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Summary. Simple syntheses of homochiral (Z)- and (E)-1-metboxy-3-alkylsulfinyl-1,fbutadienes were 

provided by the cycloaddition of (lS)-d-isobomyl-IO-sulfenic acid to (Z)- and (E)-1-methoxybut-1-en-3-yne. 

Asymmetric induction pertained for such cycloadditions, which also provided homochiral dienes from 

1-ethynylcyclohex-l-ene. 

Sulfoxides homochiral at sulfur play an important role in asymmetric transformations.1 Among these, 

asymmetric Diels-Alder reactions with optically active a&unsaturated sulfoxides as dienophiles are well 

exemplified,*,3 but there are no reports of Diels-Alder reactions of homochiral sulfinyl dienes, examples of 

which compounds were unknown unr! recent reports of the synthesis of optically active 1-sulfinyl diene& and 

2-sulfinyl dienes.5 We now report a simple procedure for the synthesis of homochiral 1-substituted-3-sulfinyl 

dienes derived from lo-mercaptoisobcrneol (l), which was chosen because of its ready availability, and because 

the presence of the hydroxy group way expected to facilitate the separation and confotmational rigidity of derived 

sulfoxides homochiral at sulfur.3 

The syntheses were based on the regioselective addition of sulfenic acids to enynes,6 (Scheme 2) and 

proceeded in three simple steps commencing with the base-catalysed addition of lo-mercaptoisobomeol (1) to 

either acrylonitrile or dimethyl maleate, followed by oxidation of the adducts with 3-chloroperbenroic acid to give 

the corresponding sulfoxides (2) and (3) respectively as mixtures of diastereoisomers at sulfur (Scheme 1). 

(1) [(l) = R’SH] ;2) (4) (3) 

Scheme 1. Reagents: i. (a) CH&HCN, THP, Triton B, -78 + 0 “c; (b), mCF’BA, CH2C12, 0 oc; 
ii, heat; -i, (a) dimethyl makate, Et3N, toluene, 1.5h; @) mCF’BA, CH2C12, 0 OC 

Although these mixtures could be separated into their components by chromatography, they were used 

without separation for the next step, which involved thermolysis to give the sulfenic acid (4) in which sulfur is 

achiral. Of these sulfenic acid precursors, the cyano-sulfoxides (2) were the more convenient because they are 

stable up to 110 OC, whereas the sulfoxides (3) decomposed slowly at room temperature (and quite rapidly at 
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80 “C) and so required fresh preparation for each subsequent reaction. However, the more ready thermal 

decomposition of the sulfoxides (3) to the sulfenic acid (4) was an advantage when the products of sulfenic acid- 

alkyne additions were themselves thermally labile. Lie most other sulfenic acids,7 the hydroxy-sulfenic acid (4) 

was too unstable to be isolated, so it was generated in situ by thermolysis of the the precursors (2) and (3) in the 

presence of appropriate enynes (5), (a), and (7) (Scheme 2). 

(5) R’ =OMe, R2 = H 
(6) I?‘= H, R2=OMe 

[R’SOH = (4)] 

Scheme 2. 

Thermolysis of the cyano-sulfoxides (2) in boiling xylene (150 “C) containing (Z)-1-methoxybut-1-en-3-yne 

(5) gave a mixture of (RS,Z)-3[(1S)-isobomyl-lO-sulfmyll-l-methoxy-l,3-butadiene (8) (35%) and its (L&Z)- 

isomer (9) (5%). Yields were improved when the sulfoxides (3) were thermolysed in boiling benzene (80 “C) 

containing the same enyne (Table).* 

Table 

Sulfinyldienes from addition of sulfenic acid (4) to enynes (5) - (7) 

(8) R’=OMe.R2-H (9) R’ = Ok. R2 I H (12) (13) 

(10) RI-H.R2=Oh4e (11) R’-H,R2-OMe 

Enyne Methodt Tii 

I$ b” ::: 

Products (% yield) 
(8) (35%) (9) (5%) 
(8) (63%) 

I$ 

(9) (14%) 

b” :f: 
(10) (30%) 
(10) (60%) 

(7) 
(11) (10%) 

C 3.5h (12) (66%) (13) (20%) 

t a, Sulfoxides (2) (a 1 mmol) and enyne (0~5 ml ,= 3 mmol) in boiling xylene (2 ml) (= 150 “Cc): b, sulfoxides (3) (- 1 mmol) and 
enyne (1 ml ,= 12 mmol) in boiling benzene (10 ml) (= 80 T): c, sulfoxides (2) in neat (7) at 110 “C. 

The isomers (8) and (9) were readily separated by chromatography on silica, and the chromatographically more 

mobile major isomer (8) was allocated the (Rg) configuration at sulfur on the basis of the following 

considerations. Sulfoxides form sttJng intramolecular hydrogen bonds with suitably orientated proximal 

hydroxy groups,9 a phenomenon which is associated with enhanced chromatographic mobility by virtue of the 

consequent reduction in the effective polarity of the sulfoxide group. Models reveal that the (Rg) isomer (8) can 

readily adopt an unhindered (and therefore highly populated) conformation (A) which involves intramoleculsr 
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hydrogen bonding, whereas for the (Ss) isomer (9) intramolecular hydrogen bonding requires the adoption of a 

less favourable (and less highly populated) conformation (B) which is sterically compressed by viitue of non- 

bonded interactions between the bicyclic skeleton and the diene moiety. Support for this interpretation is 

provided by the behaviour of the sulfoxides (2) in which the epimers at sulfur were formed in the ratio 7: 1 (85% 

yield) by peroxyacid oxidation of the corresponding sulfide (Scheme 1). The major isomer is the more mobile 

chromatographically, and therefore may be allocated the (Ss) configuration (C) by the preceding arguments,10 

which is in complete accord with the configuration assigned on the basis of the well-established11 directing effect 

of a proximal hydroxy group on the stereoselectivity of peroxyacid oxidation at sulfur in the preferred 

conformation of the corresponding sulfide.‘2 

(A) R =\uMe (9) R i+uMe 
(c) R = CHPCHPCN 

Thermolysis of the sulfoxides (2) and (3) in the presence of (E)-1-methoxybut-1-en-3-yne (6) and l- 

ethynylcyclohexene (7) furnished the homochiral sulfinyl dienes (10) and (1 l), and (12) and (13) respectively 

(Table), for which allocations of configuration at sulfur were made as before on the basis of the relative 

chromatographic mobilities of the epimers. 

The predominance of the (Rs)-3-sulfinyldienes in each case (Table) provides the first examples of 

asymmetric induction in sulfenic acid-alkyne additions. Such additions are pericyclic processes which proceed 

via a five membered transition state (Scheme 2),6 and the observed stereoselectivities are rationalized in terms of 

additions of the alkyne to the unhindered “face” of the sulfenic acid (4) which is constrained in a conformation 

such as that depicted in (D) by intramolecular hydrogen bonding with the proximal hydroxy group. This 

hypothesis is supported by observations that intramolecular hydrogen bonding in other hydroxy sulfenic acids is 

strong,’ and contributes so significantly to their stability that in some cases they may be isolated. 
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