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Abstract-The introduction of nitro or trifluoromethyl group at Cj 

position on pyridine ring enhanced the reactivity and the 

diastereoselectivity of 3-(2-pyridylsulfiny1)acrylate in the Diels-Alder 

reaction with furan. 

Asymmetric Diels-Alder(D-A) reaction using chiral sulfinylacrylates has recently 

recelved a considerable attention.' The application of this new methodology to 

asymmetric organic synthesis, however, has been limited only to chiral synthesis 

of bicyclo[2.2.llheptenes owing to the low reactivity of these chiral dienophiles. 

Very recently we have developed new chiral dienophiles, (SIS- and (RIS-menthyl 3- 

(2-pyridylsulfiny1)acrylates ( I ) ,  and achieved the first efficient asymmetric 

synthesis of 7-oxabicyclo[2.2.1 lhept-5-ene-2-carboxylate  derivative^.^ The use of 
2-pyridyl group, which has a stronger inductive electron-withdrawing effect than 

the p-tolyl group, enhanced the dienophilic reactivity considerably. However, the 

D-A reaction of ( 1 )  with furan, which is known to be one of the low reactive 

diems, proceeded rather sluggishly and the use of diethylaluminum chloride was 

essential for the realization of high diastereoselectivity. Therefore the 



development of those new dienophiles is strongly required, which react smoothly 

and diastereoselectively with less-reactive dienes even in the absence of Lewis 

acid. The introduction of electron-withdrawing group (EWGI, such as nitro or 

trifluoromethyl group, at the o position of the sulfinyl group on pyridine ring in 

compound (11 could enhance both the dienophilic reactivity and the diastereofacial 

selectivity by the electronic and steric effects of the substituent EWG during the 

cycloaddition process (Chart 1 I. Bearing these consideration in mind, we 

investigated the D-A reaction of 3-(2-pyridylsulfiny1)acrylates (2)-(5l with 

furan. The present communication describes the results along this line which 

would lead one to expect the development of new and efficient dienophiles. 

The requisite dienophiles (21-(5l3 were prepared as £01 lows. Triethy lamlne- 

catalysed Michael addition of 2-mercaptopyridine, 3-nitro-2-mercaptopyridine4, and 

3- and 5-trifluoromethyl-2-mercaptopyridine5 to ethyl propiolate afforded 

preferentially the cis-sulfides (61-(916, which were then oxidized with m- 

chlaroperbenzoic acid(mCPBA1 to give the corresponding sul foxides ( 21-(517, in 

high yields (Scheme 1). 

Scheme 1 

The D-A reaction of the sulfoxides was carried out with a large excess  furan in a 

sealed tube under argon atmosphere (Scheme 21. The condition and the results on 

the diastereomeric products were summarized in Table 1. The cycloaddition of (41 

with furan proceeded at room temperature to give the ensg adducts (14) 

predominantly. Moreover, high diastereoselectivity was observed (entry 2 and 31 

wlthout employing any Lewis acid. In case of the nitro derivative (31, only the 

single diastereomer was detected both in the endo and products, as checked by 

the ' ~ ( 2 0 0 ~ ~ ~ 1 -  and 1 3 ~ - ~ ~ ~  analysis. The D-A reaction of 5-trifluoromethyl 

derivative (51 with furan proceeded at ambient temperature, but the 

diastereoselectivity was low compared with that observed in the case of (41. 
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Scheme 2 

Table 1 .  Diels-Alder Reaction of 3-12-Pyrldylsulfiny1)acrylates wlth Furan. 

condition adducts8 e m  adductsa 
entry dienophiles temp. days yield diastereo- yield diastereo- 

~electivity(a:b)~ selectivity (a:bk9 

[endo adducts; diastereoselectlvity (80:20), 9 adducts; diastereoselectivity 

183:17)1. This result implies that the presence of a substituent at theapositlon 

of the sulfinyl group is essential far the realization of high 

diastereoselectivity. 

In conclusion, we have found that the introduction of electron-withdrawing 

substituent at C3 position on pyridine ring considerably enhanced the reactivity 

and the diastereoselectivity of 3-(2-pyridylsulfiny1)acrylate 121 in the D-A 

reaction. The preliminary experiments for the optical resolution of menthyl 3-13. 

t r i f l u o r o m e t h y l p y r i d - 2 - y 1 ~ ~ 1 f i n y l ~ a c r y l a t e  was undertaken to afford ISIS 

sulfoxide in a diastereomerically pure state.'' The D-A reaction of this chiral 

dienophile with furans proceeded highly diastereoselectively as the racemic 

derivative ( 4 ) .  The optimization of the yields of the above optical resolution 

and the asymmetric synthesis of optically active natural products employing these 

dienophiles are in progress in this laboratory, and the results will be reported 

in due course. 
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