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A new synthetic method of chiral g,f-disubstituted vinylic sulfoxides bearing various functionalities has been developed by employing Cu-

catalyzed conjugate addition of an organozinc reagent to chiral 1-alkynyl

sulfoxide. Since the reaction proceeds with very high syn-selectivity,

both geometric B 8-disubstituted vinylic sulfoxides were stereoselectively synthesized by changing the combination of 1-alkynyl sulfoxide

and the organozinc reagent.

Vinylic sulfoxides are well-known chiral building blocks
applied to various asymmetric reactions, in which high
diastereoselectivity is often realizédin addition, since the
sulfinyl group can be converted into various functional
groups, vinylic sulfoxides have been employed in many
synthetic studies for biologically active natural products.
Although some useful methods to synthesig&g @nd @)-
B-monosubstituted sulfoxides are availabliaere are few
methods for the synthesis of chiyafs-disubstituted vinylic
sulfoxides® One widely used methodology synselective
conjugate addition of an organocopper reagent to 1-alkyny
sulfoxides! However, the application of this method has been

(1) Reviews for application of chiral vinylic sulfoxides in asymmetric
synthesis, see: Procter, D.J.Chem. Soc., Perkin Trans.2D01, 335—
354. Procter, D. 1. Chem. Soc., Perkin Trans200Q 835-871. Carretero,
J. C.; Arrays, R. G.; Buezo, N. D.; Garrido, J. L.; Alonso, I.; Adrio, J.
Phosphorus, Sulfur Silicot999 153—-154, 259-273. Carrén, M. C.Chem.
Rev. 1995 95, 1717-1760. Marino, J. PPure Appl. Chem1993 65, 667—
674. Koizumi, T.Phosphorus, Sulfur Silicon Relat. Elef®91, 58, 111—
127.
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limited to introduction of relatively simple alkyl groups, since
organocopper reagents are regularly prepared from reactive
organolithium or Grignard reagents. To solve this problem,

(2) (a) van Steenis, J. H.; van Es, J. J. G. S.; van der GefuA.J.
Org. Chem200Q 27872793. (b) Segorbe, M. M.; Adrio, J.; Carretero, J.
C. Tetrahedron Lett200Q 41, 1983-1986. (c) Mikolajczyk, M.; Per-
likowska, W.; Omelanczuk, J.; Cristau, H.-J.; Perraud-Darcy,) AOrg.
Chem.1998 63, 9716-9722. (d) Kosugi, H.; Kitaoka, M.; Tagami, K.;
Takahashi, A.; Uda, HJ. Org. Chem1987 52, 1078-1082. (e) Kosugi,
H.; Kitaoka, M.; Tagami, K.; Uda, HChem. Lett.1985 805-808. (f)
Posner, G. H.; Tang, P.-W. Org. Chem1978 43, 4131-4136. (g) Abbott,

| D. J.3. Chem. Soc. 01971, 471.

(3) Alonso, I.; Carretero, J. Cl. Org. Chem.2001, 66, 4453-4456.
Ruano, J. L. G.; de Diego, S. A. A,; Blanco, D.; Castro, A. M. M.; Marti
M. R.; Ramos, J. H. ROrg. Lett.2001 3, 3173-3176. Ruano, J. L. G.;
Gamboa, A. E.; Castro, A. M. M.; Rodjuez, J. HJ. Org. Chem1998
63, 3324-3332 and ref 2d.

(4) Paley, R. S.; de Dios, A.; Estroff, L. A.; Lafontaine, J. A.; Montero,
C.; McCulley, D. J.; Rubio, M. B.; Ventura, M. P.; Weers, H. L.Org.
Chem.1997 62, 6326-6343. Kosugi, H.; Miura, Y.; Kanna, H.; Uda, H.
Tetrahedron: AsymmetrdQ93 4, 1409-1412. Truce, W. E.; Lusch, M. J.
J. Org. Chem1978 43, 2252-2258. Vermeer, P.; Meijer, J.; Eylander,
M. C. Recl. Tra.. Chim. Pays-Bad4974 93, 240-241 and ref 2d.
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we investigated Cu-catalyzed carbozincation of the chiral AC, and | are compatible in this reaction. It should be noted
1-alkynyl sulfoxides with organozinc reagents, which can that a nucleophile-sensitive acetyl group was not affected
be prepared straightforwardly from alkyl halides by halogen u.nder the reaction cqndltlons, and no Cu-qatalyzed iodine
zinc exchange reaction. Since several functional groups areZinC exchange reactiénvas observed (entries—6). How-
compatible with the organozinc reagent as a result of its mild €Ver. alkyny! sulfoxidesle and 1f bearing a proton and a
reactivity, a variety of multifunctionalized chiral vinylic ~hindered-Bu group at thes-position, respectively, showed
sulfoxides could be synthesized by coupling of a function- considerably low yields (entries 7 and &ynSelective

alized organozinc reagent and 1-alkynyl sulfoxide. methylation ofla was also accomplished using @ in
Herein, we present a new efficient method for the the presence of Cul catalyst (entry 9). _ _
geometrically selective synthesis of functionalized cha A wide range of multifunctionalized organozinc halides

disubstituted vinylic sulfoxide® by highly synselective Cu-  an be prepared by halogeninc exchange reactidtiNext,

catalyzed conjugate addition of organozinc compounds to We investigated the reaction of 1-alkynyl sulfoxide with
1-alkynyl sulfoxidesl (Scheme 1). functionalized organozinc reagents (Scheme 2). The results

Chiral 1-alkynyl sulfoxides were readily synthesized @are shownin Table 2. Organozinc halides were prepared from
according to the procedure reported by Kosugi and co-
workers?d Table 1 summarizes the reaction of the function- _
Table 2. Synthesis of3,3-Disubstituted Vinylic Sulfoxides

I Using Funcionalized Organozinc Reagents

Table 1. Synthesis of3,3-Disubstituted Vinylic Sulfoxides N
Y| B.8 Y entry  FG-RZnX (equiv) Cu-catalyst  product

Using RyZn? (mol%) (yield, %)
product 1 2 2 3a (72
) , ) e —~.ZnBr (2)  Cul(2) a (72)
entry substrate FG-R R'" Cu-catalyst (yield, %) ) @ CuCN (2) 3a (73)
1 la n-Bu Et Cul (2)-2a (97)
2 la  nBu Et  CuCN (2)-2a (86) 3 @  CuOTH, >  3a@l)
3 la  n-Bu Et Cu(OTf) (2)-2a(69) 4 BnZnBr (2) Cu(OThH, (2)  3b (@D
4 1b TBSO(CH,), Et  Cul 2b (78) 5  PivOCH,Znl (3) Cu(OTf), 2) 3¢ (75)
5 lc  AcO(CHy), Et cul 2c (84) 6 EtO,C(CHp)sZnl 3) Cu(OTH, (2)  3d (70)
6 id I(CH2)4 Et Cul 2d (71) o
7 le H Et Cul 2e (24)°
8 1f t-Bu Et Cul 2f (21) 7 sz @ Cu(OT, (2)  3e(87)
9 la n-Bu Me Cul 2g (67)°

8
aThe reactions were carried outa 1 Msolution of the alkyne in THF BocNH(CHz)sZnl (10) - Cu(OTh, (2) 334

using RzZn (2 equiv) in the presence of Cu-catalyst (2 mol %)-a8 °C
to rt unless otherwise statefi(Z)-Isomer was produced in 21% yieltiThe
reaction was carried out in a 0.1 M solution.

aThe reactions were carried om & 1 Msolution of the alkyne in THF
using FG-RZnX in the presence of Cu-catalyst-at8 °C to rt.

alized 1-alkynyl sulfoxides with dialkylzinc reagents. Upon the corresponding alkyl halides with Zn powder activated
treatment with BZn (2 equiv) in the presence of catalytic With TMSCI and dibromoethane. Upon treatment with
Cul (2 mol %), 1-alkynyl sulfoxidela underwent carbozin-  allylzinc bromide, the 1-alkynyl sulfoxidda underwent
cation to give a vinylic sulfoxideZ)-2ain 97% vield. The carbozincation in the presence of 2 mol % of Cul, leading
reaction proceeded insynselective fashion, giving thezj- to (E)-vinylic sulfoxide 3ain 72% yield as a single product
isomer exclusively (entry Other Cu-salts such as CuCN  (éntry 1). In this case, Cu(OTfjwas the most efficient

and Cu(OTf) also catalyzed this reaction to afford){2 in : : :
(7) The reaction ofla without Cu-catalyst afforded g-sulfinylated

moderate_to gOOd ylelds (entr_les 2 and_7 G)he prOC_Edur_e vinylic sulfoxide via sulfinylzincation along withZ)-2a. We have reported
was applied to the synthesis of various functionalized the results in a recent communication; see: Maezaki, N.; Yoshigami, R.;

_ ; _ ; Maeda, J.; Tanaka, TOrg. Lett.2001, 3, 36273629.
1-alkynyl sulfoxideslb—f. Functional groups such as TBS, (8) Stadtnller, H.: Vaupel. A.: Tucker, C. E.. Stiemann, T. Knochel,
P. Chem. Eur. J.1996 2, 1204-1220. Rozema, M. J.; Eisenberg, C.;

(5) Efficient and highlysynselective carbozincation of 1-alkynyl sulfides  Lutjens, H.; Ostwald, R.; Belyk, K.; Knochel, Fetrahedron Lett1993

was reported; see: Rao S. A.; Knochel JPAm. Chem. Sod.991, 113 34, 3115-3118.

5735-5741. (9) Boudier, A.; Bromm, L. O.; Lotz, M.; Knochel, Angew. Chem.,
(6) Geometry of the vinylic sulfoxides was determined by NOE experi- Int. Ed.200Q 39, 4414-4435. Nakamura, M.; Nakamura, E.Synth. Org.

ments. Chem. Jpn1998 56, 632-644 and references therein.
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catalyst among the Cu-salts screened to i 81% yield disubstituted vinylic sulfoxides by changing the combination

(entries £3). Using the Cu(OTHf) catalyst, various func-  of thej-substituent of 1-alkynyl sulfoxide and the organozinc

tionalized organozinc halides were coupled with the 1-alky- reagent. Thus, thesj-isomer of vinylic sulfoxide E)-2awas

nyl sulfoxide 1a (entries 4-8). The substituents bearing a synthesized in 74% vyield by reaction of 1-alkynyl sulfoxide

variety of nucleophile-sensitive functional groups were 1gandn-butylzinc bromide in the presence of catalytic Cu-

introduced stereospecifically in moderate to good yields. (OTf), (Scheme 4). Since the correspondidrisomer was
The result that thei-sulfinyl vinylzinc intermediate retains

the geometry at room temperature is in sharp contrast to th_

fact thata-sulfinyl vinyllithium isomerizes to a thermody- Scheme 4
namically more stable geometric isomer even-&8 °C.1° . .

R . n-BuZnBr (2 equiv) Tol,, /
The difference between these results presumably arises from Tol . Cu(OTf) (2mol%) Et i ~o
the more ionic nature of the carbefithium bond than the Et—=—g7  THF, -78°Ctort =

AN — = n-Bu

carbon-zinc bond. 1g o (74%) (E)-2a

synthesized in 97% vyield by the Cul-catalyzed conjugate

Scheme 3 . addition of EfZn to 1a(Table 1, entry 1), this method affords
TMSCH,ZnBr (2 equiv) Tol, p* a powerful tool for stereoselective synthesisfgf-disub-
CQulOTg (2 mol%) BN S0 stituted vinylic sulfoxides.
1a : TMSCH, We also found that the vinylzinc intermediate generated

(E)-3g only (94%) by the reaction ofla with Et,Zn can be trapped by allyl

. Tol s bromide (5 equiv), giving trisubstituted vinylic sulfoxide
TMSCHAMIB! 2 o) |y & in 66% yield along with 10% ofZ)-2a (Scheme 5).
THF, -78 °C to t = 0

THSEhe |
-39 (15%
25’-33 ((24%)) Scheme 5

1) EtoZn (1.5 equiv)

Cul (2 mol%) B T°L.s/'
. THF,-78°Ctort MU __ S~
Scheme 3 shows a comparison of two Cu-catalyzed 1a Et>—<A"y|° + (2)-2a
; ; ; ; 2) AllylBr (5 equi
carbometalations using an organozinc reagent and Grignard ) 5 Zc to(rl quiv) 4 (66%) (10%)

reagent, wherein Mg possesses electronegativity between Li
and Zn. Although a mixture of geometric isomeE-(and
(2)-3gwas obtained in the reaction with a Grignard reagent,  Although the yield was moderate, two kinds of substituents
Cu-catalyzed carbozincation provided chiral allylic silaBg ( were introduced regio- and stereoselectively in a one-pot
3g as the sole geometric isomer. These results obviously reaction. Optimization of the yield and the reaction with other
exhibit the advantage of organozinc reagents over organo-electrophiles are in due course, and the results will be
magnesium reagents. reported elsewhere.

Since the reaction proceeds stereospecifically, it would be  In conclusion, we have developed a useful method to
applied to stereoselective synthesis of both geomgtfie synthesize chiraB,s-disubstituted vinylic sulfoxides with
various functionalities via highlgynselective Cu-catalyzed

(10) Posner, G. H.; Tang, P.-W.; Mallamo, J.TRtrahedron Lett1978 i iti i _
3995-3998. Okamura, H.; Mitsuhira, Y.; Miura, M.; Takei, Bhem. Lett. conjugate addition of an organozinc reagent to 1 a.lky.nyl
1978 517-520. sulfoxide. Further study to explore the scope and limitation

(11) Configurational stability of organozinc compounds has been re- of this method is in progress.
ported; see: Poisson, J.-F.; Normant, JJFAm. Chem. So2001, 123
4639-4640. Poisson, J.-F.; Normant, J.Btg. Lett.2001, 3, 1889-1891. . . . . .
Poisson, J.-F.; Chemla, F.; Normant, JSynlett2001, 305-307. Guijarro, Supporting Information Available: Synthetic procedure,
2.; IFéliekﬁ, R. D-Ar';gev%/- ChheT"Fxlsm'|Et(t210909083§2131*g—7§ig7% Bouldige:r, characterization data, and spectral dath &nd *C NMR)
.; Flachsmann, F.; Knochel, FSynle . Darcel, C,; . S P
Flachsmann, F.; Knochel, Ehem. Communl998 205-206 and ref 5. of (Z)'Za' (E)'Za' and3a. This material is available free of

For counterexamples, see: Klein, S.; Marek, I.; Normant, J.-6rg. Chem. charge via the Internet at http://pubs.acs.org.
1994 59, 2925-2926. Hayashi, T.; Hagihara, T.; Katsuro, Y.; Kumada,
M. Bull. Chem. Soc. Jpri983 56, 363—-364. 0OL034289B
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