
O P E N I N G  O F  T H I I R A N E  R I N G  BY H Y D R O G E N  

A .  V.  F o k i n ,  A .  F .  K o l o m i e t s ,  
a n d  T .  I .  F e d y u s h i n a  

H A L I D E S  

UDC 541.124:542.92:547.71:546.121 

Based on the data given in [1-5], epithio compounds r eac t  unambiguously with hydrogen hal ides,  in 
which connection the th i i rane  r ing is c leaved at  the leas t  hydrogenated carbon atom, i .e. ,  con t ra ry  to the 
Krasusk i i  ru le .  

HC1 RR'C--CH~ , RR'CHC1--CH~SH 
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S 

L a t e r  [6, 7], employing GLC and NMR, it was shown that the propylene,  isobutylene,  and chloropropylene 
sulfides [6], and a , f l -epi th ioglycidic  acids [7] a r e  c leaved by hydrogen chloride to give a mixture  of products  
with a "normal"  and , ,abnormal" s t ruc tu re .  The "normal"  cleavage of the C - S  bond at the most  hydro-  
genated C atom preva i l s  (66-96%). The secondary  or  t e r t i a r y  thiols that a re  fo rmed  he re  tend to i somer ize  
under  the r eac t ion  conditions to the p r i m a r y  thiols ,  which explains to a ce r t a in  degree  the reasons  for  the 

opposite r esu l t s  given in [1-5] and [6, 7]. 

The reac t ions  of anhydrous HC1 and HBr with th i i ranes  a re  second o rde r  [8]. In the opinion of the 
au thors ,  this tes t i f ies  to the format ion  of carbonium cations during react ion.  Similar  theor ies  were  also 

exp re s sed  e a r l i e r  [2] 
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The  possibi l i ty  of s imi l a r  reac t ions  proceeding  by the carbonium mechanism via the step of forming ep i -  

sulfonium cations is also d i scussed  in [6]. 

The concept  t h a t  the carbonium mechanism holds for  the opening of  the thi i rane r ing by hydrogen 
halides cont radic ts  ce r t a in  exper imenta l  data. Thus ,  cyelohexene sulfide s te reospeci f ica l ly  undergoes 
t r ans -c l eavage  by HC1 [9]. Ethylene sulfide is po lymer ized  in dilute HC1 solution [10, 11], where the f o r -  
mat ion  of the earbonium cation is mos t  probable  in view of the eff icient  solvation of the chlorine anion. 
Substituted th i i ranes  a r e  fo rmed  under  these condit ions,  apparent ly  via the step of the episulfonium cation 

[6, 7] 
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Sulfuric acid,  which c leaves  t h r e e - m e m b e r e d  he te rocyc lcs  to carbonium cat ions,  initiates the po lymer i za -  

t ion of epithioalkanes [10, 11]. 

We studied the t r ans fo rmat ions  of ethylene sulfide when it  is r eac ted  with HC1 in the p resence  of 
acid anhydr ides .  For  compar i son  we used THF in s imi l a r  r eac t ions ,  the cleavage of which by the ca rbon-  
ium mechanism is cons idered  to be the mos t  probable.  It  was shown that the reac t ions  of THF with HC1 
in Ac20, or  in a mix tu re  of Ac20 and AcOH, is always accompanied by the inser t ion  of the acetoxy group. 
F ro m THF and HC1 under these conditions we obtained and identified 4-chlorobutyl  aceta te ,  1 ,4-d iace toxy-  
butane,  and the 4 - c h l o r o - 4 ' - a c e t o x y -  and 4,4,-diacetoxydibutyl  e thers .  Similar  resu l t s  were  also obtained ,. 
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in the react ions with HBr. The ratio of the formed products depends on the order  of mixing the reactants .  
When THF is added to a saturated solution of HC1 in Ac20 the main product is 4-chlorobutyl acetate.  The 
slow addition of HC1 to a m i x ,  re  of THF,  AczO, and AcOH leads mainly to 1,4-diacetoxybutane. This char -  
ac ter  of the p rocess  test if ies  to the carbonium mechanism of cleaving the furanidine ring by hydrogen 
halides 

HO THF 
CH,C (O)O(CrhhCl "-A-~-- I I ~  CHaC(O)O(CH~)*O(CH~)~CI 

+ 
HOCH~CH:CH~CH2 

CHaC(0)O(CHQ4OC(0)CHa,-Ae'O I l THF .CH3C(O)O(CH2)O(CH2)4OC(O)CH3 
AcOH AC:~0, Ac0H 

Entirely different resul ts  are obtained when ethylene sulfide is reacted with hydrogen halides in the 
presence of Ac20. I r respec t ive  of the order  of mixing the reactants ,  only the 2-haloethylthiol acetates 
a r e  formed in this ease 

CH~--CH~ 
"x, / + HX + CHaC(0)0C(0)CtG ---, CH3C(0)SCH~CHsX 

S 

The diaeetate of monothioethylene glycol was not isolated even in t race amounts. The reaction of ethylene 
sulfide with HC1 in the presence of Ac20 and AcOH is accompanied by oligomeric t ransformations 

CH2--CH~ AeOH 
\ S  / + ItC1 + CH3C(0)OC(0)CH3 ~ CHaC(O)SCH~CH~C1 + CHzC(0)SCH~CH~SCH~CH~C1 

The obtained data testify to the fact that in low-polar media the cleavage of the thiirane ring by 
hydrogen halides does not proceed via the step of forming the carbonium cation. The ambiguous t r ans -  
formations of the thiiranes when reacted with hydrogen halides are  probably related to the existence of 
severa l  mechanisms ,  which lead to r ing opening. The appearance of "normal" cleavage products in so l -  
vents that are inert  toward hydrogen halides can be due to the formation and nucleophilic cleavage of the 
episulfonium ring by the halide anion from the state of an intimate ion pair  

R--CH R--CH 

\ s  
! 

�9 .. HC1 --* I SH --)C1CH~CHRSH 

CH~ 

The "abnormal" opening of the ring in this case can proceed by the t r imolecular  mechanism via the in ter -  

mediate r - c o m p l e x  

~----'CH<~ ~f 
Cl 

The possibili ty of cationic catalysis  of the reaction in solvents that are  inert toward hydrogen halides 
(water, ether} cannot be excluded 

R 

-50 T ~r Ct 
/ | / s .  l 

CH 2 "'H ~ HSCH~CHCIR 

These concepts a re  in agreement  with the dam on the extremely low basicity of the sulfur atom of thi-  
t ranes ,  the high p -cha rac t e r  of the heterobonds, and the s imi lar i ty  in the s t ructure  of their  two-carbon 
skeleton to the double bond of alkenes.  The la t ter  apparently determines the s imilar i ty  in the mechanisms 
of adding hydrogen halies to thiiranes and alkenes in nonpolar media.  

To compare the nucleophilic proper t ies  of the thiirane ring and an activated double bond we studied 
the competing react ions in the system:  ethylene su l f ide -ac ry lon i t r i l e -HC1.  Of the possible react ion p ro -  
ducts only 2-ehloroethyl mercaptan  and 2-ehloro-2 ' -cyanodiethyl  sulfide were isolated in high yield 

CH~--CH~ 
/ + CH~=CHCN + HC1 ---, C1CI-I2CH~SH + C1CH~CH2SCH~CH2CN 

S 

The lat ter  test if ies  to the fact that the nucleophflic proper t ies  of the thfiranes a re  higher than those of an 

activated double bond. 
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E X P E R I M E N T A L  M E T H O D  

Reaction of THF with HC1. With st irr ing,  dry HC1 was bubbled at a slow rate into a mixture of 36 g 
of THF, 51 g of Ac20, and 60 g of AcOH to a weight increase of 15-16 g, with maintenance of the tempera-  
ture at 45-60~ Then the mixture was heated at 60 ~ for 2 h and fractionally distilled. We obtained 8.3 g 
(11%) of 4-chlorobutyl acetate [12], bp 85-86 ~ (14 mm); d~ ~ 1.0267; n~ 1.4356, and 55.7 g (64%) of 1,4- 
diacetoxybutane, bp 117-119 ~ (14 ram); d 20 1.0454; n~ 1.4226. Found: C 55.23; H 7.87%. CsHI404. Calcu- 
lated C 55.10; H 8.05%. 

From the residue by a double fractional distillation we isolated 7.9 g of 4-chloro-4'-acetoxydibutyl 
ether ,  bp 156-158 ~ (14 mm); d~ ~ 1.0465; n~ 1.4427 (Found: C 53.78; H 8.34; CI 15.62%. C10H19CIO 3. Calcu- 
lated C 58.64; H 8.55; C1 15.76%), and 1.5 g of 4,4'-diacetoxydibutyl ether ,  bp 174-176~ d42~ 1.0298; n~ 
1.4341. Found: C 58.64; H 9.12%. C12H2205. Calculated: C 58.53; H 9.357o. 

4-Chlorobutyl Acetate. With s t i r r ing,  to a solution of 8-10 g of HC1 in 51 g of Ac20 at 0 ~ was added 
36 g of THF in drops, with the simultaneous bubbling in of dry HC1. At the end of exothermic reaction the 
mixture was slowly heated up to 55-60 ~ maintained at this temperature  for 1 h, and then fractionally dis- 
tilled. We isolated 56.4 g (75%) of product, bp 85-86 ~ (14 mm). 

2-Chloroethylthiol Acetate. Dry HC1 was bubbled into a mixture of 6 g of ethylene sulfide and 20 g 
of Ae20 at such a ra te  that the temperature  of the reaction mass did not exceed 40-42 ~ At the end of 
exothermic reaction the mixture was heated at 45 ~ for 1 h and then fractionally distilled. We isolated 
10.4 g (74.9%) of product, bp 79-80 ~ (20 mm); d~ ~ 1.1730; n~ 1.4988. Found: C1 25.37; S 23.21%. C4HTC1OS. 

Calculated: C1 25.60; S 23.10%. 

Under s imilar  conditions were obtained fl-bromoethylthiol acetate [13] in 79% yield, bp 92-93 ~ (20 
mm); d 2~ 1.5328; n~ 1.5228, and fl-bromethylthiol-2, 4-dichlorophenoxyacetate in 68% yield, mp 34% 

Found: S 9.42%. C10HgBrC1202S. Calculated: S 9.30%. 

2-Chloroethyl Mercaptan and 2-Chloro-2'-cyanodiethyl Sulfide. With st irr ing and cooling, dry HC1 
was bubbled into a solution of 6.0 g of ethylene sulfide and 5.3 g of acrylonitr i le  in 30 ml of benzene to a 
weight increase of 3.5-3.6 g, maintaining the temperature of the reaction mass below 20 ~ Then the mix-  
ture was s t i r red at 20 ~ for 1 h, at 60-70 ~ for 3 h, and fractionally distilled. We obtained 3.67 g (38%) of 2-chloro- 
ethyl mercaptan [14], bp 38-39 ~ (40 mm); n~ 1.5824 and 6.31g (42.3%) of 2-chloro-2'-cyanodiethyl sulfide, 
bp 130-132 ~ (4 mm); d42~ 1.1998; n~ 1.5346. Found: N 9.15; C1 23.29; S 21.28%. CsHsNC1S. Calculated: 

N 9.38; CI 23.42; S 21.37%. 

C O N C L U S I O N S  

A study was made of the reactions that proceed in the systems: THF-hydrogen  ha l ide-ace t ic  an- 
hydride and ethylene Sulfide-hydrogen ha l ide -ace t i c  anhydride. The cleavage of the THF ring most pro-  
bably proceeds via the step of forming carbonium ions. The data on the transformations of ethylene sul- 
fide a re  in agreement with the concepts of bi-  and t r imolecular  processes  for the cleavage of either the 
episulfonium ring or  the activated thiirane ring by either hydrogen halide or halide anion from the state 

of an intimate ion pair .  
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