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2-Methyl- and 2, 6, 8-trimethyl-l-thiabicyclo [4.3.0] nonan-4-one, 
2-methyl-l-thiadecalin; 2-methyl- and 2, 6, 8-trimethyl-l-thiabi- 
cyclo [4.3.0] nonane are synthesized and characterized for the first 
time. Conditions are found for thin-layer chromatographic separation 
of some geometric isomers of the compounds synthesized. 

In connection with studies of the s t ructures  of 
sulfides in middle cuts of petroleum [1-4], we are 
undertaking synthesis of some mono- and t r i - sub-  
stitated thiabicyclanes, which simulate groups of 
compounds found in petroleum. A number of unsub- 
stituted thiabicyclanes have been synthesized by 
Birch et al., [5-7], either by condensing dienes with 
sulfur dioxide and then reducing the resultant sul-  
fones, or by condensing the appropriate dibromides 
or  tosylates with sodium sulfide. 

Hitherto thiabicyclanes have not been obtained. 
We used  condensation of ketodienes with hydrogen 

sulfide, a reaction developed by Nazarov and co- 
workers [8,9] to synthesize thiabicyclanes with CH 3 
groups c~ to the sulfur atom. They synthesized 
monoeyclic thiapyranones, as well as s te reoisomer ic  
2-methyl- l - th iadecalones .  The same authors show- 
ed [10] that the keto group in thiapyran-4-one can 
be reduced by the Huang-Minlon method [12] to CH 2 . 

We prepared 2-methyl - l - th iadeca l -4-one  (Ia,b), 
2-methyl - l - tMabicyclo  [4.3.0] nonan-4-one (II), 
2 ,6 ,8- t r imethyl- l - th iabicyclo  [4.3.0] nonan-4-one 
and the corresponding thiabicyclanes (IV-VI) by the 
following reactions: 

la, b 

H 

NH2NH 2" H20 ~ _ _ C H  3 

i Va, b 
(stereoisomers) 

NH2NH2'H20> [ ~ S  _CH3 
V 

III" NH2NH2"H20> H3C/~,,~'~_CH3~ x'/ I "S" 

CH 3 VI 

Tables 2 and 3 give the properties of the thiabicy- 
clanes and their derivatives,  now prepared for  the 
f i rs t  time. 

F rom the s tereochemieal  relationships it might 
have been expected that the closure of dienes with 
a fiat cyclopentane ring would proceed with greater  
difficulty than with a 6-membered ring, and that 
introduction of a methyl group into the 5-membered 
ring would give r ise to further s ter ic  hindrance. 
Actually reaction could be successful ly effected 
only by considerably raising the hydrogen sulfide 
concentration above that obtained when carrying out 
the reaction in the liquid phase (see Table 1). 
Under those conditions the cyclization of propenyl- 
cyclohexenyl ketone made it possible to effect a 
real  cut in reaction time as compared with [11], 

0 
II 

la, b 

Vii R = ~ - -  

RCOCH=CHCH 3 
Vll-lX 

o [I 

~ ~ - - C H ~  
I1 

VIII R ~ ~ (cis, trans)_, r iX R = CH~--(__~ 

T 
CH 3 

*Communicated in part,  in September 1964, at 
Ufa, at the 8th science sess ion on the chemis t ry  of 
organosulfur compounds in petroleum and petroleum 
products. 

with simultaneous increase in product yield. The 
results  in Table 1 show the relationship between 
extent of conversion of ketodienes to ketosulfides, 
and the s t ructures  of the s tar t ing ketodienes. 
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Compound 
Number 

VII 

VIII- cis 
Vlll-cis 
VIII- cis 
Vllt-trans 

IX 

T a b l e  1 
R e a c t i o n  of  K e t o d i e n e s  w i t h  H y d r o g e n  Su l f i de  a t  0 ~ 

Name 

Propenylcyclohexenyl 
ketone 
the same 

Propenylcyclopent enyl 
ketone 

the same 
the same 

Propenylcyclopent enyl 
ketone 

Propenyl-2, 4-dimethyl- 
cyclopentenyl ketone 

the same 

the same 

Hydrogen 
sulfi~te 

(state of 
aggregation) 

G a s  ~ 

Liquid 

Gas 

Liquid 

Reaction 
time, 
hr 

13.5 

Ketosulfide 
fraction 
yield, 

% 

64.5 

78 
2.1 

23 
69 
70 

49 

19,5 

50.5 

% ketosulfide 
in the 

ketosulfide 
fraction 

37 

89 
96 
99 

83 

89 

97 

* T h e  r e a c t i o n  t e m p e r a t u r e  w a s  h e l d  in t he  l i m i t s  0 to - 2  ~ 
* * B p  2 - m e t h y l - l - t h i a d e c a l - 4 - o n e  1 2 3 - 1 2 5  ~ (7 m m ) ,  nD20 1. 5208;  t h e  

l i t e r a t u r e  g i v e s  [11] 1 1 7 - 1 2 5  ~ (7 m m ) ,  nD 2~ 1 .5190 .  

When Nazarov, Kuznetsova, and Gurvich synthesized Ia and Ib [ii], 
they regarded them as cis and trans isomers, analogs of the decalones, 
differing by the positions of the hydrogens relative to the angular C--C 
group. The presence of hetero atoms and of angular and peripheral 
substituents in the molecules of the heterobicyclanes offers additional 
possibilities of geometrical isomerism. The following nomenclature 
rules for substituted thiabieycloanes have consequently to be intro- 
duced, to clearly denote and represent possible stereoisomers. 

1. When giving the number of members in the rings (figures in 
square brackets), the chain containing the hetero atom is placed 
first. 

2. In drawing the structural formulas, the heteratom is put in 
the lower part of the right ring. 

8. Starting at the heteroatom, the substituents are numbered 
counter -clockwise. 

4. The angular substituent nearest the hereroatom lies in the 
direction nearest the observer. The positions of all the other sub- 
stituents are determined relative to that one, firstly the second 
angular substitnent, and then the peripheral ones. 

Front line 

O0 o 

Front line 

O 

0008 
00 

Starting line t 

ia 1'b " ,il 

F i g .  1 .  Chromatogram of  

t h i o b i e y e l a n e s .  E l u e n t  

i s o P r  z 0 - i s o o c t a n e ,  9:1 .  
R {  f o r  t h e  s p o t s  of  c o m -  

p o u n d s  In ,  Ib ,  II ,  and  III  

a r e  r e s p e c t i v e l y  0 .45 ;  

0 . 2 8  a n d  0 .44 ;  0 . 2 5  

a n d  0 .42;  0 .40 ,  0 .50 ,  

and  0 .65 .  

,Starting, line , t 

Iva IYb v vl 

F i g .  2 .  C h r o m a t o g r a m  of  

t h i a b i c y c l a n e s .  E l u e n t  

I so  P r  2 0 - i s  o o c t a n e ,  
1 :50.  R f  f o r  t he  s p o t s  

of  c o m p o u n d s  ( T a b l e  

2) IVa ,  IVb ,  V,  a n d  

VI a r e  r e s p e c t i v e l y  

0 . 3 6 ,  0 .36 ,  a n d  0 .47;  

0 .40  a n d  0 .51 ;  0 .63  

a n d  0 .73 .  

5. In naming the compound, the peripheral substituents are 
first enumerated, as indicated in �82 above, spatiM position 
being indicated with reference to the substituent nearest the hereto- 
atom, then follows the layout of the angular substituents, which 
determine whether the thiabicyclanes belong to the cis or trans 
series. 

I n s p e c t i o n  of  t h e  S t u a r t - B r i g l e b  s t e r e o  m o d e l s  of 

t h e  k e t o s u l f i d e s  f o r  t h e  e a s e s  of  2 - m e t h y l - l - t h i a -  

d e e a l - 4 - o n e  (I), 2 - m e t h y l -  1 - t h i a b i e y e l o  [4 .3 .0]  
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n o n a n - 4 - o n e  (II), a nd  2 , 6 , 8 - t r i m e t h y l - l - t h i a b i e y c l o  
[4.3.0]  n o n a n - 4 - o n e  (III), l e a d s  to  t he  c o n c l u s i o n  
t h a t  t h e  p r o b a b i l i t y  of  f o r m a t i o n  of  g e o m e t r i c  

i s o m e r s  i s  n o t  e q u a l .  
T h e r e  a r e  4 p o s s i b l e  i s o m e r s  of I, b u t  3 of  t h e m  

would  b e  m o s t  l i k e l y  to  b e  f o r m e d :  t r a n s - 2 - m e t h y l -  
c i s -  1 - t h i a d e  c a l - 4 -  one;  c i s -  2 -  m e t h y l - t r a n s -  1 - t h i a -  
d e c a l - 4 - o n e ,  a n d  t r a n s - 2 - m e t h y l : t r a n s - l - t h i a d e c a l -  

4 - o n e .  
C o n s i d e r a t i o n  of  t h e  s p a c e  r e l a t i o n s h i p s  f o r  

k e t o s u l f i d e s  II a n d  III  l e a d s  to  t he  i m p o r t a n t  c o n -  
c l u s i o n  t h a t  f o r m a t i o n  of  t r a n s  s e r i e s  c o m p o u n d s  b y  
t he  a n g u l a r  s u b s t i t u e n t s  i s  p r a c t i c a l l y  i m p o s s i b l e  
in  s u c h  c a s e s .  H e n c e  in  t he  c a s e  of II o n l y  2 i s o m e r s  
would  b e  e x p e c t e d  to b e  f o r m e d :  t r a n s - 2 - m e t h y l -  

c i s - l - t h i a b i c y c l o  [4.3.0]  n o n a n - 4 - o n e  and  c i s - 2 -  
m e t h y l - c i s - l - t h i a b i c y c l o  [4 .3 .0]  n o n a n - 4 - o n e ,  
w h i l e  i n  t h e  c a s e  of  III,  4 w o u l d  b e  e x p e c t e d :  t r a n s -  

t r a n s - c i s - ,  t r a n s - e i s - e i s ,  e i s - t r a n s - e i s - ,  a n d  
c i s - c i s - c i s - 2 , 6 , 8 - t r i m e t h y l - l - t h i a b i c y c l o  [4 .3 .0]  
n o n a n - 4 - o n e s .  T h e  f o r m a t i o n  of t h e  l a s t  t w o  i s o -  

m e r s  i s  l e s s  p r o b a b l e ,  s i n c e  i t  r e q u i r e s  c o n s i d e r -  
a b l e  s t e r i c  a p p r o a c h  of t h e  CH3 g r o u p s  a t  p o s i t i o n s  

2 a n d  8. T h e  s a m e  s t e r e o c h e m i c a l  r e l a t i o n s h i p s  

a r e  v a l i d  f o r  t h e  s u l f i d e s  I V - V I  as  h o l d  f o r  t h e  

c o r r e s p o n d i n g  k e t o s u l f i d e s  I - I I I .  On c o n v e r t i n g  

c o m p o u n d s  I - V I  to  s u l f o x i d e s ,  t h e  n u m b e r  of 
g e o m e t r i c  i s o m e r s  i s  to  b e  e x p e c t e d  to  b e  d o u b l e d  

as  c o m p a r e d  w i t h  t he  u n o x i d i z e d  t h i a b i c y c l a n e s  

a n d  t h i a b i c y c l a n o n e s .  
T h e  r e s u l t s  of t h i n - l a y e r  c h r o m a t o g r a p h y  of  

c o m p o u n d s  I - V I  ( s ee  F i g s .  1 a n d  2) a n d  of  t h e i r  
i s o m e r i z a t i o n  p r o d u c t s  a r e  in  fu l l  a c c o r d  w i t h  t h e  

s t e r e o c h e m i c a l  v i e w s  e n u n c i a t e d  a b o v e .  T h u s  t h e  

l i q u i d  i s o m e r  lb  i s  a m i x t u r e  of a t  l e a s t  t w o  
s t e r e o i s o m e r s ,  one  of  w h i c h  i s  t h e  " s o l i d "  i s o m e r  

Ia.  W h e n  i s o m e r i z e d  w i t h  s o d i u m  m e t h o x i d e  t h e  

m i x e d  i s o m e r s  Ib a r e  c o n v e r t e d  to  Ia ,  to  w h i c h  

o b v i o u s l y  t he  s t r u c t u r e  of  t r a n s - 2 - m e t h y l - t r a n s - 1 -  

t h i a d e c a l - 4 - o n e  i s  to  b e  a s s i g n e d .  
U n l i k e  Ib,  t h e  c o r r e s p o n d i n g  s u l f i d e s  IVb  a r e  

n o t  i s o m e r i z e d  u n d e r  t h o s e  c o n d i t i o n s ,  t h u s  c o n -  

f i r m i n g  t h e  k e t o - e n o l  m e c h a n i s m  p u t  f o r w a r d  in  
[11] f o r  c i s - t r a n s  i s o m e r i z a t i o n  of  k e t o s u l f i d e s ,  

t a k i n g  p l a c e  w i t h  i n v o l v e m e n t  of  a n g u l a r  s u b s t i -  

t u e n t s .  K e t o s u l f i d e s  II a n d  III  a l s o  do  n o t  u n d e r g o  
i s o m e r i z a t i o n ,  s i n c e  f o r m a t i o n  of t r a n s  i s o m e r s  

b y  a n g u l a r  s u b s t i t u e n t s  i s  s t e r i c a l l y  i m p o s s i b l e  f o r  

t h e m ,  as  w a s  m e n t i o n e d  a b o v e .  

D e t e r m i n a t i o n  of  s u l f i d e  s u l f u r  i n  I V - V I  b y  

p o t e n t i o m e t r i c  i o d o m e t r y  [13] g i v e s  q u i t e  h i g h  

v a l u e s  ( s e e  T a b l e  2).  T h i s  m u s t  b e  m e n t i o n e d  b e c a u s e  
t h i s  m e t h o d  of d e t e r m i n i n g  s u l f i d e s  q u a n t i t a t i v e l y ,  
a t  p r e s e n t  w i d e l y  u s e d  in  i n v e s t i g a t i n g  t h e  c o m p o s i -  

t i o n s  of  m i d d l e  c u t s  of  p e t r o l e u m  w a s  d e v e l o p e d  

u s i n g  m o d e l  s u l f i d e s  d i f f e r i n g  g r e a t l y  in  s t r u c t u r e  

f r o m  t h e  s u l f i d e s  of  m i d d l e  p e t r o l e u m  c u t s .  E l u c i -  

d a t i o n  of t he  m e c h a n i s m  of o x i d a t i o n  of  I V - V I  u n d e r  

t h e  c o n d i t i o n s  of  [13] ,  a n d  s p e c i f i c a t i o n  f o r  d e t e r -  

m i n i n g  s u l f i d e s  of  t h e  n e w l y  o b t a i n e d  s t r u c t u r e  t y p e s  

b y  i o d o m e t r y ,  r e q u i r e s  s p e c i a l  i n v e s t i g a t i o n .  

EXPERIMENTAL 

Synthesis of ketodlenes. The starting unsaturated cyclanols, 
vinylethynyl-cyclohexan-l-ol (X), vinylerhynylcyclopentan-l-ol 
(XI), and vinylethynyl-2, 4-dimethylcyclopentan-l-ol (XII), were 
prepared for the first time in satisfactory yields by using the Grignard 
compounds*. 

Preparation of X (also by reacting vinylacetylene with acetone 
[14]). 18 g (1.2 mole) ethyl bromide was dropped into dry ether 
covering 1.16 g Mg turnings at such a rate that the ether boiled, 
after which the mixture was stirred for 1 hr longer. 79.6 g (1.58 mole) 
vinylacetylene (prepared according to [15]) was added in 4 lots at 
20 min intervals, at 0-4  ~ after which the mixture was stirred for 2 
hr at room temperature. Then 99.5 g (1.07 mole) cyclohexanone in 
an equal volume of dry ether was added gradually at such a rate that 
the mixture boiled steadily; after addition was complere, stirring 
was continued for 1 bx 80 min at room temperature, and the products 
then decomposed with ice-water. After working up in the usual way 
the bulked ether extracts were dried over MgSO4, the ether distilled 
off in a current of nitrogen, and the residue vacuum-distilled, to give 
an 85.5%0 yield of X, bp 82-88 ~ (5 rnm), nD z~ 1.5118. The literature 
gives [16] 95-97 ~ (8 ram), nD z~ 1.5168. 

l:~eparation of XL Similarly to X, from 150 g (1.88 mole) cyclo- 
pentanone. Yield 72"/0, 75-77 ~ (4 ram), nD z~ 1.5160. 

Preparation of XII. From 140 g 2, 4-dimethytcyclopentan-l-one, 
(synthesized as described in [183) similarly to X. Bp 92-95 ~ (10ram), 
nD z~ 1.4949, yield 7lYlo. The literature gives [19] bp 74-75 ~ (3 ram), 
nD z~ 1.5490. 

Vlnylethynylcyclohexene (XIH). Prepared as described in [16], 
f~om 210 g (1.46 mole X, yield 78%o, bp 71-75 ~ (7 ram), nD z~ 1.5490. 

Vinylethynylcyclopent-l-ene (XIV), Prepared as described in [17] 
f~om 177 g (1.84 mole) yield 8(?/o, bp 65-68 ~ (13 ram), nD z~ 1.5498. 
The literarure gives bp 57-59 ~ (10 ram), nD z~ 1.5490. 

1-Vinylethynyl-2, 4-dimethylcyelopent-l-ene (XV). Prepared 
ftomXII as described in [19], 8~/o yield, bp66-89 ~ (3 mm),nD z~ 1.5211. 
The literature gives [19] bp 108-103 ~ (7 rnm), nD z~ 1.5158. 

Propenylcyclohexenyl ketone (VII). This was prepared as described 
in [16], from 155 g (1.2 mole) XItI. Yield 700, 103-104 ~ (7 mm), 
nD z~ 1.5158. The literature [16] gives 101-108 ~ (7 ram), n ~  5 1.5155. 

Ptopenylcyelpentenyl ketone (VIII), Prepared as described in [173, 
20 

from 76 g (0.81 mole) XIV, yield 62%, bp 78-88 ~ (7 ram), n D 
1.5080. On cooting there crystallized out 33 g trans-propenyleyclo- 
pentenyl ketone, mp (after recrystallizing from MeOH) 81-82.6 ~ 
The mother liquors were vacuum-distilled through a column**, to give 

20 
4.8 cis-propenylcyelopentenyl ketone, bp 87-98 ~ (7.5 ram), n D 
1.5050-1.5065, and 5.1 g trans-propenylcyclopentenyl ketone bp 
98~ (7.5 turn), nD z~ 1.5088 and mp 81-81.5 ~ The literature gives 
[17] for cis-propenyleyclopentenyl ketone bp 82-84 ~ (7 ram), 
nD 2~ 1.5030, for trans-propenylcyclopentenyl ketone mp 81-81.5 ~ 

Btopenyl-2, 4-dimethylcyclopentenyl ketone (IX) was prepared 
as described in [19], from 180 g (1.81 mole), XV, yield 86.4%, 
bp 95-98 ~ (4 ram), nD 2~ 1.5000. The litezature gives [19] bp 92-94 ~ 
(4 ram), nD z~ 1.5012. Distillation of 50 g product through the 
column gave 23.4 g ketone bp 105 ~ (4 ram), nD z~ 1.5010. 

2-Methyl-l- thtadecal-4-one (I1~ and Ib), a) Modification of the 
method described in [11]. A solution of 0.12 g (1.5 mmole) fused 
NaOAc in 445 ml erhanol at -5 ~ was saturated in 20 rain with hydro- 
gen sulfide, then 80 g (0.4 mole) VII added over a period of 1 hr 
30 rain at the same temperature. Hydrogen sulfide was again passed 
in for 12 hr at 0 to -2 ~ Then the reaction products were refluxed 
for some hours, and worked up as described in [11] to give 48.9 g 
ketosulfide cut bp 123-126 ~ (7 ram), nD 2~ 1.5208, yield 64.5~ 

* Nazarov and Burmistrova's [19] method of condensing vinyl- 
acetylene using powdered KOH gave XII in half the yield recorded 
by them. 
"*Here and below the column used had 10 theoretical plates. 
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Repeated freezing and subsequent recrystallization from MeOH gave 
9 g Ia, yield 12%, bp 75-78*. The mother liquors were distilled 
through the column to give 18.1 g Ib, yield 44.1%, bp 110-111 ~ 
(12 ram), nD 2~ 1.5269. The literature [11] gives nap of Ia 77.5 ~ bp 
Ib 111 ~ (5 mm),  nD z~ 1.5270. 

b) 3 g (0.02 mole VII, 0.4 g (0.005 mole) fused NaOAe, and 
10 ml EtOH were placed together in a glass pressure vessel with 2 
outlets, and holding 250 ml.  Hydrogen sulfide was introduced through 
one opening by means of a capillary, and using liquid nitrogen 
cooling, about 2 g (0.06 mole) was condensed. At the same t em-  
perature the vessel was evacuated to 2 mm,  then sealed and kept at 
0% for 1 hr, excess hydrogen sulfide allowed to evaporated under 
ambient conditions, and the reaction products worked up as de- 
scribed in [11] to give a 75% yield of ketosulfide cut. 

2-Methyl - l - th iabteyclo  [4.8.0] nonan-4-one (II). a) In a way 
similar to that described above, 3.5 g (0.026) trans VIII and 6 ml 
EtOH plus 0.6 g (0.007 mole) fused NaOAc was condensed with 8.4 g 
(0.1 mole) liquid hydrogen sulfide, reaction t ime  8 hr. 

b) In the way described above, 4.8 g (0.04 mole) eis-VIII, with 
reaction t ime 5 hr, gave a 89% yield of II. Table 2 gives the prop- 
erties of II as well as of other newly-synthesized thiabicyelanes. 

2, 6, 8 -Tr imethyl - l - th iab ieye lo  [4.8.0] nonan-4-one (III). In 
the way described above, 7 g (0.045 mole) IX was condensed with 
liquid Hz8, reaction t ime 7 hr. The reaction products from 4 runs 
were bulked, and fraetionated through the column. Yield of III 
50.8%. 

8emlearbazones II and III. 1 g semicarbazide hydrochloride and 
1 g NaOAc were dissoIved in 6 ml water, with slight heating, the 
solution cooled, and to it added 0.1 g II in an equal volume of 
EtOH; the precipitate formed was fikered off, washed with water, 
and vacuum-dried,  after which it was twice recrystallized from 
MeOH, to give 0.12 g substance mp 188.5-170 ~ (see table 3). The 
semiearbazene III was prepared similarly.  

Thln-layes chromatography of 2 -methyl - l - th tadeea lones ,  2- 
methyl- ,  and 2, 6, 8-1- thiabieyelo [4.8.0] nonan-4-ones,  la ,  lb,  
II and III were chromatographed by ascending thin-layer chromatog- 
raphy on a non-stabil ized layer of absorbent (Brockman grade II 
activity, alumina).  Layer thickness 0.5 ram, eluent 10% (by volume) 
isooctane in isopropyl ether. 0.05 mg substance was introduced on 
to the  plate as a 1% solution in isooctane. Iodine was the  visualizer, 
and the visualizing t ime  30 min (Fig. 1). 

Isometi~.ation of the ketosulfldes, a) Isomerization of Ib to In, 
according to [11]. 12.8 g (0.067 mole) Ib was added to a solution 
of 0.18 g (0.008 g at) Na metal  in 60 mi  MeOH, the mixture re-  
fluxed for 2 hr, the MeOH distilled off, and the  residue treated with 
water and ether. The ether layer was separated and neutralized with 
10% HC1, dried over MgSOa, the ether evaporated off, and the 
residue recrystallized from MeOH, to give 6.8 g In, R f  0.45. 

b) Under the conditions of the  above experiment II and III are 
not isomerized, and thin-layer  cbzomatography shows that theix 
structures are unchanged. 

2 -Methyl - l - th iadeea l lns  (IV), a) 0.55 g (0.008 mole) Ib was 
dissolved in 30 ml  t t iethyleneglycol,  bp 49 ~ (26 ram) added. The 
mixture was quickly heated to 150 ~ under nitrogen, and after 1 bx 
at that temperature 5 ml distillate had come over. The distillate 
was returned to the reaction mixture, and heat ing continued at the  
same temperature until distillate ceased to come over, after which 
heat ing was continued for 2hr more at the same temperature,  then 
finally for 1 hr at 165 ~ 6.1 g (0.11 mole) fused KOH was added with 
cooling, and the mixture heated,  at 180 ~ thexe was vigorous evolution 
of nitrogen. When reaction ceased, the mixture was heated for 80 rain 
at 150 ~ then at 165 ~ for 15 min.  After cooling the  mixture was 
extracted with ether, the extract neutralized with 15% HCI, and dried 
over MgSO4. The ether was distilled off, and the  residue vacuum-  
distilled. Repeated distillation gave IVb, yield 7 8 ~  for properties 
see Table 2. 

b) 7.7 g (0.42 mole) Ia was reduced as above, yield of IVa 78~/o. 
For properties, see Table 2. 

2-Methyl- l - th iabteyelo  [4.8.0] nonane (V), prepared from 5.8 g 
(~0.035 mole) I I ,  similarly to Ib, yield 61%, propexties given in 
Table 2. 

2, 6, 8-Tr im~hy l - l - t h i ab i eyc lo  [4.8.0] noaaae (VI). 9.7 g (0.05 
mole):III was reduced as discribed above, yield 36~ for properties 
see Table 2. Reduction was accompanied by appreciable resiutfication. 

Thln-lay= chromatography of 2-methyl-l-thladecallns, 2-methyl- 
and 2, 6, 8-u lme thy l - l - th i ab ieye lo  [4.3.0] nonanes. IVa, IVb, V, and 
VI were chromatographod under the conditions used for the ketosul- 
tides, but the elu6m was a 1.96% (by volume) solution of isoptopyl 
ether in isooctane. Iodine was the visualizer, and the visualizing 
t ime  10 min (see Fig. 2), Comparison of the  cbxomatogram of the 
ketosulfides with that of their reduction products leads to the  con- 
clusion that reduction leaves the number and ratios of isomers 
unchanged. This indicates that the reaction takes place without 
change in configuration. 

Attempt to isome~ize IVb. 1 g IVb was heated With sodium 
methoxide solution as described for Ib, to give 0.79 g compound bp 
91-93 ~ (7 ram), nD z~ 1.5140, Rf 0.87 and 0.49. P~actically no 

isomerizarion was detected. 
Oxidation of 2 -me thy l - l - th l adeea l in  (IVb). a) 1.28 g (7.5 mmole)  

IV was dissolved in 4 ml AczO, and after 15 rain, 0.9 g (7.5 mmole) 
28~ HzOa added at -< 25 ~ After 1 hr 15 m i n a  sample gave a neg-  
ative reaction for peroxide. The solvents were vacuum-dist i l led off 
at -< 30 ~ The residue contained sulfoxide IVb, yield 93Jto. It was 
purified by chromatog~aphing on ASK silica gel [20], the eluent 

for removing the unoxidized impurities was benzene, while the 
eluent for sulfoxide was ethanol. Table 8 gives the constants of the 
purified compounds. 

b) 9.7 g (0.08 mole) 28~ HzOz was added to a stirred solution 
of 3.74 g (0.022 mole) IVb in 15 ml AcOH, when the temperature 
rose to about 70% The mixture was heated at i00 ~ for I hr. After 
cooling, the uureacted hydrogen peroxide was decomposed by adding 
manganese dioxide, the solution filtered, and the filtrate vacuum- 
concentrated. The residue partly crystallized, giving 0.49 g sulfone 
IVb. After recrystallizing from EtOH the sulfone weighed 0.42 g, 
mp 95-97 ~ The mother liquors gave a fu~tller 0.09 g sulfone, mp 
94-97 ~ and two distillations gave 1.51 g sulfone bp 140-152 ~ (1.5 

ram). The sulfones of II, III, IVa, V, and V1 were prepared sim- 
ilaxly (see Table 3). 

Mercuric chloride complexes of thiabicyclanones and thlabicy- 
clanes. 0.08 g (0.5 mmole)  IVa was added to 8 ml saturated HgClz 
solution, the precipitate of complex filtered off, washed with ethanol, 
and then twice recrystallized from ethanol. Yield 0.19 g, mp 147 ~ 
Complexes were similarly prepared from Ib, III, IVa, IVb, V, and 
VI (see Table 3). 

Nots.  Up to the t ime  of publication there were doubts about 
the correctness of the position of the  double bond in the ring of 
ketone IX, as found in [19]. Cyelizarion of the ketone with the 
double bond in the alternative position viz 2, 4-dimethylcyclopentene-  
5-isopropenyl ketone, by hydrogen sulfide, should give not 2, 6, 8-, 
but 2, 5, 7 - t r i -me thy l - l - th i ab ieye lo  [4.3.0] nonan-4-one.  Further 
research is needed to finally p lace  the  methyl  groups in the  cyclo-  
pentane ring of ketone III, and correspondingly of sulfide VI. 
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