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A new method for  the syn thes i s  of b icyc l i c  su l f ides  cons i s t ing  of the reac t ion  of cycloolef in  sulf ides  with 
v iny lmagnes ium or  a l l y lmagnes ium b r o m i d e s  and the subsequent  i n t r amo lecu l a r  cyc l iza t ion  of the resu l t ing  
unsa tu ra ted  m e r c a p t a n s  has  been proposed .  By using th is  method,  f rom cyclohexene sulfide we have 
syn thes ized  1- th iadeca l in  and 2 - m e t h y l - l - t h i a h y d r i n d a n ;  and complexes  of these  subs tances  with m e r c u r i c  
ch lo r ide ,  and the i r  meth iodides  and sulfones have been obtained.  

Syntheses  of b icyc l ic  sul f ides  a r e  mul t i s t age  p r o c e s s e s  which, in many c a s e s ,  use  diff icul ty a c c e s s i b l e  
compounds and a r e  not genera l .  Two of us  [1] p r o p o s e d  a gene ra l  method for  the syn thes i s  of th iab icye lanes  v ia  the 
following s t ages :  the r eac t ion  of cycloolef in  oxides  with v iny lmagnes ium or  a l l y lmagnes ium b r o m i d e s ,  the addit ion of 
hydrogen b romide  to the resu l t ing  v iny l -  o r  a l ly l cyc loa lkano l s  in acco rdance  with and c o n t r a r y  to Markovnikov ' s  ru le ,  
the r e p l a c e m e n t  of the hydroxyl  by b romine ,  and the cyc l iza t ion  of the d ib romides  with sodium sulf ide .  In an 
e xpe r imen t a l  t e s t  of th is  method by the r eac t ion  of cyclohexene oxide with v iny lmagnes ium and a l l y lmagnes ium 
b r o m i d e s  we obtained v iny l -  and a l ly lcyc lohexano l s ,  r e spe c t i ve ly .  However ,  i t  was found that  even under  UV 
i r r a d i a t i o n  hydrogen b romide  adds  to 2 - a l l y l c y c l o h e x a n - l - o l  only in acco rdance  with Markovnikov ' s  ru le .  A s i m i l a r  
anomaly  has  been r e p o r t e d  in the l i t e r a t u r e  and has  been explained by the influence of the hydroxyl  group [1]. The 
addit ion of hydrogen b romide  to the v iny l -  and a l ly lcyc lohexanols  and the r e p l a c e m e n t  of the hydroxyl  by b romine  gave,  
r e s p e c t i v e l y ,  1 - b r o m o - 2 - ( a - b r o m o e t h y l ) -  and 1 - b r o m o - 2 - ( ~ - b r o m o p r o p y l ) c y c l o h e x a n e s .  The s t ruc tu r e  of the l a t t e r  
was conf i rmed  by IR spec t roscopy .  Ana lys i s  of the product  of the cyc l iza t ion  of the d ib romide  with sodium sulfide by 
the GLC method** showed the absence  of the  1 - th iadeca l in  which could be fo rmed  f rom the i s o m e r i c  i - b r o m o - 2 - ( 7 -  
propyl )cyc lohexane .  

The cyc l iza t ion  of the 1 - b r o m o - 2 -  (~ -bromopropy l )cyc lohexane  was c a r r i e d  out with sodium sulf ide and a lso  by 
the act ion of caus t ic  soda on the mercap t an  fo rmed  by the r eac t ion  of the 1 - b r o m o - 2 - ( ~ - b r o m o p r o p y l ) c y c l o h e x a n e  with 
th iourea .  In both c a s e s ,  2 - m e t h y l - l - t h i a h y d r i n d a n  was obtained in the form of a mix tu re  of the c is  and t r a n s  i s o m e r s .  
The cyc l iza t ion  of 1 - b r o m o - 2 - ( ~ - b r o m o e t h y l ) c y c l o h e x a n e  with sodium sulf ide in d ime thy l fo rma mide  at  125 ~ C gave 
p o l y m e r i z e d  p roduc t s ,  as  expected,  s ince  2 - m e t h y l - l - t h i a b i c y c l o [ 4 , 2 , 0 ] n o n a n e ,  which should have been fo rmed ,  
contains  a f o u r - m e m b e r e d  r ing  with a sulfur  a tom,  and such comppunds tend to p o l y m e r i z e  [3]. 

In th is  paper  we put fo rward  another  method for  the syn thes i s  of th i ab icye lanes ,  cons is t ing  of the reac t ion  of 
cyc lo -o le f in  sul f ides  with v iny lmagnes ium or  a l l y l m a g n e s i u m  b r o m i d e s  and the subsequent  i n t r amolecu Ia r  cyc l iza t ion  
of the resu l t ing  m e r c a p t a n s .  This  method has  been t e s t ed  for  eyclohexene sulf ide.  The m e r e a p t a n  formed by the 
r eac t ion  of cyelohexene sulf ide with a l l y l m a g n e s i u m  b romide  was subjec ted  to cycl iza t ion  in t h ree  ways : 1) on 
pro longed s to rage ;  2) by the act ion of 75% sulfur ic  acid  in an a tmosphe re  of n i t rogen;  and 3) by UV i r r ad i a t i on .  On 
cyc l iza t ion  by  the f i r s t  method a mix tu re  of 1 - th iadeca l in  (67%) and 2 - m e t h y l - l - t h i a h y d r i n d a n  (330/o) was obtained,  the 
second method gave 2 - m e t h y l - l - t h i a h y d r i n d a n  with a sma l l  amount  of 1 - th iadeca l in  as  an i m p u r i t y ,  and the th i rd  
method gave 1- th iadeca l in  contamina ted  with 2 - m e t h y l - l - t h i a h y d r i n d a n .  In a l l  c a s e s ,  cyc l iza t ion  took p lace  s t e r e o -  
spec i f i ca l ly ,  and the 1- th iadeca l in  and the 2 - m e t h y l - l - t h i a h y d r i n d a n  were  each obtained in the fo rm of a s ingle 
s t e r e o i s o m e r .  Thei r  conf igura t ions  have not ye t  been es t ab l i shed .  

*The r e s u l t s  of th is  work  we re  r e p o r t e d  in par t  at the  XI- th  Scient if ic  Meeting on the Chemis t ry  of Organosulfur  
Compounds of Pe t ro l eum and P e t r o l e u m  Produc t s  (Ufa, 1968). 

**UKh-1 ins t rumen t ,  4 m column,  f i l led  with polyethylene glycol  on Cel i t e -22 ,  t e m p e r a t u r e  120 ~ C, r a t e  of flow of 
hydrogen 60 m l / m i n .  
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E X P E R I M E N T A L  

1-Al ly lcyc lohexan- l -o l .  This was obtained by our modificat ion of a published method [4]. In aM atmosphere  of 
n i t rogen,  78.4 g (0.8 mole) of cyclohexene oxide [5] was added with s t i r r ing  and cooling to the a l ly lmagnes ium bromide  
[6] [from 96 g (4 g -a t . )  of magnes ium and 121g (1 mole) of allyl bromide  in 200 ml of absolute ether],  the mix ture  was 
boiled for 2 hr 30 rain and then left overnight;  on the following day it was decomposed with a solution of 108 g of 
ammonium chloride in 400 ml of water .  The e thereal  layer  was decanted off f rom the res idue,  and the la t ter  was 
washed with ether  (3 • 150-200 ml),  the solvent  was dis t i l led off f rom the ethereal  ext rac ts ,  the res idue was boiled 
with a solution of 18 g of caustic soda in 100 ml of water  for 1 hr ,  the organic layer  was separated off, the aqueous 
layer  was extracted with ether ,  and the extract  was combined with the main  layer  and dr ied over sodium sulfate. After 
the solvent had been dr iven off, the res idue was dis t i l led in vacuo to give 98.3 g (89%) of 2 -a l ly l eyc lohexan- l -o l .  Bp 
91-93 ~ C (15 mm),  n~  1.4785; d~ ~ 0.9345; MR D 42.56. L i te ra tu re  data [4]: bp 9 4 - 9 6 ~  (15 mm);  n~  1.4757. 

2 -Viny lcye lohexan- l -o l .  Obtained in a yield of 52% by a method analogous to that descr ibed  for 2-a l ly leyclohexan-  
1-ol,  except that the v iny lmagnes ium bromide  was prepared in te t rahydrofuran solution [7]. Bp 70-71.5 ~ C (14 ram) ; 
n~  1.4735; d~ ~ 0.9422. Found, %: C 75.93; H 11.20. MRD 37.62. Calculated for C8H140, %: MR D 38.00. 

1-Bromo-2-( f l -bromopropyl)cyclohexane.  A mixture  of 48 g (0.34 mole) of f resh ly  dis t i l led 2-a l ly lcyc lohexan-1-  
ol and 1 g of hydroquinone was saturated with hydrogen bromide  at -20  to -30  ~ C in an a tmosphere  of ni t rogen (3 hr),  
then the t empera tu re  was slowly ra i sed  to 100 ~ C, and saturat ion with hydrogen bromide  was continued (4-5 hr). The 
mixture  was poured into water ,  the react ion product was extracted with hexane, and the extract  was washed with 
sodium bicarbonate  solution and water ,  and was dried over ca lc ium chloride.  After the solvent had been dr iven off, 
vacuum dis t i l la t ion of the res idue yielded 83.1 g (86v/0) of 1-bromo-2-( f l -bromopropyl)cyclohexane,  bp 99-100 ~ C (2 
mm); n~  1.5280; d42~ 1.5252. Found, ~o: C 38.03; H 5.63; Br 56.34 MR D 57.09. Calculated C9HI6Br2, %: C 38.19; H 5.70; 
Br 56.23 MR D 57.03. The IR spect rum of this compound has absorpt ion bands cha rac t e r i s t i c  for  the C--H deformat ion 
v ibra t ions  in CH S groups (1381 cm-l) ,  CH 2 groups (in a ring) (1445 era-l) ,  and CH groups (1334 cm -t) and for  a C - B r  
bond in the 5 0 0 - 6 0 0 - c m  -1 region.  A bromide  with an identical  IR spec t rum was obtained by sa turat ing 2-a l ly lcyclohex-  
a n - l - o l  with hydrogen bromide,  f i r s t  with ice cooling and UV i r r ad ia t ion  and then without i r r ad ia t ion  with a gradual  
r i se  in the t empera tu re  to 100 ~ C. The yield was 89%, bp 103-104  ~ C (2.5 ram); n~ 1.5285. 

1 -Bromo-2- (a -b romoe thy l )cyc lohexane  was obtained with a yield of 53% by a method analogous to that for the 
synthesis  of 1-bromo-2-(~-bromopropyl )cyc lohexane  with UV i r rad ia t ion .  Bp 91.5-99 ~ C (3 mm);  n~  1.5365; d~ ~ 
1.6235. Found, %: C 35.56; H 5.18; Br 59.25. MR D 52.07; Calculated for CsH14Br2, %: C 35.57; H 5.38; Br 59.07. 
MRD 52.47. 

c i s - and  t r a n s - 2 - M e t h y l - l - t h i a h y d r i n d a n s .  The water  dis t i l led off f rom a solution of 57.6 g (0.24 mole) of Na2S �9 
9I-I20 in 200 ml of d imethyl formamide,  and at 125 ~ C 22.4 g (0.08 mole) of 1-bromo-2-( f l -bromopropyI)cyclohexane in 
100 ml of d imethyl formamide  was added over 9 hr .  Then the mix ture  was diluted with a fourfold volume of water  and 
extracted with ether ,  and the extract  was dr ied over sodium sulfate. After  the solvent  had been evaporated off and the 
res idue  had been 'vacuum dist i l led,  6.8 g (54%) of a mix ture  of c i s -  and t r a n s - 2 - m e t h y l - l - t h i a h y d r i n d a n s  was obtained. 
Bp 89-90 ~ C (20 ram); n~  1.5090; d~ ~ 0.9783. Found, %: C 57.24; H 10.35. MRD 47.67. Calculated for C9H16S, %: 
C 57.22 ; H 10.25. MRD 47.33. Cyclization of the d ibromide with sodium sulfide in d imethyl formamide at 110 and 140 ~ 
C gave a mixture  of t h e c i s - a n d  trams i somer s  of 2 - me t hy l - l - t h i a hyd r i nda n  with yields of 28 and 34%, respect ively .  
The same sulfides were obtained with yields of 30 and 51%, respect ive ly ,  by the cyclizat ion of the dibromide with 
anhydrous sodium sulfide in absolute ethanol [8], and by the action of a solution of caust ic  soda on the mereaptan  
formed by the react ion of the 1-bromo-2-( f l -bromopropyl)eyclohexane with thiourea.  In the las t  two cases ,  the sulfide 
was contaminated with low-boil ing impur i t i es .  

2 -Al ly lcyc lohexane- l - th io l .  Over 1 hr 30 rain,  39.9 g (0.35 mole) of cyclohexane sulfide [9] was added to a 
mix ture  of a l ly lmagnes ium bromide  [from 57.6 g (2.4 g-at .  ) of magnes ium and 72.6 g (0.6 mole) of allyl bromide in 200 
ml  of absolute ether] cooled with a mixture  of ice and salt .  After the cooling bath was removed,  the mixture  was 
s t i r r ed  at room t empera tu re  until  condensate ceased to drip from the condenser ,  and then it was heated to the boil, 
boiled for 6 -8  hr ,  and left overnight .  On the following day, with cooling ina  cu r r en t  of ni t rogen,  the mix ture  was 
decomposed with 10% HC1, the organic layer  was separated off, the aqueous layer  was extracted with ether ,  and the 
combined extract  was dried over sodium sulfate. The 2 -a l ly l cyc lohexane- l - th io l  p resen t  in the e thereal  extract  was 
subjected to cyel izat ion in three  ways. 

Cyclization of 2 -a l ly l cyc lohexane- l - th io l .  A) The solvent was dis t i l led off f rom the e thereal  solution of 2- 
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a l l y l c y c l o h e x a n e - l - t h i o l  and the r e s idue  was  d i s t i l l ed  in vacuo and left  to stand in the  a i r .  The eycl iza t ion  p r o c e s s  was 
followed by a qual i ta t ive  t e s t  for  the m e r e a p t a n  [10] and by m e a s u r i n g  the r e f r a c t i v e  index, which r o s e  as  the reac t ion  
continued.  Af t e r  the  r e f r a c t i v e  index had cea sed  to change (2 weeks) ,  the r eac t ion  product  was  d i s t i l l ed .  This  gave a 
71% yie ld  of a mix tu re  of 1 - th iadeca l in  and 2 - m e t h y l - l - t h i a h y d r i n d a n  (in a r a t i o  of 2 : 1 accord ing  to GLC). Bp 89-90.5  a 
C (15 ram);  n~ 1.5152; d~ ~ 0.9938. 

B) Af te r  the d i s t i l l a t ion  of the solvent ,  the 2 - a l l y l e y e l o h e x a n e - l - t h l o l  obtained by the reac t ion  of 22.8 g (0.2 mole) 
of eyclohexene sulf ide with a l l y lmagnes ium b romide  was t r e a t e d  at  -10  to - 1 3  ~ C in an a tmosphe re  of ni t rogen with 
132 g of 75% H2SO4, the t e m p e r a t u r e  was  s lowly r a i s e d  to room t e m p e r a t u r e ,  and the mix tu r e  was s t i r r e d  for  3 hr .  
Then the mix tu r e  was  poured  onto ice  and ex t r ac t ed  with e the r ,  and the ex t r ac t  was washed with wa te r  and d r i e d  over  
sodium su l fa te .  Af te r  the solvent  had been dr iven  off, vacuum d i s t i l l a t ion  of the r e s idue  y ie lded  57% of 2 - m e t h y l - 1 -  
th iahydr indan contamina ted  with a s m a l l  amount  of 1 - th iadeca l in .  Bp 108-109 ~ C (25 mm) ; n~ 1.5095. 

C) An e the rea l  solution of 2 - a l l y l c y c l o h e x a n e - l - t h i o l  was i r r a d i a t e d  with a PRK-2 q u a r t z - m e r c u r y  l amp until  the 
t e s t  for  m e r c a p t a n s  [10] was negat ive  (7 -8  hr ) .  Af te r  the solvent  had been dr iven  off, vacuum d i s t i l l a t ion  of the 
r e s i d u e  gave 52% of 1 - th iadeca l in  con tamina ted  with a s m a l l  amount  of 2 - m e t h y l - l - t h i a h y d r i n d a n .  Bp 114-115 ~ C (22 
ram) ; n~  1.5200. 

The 1-thladecalin" was purifiedo v ia  a me2~cury complex20 and was obtained with a pur i ty  of 98 mole  % (de te rmined  
e ryoscop i ca l l y ) .  Bp 110-110.3 C (20 mm);  n D 1.5200; dr 1.002; mp 17.7 ~ C. Found, %: C 68.93; H 10.20; S 20.47. 
MR D 47.33. Calcu la ted  for  C9H16S, %" C 69.23; H 10.26; S 20.51. MRD4~.33.  Complex with m e r c u r i c  ch lo r ide ,  mp 
172-173.5 ~ C. Found,  %: Hg 46.94. Calcu la ted  for  CsHI6S "HgC12, %: Hg 46.89. Methiodide,  mp 127-127.5 ~ C (in a 
sea led  c a p i l l a r y ) .  Found,  %: i 42.57. Calcula ted  for  Cl0Ht0I$ , %: I 42.59. Sulfone, mp  114-114.9 ~ C. Found,  %: C 
57.70; H 8.42. Calcu la ted  for  C~H16SOz, %: C 57.45; H 8.51. 

Af te r  pur i f ica t ion  v ia  the m e r c u r y  complex ,  the 2 - m e t h y l - l - t h i a h y d r i n d a n  had the following p r o p e r t i e s :  bp 103-  
104 ~ C (19 mm) ;  n~ 1.5121; d~ ~ 0.9844. Found,  %: C 69.26; H 10.03; S 20.39. MR D 47.22. Calcula ted  for  CgH16S, %: 
C 69.23; H 10.26; S 20.51. MRD 47.33. Complex  with m e r c u r i c  ch lo r ide ,  mp 154-156 ~ C. Found,  %" Hg 46.82.  
Ca lcu la t ed  for  C~HI~S"HgCI2, %: Hg 46.89. Methiodide ,  mp 106.5-107.5 ~ C (decomp).  Found, %: I 42.60, Calcula ted  
for  C~0HI~tS, %: I 42.59. Sulfone, mp 45-46 .5  ~ C. Found, %: C 57.54; H 8.35. Calcula ted  for  C9H16SO2, %: C 57.45; 
H 8.51. The IR s p e c t r a  of 1 - th iadeca l in  and 2 - m e t h y I - l - t h i a h y d r i n d a n  had the absorp t ion  m a x i m a  c h a r a c t e r i s t i c  for  
the ske le ta l  v ib ra t i ons  of cyc l ic  sul f ides  (1277 and 1266 cm -1, r e spec t i ve ly ) .  
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