
give the product  in quanti tat ive yield.  The product  was identical to ketol I I  obtained l n t h e  preceding  exper i -  
ment .  

Di(2-dicyanomethylenecyclohexyl)  Sulfide {III). A 2-g sample  of diketone I, 1.3 g of malononi t r t le ,  and a 
few drops of p iper id ine  were  dissolved in 50 ml of alcohol, and the mix tu re  was allowed to stand at room t e m -  
p e r a t u r e  for  2 days.  The prec ip i ta ted  c ry s t a l s  we re  removed  by f i l t rat ion,  washed with alcohol, and dried to 
give 1.5 g (52~) of III with mp 172-173 ~ (acetonitri le).  Found: C 66.7; H 5.8; N 17.3; S 10.070. C18H18N4S. Cal- 
culated: C 67.1; H 5 .6 ;N  17.4; S 10.07O. IR spec t rum:  2227 ( C -  N) and 1605 (C=C) cm -1. 

Leuckar t  React ion for  I and II. A mix tu re  of 26 g of diketone I o r  ketol IT, 70 ml of fo rmamide ,  and 70 
ml  of 857O fo rmic  acid was refluxed for  2 h, a f te r  which 400 ml  of HC1 (1 : 1) was added, and the mix tu re  was 
refluxed for  another  hour. It was then cooled slowly to room t empera tu re ,  and the prec ip i ta ted  c rys t a l s  of . 
o~IV hydrochlor ide  were  removed by f i l t ra t ion to give 9.3 g (377O) of a product  with mp 25.3-255 ~ The mothe r  
l iquor  was cooled with ice to p rec ip i t a t e  3.2 g (13.%) of fl-IV hydrochlor ide  with mp 301-302 ~ The hydrochlo-  
r ides  were  dissolved in water ,  the solutions were  made alkaline with NaOH, and the prec ip i ta ted  bases  were  
r ec rys ta l l i zed  f rom 507O alcohol.  The products  were  obtained in quanti tat ive yield. The ~ i s o m e r  was obtained 
as co lo r l e s s  p r i s m s  with mp 71.5-72.50 and Rf 0.25. Found: C 67.7; H 10.2; N 6.4; S 15.4%. C12H21NS. Cal- 
culated: C 68.2; H 10.0; N 6.6; S 15.2~0. The p i c r a t e  had mp 188-189 ~ (dec.). Found: N 13.070. ClsH24N4OTS. 
Calculated: N 12.77c. The fl i s o m e r  was obtained as co lo r l e s s  p la tes  with mp 99-99.5 ~ and Rf 0.1. Found: 
C 67.6; H 10.1; N 6.3; S 15.0%. C~2H21NS~ Calculated: + C 68.2; H 10.0; N 6.6; S 15.2~. The p ic ra t e  had mp 
198 ~ (dec.). Found: N 13.07O. C18H24N4OTS+ Calculated: N 12.7~ 
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U N S A T U R A T E D  C O M P O U N D S  

OXIDATION OF THIABICYCLOTRIDECENES 

N. N.  N o v i t s k a y a ,  R .  V .  K u n a k o v a ,  
a n d  G .  A .  T o l s t i k o v  

UDC 547.732'818'897 : 542.943 

The oxidation of th iabieyclo t r idecenes  with var ious  oxidizing agents p roceeds  se lec t ive ly  and, 
depending on the amount and s t rength of the oxidizing agent, gives sulfoxides,  epoxy sulfoxides,  
or  epoxy sulfones.  The sulfur  a tom is init ially oxidized, a f t e r  which the double bond e i the r  
undergoes  epoxidation o r  hydroxylat ton.  

The oxidation of sulf ides is cu r ren t ly  a t t rac t ing cons iderable  at tention [1]. Resea r ch  d i rec ted  toward 
the study of the effect  of the c h a r a c t e r  of the oxidizing agent and s t e r i c  f ac to r s  on the degree  of oxidation of 
the sulfur  a tom may  be of p a r t i c u l a r  in te res t .  In this respec t ,  convenient exper imenta l  subjects  a r e  13 :thin- 

*See [9] fo r  communica t ion  XII. 
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bicyclot r idecene derivat ives  I-V, obtained by the addition of sulfur dichloride to t r ans , t r ans , c i s -  and trans,  
t r ans , t r ans -cyc lododeca t r i enes  [2, 3]. Depending on the type of substituent attached to C-2 and C-9 (C-10), 
one can change the degree of shielding of the sulfur  atom and thereby regulate the oxidation p rocess .  It 
has been shown [3, 4] that I-V are  c is-disubst i tuted (in the heteroring) thiabicyclans with an endo or ienta-  
tion of the substituents attached to C-2 and C-9 (C-10). 

We have investigated the oxidation of thiabicyelans I-V with various oxidizing agents - the Jones 
mixture  (JM) [5], the Milas reagent  (MR) [6], perbenzoic acid (PBA) [7], and t e r t - amyl  hydroperoxide 
{TAHP) in the p resence  of MoC15 [8]. 

~ N 
PBA o 

I Yl  
V l l  

. TAHP 4- 

MR 
I I ' l V  VIII-X ~1 

j/~OAc ~.~.,,OAr 
A c O ~  TAHP ~ ~cO~j  

V X I I  

Sulfoxides VI and IX, respect ively,  were obtained in no higher than 50~0 yields on t rea tment  of 13- 
th iabicyclo[7 .3 .1] -c is -5- t r idecene  {I) and 2 ,9-diacetoxy-13- th iabicyelo[8 .2 .1]-c is -5- t r idecene {tII) with a 
fourfold excess  of JM in acetone. Sulfones were not detected even when a large excess of JlVl was used. 
The presence  of a sulfoxide group is confirmed by the absorption band at 1020-1055 cm -1. 

The oxidation of sulfides I-V with an equimolar  amount of TAHP in the presence  of MoC15 makes it 
possible to obtain sulfoxides in a lmost  quantitative yields.  The double bond in the sulfides is not involved 
in the reaction.  Rear rangement  of the skeleton with expansion of the thiacyclopentane ring to thiacyclo-  
hexane XI [9] was observed in the oxidation of adduct [I to the sulfoxide. 

Excess  TAHP brings about epoxidation of the double bond~ Thus the react ion of unsubstituted sulfide 
I with 5 moles  of TAHP gives epoxy sulfone VII. The s t ruc ture  of VII is confirmed by its IR spectrum, 
which contains bands at 755, 770, and 820, and at 1125 and 1285 cm -~, which a re  charac ter i s t ic ,  r e spec-  
tively, for  epoxy and sulfone groupings.  In addition, the epoxy group is determined by t i t rat ion by the 
method in [10]. The PMR spect rum does not contain signals in the region of protons attached to a double 
bond, but the H C - S O  2 protons and the protons of the epoxy group give a four-proton signal - a multiplet 
centered at ~ 2.8 ppm - and the multiplet of the remaining methylene protons is' centered at ~ 2.06 ppm. 

Epoxy sulfoxides are  formed in the case  of disubstituted sulfides. Oxidation to the sulfone is evidently 
hindered by the p resence  of electronegative substituents attached to C-2 and C-9 (C-10). In addition, an 
examination of three-d imensional  models of sulfides II-V shows that approach of the oxidizing agent to the 
sulfur atom is hindered on the side of the c i s - C - 1 - C - 2  and c i s - C - 9 - C - 1 0  bonds and, correspondingly,  on 
the large ring side. 

It is interest ing to note the fact that  diacetoxy sulfide III is oxidized select ively to sulfoxide IX with- 
out involvement of the double bond when a smal l  excess  of MR is used. Hydroxylation of the double bond 
is real ized when a large excess of MR is used and gives 2,9-diacetoxy-5,6-dihydroxy-13-thiabicyelo[8.2.1]-  
t r idecane 13-oxide (XIII). A sulfone is not detected in this ease also. 

Sulfoxide XIII is converted to 2 ,5 ,6 ,9- te t rahydroxy-13-thiabicyclo[8.2 .1] t r idecane 13-oxide (XIV) on 
saponification with alcoholic alkali. Trea tment  of XIII with acetic anhydride in anhydrous pyridine gives 
2 ,5 ,6 ,9- te t raacetoxy-13-thiabicyclo[8.2.1] t r idecane 13-oxide (XV). 

The format ion of sulfoxides VI and IX was established in the oxidation of sulfides I and II with an 
equimolar  amount of PBA. The oxidation of sulfides I and III with excess  PBA gives epoxy sulfoxides. 
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EXPERIMENTAL METHOD 

The IR spectra of mineral oil or hexachlorobutadiene suspensions of the compounds were recorded 

with a UR-20 spectrometer. The PMR spectra of the compounds were obtained with a Tesla BS-487B 
spectrometer (80 MHz) with hexamethyldlsiloxane as the internal standard. Neutral AI20 ~ (activity If) and 
benzene-alcohol (9 : 1) were used for thin-layer chromatography (TLC). The starting sulfides were ob- 
tained by the method in [2, 3]. 

General Method for the Oxidation of Sulfides to Sulfoxides. I) TAHPand 
MoCI 5. tert-Amyl hydroperoxide purified through the sodium salt and vacuum fractionated was used for 
the oxidations. A mixture of equimolar amounts of the sulfide and TAHP, as well as MoCI 5 (5-10 mg per 
gram of substance), was refluxed in benzene for 15-30 rain with monitoring of the oxidation reaction by 
TLC. The sulfoxides were obtained in quantitative yields. 

2) With the Jones Mixture in Acetone. The oxidation was carried out in acetone solution with the 
gradual addition of threefold and fourfold excesses of the Jones mixture, after which the mixtures were 
allowed to stand for 15-30 min. They were then extracted with ether, the ether extracts were washed to 
neutral i ty  with wa t e r  and dried,  and the solvent  was removed  by dist i l lat ion.  

3) With the Milas  Reagent.  The s ta r t ing  sulf ides were  dissolved in a smal l  volume of chloroform,  
excess  MR i60%) and a granule  of OsO 4 were  added, and the mix ture  was allowed to stand for  15-30 rain. 
The solvents  were  r emoved  by dist i l lat ion,  and the res idues  were  c rys ta l l i zed .  All of the sulfoxides ob- 
tained by oxidation with JM, PBA, MR, and TAHP were  identical.  

1 3 - T h i a b i c y c l o [ 7 . 3 . 1 ] - c i s - 5 - t r i d e c e n e  1 3 - O x i d e  ( V I ) .  This  compound was ob- 
tained as a co lo r l e s s  oil with n~ 1.4250. Found: C 68.2~ H 9.1; S 15.3%. CI2H20OS. Calculated: C 68.0; 
H 9.4; S 15.1g0. 

5 , 6 - E p o x y - 1 3 - t h i a b i c y c l o [ 7 . 3 . 1 ] t r i d e c a n e  1 3 , 1 3 - D i o x i d e  (VII). This compound 
was obtained from 5 moles of TAHP per mole of sulfide after refluxing for 2 h. Crystallization of the 
product from methanol gave VII with mp 135-137 ~ Found: C 59.0; H 8.2; S 13.2; Ooxid e 6.6~o. C12H2003S. 
Calculated: C 59.0; H 8.2; S 13.1; Ooxid e 6.5go. IR spectrum: 765, 775, 820, 920, 1270, 1300 (--c--c--), 

\ /  
o 

1125, 1285, and 1320 (SO2) cm -I. PMR spectrum (in CCI4), 6, ppm: 2.75-3.25 (4H, H--C--SO2 H--C--C--H), 
\ /  
O 

and 1,5-2.1 (16H,--CH2-- ). 

2 , 9 - D i a c e t o x y - 1 3 - t h i a b i c y c l o [ 8 . 2 . 1 ] - e i s - 5 - t r i d e c e n e  1 3 - O x i d e  ( I X ) .  This 
compound had mp 163-165~ and Rf 0.5. Found: C 58.7; H 7.6; S 9 .8~  C1~H2405S. Calculated: C 58.5; 
H 7.3; S 9.8%. IR spec t rum:  735 (c Is -HC=CH),  1050 (SO), 1245 and 1755 (OCOCH3) cm -~. PMR spec-  
t r u m  (in CDC13), 6, ppm: 5.4 m (2H, HC = CH), 4.6 t (2H, HCOAc) , 3.0 m (2H, HCSO), and 1.96 s (6H, 
OCOCH 3). 

2,9-Dihydroxy-13-thiabicyclo[8.2.1]-cis-5-tridecene !3-Ox|de (X). This 
compound had mp 160-165 ~ and Rf 0.0. IR spectrum: 720 (cis-CH =CH), 1015 (SO), 3100, and 3300 (OH) cm-lo 

..... 2 , 1 0 - D | a c e l : o x y - 1 3 - t h i a b i c y c l o [ 7 . 3 . 1 ] - c i s - 5 - t r i d e c e n e  1 3 - O x i d e  (XII). This  
compound had mp 135-137 ~ (from alcohol).  Found: C 58.6; H 7.1; S 10.0%. CI6H24OsS. Calculated:  C 5 8 . 5 ;  
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H 7.3; S 9.8%. IR spec t rum:  735, 3015 ( c i s - H C = C H - ) ,  1060 (SO), 1250, and 1750 (OCOCH3) em -1. PMR s p e c -  
t r u m  (in CDC13) , 6, ppm:  5.0-5.8 (2H, HC = CH; 2H, HCOAc), 2.5-3.2 m (2H, HCS; 2H, HCC =), and 2.08 s and 
2.0 s (6H, OCOCH~). 

2 , 9 - D i a c e t o x y - 5 , 6 - d i h y d r o x y ' 1 3 - t h i a b i c y c l o [ 8 . 2 . 1 ] t r i d e c a n e  1 3 - O x i d e  ( X I I I ) .  
i 

A granule  of o smie  acid was added to a solution of 4.6 g of IT[ in 20 ml  of ch loroform,  a f te r  which 16.1 ml  of 
the MR was added with s t i r r ing ,  and the mix tu re  was allowed to stand overnight.  The solvent was removed b y  
dist i l lat ion,  and the solid res idue  was c rys ta l l i zed  f r o m  alcohol to give 5 g (90%) of XIII with mp 225-228 ~ 
Found: C 53.4; H 6.9; S 8.9%. C16H2607S. Calculated:  C 53.0; H 7.2; S 8.8%. IR spec t rum:  1050 (SO), 1240 
and 1745 (OCOCH3), and 3300-3400 (OH) cm -1. 

2 , 5 , 6 , 9 - T e t r a h y d r o x y - 1 3 - t h i a b i c y c l o [ 8 . 2 . 1 ] t r i d e c a n e  1 3 - O x i d e  ( X I V ) .  This  com-  
pound, with mp 135-140 ~ was obtained by saponif icat ion of XIII. Found: C 51.6; H 8.0; S 12.0%. C12H1805 S. 
Calculated: C 51.8; H 8.0; S 11.5%. IR spec t rum:  1050 (SO) and 3300-3400 (OH) cm -I .  

2 , 5 , 6 , 9 - T e t r a a c e t o x y - 1 3 - t h i a b i c y c l o [ 8 . ~ 2 . 1 ] t r i d e c a n e  1 3 - O x i d e  ( X V ) .  A 0 . 3 - m l  
sample  (a fourfold excess )  of acet ic  anhydride was added to a solution of 0.11 g of XI in 10 ml of anhydrous 
pyr idine,  and the m i x t u r e  was allowed to stand overnight.  The solvent  was then removed  by distillation, and the 
res idue  was c rys ta l l i zed  f r o m  acetone to give a product  with mp 214-216 ~ in 85% yield.  Found: C 53.4; H 6.6; 
S 13.2%. C20Hs0OsS. Calculated:  C 53.3; H 6.7; S 13.4%. IR spec t rum:  1030 (SO), 1250, and 1750 (OCOCH3)cm -1. 

2 , 1 0 - D i a c e t o x y - 5 , 6 - d i h y d r o x y - 1 3 - t h i a b i c y c l o [ 7 . 3 . 1 ] t r i d e c a n e  1 3 - O x i d e  ( X V I ) .  
This  compound, with mp 65-70 ~ was obtained by the method used to synthes ize  XIII. Found: C 52.8; H 7.4; 
S 9.0%. C16H2607S. Calculated:  C 53.0; H 7.2; S 8.8%. IR spec t rum:  1030 (SO), 1240, 1740 (OCOCH3), and 
3300-3500 (OH) cm -1. 

2 , 5 , 6 , 1 0 - T e t r a h y d r o x y - 1 3 - t h i a b i c y c l o [ 7 . 3 . 1 ] t r i d e c a n e  1 3 - O x i d e  ( X V I I ) .  This  
compound, with mp 180-183 ~ was obtained by saponif icat ion of XVI. Found: C 51.6; H 8.0; S 11.8~0. C12H1805S. 
Calculated:  C 51.8; H 8.0; S 11.5%. IR spec t rum:  1040 (SO) and 3300-3500 (OH) cm - l .  

2 , 5 , 6 , 1 0 - T e t r a a c e t o x y - 1 3 - t h i a b i c y c l o [ 7 . 3 . 1 ] t r i d e c a n e  1 3 - O x i d e  ( X V I I I ) .  This 
compound, with mp 125-127 ~ was obtained by the method used to synthesize  XV. Found: C 53.2; H 7.0; S 
13.0%. C20H30OsS. Calculated: C 53.3; H 6.7; S 13.4%. IR spec t rum:  1040 (SO), 1245, 1745 (OCOCH3), 1230, 
and 1730 (OCOCH3) c m  -1. 
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