
for  2 h. Water  (20 ml) was added, and the mix tu re  was ex t rac ted  with ch loroform.  The ch lo ro fo rm was r e -  
moved f rom the ext rac t ,  2 ml of alcohol was added to the residue,  and the mix ture  was allowed to stand at 0 ~ 
for  24 h. The resul t ing solid was removed  by f i l t ra t ion to give 0.3 g (64%) of white needles  with mp 64-65 ~ 
(from alcohol). Found: C 56.9; H 5.8; N 10.7%. C14H17NO4S. Calculated: C 56.9; H 5.8; N 10.9~. 
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REACTION OF 1,5-DIKETONES 

XIX.* 2,2'-DICYCLOHEXANONYL SULFIDE: SYNTHESIS, ISOMERIZATION 

TO A CYCLOKETOL, AND CONVERSION TO PERHYDROPHENOTHIAZINE 

E. S. Karaulov,  A. A. U s o l ' t s e v ,  
and M. N. Til ichenko 

UDC 547.869.2.07 : 542.952.1 

2,2 ' -Dicyclohexanonyl  sulfide and the i somer i c  2- thiatr icyclo[7.2.1.03,a] t r idecan-8-ol  - 13-one 
were  synthes ized by reac t ion  of ~-chlorocyclohexanone with Na2S" 9H20. Both compounds fo rm 
the s a m e  perhydrophenothiazine  i s o m e r s  under  the conditions of the Leuckar t  react ion.  

:The p rev ious ly  undescr ibed  2 ,2 ' -d icyclohexanonyl  sulfide (I) is a pecu l i a r  1,5-diketone and the thia analog 
of the known [2] 2 ,2 ' -d icyclohexanonylmethane.  In the p r e sen t  communicat ion  we p re sen t  data that conf i rm 
that the s t ruc tu ra l  analogy between these  diketones also extends to some of the i r  reac t ions .  

Depending on the reac t ion  conditions, diketone I o r  i somer i c  ketol II is obtained in the reac t ion  of ~- 
chlorocyelohexanone with sodium sulfide. When the t e m p e r a t u r e  is lowered,  one can obtain diketone I inyie lds  
up to 40%. Diketone I is unstable and can be s tored  only at low t e m p e r a t u r e  in the dark.  In light it decomposes  
a f t e r  a few days.  Ketol II, which is fo rmed  in 80% yield when a solution of sodium sulfide and ~-ch lorocyc lo-  
hexanone is allowed to stand at room t e m p e r a t u r e  for  2 days, is comple te ly  s table  on s torage .  

The IR spec t rum of diketone I contains an intense absorpt ion band at 1710 cm -1 (C = O), and the IR spec-  
t r u m  of ketol  II, in addition to this band, a l so  contains absorpt ion  bands at 3600 and 3450 cm -1 (OH). The p r e s -  
ence of two carbonyl  groups in diketone I is conf i rmed by the fo rmat ion  of a bis  der iva t ive  (III) on reac t ion  of 
diketone I with malononi t r i le  u n d e r  the conditions of the Knoevenagel react ion.  We were  unable to obtain a 
dioxime f r o m  diketone I. 

* See [ 1] for  communica t ion  XVIII. 
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As in the case of 2,2 ' -dicyclohexanonylmethane [2, 3], dtketone I is converted to ketol II on t r ea t -  
ment with methanoltc sodium methoxtde as a resul t  of an tn t ramolecular  aldol condensation; the reverse  
react ion occurs  when II is vacuum distil led. 

The same products  - the a and fl i somers  of perhydrophenothiazine (IV) - a re  formed when diketone 
I or  i somer ic  ketol H is t reated with formamtde  under the conditions of the Leuckart  reaction. Under 
these conditions ketol H apparer~ly undergoes p r io r  t somerizat ion to diketone I, and the la t ter  reacts  with 
formamtde  to give perhydrophenothtazines c~,fl-IV. Other dicyclonylmethanes and the i r  cycloketols also 
behave s imi lar ly  in the Leuckar t  react ion [4-6]. 

I somer ic  bases  IV, which are  formed in an overall  yield of 50%, differ f rom one another with r e -  
spect to the form of their  c rys ta l s ,  melting points, and chromatographic  behavior.  The IR spect ra  of the 

and fl i somers  differ only slightly in the "f ingerprint"  region, and the charac te r i s t ic  band belonging to 
the NH group appears only in the spec t ra  of mineral  oil suspensions of the compounds (at 3300 cm-1 for  
co-IV and 3320 cm -~ for  fl-IV). 

The NMR spect rum of the ~ i somer  contains four groups of signals at 0.65 is), 1.5 (s), 2.33 (d), and 
3.12 (s) ppm with an intensity ratio of 1 : 16 : 3 : 1, respect ively.  The NMR spectrum of the fl i somer  con- 
tains three  groups of signals at 0.91 Is), 1.5 (s), and 2.31 id) ppm with an intensity rat io of 1 : 16 : 4. In 
both cases  the signals at weak field i0.65 and 0.91 ppm) belong to the protons of the NH group, inasmuch 
as they vanish when D~O is added. The signals with chemical  shifts ->2.3 ppm apparently belong to the 
protons of the CH groups adjacent to the ni trogen and sulfur atoms. 

E X P E R I M E N T A L  M E T H O D  

The IR spec t ra  of CC14 solutions of the compounds were recorded with a UR-20 spec t rometer .  The 
NMR spect ra  of CDC13 solutions were  recorded  with a ZKR-60 spec t romete r  with te t ramethyls i lane as the 
internal standard.  The Rf values were determined in a thin l ayer  of Stlufol ielutton with ethyl acetate). 

2,2 ' -Dicyclohexanonyl Sulfide {i). A solution of 20 g of Na2S-9H20 in 60 ml of 50% methanol was 
added dropwise to a solution of 20 g of ~-chiorocyclohexanone in 50 ml of methanol at such a rate that the 
t empera tu re  of the mixture did not exceed 15 ~ The mixture was then s t i r red  for  15 min, diluted with 
water  to 0.5 l i ter ,  and extracted with ether.  The extract  was dried with MgSO 4, and the e ther  was removed 
by distil lation to give an oil that c rys ta l l ized  slowly. The c rys ta l s  were removed f rom the oil by filtration, 
washed with a cold mixture of pet roleum ether  and diethy! ether,  and recrys ta l l ized  f rom hexane to give 
7.0 g i41~) of a product  with mp 71-73% Found: C 63.6; H 7.9; S 14.0%. C12H18SO2. Calculated: C 63.5; 
H 8.0; S 14.1%. 

2-Thiatr icyclo[7.3.1.03,8]tr idecan-8-ol-13-one {iI). A) A solution of 44 g of NazS �9 9H20 in 200 ml of 
50% methanol was added in the course  of 15 rain with s t i r r ing  and ice cooling to a solution of 40 g of ~- 
chlorocyclohexanone tn 100 ml of methanol, and the mixture was allowed to stand at room tempera ture  
for 2 days. It was then diluted with water  to 1 l i ter ,  and the resulting solution was saturated with NaC1. 
The precipi ta ted ketol c rys ta l s  were  removed by fi l trat ion and recrys ta l l t zed  f rom petroleum ether-CC14 
to give 27 g i80~) of color less  c rys ta l s  with mp 102-103 ~ Found: C 63.5; H 7.9; S 14.1~. C12H18SO2. 
Calculated: C 63.5; H 8.0; S 14.1%. 

B) A 6-g sample of diketone I was dissolved in 25 ml of a 0.5 M solution of NaOCH 3 in methanol, and 
t h e  solution was allowed to stand at room tempera tu re  for  5 h. Saturated NaC1 solution i200 ml) was added, 
and the precipi ta ted c rys ta l s  were  removed by fi l t rat ion and recrys ta l l ized  f rom pet roleum ether-CC14 to 

397 



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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S T U D Y  

W I T H  

XIII. * 

O F  T H E  R E A C T I O N  O F  S U L F U R  H A L I D E S  

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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