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Abstract: The reaction of selenothioic acid S-alkyl esters with electron deficient 
alkynes was carried out under refiux in toluene to give cyclic selenides in good 
yields. On the contrary, the similar reaction in MeOH or CHzCl2 with Et3N 
afforded acyclic divinyl selenides in good to high yields. 

The chemistry of organoselenium compounds has been widely studied over the past twenty years.’ 

However, the compounds synthesized have usually been restricted to alkyl or aryl derivatives. For example, 

although various kinds of vinyl selenides have been synthesized, most of them involve PhSe group.2.3 It is 

probably due to the lack of general sources to construct organoselenium compounds. Very recently, we have 

disclosed the potential utilities of selenothioic acid S-alkyl esters l4 and have established their facile synthetic 

methods.3 Herein, we report the reaction of the esters 1 with electron deficient alkynes to give cyclic 

selenides and acyclic divinyl selenides selectively by simply changing the solvent used. 

The ester la was treated with dimethylacetylene dicarboxylates (DMAD) under the reflux in toluene 

for 24 h (Scheme I, path A). The reaction mixture gradually turned to yellow from reddish purple. After the 

column chromatography on silica gel, cyclic selenide 2a was obtained in 79 % yield.6 On the other hand, the 

similar reaction in MeOH for 5 h afforded acyclic divinyl selenide 3a with an E to 2 selectivity of 24 : 76 in 

61 46 yield (Scheme 1. path B). In each case, the reaction selectively proceeded. and the formation of the 

other product was not observed. 
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Table I. Synthesis of Cyclic Selenides 2 a 

R’ Fl* time I h product yield I % b 

MeO& 
H 
H 
HC 
H 
Me 
Ph 

OMe 
Me 
OMe 
OEt 
OCH2CH=CH2 
OMe 
OEt 

24 
73 
46 
92 

114 
27 
56 

2a 
2b 
2c 
2d 
2e 
21 
2g 

79 
55 
41 
38 
30 

trace 
trace 

a Reaction conditions are as follows : 1 ( 1 mmol ) , acetylene ( 1 mmoi ) , toluene ( 6 mL ). 
b Isolated yield. ’ Selenothioic acid S-rt-butyl ester was used as a starting material. 

A variety of unsymmetrically substituted alkynes were reacted with the ester 1 to yield cyclic selenides 

2 (Scheme II and Table I). Although longer reaction time was necessary, the reaction with terminal alkynes 

regioselectively proceeded to give 2 in good yields. The structure of the products was clearly supported by 

tH and 13C NMR spectra, CI-Mass spectra, and mcroanalyses. 7 The regiochemistry of the product was 

unequivocally determined by the *Jcoupling of olefinic proton with selenium. The present reaction may 

begin with the nucleophilic attack of the ester 1 to the alkynes at the carbon remote from electron-withdrawing 

groups analogously to the reaction of heteronucleophiles with activated alkynes.8 The following process may 

involve several allenic intermediates such as 4 and 5. In the final step, the intramolecular thiophilic attack of 

the linear anion in 5 may take place to lead to the product 2. 

The synthesis of acyclic divinyl selenides 3 was carried out with Et3N, MeOH and CH2C12 as a 

solvent (Scheme III).9 The results using S-n-butyl ester were summarized in Table II. The use of Et3N 

dramatically enhanced the reaction rate. For example, the reaction with DMAD was complete within 30 set at 

room temperature (entry 1). As the substituents on alkynyl carbons being more bulky, the reaction was 

retarded, and the formation of E-isomers became predominant (entries 2 - 5). The steric factor to influence the 

regioselectivity was further observed for the reaction of internal alkynes. Only Z-isomers of 3 were obtained 

as a detectable product (entries 6, 7). The reaction of Scheme III may also proceed via the initial attack of the 

ester 1 on the alkyne in an anfi fashion followed by the EtjN-mediated proton abstraction to form the 

intermediate 6. 
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Table II. Synthesis of Acyclic Divinyl Selenides 3 a 

( E-isomer ) ( Z-isomer ) 

RI.._ /_.COR* 
Se-- - E-3 

& SBu-n 

7 

entry R’ R* time product yield / % b EIZ = 

1 MeO;?C OMe 26 set 3a’ 72 11169 

2 H Me 3sec 3b 76 13167 

3 H OMe 26 set 3c 77 49151 

4 H OEt 30 min 3d 67 55145 

5 H 0CH2CH=CH2 3.5 h 38 63 66112 
6d Me OMe 7h 31 47 Z- isomer only 

7 Ph Me 6h 3h 34 Z- isomer only 

* Reaction conditions are as follows;l( 1 mmol ). alkyne ( 1 mmol ). EtsN ( t mmol ), MeOH ( 1-2 
portions or 1 mmol ), CH2Cl2 ( 4 mL>. ’ The ratio of E- and Z-isomers was 
determined by ‘H NMR spectra. 

Isolated yield. 
Selenothtorc acid S-seobutyl ester was used as a starting 

material. 

When protonation of 6 quickly occurs prior to the equilibration, 10 Z-isomers appear to be obtained. In 

contrast, the formation of thermodynamically more stable products may be predominant when two vinyl 

anions 6 and 7 are in equilibrium. 

In summary, the synthesis of cyclic selenides and acyclic divinyl selenides was attained by employing 

selenothioic acid S-alkyl esters 1 and electron deficient alkynes. The reaction selectively produced either 

selenides by choosing the appropriate solvent. Furthermore, the transformation of Scheme III can formally be 

considered as the addition of eneselenol8, the reactivity of which has SeH 
been of interest but scarcely been studied compared with the reaction of 

benzeneselenol.3 Further application of the esters 1 and vinyl selenides 
h SBu-n 

will be reported in due course. 8 
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