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A convergent approach for the stereoselective synthesis of 2-alkoxy-3-alkyl(aryl)thiobuta-1,3-dienes has been developed. It was found that
Negishi coupling between a-alkyl(aryl)thio vinyl zinc chloride and a-bromo vinyl ether or Negishi coupling between o-bromo vinyl sulfide and
a-alkoxy vinyl zinc chloride provided the best yield and stereoselectivity.

Heteroatom-substituted 1,3-dienes play a very important role 3 was prepared from cyclobutanone (Scheme Although

in cycloadditions. The introduction of heteroatom functional this is a novel approach, some limitations still exist. For
groups to 1,3-dienes can control both regio- and stereose-instance, the synthetic route is tedious, and it is difficult to
lectivity in cycloadditions. For example, Danishefsky de- prepare 1,3-dienes with substituents at the 1 and 4 positions.
veloped 1-methoxy-3-trimethylsiloxybuta-1,3-diene which Therefore, we decided to develop a new procedure for the
has led to many creative applications in complex organic stereoselective synthesis of a variety of 2-alkoxy-3-alkyl-

synthesig. Trost and co-workers developed another kind of (ary|ythiobuta-1,3-dienes with different substituents on both
1,3-diene, 2-alkoxy-3-alkyl(aryl)thiobuta-1,3-dieBewhich the 1 and 4 positions.

has been used as a regiochemical control element in
cycloadditions’ According to Trost's procedures, compound

(1) Synthesis viax-halo vinyl ethers. 4. Scheme 1

(2) Danishefsky, S. JAldrichimica Actal1986,19, 59 and references 1 1 1
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(b) Trost, B. M.; Vladuchick, W. C.; Bridges, A. J. Am. Chem. Soc. R%S RT3,
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s but it was still quite slow and never went to completion

Scheme 2 even with the addition of 0.75 equiv of Cul (Scheme 3, eq
TMSX 2). After heating at reflux for 12 h, compound2R and
R MeOH R;_(s catalyst 12Swere isolated in 77% yield along with the recovery of
CH,Cl Rs 20% of the starting material1® When the solvent was
4 G=OR' 6 G=OR’ 8 G=OR' replaced with DMF (Scheme 3, eq 3), the reaction was much
5 G=SR' 7 G=SR! 9 G=SR' faster and was completa il h at 25°C. However, the

stereochemistry of the double bond was not retained,
and compound43R and 13S were also formed in 31%

Recently, we discovered that hydrogen halide generatedyield?
in situ (by reaction of trimethylsilyl halide with anhydrous We then investigated the Stille coupling betweealkyl-
methanol) can add to acetylenic ethers at low temperaturethjo vinyl stannanel4® and a-bromo vinyl etherl5. The

in a completely regio- and stereoselective manner with nearly resyits are summarized in Scheme 4. More than 90% of the
guantitative yields (Scheme 2)This methodology was

successfully extended to the stereoselective synthesis o_
a-halo vinyl sulfides® Furthermore, we also demonstrated

that botha-halo vinyl ethers and-halo vinyl sulfides are Scheme 4
versatile substrates for many important transformations t }
such as transition metal catalyzed cross-coupling reac-HaC(H2C)y—\ _ SMe H3C>_<OR Pd{PPh3)4
tions*® This motivated us to investigate the possibility of H snMe, H er THF, reflux, 48 h
the development of a convergent approach for the stereo- 14 15 R'=(-)}-Menthol
selective synthesis of 2-alkoxy-3-alkyl(aryl)thiobuta-1,3- o
dienes °
We first studied the Stille couplifgoetweena-bromo CHs
vinyl sulfide 10 anda-alkoxy vinyl stannand 1, which was Mes” X MeS” ™ eq. 4
derived from a-alkoxy vinyllithium on the basis of our HAC(HC )3 HaC H,C)3
methodology (Scheme 3)Under the typical Stille condi- s
12R, 128 trace 16R, 168

Pd(PPh3)s, Cul
14 + 15 ———— » 12R,12S +16R, 16S eq.5

. Scheme 3 THF, reflux, 48 h trace
HSC,‘ OR' PAPPhs)s
H3C(HZC)3‘{=<SMS+ ;- no reaction 18 + 15 LT OY R 125 +16R 168  eq.6
SN H  SnMe; THg4r§ﬂUX DMF, 25°C. 1h ’ ’ '
10 1 R'=(-)-Menthol eq. 1 27% 21
CHs
Rlowz
10 + 11 _Pd(PPhs)s Cul L Mes™N\ starting materials was recovered from both reactions (eq 4
e
THF, reflux, 12 h and eq 5), and only a trace amount of the products was
7% H3C (H2C)g Et eq. 2 isolated® Even in the presence of Cul and DMF, the reaction
12R, 128 was still very slow and not stereoselective (ed @hese
; CH3 experimental results suggest that Stille coupling is not the
10 + 49 FOPPR9aCY RO “o {Hs method of choice for the stereoselective synthesis of
DMF,25°C. 1h  MeS” X + f)\ €q.3 2-alkoxy-3-alkylthiobuta-1,3-dienes. Another coupling reac-
8% L, Mes NN (CHo)5CHS tion was needed to achieve high yield and excellent stereo-
3CH2C)3 selectiveity.
12R, 128 13R, 13S . . . . .
91 It is known that the vinyl zinc chloride reagents used in

Negishi couplings are generally more reactive than the
corresponding vinyl stannaffeéSo compoundLO was con-

tions, no reaction was observed after the reaction mixture
was heated at reflux for 24 h (Scheme 3, eq 1). With the (8) The geometry of the double bonds was determined by NOESY

addition of cocatalyst Cul.the reaction occurred in THF spectra. Th&/Z ratios were measured by integration of well-resolved signals
’ " in the correspondingH NMR.

(9) (a) King, A. O.; Okukado, N.; Negishi, E.-€Chem. Commurl977,

(4) Yu, W.; Jin, Z.J. Am. Chem. So2000,122, 9840. 683. (b) Negishi, E.-i.; Okukado, N.; King, A. O.; Van Horn, D. E.; Spiegel,
(5) Su, M.; Yu, W.; Jin, ZTetrahedron Lett2001,42, 3771. B. I. J. Am. Chem. Sod 978,100, 2254. (c) Negishi, E.; Luo, F.-T.

(6) Farina, V.; Krishnamurthy, V.; Scott, W. @rg. React1997,50, 1 Org. Chem1983,48, 1560. (d) Negishi, E.-i.; Bagheri, V.; Chatterjee, S.;
and references therein. Luo, F.-T.Tetrahedron Lett1983,24, 5181. (e) Negishi, E.-i.; Takahashi,
(7) Farina, V.; Kapadia, S.; Krishnan, B.; Wang, C.; Liebeskind, L. S. T.; Baba, S.; Van Horn, D. E.; Okukado, Bl. Am. Chem. S0d 987,109,

J. Org. Chem1994,59, 5905 and references therein. 2393.
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Table 1. Synthesis of 2-Alkoxy-3-alkyl(aryl)thiobuta-1,3-dienes

Entryd Substrate 1 Substrate 2b Products® Yieldd
H;C(H.C)s SMe R1Q/ Me MeS  OR'
1 H X Br H |-|3c;(|-|2c;)6—/>_<\—c:|-|3 86%
(1 X=Br 15 21
20 X=ZnCl
O-p = O
2 19 X=Br = _)—<_ 91%
(zo X=ZnCl Bf H H3C(HC)g 7\ Et
2 23
Ot v pO
3 19 XfBr — 83%
(20 X=znci s/ H,ClH, Ol 7/ \
24 25 =
HC(H,C)s  SPh FN1
4 H X 15 HsC(H,C)s 7\ CH, 91%
(% X=Br 28
27 X=ZnCl
s p<)
5 (28 Xbr 24 87%
27 X=ZnCl H, C(H ) / \ B
29
Et
Hz C(H, C)s SMe MeS Me
6 = MeQ Pt 80%
H X H3C(H,C); HC
Bf H !
C1o X=Br Et
17 X=ZnCl 30 3
7 SMe RiO Meg PR’ 70%
= = VAR
H X Bf H
(32 xBr 34 3
33 X=ZnCl
O o0
8 32 XfBr — 73%
33 X=znCl 8 \ VAR o
36 37
Oa g ms oO o
o . e
X H Hs C(H,C )sHC 7 N\ Et
(22 X=Br Et 39
38 X=2ZnCl
Ora <
10 32 —
X H 37
(36 X=Br
40 X=ZnCl

a All reactions were run in either ether or toluene at°#5 ® R! = (—)-menthol.¢ The geometry of double bonds were determined by NOESY spectra.
The minor isomer was not detected by NMRAIl yields are isolated yields.

verted too-alkylthio vinyl zinc chloride intermediat&7 by
reaction with t-BuLi followed by transmetalation with
anhydrous ZnGl(Scheme 5). Under the Negishi conditions,
compoundl7 reacted witho-bromo vinyl etherl5to provide
the desired compound$2R and 12S. The reaction was
complete in 30 min at 25C and the stereoselectivity was
excellent® Under the same conditions, compouk&reacted
with compound10 to afford compoundd2R and 12Sin

88% yield with complete stereoselectiviyTable 1 sum-
marizes the preparation of a variety of 2-alkoxy-3-alkyl-
thiobuta-1,3-dienes using our procedutes.

In conclusion, we have successfully developed a conver-
gent and highly stereoselective synthesis of 2-alkoxy-3-
alkylthiobuta-1,3-dienes. We have shown that the coupling
reactions betweea-alkylthio vinyl zinc with a-halo vinyl
ether under Negishi conditions provided the best yield and

(10) The minor isomer was not detected by NMR.

Org. Lett., Vol. 4, No. 5, 2002

(11) All compounds were fully characterized.
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Scheme 5

Et Et 15
H30(H20)3 SM e 1. t-BLILI, ether HSC(HZC):’: SMe Pd(OAC)Z/PPh3
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10 17 9
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15 18
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stereoselectivity. Once again, this further demonstrated the Supporting Information Available: Complete spectro-

high versatility of botha-halo vinyl ether andx-halo vinyl scopic data for all compounds. This material is available free
sulfide chemistry. of charge via the Internet at http://pubs.acs.org.
OL010252K
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