg, 2.5 mol%) and S-Phos (205 mg, 5.0 mol%ierAL8 h at 25 °C, the reaction
mixture was quenched with sat. ag.,88; solution (250 mL) followed by extraction using
EtOAc (3 x 250 mL). Purification by flash chromataghy (silica gel, pentane /&t = 4:1)
afforded the pyrimidind260(2.20 g, 91%) as a yellow solid.

M.p. (°C): 46-48.

'"H-NMR (300 MHz, CDChk): &/ ppm = 8.66 (dJ = 5.1 Hz, 1H), 8.54-8.48 (m, 2H), 8.18-8.08
(m, 2H), 7.08 (ddJ = 5.1 Hz, 0.5 Hz, 1H), 4.39 (d,= 7.1 Hz, 2H), 2.59 (s, 3H), 1.41 (&=
7.1 Hz, 3H).

3C-NMR (75 MHz, CDCls): &/ ppm = 167.6, 166.4, 163.3, 156.7, 141.6, 13p2D,7, 128.1,
119.1, 61.1, 24.4, 14.3.

IR (Diamond-ATR, neat): U / cmi' = 2986 (w), 2904 (w), 1706 (s), 1586 (m), 1568, (tH50
(m), 1510 (w), 1480 (w), 1430 (w), 1400 (m), 1364),(1304 (w), 1266 (vs), 1126 (m), 1106 (s),
1090 (m), 1026 (m), 1018 (m), 880 (m), 850 (m), &3y, 760 (s), 698 (m), 610 (W).

MS (El, 70 eV): m/z (%) = 242 (M, 45), 214 (38), 197 (100), 169 (25), 129 (3), 4R

HRMS (C14H14N205): calc.: 242.1055; found: 242.1051.
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6.3. Prepartion of the title compounds via Ni-catalyzedross-couplings

Ethyl 2-[3-(ethoxycarbonyl)phenyl]nicotinate (128a)

| o CO-Et
N/ C02 Et

According toTP15 ethyl 2-(methylthio)nicotinatel@4e 197 mg, 1.00 mmol, in 1 mL THF) was
reacted with 3-(ethoxycarbonyl)phenylzinc iodided;(2.24 mL, 1.50 mmol, 0.6M in THF),
Ni(acac} (6.4 mg, 2.5 mol%) and DPE-Phos (26.8 mg, 5.0 molgdter 14 h at 25 °C, the
reaction mixture was quenched with sat. ag.(\@ solution (25 mL) followed by extraction
using EtOAc (3 x 25 mL). Purification by flash chmatography (silica gel, pentane / EtOAc =
4:1) afforded the pyridin&28a(273 mg, 91%) as colourless liquid.

'H-NMR (300 MHz, CDCL): &/ ppm = 8.78 (ddJ = 4.7 Hz, 1.7 Hz, 1H), 8.22-8.19 (m, 1H),
8.17 (dd,J = 7.9 Hz, 1.7 Hz, 1H), 8.13-8.08 (m, 1H), 7.7747(th, 1H), 7.55-7.47 (m, 1H), 7.38
(dd, J = 7.9 Hz, 4.7 Hz, 1H), 4.37 (d,= 7.0 Hz, 2H), 4.16 (¢ = 7.2 Hz, 2H), 1.37 (&) =
7.2 Hz, 3H), 1.06 (t) = 7.2 Hz, 3H).

13C-NMR (75 MHz, CDCls3): &/ ppm = 167.4, 166.2, 157.9, 151.1, 140.2, 13832.9, 130.4,
129.8, 129.8, 128.2, 127.3, 122.0, 61.6, 61.0,,1B7.

IR (Diamond-ATR, neat): ¥ / cm* = 2982 (w), 1713 (vs), 1582 (w), 1562 (m), 1439,(t%20
(m), 1391 (w), 1367 (m), 1283 (s), 1245 (vs), 126)7 1170 (m), 1111 (s), 1097 (s), 1056 (s),
1015 (m), 855 (w), 822 (w), 787 (m), 753 (vs), G

MS (El, 70 eV): m/z (%) = 299 (M, 16), 270 (100), 254 (37), 242 (27), 227 (28), 208), 198
(14), 182 (14), 155 (18), 127 (8), 91 (5).

HRMS (C;/H17/NOy): calc.: 299.1158; found: 299.1155.

Ethyl 4-(3-cyanopyridin-2-yl)benzoate (128b)

\CN

—

N
CO,Et

According toTP15 2-(methylthio)nicotinonitrile 124i;, 150 mg, 1.00 mmol, in 1 mL THF) was
reacted with 4-(ethoxycarbonyl)phenylzinc iodidss;(2.14 mL, 1.50 mmol, 0.7Q in THF),
Ni(acac) (6.4 mg, 2.5 mol%) and DPE-Phos (26.8 mg, 5.0 molAgter 18 h at 25 °C, the

reaction mixture was quenched with sat. ag,Q\& solution (25 mL) followed by extraction
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using EtOAc (3 x 25 mL). Purification by flash chratography (silica gel, pentane s/@t= 1:1

+ 2 vol-% NEg) afforded the pyridind28b (173 mg, 69%) as white solid.

M.p. (°C): 98-100.

'H-NMR (300 MHz, CDCk): &/ ppm = 8.89 (ddJ = 4.9 Hz, 1.7 Hz, 1H), 8.22-8.16 (m, 2H),
8.09 (dd,J = 8.0 Hz, 1.9 Hz, 1H), 8.03-7.96 (m, 2H), 7.42,(dd 7.8 Hz, 4.9 Hz, 1H), 4.41 (q,
J=7.1Hz, 2H), 1.41 (1 = 7.1 Hz, 3H).

¥C-NMR (75 MHz, CDCls): &/ ppm = 166.0, 160.0, 152.7, 141.8, 141.0, 131298, 128.9,
122.1,117.2,107.9, 61.2, 14.3.

IR (Diamond-ATR, neat): U / cmi* = 2977 (vw), 2225 (w), 1714 (m), 1581 (w), 1557),(1432
(m), 1405 (w), 1368 (w), 1319 (vw), 1271 (vs), 128§, 1184 (w), 1175 (w), 1102 (s), 1016
(m), 966 (w), 862 (m), 806 (m), 787 (w), 750 (V&)9 (w), 698 (m).

MS (El, 70 eV): m/z (%) = 252 (M, 43), 224 (36), 207 (100), 179 (36), 152 (15)(90

HRMS (C15H12N205): calc.: 252.0899; found: 252.0902.

Ethyl 3-(4-methylpyrimidin-2-yl)benzoate (128c)

Me

[,\lj\l\@/mﬁ
According to TP15 4-methyl-2-(methylthio)pyrimidine 124¢ 140 mg, 1.00 mmol, in 1 mL
THF) was reacted with 3-(ethoxycarbonyl)phenylzimdide 6d; 2.21 mL, 1.50 mmol, 0.68 in
THF), Ni(acac) (6.4 mg, 2.5 mol%) and DPE-Phos (26.8 mg, 5.0 moBfter 12 h at 25 °C,
the reaction mixture was quenched with sat. agCRasolution (25 mL) followed by extraction
using EtOAc (3 x 25 mL). Purification by flash chratography (silica gel, pentane /@t
= 20:1) afforded the pyrimiding28c(230 mg, 95%) as a yellow oil.
'H-NMR (300 MHz, CDCL): &/ ppm = 9.10-9.06 (m, 1H), 8.68-8.60 (m, 2H), 8871 (m,
1H), 7.58-7.51 (m, 1H), 7.07 (d,= 5.1 Hz, 1H), 4.41 (q] = 7.1 Hz, 2H), 2.59 (s, 3H), 1.41 (t,
J=7.2 Hz, 3H).
¥C-NMR (75 MHz, CDCls): &/ ppm = 167.6, 166.4, 163.4, 156.7, 138.0, 13345, 131.0,
129.3, 128.6, 119.0, 61.0, 24.4, 14.4.
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IR (Diamond-ATR, neat): U / cmi* = 2976 (w), 2928 (vw), 1712 (s), 1572 (s), 1553, (1422
(m), 1386 (m), 1365 (m), 1280 (s), 1255 (s), 1235),(1164 (m), 1126 (s), 1103 (s), 1078 (m),
1021 (s), 916 (m), 849 (m), 822 (m), 746 (vs), 685

MS (El, 70 eV): m/z (%) = 242 (M, 53), 214 (11), 197 (80), 170 (100), 129 (6), (R

HRMS (C14H14N205): calc.: 242.1055; found: 242.1052.

4-(4-Methylpyrimidin-2-yl)benzonitrile (128d)
Me

Yo

According to TP15 4-methyl-2-(methylthio)pyrimidine 124¢ 140 mg, 1.00 mmol, in 1 mL
THF) was reacted with 3-cyanophenylzinc iodide (2.31 mL, 1.50 mmol, 0.6& in THF),
Ni(acac) (6.4 mg, 2.5 mol%) and DPE-Phos (26.8 mg, 5.0 molgdter 18 h at 25 °C, the
reaction mixture was quenched with sat. ag.Q\ solution (25 mL) followed by extraction
using EtOAc (3 x 25 mL). Purification by flash chratography (silica gel, pentane s@&t/
EtOAc = 2:6:1) afforded the pyrimidiri29d (143 mg, 73%) as a white solid.

M.p. (°C): 191-193.

'H-NMR (300 MHz, CDCkL): &/ ppm = 8.66 (dJ = 5.2 Hz, 1H), 8.60-8.52 (m, 2H), 7.78-7.71
(m, 2H), 7.11 (dJ = 5.6 Hz, 1H), 2.59 (s, 3H).

13C-NMR (75 MHz, CDCls): &/ ppm = 167.7, 162.4, 156.9, 141.8, 132.3, 12816,5, 118.8,
113.8, 24.3.

IR (Diamond-ATR, neat): U / cmi* = 3047 (w), 2224 (w), 1678 (w), 1606 (w), 1583 (K350
(s), 1378 (s), 1288 (m), 1254 (w), 1197 (w), 1188, @018 (w), 994 (w), 949 (w), 868 (m), 860
(m), 836 (vs), 789 (vs), 706 (w).

MS (El, 70 eV): m/z (%) = 195 (M, 100), 180 (13), 128 (29), 101 (5), 67 (5).

HRMS (C;12HgN3): calc.: 195.0796; found: 195.0796.
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Ethyl 3-pyrazin-2-ylbenzoate (128e)
N

[ X
N/]\©/CO2 Et

According toTP15 2-(methylthio)pyrazinel24r 26 mg, 1.00 mmol, in 1 mL THF) was reacted
with 3-(ethoxycarbonyl)phenylzinc iodidéd; 2.31 mL, 1.50 mmol, 0.6& in THF), Ni(acac)
(6.4 mg, 2.5 mol%) and DPE-Phos (26.8 mg, 5.0 mol#djer 14 h at 25 °C, the reaction
mixture was quenched with sat. ag..8@; solution (25 mL) followed by extraction using
EtOAc (3 x 25 mL). Purification by flash chromataghy (silica gel, pentane /J&x = 1:1)
afforded the pyrazin&28e(170 mg, 74%) as a white solid.

M.p. (°C): 121-123.

'H-NMR (400 MHz, CsD¢): &/ ppm = 8.95 (tJ = 1.6 Hz, 1H), 8.76 (d] = 1.6 Hz, 1H), 8.18-
8.13 (m, 1H), 8.08-8.06 (m, 1H), 8.03 (= 2.5 Hz, 1H), 7.95-7.91 (m, 1H), 7.73t 7.7 Hz,
1H), 4.14 (qJ = 7.0 Hz, 2H), 1.03 (1) = 7.1 Hz, 3H).

3C-NMR (100 MHz, C¢D¢): 8/ ppm = 165.9, 151.6, 144.2, 143.6, 142.2, 13¥31,.9, 131.0,
130.9, 129.1, 128.4, 61.0, 14.2

IR (Diamond-ATR, neat): ¥ / cm* = 3090 (vw), 3053 (W), 2983 (w), 2939 (w), 1705 (506
(w), 1465 (m), 1392 (m), 1367 (m), 1278 (s), 1249),(1176 (m), 1147 (m), 1123 (m), 1109 (s),
1081 (m), 1024 (s), 1014 (s), 936 (m), 896 (m), &K 820 (m), 765 (s), 745 (s), 689 (s),
652 (m).

MS (El, 70 eV): m/z (%) = 228 (M, 61), 200 (31), 183 (100), 155 (49), 102 (10)(6)7

HRMS (C13H12N20,): calc.: 228.0899; found: 228.0883.

Ethyl 3-(6,7-dimethoxyquinazolin-4-yl)benzoate (128

According toTP15 6,7-dimethoxy-4-(methylthio)quinazolin@44j; 236 mg, 1.00 mmol, in 1 mL
THF) was reacted with 3-(ethoxycarbonyl)phenylzimtide 6d; 2.31 mL, 1.50 mmol, 0.6& in
THF), Ni(acac) (6.4 mg, 2.5 mol%) and DPE-Phos (26.8 mg, 5.0 moRfier 18 h at 25 °C, the

reaction mixture was quenched with sat. ag,Q\& solution (25 mL) followed by extraction
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using EtOAc (3 x 25 mL). Purification by flash chmatography (silica gel, pentane / EtOAc /
CH.Cl, = 1:1:2) afforded the quinazolii28f (270 mg, 80%) as a white solid.

M.p. (°C): 174-175.

'H-NMR (600 MHz, CDCL): &/ ppm = 9.20 (s, 1H), 8.46 ({,= 1.8 Hz, 1H), 8.24-8.21 (m,
1H), 7.99-7.97 (m, 1H), 7.65 @,= 7.8 Hz, 1H), 7.43 (s, 1H), 7.27 (s, 1H), 4.40J& 7.0 Hz,
2H), 4.08 (s, 3H), 3.89 (s, 3H), 1.38Jts 7.1 Hz, 3H).

13C-NMR (150 MHz, CDCls): &/ ppm = 165.9, 164.0, 156.1, 153.2, 150.7, 14839,8, 133.7,
131.1, 130.8, 130.6, 129.0, 118.6, 106.8, 103.8,&b.5, 56.1, 14.3.

IR (Diamond-ATR, neat): 7 / cmi* = 2920 (w), 2851 (w), 1730 (s), 1617 (w), 1569,(0540
(m), 1501 (vs), 1464 (m), 1427 (s), 1371 (m), 182}, 1302 (m), 1261 (s), 1230 (vs), 1214 (s),
1143 (m), 1122 (m), 1080 (m), 1030 (m), 1011 (n7)¥ ®w), 850 (m), 753 (M), 694 (m).

MS (El, 70 eV): m/z (%) = 338 (M, 100), 323 (22), 309 (22), 277 (24), 265 (20), 289 221
(13), 192 (6), 147 (5), 84 (8).

HRMS (C19H18N204): calc.: 338.1267; found: 338.1265.

2,4-Di-2-thienyl-6-(trifluoromethyl)pyrimidine (128 g)

According to TP15 2-(methylthio)-4-(2-thienyl)-6-(trifluoromethyl)pymidine (124g 276 mg,
1.00 mmol, in 1.5 mL THF) was reacted with 2-thiemc iodide 6f; 1.95 mL, 1.50 mmol,
0.77wm in THF), Ni(acac) (6.4 mg, 2.5 mol%) and DPE-Phos (26.8 mg, 5.0 moRfier 16 h at
25 °C, the reaction mixture was quenched with agt. NaCO;s solution (25 mL) followed by
extraction using EtOAc (3 x 25 mL). Purification byash chromatography (silica gel,
pentane / EO = 500:1) afforded the pyrimidir28g(294 mg, 94%) as a yellow solid.

M.p. (°C): 102-104.

'"H-NMR (300 MHz, CDCk): 8/ ppm = 8.14 (ddJ = 3.7 Hz, 1.3 Hz, 1H), 7.87 (dd,= 3.7 Hz,
1.1 Hz, 1H), 7.60 (dd) = 5.0 Hz, 1.2 Hz, 1H), 7.58 (s, 1H), 7.54 (dds 5.0 Hz, 1.2 Hz, 1H),
7.21-7.15 (m, 2H).

13C-NMR (75 MHz, CDCls): &/ ppm = 162.1, 161.2, 156.4 (Gc.r = 35.8 Hz), 141.9, 141.3,
131.6, 131.2, 130.6, 128.9, 128.6, 128.3, 120.8)(g; = 275.4 Hz), 107.7 (dJc.r = 2.8 Hz).
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IR (Diamond-ATR, neat): U / cmi* = 3101 (vw), 1739 (w), 1586 (m), 1542 (m), 1526,(t%27
(s), 1410 (m), 1379 (s), 1334 (w), 1263 (s), 1219, (1182 (s), 1137 (vs), 1102 (m), 1034 (m),
998 (m), 860 (m), 724 (m), 712 (s), 697 (vs).

MS (El, 70 eV): m/z (%) = 312 (M, 100), 134 (47), 109 (18), 90 (6), 45 (10).

HRMS (C13H7F3N,S,): calc.: 312.0003; found: 311.9985.

2,4-Dimethoxy-6-(2-thienyl)-1,3,5-triazine (128h)

j)\Me
A s
MeO NJ\@

According toTP15 dimethoxy-6-(methylthio)-1,3,5-triazind 24 187 mg, 1.00 mmol, in 1 mL
THF) was reacted with 2-thienylzinc iodidef;(1.95 mL, 1.50 mmol, 0.7 in THF), Ni(acac)
(6.4 mg, 2.5 mol%) and DPE-Phos (26.8 mg, 5.0 mol#djer 16 h at 25 °C, the reaction
mixture was quenched with sat. ag.,88@; solution (25 mL) followed by extraction using
EtOAc (3 x 25 mL). Purification by flash chromataghy (silica gel, pentane /&t / CHCl,
= 8:1:1) afforded the pyrimiding28h (194 mg, 87%) as a pale yellow solid.
M.p. (°C): 93-95.
'H-NMR (600 MHz, CDCk): 5/ ppm = 8.14 (ddJ = 3.8 Hz, 1.3 Hz, 1H), 7.57 (dd,= 5.0 Hz,
1.2 Hz, 1H), 7.14 (dd] = 4.9 Hz, 3.7 Hz, 1H), 4.07 (s, 6H).
3C-NMR (150 MHz, CDCls): &/ ppm = 172.5, 170.6, 140.6, 132.5, 131.9, 12663.
IR (Diamond-ATR, neat): U / cmi* = 3079 (w), 2953 (w), 1563 (s), 1544 (s), 1531 14P0 (s),
1452 (s), 1428 (s), 1378 (s), 1350 (vs), 13351881 (m), 1194 (m), 1096 (s), 1085 (m), 1041
(s), 1011 (m), 931 (m), 813 (s), 738 (s), 722 (S).
MS (El, 70 eV): m/z (%) = 223 (M, 100), 193 (33), 178 (21), 152 (31), 110 (30), {09), 69
(18).
HRMS (CgHgN30,S): calc.: 223.0415; found: 223.0399.
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Ethyl 3-{[5-(trifluoromethyl)pyridin-2-ylimethyl}be nzoate (128i)
CO,Et

FaCe
| -

According to TP15 2-(methylthio)-5-(trifluoromethyl)pyridine 124i; 193 mg, 1.00 mmol, in

1 mL THF) was reacted with 3-(ethoxycarbonyl)bering chloride(54m; 1.19 mL, 1.50 mmol,

1.26M in THF), Ni(acac) (6.4 mg, 2.5 mol%) and DPE-Phos (26.8 mg, 5.0 moRfier 24 h at

25 °C, the reaction mixture was quenched with agt. NaCQO; solution (25 mL) followed by

extraction using EtOAc (3 x 25 mL). Purification b§ash chromatography (silica gel,

pentane / BD = 9:1) afforded the pyriding28i (230 mg, 74%) as colourless liquid.

'H-NMR (300 MHz, CDCk): 8/ ppm = 8.82-8.79 (m, 1H), 7.97-7.89 (m, 2H), 7(84,J =

8.1 Hz, 2.4 Hz, 1H), 7.48-7.42 (m, 1H), 7.38)(t 7.6 Hz, 1H), 7.24 (d] = 9.0 Hz, 1H), 4.35 (q,

J=7.2 Hz, 2H), 4.26 (s, 2H), 1.37 Jt= 7.2 Hz, 3H).

13C-NMR (75 MHz, CDCls): &/ ppm = 166.4, 164.3 ({Jcr = 1.4 Hz), 146.3 (93Jcr =

4.0 Hz), 138.6, 133.8 (dJc.r = 3.4 Hz), 133.6, 131.0, 130.2, 128.8, 128.1, 82¢,%Jc.F = 33.0

Hz), 123.6 (qlJc.r = 272.1 Hz), 122.8, 61.0, 44.3, 14.3.

IR (Diamond-ATR, neat): V / cmi* = 2984 (vw), 1715 (s), 1605 (m), 1574 (w), 1490, (445

(w), 1392 (w), 1368 (w), 1326 (vs), 1277 (s), 1192 1164 (m), 1123 (vs), 1105 (s), 1077 (vs),

1016 (s), 944 (w), 860 (w), 836 (w), 742 (s), 689,673 (W), 650 (W).

MS (El, 70 eV): m/z (%) = 309 (M, 41), 308 (100), 290 (11), 280 (93), 264 (44), P35), 208

(16), 167 (32), 132 (13), 118 (11), 44 (21).

HRMS (C16H14F3NOy): calc.: 309.0977; found: 309.0957.

2-(2-Chlorobenzyl)nicotinonitrile (128j)

Cl
According toTP15 2-(methylthio)nicotinonitrile 124i; 150 mg, 1.00 mmol in 1 mL THF) was
reacted with 2-chlorobenzylzinc chlorid®4b; 2.14 mL, 1.50 mmol, 0.7@ in THF), Ni(acag)
(6.4 mg, 2.5 mol%) and DPE-Phos (26.8 mg, 5.0 mol#djer 24 h at 25 °C, the reaction
mixture was quenched with sat. ag..8@; solution (25 mL) followed by extraction using
EtOAc (3 x 25 mL). Purification by flash chromataghy (silica gel, pentane /&t / CHCl,
=5:1:1 + 2 vol-% NEJ) afforded the pyridind28j (258 mg, 69%) as white solid.
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M.p. (°C): 74-76.

'"H-NMR (300 MHz, CDCk): 5/ ppm = 8.71 (ddJ = 5.0 Hz, 1.8 Hz, 1H), 7.96 (dd= 7.9 Hz,
1.7 Hz, 1H), 7.41-7.34 (m, 1H), 7.29 (dtl= 7.9 Hz, 4.7 Hz, 1H), 7.26-7.18 (m, 3H), 4.53 (s,
2H).

3C-NMR (75 MHz, CDCl3): &/ ppm = 162.1, 152.3, 140.7, 135.2, 134.4, 13129,6, 128.5,
126.9, 121.4, 116.4, 109.8, 40.3.

IR (Diamond-ATR, neat): ¥ / cm* = 3057 (vw), 2923 (vw), 2228 (w), 1579 (m), 1568)(
1474 (m), 1434 (s), 1164 (w), 1127 (w), 1090 (n®5Q (m), 1038 (m), 987 (w), 949 (w), 910
(w), 805 (m), 752 (vs), 717 (m), 704 (m), 678 (623 (m).

MS (El, 70 eV): m/z (%) = 228 (M, <1), 193 (100), 164 (4), 96 (4), 82 (2), 63 (2).

HRMS (C13HoCINy): calc.: 227.0376 ([M-H); found: 227.0377 ([M-H).

3-[(4-Methylpyrimidin-2-yl)methyl]benzonitrile (128 k)

Me CN

N
According to TP15 4-methyl-2-(methylthio)pyrimidine 124G 140 mg, 1.00 mmol, in 1 mL
THF) was reacted with 3-cyanobenzylzinc chlorifiéd 1.05 mL, 1.50 mmol, 1.4@ in THF),
Ni(acac} (6.4 mg, 2.5 mol%) and DPE-Phos (26.8 mg, 5.0 mol#dter 7 h at 25 °C, the
reaction mixture was quenched with sat. ag.(\@ solution (25 mL) followed by extraction
using EtOAc (3x 25mL). Purification by flash chratography (silica gel,
pentane / BD / EtOAc = 2:6:1) afforded the pyrimidid®8k (197 mg, 94%) as a white solid.
M.p. (°C): 67-68.
'H-NMR (300 MHz, CDCL): &/ ppm = 8.50 (dJ = 5.2 Hz, 1H), 7.65-7.62 (m, 1H), 7.62-7.56
(m, 1H), 7.51-7.46 (m, 1H), 7.37 (= 7.8 Hz, 1H), 7.01 (d] = 5.2 Hz, 1H), 4.25 (s, 2H), 2.50
(s, 3H).
13C-NMR (75 MHz, CDClj3): 8/ ppm = 168.1, 167.6, 156.9, 139.7, 133.7, 1323D.2, 129.1,
118.9, 118.6, 112.4, 45.2, 24.2.
IR (Diamond-ATR, neat): ¥ / cmi* = 3078 (w), 3057 (w), 2978 (w), 2926 (w), 2230 (rhij19
(W), 1579 (vs), 1554 (s), 1481 (m), 1431 (s), 1886 1375 (s), 1315 (m), 1104 (m), 1040 (m),
836 (s), 795 (s), 746 (m), 718 (s), 691 (vs), 662 (
MS (El, 70 eV): m/z (%) = 209 (M; 46), 208 (100), 193 (5), 116 (8), 104 (4), 89 @A (8).



C. Experimental Section 267
HRMS (C13H11N3): calc.: 209.0953; found: 209.0936.

2-(4-Methoxybenzyl)pyrazine (128l)

N OMe

(L
According toTP15 2-(methylthio)pyrazinel26r; 1.26 g, 10.0 mmol, in 5 mL THF) was reacted
with 4-methoxybenzylzinc chlorid&4i; 20.8 mL, 15.0 mmol, 0.78 in THF), Ni(acac) (64 mg,
2.5 mol%) and DPE-Phos (268 mg, 5.0 mol%). Afterhlat 25 °C, the reaction mixture was
guenched with sat. ag. p&O; solution (250 mL) followed by extraction using EtOA3 x
250 mL). Purification by flash chromatography (sligel, pentane / Ed = 1:4) afforded the
pyrazinel28I (1.69 g, 84%) as a yellow liquid.
'"H-NMR (300 MHz, CDChk): &/ ppm = 8.48 (dd) = 2.5 Hz, 1.6 Hz, 1H), 8.44 (d,= 1.7 Hz,
1H), 8.38 (dJ = 2.6 Hz, 1H), 7.21-7.14 (m, 2H), 6.87-6.81 (m)2#410 (s, 2H), 3.76 (s, 3H).
3C-NMR (75 MHz, CDCl3): &/ ppm = 158.4, 156.8, 144.6, 144.0, 142.2, 1303D,0, 114.2,
55.2,41.1.
IR (Diamond-ATR, neat): ¥ / cmi* = 3004 (w), 2956 (w), 2932 (w), 2908 (w), 2836 (dH10
(m), 1584 (w), 1510 (vs), 1472 (m), 1440 (w), 1460, 1300 (m), 1246 (vs), 1176 (s), 1126 (m),
1104 (w), 1056 (m), 1032 (s), 1018 (s), 808 (sp, W), 648 (w).
MS (El, 70 eV): m/z (%) = 200 (M; 100), 185 (31), 157 (7), 121 (42), 77 (5).
HRMS (C12H12N20): calc.: 200.0950; found: 200.0940.
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1. Data of the X-ray Analysis
3,5-Dimethyl-4-methylene-4,5-dihydroisoxazol-5-ylghenyl)methanol (92e)

oo
01:\/ 12
| \/ ci2
/) C5, C11
/’
“rhal L
. c\m N
H ol
Crystal Data
Formula Q3H13C|2N02
Formula weight 286.14
Crystal system monoclinic
Space group P2;/c

[a/b/c] (A) [10.5555(8), 10.6222(8),11.8958(18)]
[a/Bly] (deg) [90.000(9), 92.856(9), 90.000(6)]
VIA3 1332.1(2)

z 4

Dead(g/cnt) 1.427

1 (Mog)/mm* 0.480

Crystal size/mm

Data Collection

0.41 x0.38 x 0.15

Temperature/K 173(2)
Radiation (M) (A) 0.71073
Bmin: Bmax (deQ) 4.29-26.24
Tot., Uniq. Data, R 5543, 2700, 0.246
Observed datd k 20(1)] 1741
Refinement
Nrer, Npar 2337, 165
R, WR, S 0.0348, 0.0833, 0.893
Max. and av. shift/error 0.001, 0.001
Min. max. resd. dens. (€% -0.357, 0.389

CCDC 778844 contains the supplementary crystalfggcadata for this compound. This data has
been deposit in the Cambridge Crystallographic @agatre and can be obtained free of charge

via the internet: www.ccdc.cam.ac.uk/data_requiést/c
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