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I I I *  SYNTHESIS OF ALKYL-SUBSTITUTED 

THIACYCLOPENTANES AND THIACYCLOI-IEXANES 

V.  I .  D r o n o v  a n d  V .  P .  K r i v o n o g o v  UDC 547.732+547.818 

2- Methyl- ,  2, 5- d imethy l - ,  2 -n-bu ty l -  5- methyl th iacyclopentanes ,  th iacyclohexane,  and 2- 
me thy l -  and 2-n-buty l th iacyclohexanes  were  obtained by the reac t ion  of ethylene,  propene,  
and 1-hexane  episul f ides  with a l l y lmagne i sum b romide  with subsequent  cycl izat ion of the 
a lkenethiols  thus fo rmed .  

According to the scheme  we proposed  in [1,2], th iacyclopentanes  (IV) and th iacyclohexanes  (V) were  
obtained by the reac t ion  of a lkene episul f ides  (I) with a l l ymagnes ium b romide  (II) and subsequent  in t r a -  
mo lecu l a r  cycl iza t ion of the a lkenethiols  (III) thus formed~ 

RCff--~S~/~H~ + CH2=CHCH2MgBr ~ RCf HCH2CH2CH=CH 2 ~,x,5~ " IV 

aR=rl;b r=CHa; CR=C4H 9 

In the reac t ion  of a lkene  episul f ides  with II the C - S  bond is broken between the sulfur  and the t e r m i -  
nal carbon a tom,  as  conf i rmed  by the s t r u c t u r e  of the cycl iza t ion products  obtained. Alkenethiols  III were  
subjected to i n t r a m o l ecu l a r  cycl izat ion via two methods:  1) by the action of 75% sulfur ic  under  n i t rogen;  
2) by UV il lumination.  

In con t r a s t  to cycloalkenethiols ,  the cycl izat ion of which p roceeds  se lec t ive ly  [1,2] ( thiabicyclanes 
with the sulfur  a tom in a f i v e - m e m b e r e d  r ing a r e  f o r m e d  via  the f i r s t  method,  while th iab icyc lanes  with 
the sulfur  a tom in a s i x - m e m b e r e d  r ing a r e  f o r m e d  along with t r a c e s  of the cor responding  i s o m e r s  via 
the second method),  the cycl izat ion of III is not se lec t ive .  Compounds IV and V a r e  obtained in a lmos t  
equal amounts  (1 : 1 or  3 : 2) via the f i r s t  method;  except  for  the cycl izat ion of 4 - p e n t e n e - l - t h i o l ,  IV are  
obtained in amounts  c o m m e n s u r a b l e  with V (1 : 2 or  1 : 3) v ia  the second method.  However ,  V have higher  
boiling points than the i s o m e r i c  IV, and the i r  mix tu re  can be s epa ra t ed  by f rac t iona l  dist i l lat ion.  The o v e r -  
all  y ie lds  of the th iacyclanes  fo rm ed  by the cycl izat ion of a lkenethiols  via the f i r s t  method i nc r ea se  with 
an i n c r e a s e  in the s ize  of the hydrocarbon  chain of the alkenethiole but d e c r e a s e s  with increas ing  chain 
s ize  via the second method. 

The cycl izat ion of a lkenethiols  to f o r m  2,5-dialkyl thiacyclopentanes p roceeds  s t e reospec i f i ca l ly  and 
f o r m s  one of two g e o m e t r i c a l  i s o m e r s .  In the cycl iza t ion of 4 - h e x e n e - l - t h i o l  it was proved that  e i s -2 ,5 -  
d imethyl th iacyclopentane  is obtained. All of the th iacyc lanes  fo rmed  by cycl iza t ion of the a lkenethiols  were  
i so la ted  and c h a r a c t e r i z e d  in the pure  f o r m  and in the f o r m  of complexes  with m e r c u r i c  chlor ide  (Table 1), 
obtained by the method in [5]. In spi te  of the a s s e r t i o n  that  2-butyl thiacyclohexane does not f o r m  a c r y s t a l -  
l ine complex  with methyl  iodide [4], we were  able to obtain this complex as well as  a c rys ta l l ine  sulfone. 

*See [2] for  Communicat ion II. 
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TABLE 1. Th iacyc loa lkanes  (IV and V) 

Bp, ~ 
Name , (press., 

mm) 
nD~~ dflO 

MRD " Mercury complex 

formula" ,~ 

IVa 12-Methvlthia- cyclopeiltane [ 3~ 
IVb cis-2,5-Dimeth- 

ylthiacyclopen- 
tane [3] 

IVe 2"n=Buty 1-5" | 
methylthiacyclo-~ 
[pentane~" [ 

ValThiacyclohex- [ 
lane [3] ] 

Vbl 2=Met.hvlthia - l 
/ cycionexane [ 3][ 

Ve[ 2.*rt-~utylthia- .) 
[ cyclonexane [ 4]~ 

132 (755,6) 1,4915 

142 (750) 1,4792 

I30 (76) 1,4772 

139--140 I1,5008 (755,6) 
I49,5--150 1,4905 

(750) 
139 .(76) 1,4870 

L 

- -  - -  - -  CsHIoS "2HgCI2 

09207]3577 3-631CH S 2H El , O ,  6 12 " g 2 

0,9006149'56149'481CgHIaS - HgC12 

0,9862 ]30,71 !31,00! CsH~oS �9 HgCI2 

0,9427!35,60 35,63 C6H12S �9 HgCI2 

0,9185L ' ] ' 14947r4948 C~HlsS.HgC12 

1 5 7 , 5 - - 1 5 9  

1 7 8 - - 1 7 8 , 5  

Ii3,1-114 

138--139 

101--102 
oil 

*The e m p i r i c a l  f o rm u l a s  of all  of the complexes  were  conf i rmed  
by g r a v i m e t r i c  de te rmina t ion  of the m e r c u r y  content.  

The empi r i ca l  f o rmu la s  of IVc and Vc were  conf i rmed  by e l emen-  
t a ry  ana lys i s  (C, H, and S). 

The s t r u c t u r e  of 2-butyl thiacyclohexane (Vc) and the previoulsy  unknown 2-bu ty l -5 -methy l th iacyc lopen tane  
(IVc) were  conf i rmed  by IR spec t roscopy .  The spec t r a  of Vc and IVc contain absorpt ion m a x i m a  c h a r a c t e r -  
is t ic  for  the ske le ta l  v ibra t ions  of cycl ic  sulf ides (1270 and 1260 c m  -1, r e spec t ive ly ) .  The absorp t ion  m a x -  
ima  in the IR s p e c t r u m  of Vc c o r r e s p o n d s  to the CH va lence  (2856-2920 c m  -1) and deformat iona l  (1446 and 
1460 em -1) v ib ra t ions  of the CH 2 groups ,  the CH valence  (2948 c m  -1) and deformat iona l  (1386 cm -1) v i b r a -  
t ions of the CH 3 groups,  and the Ctt deformat iona l  (1346 cm - l )  v ibra t ions  of the CH groups .  The a b s o r w  
tion m a x i m a  in the IR spec t rum of IVc c o r r e s p o n d  to the CH valence (2860-2928 cm -~) and deformat ional  
(1452 cm -i)  v ibra t ions  of the CH 2 groups ,  the CH valence  (2928 cm -l) and deformat iona l  (1384 cm -1) v ib ra -  
t ions of the CH 3 groups,  and the CH deformat iona l  (1320 cm -1) v ibra t ions  of the CH groups.  The intensi ty 
of the band at 1386 cm -1 (CH 3 groups)  is lower  by a fac tor  of two for  Vc as c o m p a r e d  with IVc. The spec-  
t r a  of these  compounds also contain a band at ~"730 cm -1, which is the r e s u l t  of pendulum vibra t ions  of the 
CH 2 group in C4H 9. The intensi ty  of this band is the same  in the spec t r a  of both compounds.  

E X P E R I M E N T A L  

Ethylene Episulfide and Propylene  Episulfide.  These  were  obtained via the methods in [6] and [7], 
r e spec t ive ly .  

1-Hexane  Episulf ide.  1-Hexene  oxide [25 g (0.25 mole)]  was added in the cour se  of 2 h with s t i r r ing  
and cooling to 0-5 deg to a solution of 20 g (0.2 mole)  of th iourea ,  7.5 ml of 94% sulfur ic  acid, and 88 ml  
of water ,  and the resu l t ing  mix tu re  was heated to 20 deg a f t e r  2 h and s t i r r e d  for  another  2 h. A solution of 
26.6 g (0.25 mole)  of sodium carbona te  in 125 ml  of water  was then added in the cou r se  of 25 rain, and the 
mix tu re  was heated  for  5-10 min until the c r y s t a l s  d issolved.  The resul t ing  oil was separa ted ,  and the 
aqueous l aye r  was t r ea t ed  via  the method in [7]. The oil and ex t r ac t s  were  combined,  dr ied  with anhydrous 
sodium sulfate ,  and dist i l led to give 21.5 g (74%) of 1-hexene  episulf ide with bp 106 deg (150 mm)  and nD 2~ 
1.4700. 

1 - R - 4 - P e n t e n e t h i o l s  (IIIa-c) .  A solution of 0.15 mole  of the alkene episulfide in 50 ml  of absolute  
e ther  was added during 1 h to a solution of a l l y lmagnes ium b romide  [prepared  f r o m  24.0 g (1 g -a tom)  of 
magnes ium and 42.35 g (0.35 mole)  of a l lyl  b romide  in 190 ml  of absolute  ether]  at -10 deg. The resu l t ing  
mix tu re  was s t i r r e d  at  r o o m  t e m p e r a t u r e  for  1 h, ref luxed for  5-6, al lowed to stand overnight ,  and decom-  
posed with 10 % hydrochlor ic  acid while cooling under  ni t rogen.  The organic  l aye r  was sepa ra ted  rapidly ,  
the aqueous l aye r  was ex t rac ted  with e ther  (two to th ree  t imes  with 100-ml port ions) ,  and the ex t r ac t s  were  
i n t r amolecu la r ly  cycl ized e i ther  a f t e r  r e m o v a l  of the e ther  (method A) or without isolat ion (method B). 

Thiacyc loa lkanes  (IV and V). A. Sulfuric acid [99 g (75%)] was added to 4-pentenethiol  (IIIa) ob-  
tained f rom 0.15 mole  of ethylene epsulf ide,  under ni t rogen a t - 1 0  to -13 deg, and the mix tu re  was allowed 
to w a r m  to room t e m p e r a t u r e  in 2 h and s t i r r e d  for  another  3 h. A double volume of wa te r  was then added 
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to the cooled mixture, the resulting mixture was heated at 40-50  deg for 3 h, allowed to stand overnight, 
and steam distilled. The distillate was saturated with sodium chloride and extracted with ether.  The ex- 
t ract  was dried with sodium sulfate, the ether was removed and the residue was distilled to give 8.2 g 
(53%) of a mixture of 2-methylthiacyclopentane ([Va) (58.6%)* and thiacyclohexane (Va) (41.4%)* with bp 
131-137 deg (744 mm) and n~ 1.4959. 

A mixture of 2,5-dimethylthiacyclopentane (IVb)(58.2~ ~f and 2-methylthiacyclohexane (Vb) (41.8 %) 
was similarly obtained in 60% yield from 1-methyl-4-pentenethiol (IIIb); a mixture of 2-butyl- 5- methyl- 
thiacyclopentane (IVc) (52%)$ and 2-butylthiacyclohexane (Vc) (48%) was similarly obtained in 64% yield 
from 2-butyl-4-pentenethiol (IIIc). 

B. An ether solution of IIIa was illuminated with a PRK-2 lamp until a test  for mercaptan [8] was 
negative. Distillation yielded 12.9 g (84.3%) of a mixture of Va (90.8%) and IVa (9.2%)* with bp 137-141 
deg (744 mm) and nD 2~ 1.4969. A mixture of Vb (75.6%) and IVb (24.4%) was similarly obtained in 69.5% 
yield from IIIb, while IIIc gave 63.8% of a mixture of Vc (63%) and IVc (37%). 

The mixtures of IVa with Va and IVb with Vb were distilled with a film reactification column (25 
theoretical plates), while the mixture of IVc and Vc was distilled with a glass-packed wedge column (16 
theoretical plates). Chromatographically pure components were isolated in this manner. A Ve-methy l  
iodide complex was obtained via the method in [9] and had mp 94-95 deg (sublimation). Found %: I 42.2. 
CsHlsS.CH3I. Calc. %: I 42.3. 

2-Butylthiacyclohexane Sulfone: This was obtained by the method in [10] and had mp 27-28.5 deg. 
Found %: C 56.9; H 9.3; S 16.6. CsH18SO 2. Calc. %: C 56.8; H 9.5; S 16.8. 

IVc-Metbyl  Iodide Complex. This had mp 94.5-96 deg (sublimation). Found %: I 42.2. CsHlsS. 
CHaI. Calc. %: I 42.3. 

2-Butyl-5-methylthiacyclopentane Sulfone. This was obtained as an oil. It was purified by three 
precipitations from hexane solution on cooling with dry ice and evacuation of the solvent after each pre-  
cipitation. The sulfone obtained was chromatographically pure and had bp 304 deg (742.5 mm, with decom- 
position),** d~ ~ 1.0666, and nD 2~ 1.4755. Found %: C 56.8; H 9.3; S 16.8; MR D 50.20. C9H18SO2. Calc. %: 
C 56.8; H 9.5;S 16.8; MR D 50.43. 
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*Gas-liquid chromatographic data: UKh-2 chromatograph, column (L 4 m, d 4 ram)fi l led with 20% dino- 
dyl phthalate on INZ-600, 111 deg, helium flow rate 75 ml/min.  
$Column temperature 117 deg. 
SWith a column (L 4 m, d 4 ram) filled with 10% SE-30 on Chromosorb W at 174 deg. 
**.By the Sivolobov method [11]. 
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