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A mix tu re  of the g e o m e t r i c a l  i s o m e r s  of 2 - m e t h y l - l - t h i a d e c a l i n  has been sepa ra t ed  by a 
combinat ion of adsorpt ion  column ch romatography  and p repa ra t i ve  g a s - l i q u i d  c h r o m a -  
tography.  The configurat ion of each i s o m e r  has been es tabl i shed by m a s s  s p e c t r o m e t r y  
and PMR s p e c t r o m e t r y  with the appl icat ion of the A u w e r s -  Skita ru le .  

In o rde r  to study the p rope r t i e s  of th iabicyclanes  modeling the sulf ides of the middle f rac t ions  of 
pe t ro leum,  2 - m e t h y l - l - t h i a d e c a l i n  has been obtained prev ious ly  [1] by the reduct ion of a mix ture  of the 
geome t r i c  i s o m e r s  of 2 - m e t h y l - l - t h i a d e c a l i n - 4 - o n e ,  the product  of this r eac t ion  consis t ing of a mix ture  of 
all  poss ib le  g e o m e t r i c  i s o m e r s  (Fig. 1). 

The following s y s t e m  of nomenc la tu re  for  the geome t r i c  i s o m e r s  has been adopted in the p resen t  
paper :  the re la t ive  posi t ions of the hydrogen a toms (cis o r  t rans)  a r e  c o n s i d e r e d -  f i r s t  the configurat ion 
of the hydrogen in posit ion 2 re la t ive  to the hydrogen bound to the n e a r e s t  s - a n g u l a r  ca rbon  a tom is con- 
s ide red ,  and then the r e l a t i ve  a r r a n g e m e n t  of the a toms of hydrogen at tached to the a -  and f l -angular  c a r -  
bon a toms ,  which c h a r a c t e r i z e s  the configurat ion of the r ing linkage. 

The amounts of each of the g e o m e t r i c  i s o m e r s  in the mix tu re  have been de te rmined  prev ious ly  [2]. 
F r o m  a mix tu re  of 2 - m e t h y l - l - t h i a d e c a l i n - 4 - o n e s  (p recu r so r s  of the 2 - m e t h y l - l - t h i a d e c a l i n s )  on cooling 
the mos t  s table  2 - m e t h y l - l - t h i a d e c a l i n - 4 - o n e  (mp 77.5~ sepa ra t ed  out. Its reduct ion gave  an individual 
g e o m e t r i c  i s o m e r  of 2 - m e t h y l - l - t h i a d e c a l i n .  By analogy with 2 -methy ldeca l in  [3] it may  be a s sumed  that  
this i somer  has the c i s , t r ans  configurat ion.  We s t a r t ed  f r o m  the assumpt ion  that the introduction of a sul-  
fur  a tom into the r ing does not change the genera l  laws c h a r a c t e r i s t i c  for  deealin der iva t ives .  A pro-  
cedure  was also developed [4] permi t t ing  the isolat ion of another  i somer ,  p r e sumab ly  c i s , c i s - 2 - m e t h y l - 1 -  
thiadecal in,  by p r e p a r a t i v e  th in - l aye r  chromatography .  According to p r e l i m i n a r y  r e su l t s  [5], the other  
g e o m e t r i c  i s o m e r s  p resen t  in the mix tu re  mus t  pos se s s  the t r ans , t r ans  and t r ans , c i s  configurat ions.  

In development  of preceding invest igat ions [1, 2, 4, 5] inthe p resen t  work  we have obtained r e su l t s  of 
the separa t ion  of the geome t r i c  i s o m e r s  of 2 - m e t h y l - l - t h i a d e c a l i n  and the de terminat ion  of the i r  
configurat ions.  

By the use of adsorpt ion  column ch roma tog raphy  and p r e p a r a t i v e  g a s - l i q u i d  chromatography ,  f r o m  a 
mix tu re  we have isolated all four  g e o m e t r i c  i s o m e r s  of 2 -me thy l - l - t h i adeca l i n ;  the i r  c h a r a c t e r i s t i c s  a r e  
given in Tables  1 and 2. Assuming  the poss ibi l i ty  of extending the Auwers  rule  applying to hydroaromat ic  
compounds (the t r ans  i s o m e r  has the higher  melt ing point but the lower boiling point and the lower  r e f r a c -  
t ive index) to the 2 - m e t h y l - l - t h i a d e c a l i n - 4 - o n e s ,  it may  be a s sumed  that both c rys ta l l ine  thiadecal inones 
(mp 77.5 and 64~ they were  f i r s t  obtained by Nazarov  et al.  [6]) have the t r ans  linkage of the r ing and the 
two liquid i s o m e r s  the cis linkage. Of the two c rys ta l l ine  i s o m e r s  of 2 - m e t h y l - l - t h i a d e c a l i n - 4 - o n e ,  the 
i s o m e r  with the t r a n s - o r i e n t e d  methyl  group with r e s p e c t  to the c lo ses t  angular  hydrogen mus t  have the 
higher mel t ing point; the mutual  posi t ion of the hydrogen a toms on the cor responding  carbon a toms mus t  
then be c i s .  Consequently,  the i s o m e r  of  2 - m e t h y l - l - t h i a d e e a l i n - 4 - o n e  with mp 77.5~ can be a sc r ibed  
the c is ,  t r ans  and the i s o m e r  with mp 64~ the t r ans ,  t r ans  s t ruc tu re .  
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Fig. 1. S t e r eo i s om e r s  of 2 -me thy l - l - t h i adeca l i n :  c i s , t r ans  
i s o m e r  (Ta); c i s , c i s  i somer  (Ib); t r a n s , t r a n s  i s o m e r  (Ic); 
t r ans , c i s  i s o m e r  (Id). 
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Mass  s p e c t r a  of 2 - m e t h y l - l - t h i a -  
decalins:  a) c i s , t r ans  i somer ;  b) c i s ,c i s  
i somer ;  c ) t r a n s , t r a n s  i somer;  d ) t r a n s , c i s  
i somer .  

The products  of the reduction of the oxo group in the 
2 -me thy l - l - t h i adeca l i nones  - 2 - m e t h y l - l - t h i a d e c a l i n s  - 
re ta in  the configurat ion of the oxo sulf ides.  Thus, on the 
bas i s  of the Auwers rule,  the i s o m e r  (Ia} with the s m a l l e s t  
re tent ion t ime will have the cis ,  t r ans  and the i s o m e r  Ie the 
t rans ,  t rans  configurat ion.  In the pa i r  of i s o m e r s  with the 
cis linkage of the r ings,  the i s o m e r  (Ib) with the lower  va l -  
ues of the re tent ion t ime  and of the boiling point apparent ly  
has the cis or ientat ion of the ~-hydrogen  a tom and the cis,  
cis configuration, while the i s o m e r  (Id) has the t r ans  o r i -  
entation of the s - h y d r o g e n  a tom and the t rans ,  cis config-  
urat ion.  

In the d issocia t ive  ionization of 2 - m e t h y l - l - t h i a d e c a -  
lin under the act ion of e lec t ron  impact ,  the r ing not con- 
mining the sulfur  a tom decomposes  f i r s t  [7]. The m a s s  
spec t r a  of the g e o m e t r i c  i s o m e r s  show cons iderable  dif- 
f e rences  in the intensi t ies  of the peaks of the ions formed.  
It is known that the probabi l i ty  of the p r o c e s s e s  of c leav-  
age of bi-  and polycyclic s y s t e m s  with the cis linkage of 
the r ings under the act ion of e lec t ron  impact  is higher 
than for  those  with a t r ans  linkage of the r ings  [8, 9]. In 
the s p e c t r a  of the i s o m e r s  (Ia) and (Ic) the intensi t ies of 
the peaks of the ions (M-C2Hs} + with m a s s  141, (M-C3HT) + 
with m a s s  127, and (M-C4H9) + with m a s s  113 a r e  con- 
s ide rab ly  s m a l l e r  than in the m a s s  s p e c t r a  of the i s o m e r s  
(lb) and (Id) (Fig. 2). Consequently,  the t r ans  linkage of 
the r ings is probable  for  the i s o m e r s  (Ia) and (Ic) and the 
cis linkage for  (Ib) and (Id). 

The or ienta t ion of the me thy l  group can be deduced f rom a cons idera t ion  of the dependence of the 
probabi l i ty  of the c leavage  of the cycl ic  s y s t em on the the rmodynamic  s tabi l i ty  of the geome t r i c  i s o m e r s .  
Cha rac t e r i s t i c  for  s y s t e m s  with a m o r e  highly s t ra ined  configurat ion is  a r e l a t ive ly  high intensi ty  of the 
peaks  fo rmed  by the c leavage  of the b ieye l ic  sy s t em [9] (as compared  with s i m i l a r  but l e s s  s t ra ined  con-  
f igurat ions) .  Star t ing f r o m  the hypothes is  that  the sulfur  a tom does not apparent ly  change the t h e r m o -  
dynamic s tabi l i ty  of  the given bieycl ic  sys t em,  on the b a s i s  of the to ta l  r e l a t ive  in tensi ty  (in pe rcen tages  
of  the to ta l  ion current )  of the peaks  of the ions with m a s s  141, 127, and 113 of the geome t r i c  i s o m e r s  of 
2 - m e t h y l - l - t h l a d e c a l i n  (Table 2}, they can be a sc r ibed  the e i s , t r ans ;  the c i s , c i s ;  the t r a n s , t r a n s ;  and the 
t r a n s , e i s  configurat ions,  r e spec t ive ly .  
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T A B L E  1. P h y s i c o e h e m i c a l  C h a r a c t e r i s t i c s  of the G e o m e t r i c  
I s o m e r s  of 2 - M e t h y l - l - t h i a d e c a l i n  

Configuration 

cis,trans (Ia) 
trans,trans (Ic) 
cis,cls (Ib) 
trans,cis (Id) 

I Relative.retention / 
volumes ! 

nD:O 

1,29 1,5089 
1,57 1,5181 
1,36 1,5180 
1,69 1,5198 

* Standard  C16H14. 
t C10H16S. 

Found, % ~" 
! 

c I ~ s 
/ 

-I 

70,5 [ 112 18,3 
70,7 l 10,5 18,5 
70,8 10,9 18,4 70,7 10,5 18,6 

Calculated, %: C 70.6; H 10.6; S 18.8. 

T A B L E  2. Spec t ra l  C h a r a c t e r i s t i c s  of the G e o m e t r i c  I s o m e r s  of  
2-  M e t h y l - I -  th iadeca l in  

I Sum of the in- PMR spectra 
Positions of the tensities of the half-widt~of chemical shift 

Configuration methyl groups ions of masses the signal of of the protons 
the ring pro- Df the methj1 

113,127, 141 tons, ppm roup, ppm 

cis,trans (Ia) 
tram,tram (Ic) 
cis,cis (Ib) 
tram, cis (Id) 

g 
a 

a-,~--e 

5,07 
5,79 
9,45 
9,39 

0,93 _+ 0,03 
0,72_+0,03 
0,254- 0,03 
0,49-+ 0,03 

1,08 
1,38 
1,12 
1,09 

*Doub le t  (J = 7 �9 1 Hz). 

In the PMR s p e c t r a  of the m e t h y l - s u b s t i t u t e d  th i acyc l anes ,  such  as the 2 - a l k y l - 4 - m e t h y l -  and 2 - a l -  
k y l - 4 , 6 - d i m e t h y l - l , 3 - d i t h i a n e s  [12], and a lso  in the s p e c t r u m  of c i s - 4 , 6 - d i m e t h y l - l , 3 - t h i o x a n e  [13], the 
s igna l s  of the p ro tons  of  an axia l  me thy l  g roup  a r e  found in a w e a k e r  f ield than the s ignal  of the pro tons  
of  an equa to r ia l  me thy l  group.  A s i m i l a r  d i f f e rence  in the c h e m i c a l  shif ts  of the pro tons  of the methy l  
g r o u p s  is o b s e r v e d  for  the 2 - m e t h y l - l - t h i a d e c a l i n s  with the s a m e  type of r ing  l inkage but with d i f fe ren t  
o r i en ta t ions  of  the me thy l  g roups .  By c o m p a r i n g  the c h e m i c a l  shif ts  of the me thy l  p ro tons  in the i s o m e r s  
(Ia) and (Ic) (Table 2) it m a y  be concluded that  in the i s o m e r  (Ia) the me thy l  g roup  is equa to r ia l  and in (Ic) 
it is axial  (Fig. 1), which is the case  if (Ia) has  the cis ,  t r ans  conf igura t ion  and (Ic) the t r ans ,  t r ans  con-  
f igura t ion .  

Each  g e o m e t r i c  i s o m e r  with the c is  l inkage of the r ings  m a y  exis t  in two con fo rma t ions  between 
which  r ap id  inve r s ion  takes  place.  However ,  s ince  the ene rge t i c a l l y  m o r e  f avorab le  c o n f o r m a t i o n  m u s t  
be that  with the equa to r i a l  pos i t ion  of the subs t i tuent ,  the shif ts  of the s ignals  of the methy l  g roups  of  the 
cis  i s o m e r s ,  both b and d, a r e  c lo se  to the shif t  of the s ignal  of the equa tor ia l  methy l  g roup  of the i s o m e r  
a, and t h e r e f o r e  a cho ice  between the conf igura t ions  of the i s o m e r s  b and d cannot  be made  f r o m  the 
PMR spectra. 

The investigation performed shows that in their properties the four geometric isomers of 2-methyl- 
l-thiadeealin are divided into two groups, inclusion in which is determined by the configuration of the ring 
linkage. Within each group is reflected the thermodynamic stability of the configuration, which is con- 
nected with the relative position of the methyl group. The assignments of the configurations made with 
the aid of different physicoehemieal methods agree completely. 

EXPERIMENTAL 

The m a s s  s p e c t r a  w e r e  obtained on an MKh-1303 m a s s  s p e c t r o m e t e r  at  ene rg ies  of  the ionizing 
e l ec t rons  of 70 eV, an e m i s s i o n  c u r r e n t  of 1.5 mA, an acce l e r a t i ng  vol tage  of 2 kV, and a t e m p e r a t u r e  of  
the ionizat ion c h a m b e r  of 250~ and of  the inlet s y s t e m  of 150~ The PMR s p e c t r a  w e r e  obtained on an 
expe r imen ta l  s p e c i m e n  of an NMR s p e c t r o m e t e r  with a working  f r e q u e n c y  of 60 MHz produced  by VNILA- 
Che rMet  [Al l -Union Scient i f ic-  R e s e a r c h  Ins t i tu te  fo r  the Au tomat ion  of  F e r r o u s  Meta l lu rgy] .  

2 - M e t h y l - l - t h i a d e c a l i n - 4 - o n e  (modif ica t ion of a p rev ious  method  [117. An au toc lave  was c h a r g e d  
with 40 g (0.29 mole)  of  p ropeny l  cyc lohexeny l  ketone,  6.5 g (0.097 mole) of anhydrous  sod ium ace ta te ,  
0.5 ml (0.005 mole)  of  p iper id ine ,  and 0.1 l i t e r  of ethanol,  and then it was  cooled with a m i x t u r e  of  ace tone  
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and carbon dioxide, and 40 ml (1.19 mole) of liquid hydrogen sulfide was added. The mixture  was kept at 
0~ for  12 h and was then worked up as before  [1]. The yield of the oxo sulfide f ract ion was 85%. 

The reduct ion of c i s , t r ans -2 -me thy l - l - t h i adeca l i n -4 -one  (mp 77.5~ was per fo rmed  as descr ibed  
previously  [1], with the di f ference that d ie thyleneglycolwas  used instead of t r ie thylene glycol.  The yield 
of c i s , t r ans -2 -me thy l - l - t h i adeca l i n  was 83%, bp 94~ (8 mm). 

Isolation of c i s , c i s -2-Methyl -1- th iadeca l in  (Ib) f rom the Mixture of Geometr ic  I somers .  The sepa-  
ra t ion of the mixture  of geomet r ic  i somers  was per fo rmed  with the aid of adsorpt ion column chromatog-  
raphy. The adsorbent  was neutral  alumina (70-200 mesh)o fBrockmannac t iv i ty  grade II. On 230 g of the 
adsorbent  was deposited 1.005 g of the mixture  of i somers  (solution in hexane). Hexane was used as the 
eluent. The total yield a f te r  chromatography was 95%. The fract ions obtained were  0.317 g (33%) of 
c i s , c i s -2 -me thy l - l - t h i adeca l in ,  0.527 g (56%) of a mixture  of th ree  of the i somers  (without the c is ,c is  iso- 
mer) ,  and 0.105 g (11%) of a mixture  of the four i somers .  

The separat ion of the mixture  of c i s , t r ans - ,  t r ans , t r ans - ,  and t r ans , c i s -2 -me thy l - l - t h i adeca l i n s  by 
prepara t ive  GLC was pe r fo rmed  on a PAKhV-04 chromatograph made by SKB INKhS AN SSSR [Special 
Design Bureau of the Institute of Pe t rochemica l  Synthesis of the Academy of Sciences of the USSR] under 
the following conditions: column length 9 m, d iameter  8 mm; INZ-600, 15% of poly(ethylene adipate); r a te  
of flow of helium 135 ml /min ;  t e m p e r a t u r e  174.5~ The exper iment  was per fo rmed  on 12.36 g of the mix- 
tu re  of geomet r ic  i somers  impoverished in the c is ,c is  i somer  as descr ibed in the preceding experiment .  
The separat ion of 10.86 (89%) of the mix ture  gave the following individual i somers :  8.92 g (82%) of (Ia), 
0.92 g (8.5%) of (lb), 0.71 g (6.5%) of (Ic), and 0.31 g (2.9%) of (Id). 
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