
REACTION FOR NUCLEOPHILIC OPENING OF 

THIiRANE RING BY THIOLS 

A. V. Fokin, A. F. Kolomiets, 
L. S. Rudnitskaya, and V. I. Shevehenko 

UDC 541.124:542.92:547.71:547.269.1 

The r eac t ion  of th i i ranes  with H2S and a l iphat ic  thiols without a ca ta lys t  [1-3], and a lso  when cata lyzed 
by a lcohola tes  and a lka l i s  [2, 4-10] ,  leads  to the fo rmat ion  of a mix tu re  of compounds.  

R'CH--CH~ -~ RSH --, RSCH2CHR'SH -~ RS--[--CH~CHR'S--]--nH (n = 2, 3 etc.) 
\ /  

S 

O l igmner s  a r e  fo rmed  to l e s s e r  deg ree  when reac t ion  is  with acid thiols ,  l ike dialkyldithtophosphoric acids 
[11] and thiophenols [12-14], in which connect ion the subst i tuted thiophenols a r e  mercap toe thy la t ed  l e s s  
r ead i ly  [12], 

We studied the r eac t i on  of ethylene sulfide with th ioaeet ic  acid,  thiophenol,  and o -  and p - t h i o c r e s o l s ,  
and ethyl m e r c a p t a n  in e i ther  benzene or  THF at  45-50~ under  the conditions of homogeneous ca ta lys i s  
with Et~N. We made  a c o m p a r a t i v e  e s t ima te  of the r eac t iv i ty  of the oxi rane  and th i i rane  r ings  on the 
example  of r eac t ion  with p - t h i o c r e s o l ;  he re  the checking was  done by the GLC method.  

When the s t a r t i ng  r eac t an t s  a r e  taken in s to ich iomet r i c  amounts  only thiophenol and p - th ioc re so l  
r e a c t  unambiguously  with ethylene sulfide to give the monoaddit ion products .  With AcSH, o - th ioc reso l ,  
and ethyl m e r c a p t a n  the p r o c e s s  is  accompan ied  by o l igomer iza t ion ,  which p roceeds  m o r e  intensely in 
THF than in benzene.  

The yie ld  of  m o n o m e r i c  p roduc t s  i n c r e a s e s  in the expe r imen t s  with ethyl m e r c a p t a n  and o - th ioc re so l ;  
when an excess  of the thiol compound was used,  and at  ce r t a in  r a t ios  of the r eac t an t s ,  the m o n o m e r i c  p r o -  
ducts w e r e  obtained in nea r ly  quant i ta t ive yield.  This  t e s t i f i e s  to the fact  that the d i rec t ion  of the p r o c e s s  
is de t e rmined  p r i m a r i l y  b y  the r e l a t ion  between the reac t iv i ty  of the s t a r t ing  thiol compounds and the i r  
mercap toe thy la t ion  products .  The reac t ion  of ethylene sulfide with AcSH is accompanied  by po lymer iza t ion  
even with a 4- fo ld  excess  of the thiol compound,  which can be a s soc ia t ed  with the specif ic  t ra i t s  of the 
m e c h a n i s m  for  opening the ethylene sulfide r ing  by the th io lace ta te  anion. 

In the r eac t ions  for  the nueleophfl ic  opening of the r ing  by p - th ioc re so l  in benzene the ox i ranes  p roved  
to be much  m o r e  r eac t i ve  compounds than the th i i r anes .  At 20 ~ p - th ioc re so l  is t i t r a ted  by ethylene oxide 

and ep ich lorohydr in ,  which can  be used  in analyt ica l  p rac t i ce .  

�9 \o / 
R = H, C1CH~ 

Ethylene sulfide adds p - t h i o c r e s o l  with not iceable  speed only at  40-50 ~ and when the concentra t ion 
of the s t a r t ing  compounds is reduced  by half  the addition is comple ted  only a f te r  2-2.5 h. Epi th iochloro-  
hydr in  does  not add p - th ioc re so l  under  these  condit ions,  which is due to inact ivat ion of the ca ta lys t  by the 

reac t ion :  
CH~--CHCH~CI + HSR d- (C2Hs)sN --* RSCH2CH--CH~ "k- (C2Hs)sN .HCI 

\ /  \ /  
s s 

As was  es tab l i shed ,  the ep i th ioa lkanes ,  in con t r a s t  to the ox i ranes ,  do not r e a c t  with Et3N �9 HC1 at  40-50 ~ 
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TABLE 1~ 

CH2-/CH2 + RSH - -  RSCH2CH2SH 

S 

Expt. Ratio of reactants, re- ] Yield, 
No. ~ action time. h, 

solvent V ~ 

C6H5 

4-CHaC~I-h-- 
2-CH3CsH4-- 

C2H: --* 
t 

Effect  of Reaction Conditions on Yield of Products :  

90,5 
72,4 
89,2 
67,9 
88,5 
54,5 
42,7 
83,0 

i : i, 10,benzene 
t : 1, 40,THF 
i : i, ~0,benzene 
I : 4, t0,benzene 
2 : 4, 40,benzene 
I :1, t6 ber~ene 
4 : 4, 46,THF 
4 : 4, 16,benzene 

*The experhnents were run in sealed glass tubes. 

Bp, *C (p, mm 
of Hg) 

9i--92(I,0) 
9i--92(4,0) 
44~(t,0) 
i07(i,O) 
~07(i,0) 
7t--73(45) 

1,6454 
1,6154 
1,60t8 
1,6079 
4,6079 
4,5285 

[4] 
[l] 

[i2l 

[t] 
[41 

[41 

E X P E R I M E N T A L  M E T H O D  

We used f reshly distilled thiol compounds that had been dried over LiA1H 4, THF, c ryoscopic  grade 
of anhydrous benzene,  and chromatographica l ly  pure ethylene sulfide. 

2,2 ' -Bis(acetyl thio)diethyl  Disulfide. A solution of 15.2 g of AcSH, 6.0 g of ethylene sulfide, and 0.5 
g of Et3N in 30 ml of benzene was heated in a dry  nitrogen a tmosphere  at 45-50 ~ for 10 h. The reac t ion  
m a s s  was cooled, the po lymer  precipi ta te  was separated by fil tration, the solvent and excess AcSH were  
removed  in vaeuo, and the res idue ,  af ter  bubbling dry  air  through it for 6 h, was fractionally distilled. 
We obtained 6.2 g (46%) of 2,2 ' -bis(acetyl thio)diethyl  disulfide, bp 107 ~ (4 mm);  d 2~ 1.0338; n~ 1.3795. 
Found: S 47.06%. C8Hi402S 4. Calculated: S 47.35%. 

React ion of Ethylene Sulfide with Thiol Compounds. The react ion was run the same as before,  except 
that on the conclusion of heating the mixture was fractionally distilled in a dry nitrogen s t ream.  The ratio 
of the reac tan ts ,  t ime of heating, solvent,  yield, and some of the proper t ies  of the obtained compounds a re  
given in Table 1. 

The course  of the reac t ion  of ethylene sulfide with p- th iocreso l  (Experiment 3) at 40-50 ~ was followed 
by GLC on the basis  of the amount of p- th iocreso l  and end product.  Here we used a Tswett  4-69 ch romato -  
graph,  a 3 m • 3 m m  column packed with 5% SE-52 deposited on TND-TSM, helium as the c a r r i e r  gas, 
and a flow rate  of 18 m l / m i n .  Under these conditions the amount of p- th iocresol  drops by half in 20-25 
min,  and by 90% in 2.5 h. 

2 -p-Thiocresy le thanol .  Into a solution of  12.4 g of p- th iocreso l  and 0.5 g of Et3N in 30 ml of benzene 
was bubbled 5 g of ethylene oxide. Distil lation gave 15.5 g (97%} of 2-p- th iocresyle thanol  [!5], bp 132-133 ~ 
(4 mm);  4 ~ 1.1084; n~ 1.5803. 

2 -Chlo ro -2 -p - th ioc resy l i sopropano l  [16]. Obtained in a s imi lar  manner  from 12.4 g of p- th iocreso l ,  
10.2 g of epichlorohydrin,  and 0.5 g of Et~N in 98% yield,  bp 132-133 ~ (1 ram); d 2~ 1.2028; n~ 1.5796. 

CONCLUSIONS 

The nucleophflic opening of the thiirane r ing by thiols proceeds  with grea ter  difficulty than that of 
the oxirane r ing.  Aliphatic and a romat ic  thiols in nonpolar solvents ,  using homogeneous cata lys is  by 
bases ,  can be unambiguously mercaptoethyla ted  by select ing the neces sa ry  rat ios  of thiol compound and 
ethylene sulfide. 
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