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Summary: Enantiopure 2-sulfinyl dienes can be prepared via regio- and stereoselective hydrostannylation of 
alkynylsulfoxides; after conversion to the corresponding vinyliodides these substrates may be coupled with 
vinylstannanes via Stille methodology in the presence of BHT. 

The use of chiral sulfoxides as a dement of enantio- and diastereocontrol has ample precedent in a variety 

of synthetic processes. 3 In the context of a project examining the diastereoselectivity of transition metal 

catalyzed cycloisomerizations of enantiopure dienyi sulfoxides tethered to alkene or diene units, we required a 

general method for the stereocontrolled preparation of acyclic sulfinyl dienes under mild conditions. Having 

developed a route to enantiopure 1-sulfinyl dienes 1 and 2 via a Stille coupling 4 of vinyl stannanes with (E)- or 

(Z)-2-halovinylsulfoxides, 5 we sought to extend this approach to prepare enantiopure 2-sulfinyl dienes 3-5, and 

in this report we relate our successful approach to these substrates. 
S* S* S* O 
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Our first goal was the preparation of the simplest 2-sulfinyl diene, enantiopure 2-sulfinyl butadiene 3a 

(R = H). 6 Since enantiopure l-bromovinylsulfoxide 7 7 was readily available from bromination of vinyl 

sulfoxide 6 and subsequent dehydrohalogenation, we reasoned that 3a could he readily prepared by the Pd(0)- 

catalyzed coupling of 7 to vinyltri-n-butylstannane (as in the analogous preparations of 1 and 2; R = H). 5 

However, all efforts using a variety of catalysts, ligands, solvents, and temperatures failed to provide more than 

traces of 3a (Scheme 1). 

To enhance the reactivity of halovinyl sulfoxide coupling partner, we next turned towards the synthesis 

of the previously unknown enantiopure 1-iodovinylsulfoxide 8; two efficient routes to 8 were ultimately 

developed (Scheme 1). First, vinylsulfoxide 6 was regiospecifically converted to its iodohydrin; mesylation and 

subsequent DBU-induced elimination afforded 8 in an excellent overall yield. Our second approach to 8 used a 

different strategy; alkynyl sulfoxide 98 was treated with Bu3SnH in a non-polar solvent (benzene) to 

regiospecifically afford stannylsulfoxide 10 which was then easily converted to iodovinylsulfoxide 8. The 

outcome of this hydrostannylation implies that the reaction proceeds via conjugate addition of the hydride. 9 

With iodovinylsulfoxide 8 in hand, we were able to focus on efforts to obtain dienyl sulfoxide 3a. As 

expected, 8 did prove to be a more reactive coupling partner with vinyltri-n-hutylstannane, though the 

improvement in yield was only modest (25-35%). Again, a variety of conditions were tested: Pd(CH3CN)2CI 2, 
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in DMF or NMP, RT to I(10°C; Pd2(dba)3oCHCl3 with PPh3 or AsPh3,1o in THF (RT to A) or NMP (RT to 

100°C). Fortunately 3a was at last obtained in an acceptable yield (70%) with Pd(CH3CN)2CI 2 (DMF, RT) 

when the radical inhibitor BHT was inch.tded as an additive (Scheme 1). 11 

FOR 77: 

S* 1) Br2/CC14 X S* 

f 2) DBU . T 
6 FOR 8: 

1) NIS / DMSO / H20 7, X = Br 
4(I°C / 96% 8, X = I 

2) MsC1, NEt 3, 100% 
3) DBU, 90% 

H,,~ :. S * Bu3SnH 

Phil, RT 
9 88% 

FROM 8: 
///"- SnBu3 S * 

Pd(CH3CN)2C12 ~ ' ~  
(5 mol%) 3a 
BHT (1 eq) 
DMF, RT, 70% 

Bu3Sn S* NIS 

T THF 
10 95% 

Scheme 1 

--- 8 

1) MeCu / THF/-78°C I S* " ~ "  /Y SnBu3 S* 

S* ~ ~ ~ / M / ~  e - 
2) NIS / THF Pd2(dba)3oCHCl a, 5% (eq. 1) 

l l a  Me Bu AsPh 3, 2i)% - Bu 
61% BHT(I eq.) 

THF, A, 2 hr. 5 
81% 

Bu 

Having demonstrated that the synthesis of a 2-sulfinyl diene via Stille coupling was feasible, we next 

sought to extend this methodology to the more substituted analogs, 3-5 (R ~ H); the success of this endeavor 

would ultimately depend on our ability to prepare the requited iodovinylsultbxide precursors with a high degree 

of regio- and stereoselectivity. These precursors were thus prepared by extending the hydrostannylation 

methodology depicted in Scheme 1 to non-terminal alkynylsulfoxides. Treatment of alkynylsulfoxide l l a  8 with 

Bu3SnH in hexanes (RT, 18 hr.) provided a 7.5:1 mixture of c~-stannylsulfoxides 12 and 13 (total yield: 

85%), where the product of anti hydrostannylation predominated. After easy separation of the stereoisomers by 

silica gel chromatography, the major (z-stannylvinylsulfoxide 12 was readily converted to 16 which was 

elaborated into sulfinyl dienes 4a and 4b by using the BHT-modified Stille coupling conditions (Scheme 2). 12 

While the hydrostannylations described above proceeded in a predominantly anti manner, we were aware 

that the complementary syn hydrostannylation would likely occur under conditions employing a Pd(0) 

catalyst. 13 However, the regioselectivity of such a process was in doubt, as the only reported 14 example of a 

Pd(0)-catalyzed hydrostannylation (Phil, RT) of an alkynylsulfoxide gave a 2:1 regioisomeric mixture of a- and 

13-stannyl vinylsulfoxides. When alkynylsulfoxide l l a  8 was hydrostannylated in this manner, a 6:1 a/I] 

regioisomeric mixture was obtained. However, when the reaction was can'ied out low temperature (-78°C to RT 

over 3 hr., PhMe), a remarkable 40:1 selectivity 15 was obtained, with the c~-stannylvinylsulfoxide 14 

predominating. After chromatographic purification, 14 was converted to the con-esponding iodide 17, which in 

turn was coupled with vinyltri-n-butylstannane to afford sulfinyl diene 3b. This sequence was also performed 

using functionalized alkynylsulfoxide 1 lb,  16 which was readily converted into sulfinyl diene 3c (Scheme 2). 

Finally, the preparation of a more highly substituted 2-sulfinyl diene, exemplified by 5,17 was achieved 

via a regio- and stereospecific carbocupration-iodination ~quence 18 beginning with sulfoxide 1 l a  (eq. 1). 
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R S* 
R = Bu, l l a  
R = (CH2)4OPMB, l l b  

12 c J, 

R = Bu, 91% 

Bu3Sn ~ S * 

R 12 

_ B o ~ S n , ~  S* 

R 
14 

16 

Bu3Sn I ' ~  S* 
+ It.. 

13 R 

R = Bu, 85%, 12/13, 7.5:1 

S ~, 
L R = Bu, 86 %, 14/15, 40:1 

+ R = (CH2)4OPMB, 83%, 14 only 
BuaSn R 

15 

S* 
d / F - - ' ~  R = Bu, R' = H; 4a, 89% 

-- R'---J/ ~ R = Bu, R' = Ph; 4h, 77% 
4 R 

I S* S* 
c Z e / / - - ~  R=Bu,  3b, 75% 

14 -~ -- - R R = (CH2)4OPMB, 3c, 59% 
R = Bu, 92% 17 R 3 
R = (CH2)aOPMB, 86% 

Key: a) Bu3SnH, hexanes, RT, 18 h; b) Bu3SnH, Pd(PPh3) 4 (2 mol %), PhMe, -78°C to RT, 3 h; c) 
NIS, THF, RT; d) (E)-R'-(CH=CH)-SnBu 3, Pd2(dba)3oCHCl3 (5 tool%), AsPh 3 (20 mol%), BHT (1 
eq.), THF, RT, 2 h; e) (CH2--CH)SnBu 3, Pd2(dba)3oCHC13 (5 mol%), AsPh 3 (20 mol%), BHT (1 eq.), 
THF, A, 2 h. 

Scheme 2 

To conclude, we have described the stereocontrolled syntheses of a variety of enantiopure 2-sulfinyl 

dienes via complementary regio- and stereoselective hydrostannylations and subsequent Stille couplings, the 

latter process can:ied out in the presence of the radical inhibitor BHT. We are currently exploring the chemistry 

of these substrates (transition metal mediated cycloadditions, diastercoselective complexations to Fe(0)), and our 

results will be reported in due course. 
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