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INTRAMOLECULAR CYCLOADDITIONS USING VINYL SULFIDE DIENOPHILES 

D.R. Williams*' and R.D. Gaston 
Department of Chemistry, Indiana University, Bloomington, Indiana 47405 

Summary: The formation of hexahydrobenzo(b)thiophenes have been examined by a Diels-Alder 
route featuring a vinylic sulfide as the dienophilic component. Unique aspects of the observed 
stereoselectivity and further stereochemical transformations are presented. 

In the course of investigations of natural product synthesis, we have undertaken studies 

of the intramolecular Diels-Alder reaction for preparation of substituted hexahydrobenzo(b)- 

thiophenes (L). Reports have explored opportunities for intramolecular cycloadditions with 

substrates bearing nitrogen or oxygen, contained within imine, amine, amide, ether and ester 

functionalities.2 An important feature of our study required use of a vinylic sulfide moiety 

as a dienophilic component. Although examples of vinyl sulfides as Diels-Alder dienophiles 

are unknown, our studies sought to utilize the electron deficient diene 2 (Rl=COOCH3), in- 

itially suggesting an inverse electron demand cycloaddition affording the bicyclic products 1. 

The preparation of the desired E,E-methyl ester 2_, and our Diels-Alder results are 

illustrated in Scheme I.3 Wittig reaction with methyl-4-triphenylphosphorane crotonate gave 

the Diels-Alder precursor 2 in 92% yield as a mixture of four olefin isomers.4 Fortunately, 

the desired E,E-diene ester 2 was separated by flash chromatography as the major component 

(60% yield). 5 Heating 2 in ortho-dichlorobenzene at reflux (1.5h) under argon led to formation 

of Diels-Alder products 10 (98% yield) as two major and two minor diastereoisomers. Base- - 

induced conjugation of the carbon double bond (NaOCH3; MeOH; 22'C), and reduction (DIBAL; 3 

equivs; CH,C12; -78°C) gave the primary alcohols lla-d, having the four components in 40:45: 

11:4 ratio, respectively.6 Although sufficient quantities were not available to allow 

complete characterization of the most minor product K&, our three cycloadducts were purified 

and fully assigned by IH- and 13C-NMR as their diols 12a_c.7 
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(a) HSCH2COOEt, NaOEt (catalytic), ethanol, 22OC (99%); (b) Cl-SltBuPh2, 
imidazole, DMF, 50°c, 24h (98%); (cl LiAlH4, THF, OOC, 3h (96%); (d) TsCl, LiCl, 

cH2CI2, Et3N. 22OC, 18h (72%); (e) DBU (4 equiv), toluene, reflux, 33h (85%); 

(f) 0.02 Mmethanol solution of 1, PPTs (1 equiv), 22"C, 24h (92%); (g) ClCOCOCl (1 

equiv), DMSO, CH2Cl2, then Et3N at -78°C (90%); (h) Ph3P=CH-CH=CHCOOMe (1.1 

equiv), THF, HMPA (1 equiv), 22'C, 4h (60%); (i) ortho-dichlorobenzene, reflux'(98%); 
(j) NaOMe (catalytic), MeOH, Sh (63%); (k) DIBAL (3 equiv), CH2Cl2, -78'C (100%). 

The structure of the highly crystalline, least polar diastereoisomer 12a (mp 117-118'C - 

from acetone) was unambiguously established by X-ray diffraction studies.* However, samples 

of the minor &s-fused diol 12c were contaminated with the major stereoisomer 12b. - - 

120 12b 12d 



Fortunately pure 12~ was obtained upon oxidation (oxalyl chloride; DMSO; Et3N; -78'C) - 

of a mixture of the &s-fused isomer 2, affording equal proportions of cis- and trans-fused 

ketones 14.q Reduction with L-selectride (THF; -78°C; 100% yield), and subsequent fluoride - 

deprotection (~BLu+N+F-; THF; 22'C) led exclusively to the diols 12a and &, which were - 

readily separated by preparative thin-layer chromatography. 
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The stereoselectivity for our Die&-Alder process should be considered in light of the 

possibilities for two pairs of diastereotopic transition states. A pair of ezo-bridging 

transition states lead to formation of the trans-fused products 12a and 12d (ratio lO:l), -- 

whereas e&o-bridging situations provide the two &s-fused isomers 12b and 12~ (ratio 4:l). -- 

Thus, the alkoxy substituent at C-6 has induced a preference for cycloadditions from the 

conformers & and B, giving rise to the observed major products J& and x, respectively. 

A B - - 

Interestingly, in each case the siloxy substituent is located in a plane defined by the diene 

component with eclipsing interactions to the vinylic hydrogen5 at C-4 and C-5, respectively. 

Our observations are in accord with the published results of Roushl' and Weinreb2b for 

examples of intramolecular cycloadditions bearing similar siloxy substitution. Moreover, 

this stereoselectivity is reversed compared to examples in which the Cg-siloxy group has been 

replaced by alkyl.ll The evidence would suggest that allylic ether substituents, located 

along the bridging elements of an intramolecular Diels-Alder substrate, will generate subtle 

electronic interactions which will have an important impact on the stereochemical outcome of 

the process.12 Further efforts are underway. 
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