
the concent ra ted  solution was allowed to stand at 0-3 ~ for  16 h. The  resul t ing p rec ip i t a te  was removed  by 
f i l t ra t ion  to give 0.72 g (87%) of co lo r l e s s  needles with mp 195-196 ~ (from methanol) and Rf 0.85 [elution with 
an n-butyl  a l c o h o l - a m y l  a l c o h o l - w a t e r - a c e t i c  acid s y s t e m  (20 : 20 : 12 : 1) and development  with a 0.2Y0 solu-  
tion of p o t a s s i u m  permangana te ] .  Found: 49.1; H 5.9; S 13.0~. C10H15NO4S. Calculated. C 49.0; H 6.2; S 
13.1%. 

d / - t r ans -6 - (4 -Carboxybu ty l ) -2 -oxo-c i s -hexahydro th ieno[3 ,4 -d ]oxazo le  {VIII). Under conditions s i m i l a r  
to those in the p r e p a r a t i o n  of IV, 0.75 g (90~) of co lo r l e s s  needles  with mp 180-181 ~ (from methanol) and Rf 
0.83 (in the s ame  s y s t em  as in the case  of IV) was obtained f rom 1 g (3 mmole)  of VIIa (or VIIb, c). Found: 
C 49.2; H 6.3; S 12.6~. C10H15NO4S. Calculated: C 49.0; H 6.2; S 13.1%. 
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MASS S P E C T R A  

O F  4-ACYLAMINO-3-HYDROXYfOR ACYLOXY)THIOPHANS 

Z h .  K .  T o r o s y a n ,  S. D.  M i k h n o ,  
V .  A .  Z a m u r e e n k o ,  N .  S. K u l a c h k i n a ,  
R .  G .  K o s t y a n o v s k i i ,  a n d  V .  M.  B e r e z o v s k i i  

UDC 547.732 : 543.51 : 547.634 

The m a s s  s p e c t r a  of c i s -  and t r a n s - 4 - a c y l a m i n o - 3 - h y d r o x y ( o r  acyloxy)thiophans were  inves-  
t igated.  The genera l  p r inc ip les  of f ragmenta t ion  under  the influence of e lec t ron  impact  were  
es tab l i shed .  A di f ference  in the intensi t ies  of the peaks  of the f r agments  fo rmed  at an ionizing- 
e l ec t ron  energy  of 14 eV was obse rved  for  some of the cis  and t r ans  i s o m e r s  of 3 ,4-subst i tuted 
thiophans.  

Up to now, only individual m a s s - s p e c t r o m e t r i c  s tudies of thiophans were  known; for  example,  unsubst i -  
tuted thiophans [1] and ~-alkyl thiophans [2] have been studied. In connection with our  invest igat ion of the s t e r e o -  
c h e m i s t r y  of di-  and t r i subs t i tu ted  thiophans [3-6], it was of in teres t  to study the f ragmenta t ion  of c i s -  and 
t r a n s - 4 - a c y l a m i n o - 3 - h y d r o x y ( o r  acyloxy)thiophans.  A total  of 25 thiophan der iva t ives ,  of which 11 were  c i s -  
and t r a n s - i s o m e r i c  p a i r s ,  were  studied.  

As a r e su l t  of the study we es tab l i shed  the genera l  p r inc ip les  for  I-XIV and the effect  of the type of sub-  
sti tuent on the f ragmenta t ion  p r o c e s s .  The re la t ive  intensi t ies  of the ion peaks  of hydroxyaminothiophans a re  
p re sen ted  in Table  1. 

All-Union Sc ien t i f i c -Resea rch  Vi tamin Insti tute,  Moscow. Trans la ted  f r o m  Khimiya Geterots ik l icheskikh 
Soedinenii, No. 4, pp. 466-471, Apri l ,  1976. Original a r t ic le  submit ted Feb rua ry  24, 1975. 

This material is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part [ 
of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, I I microfilming, recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $ Z50. 

391 



o 

0 

o 

~  

~=~ J I I I II I I ~ ~ - I ~ 11 I r J I I I I 

-~= J i 11 I I ~ � 9  I I I I ~ i I ~ 

~ t~D-- ~'~ 0~0~ ~'~ 0000 CO O0 COC~ cOCO ~'~ ~D~ ~ 

~ ~ ==- I J I I ~= ~- I -~ J I I I -- I I I 

I I I I J I I I - ~  I I ~ ~ I ~ I I I I I I I I I 

C , l , ~  

. ~  ~ ~ . ~  ~ ~ ~ .~ .~ ~ ~ ~ 

3 9 2  



The fragmentat ion of I-XIV, which are  amino alcohols of the thiophan ser ies ,  is charac te r ized  by 
p r i m a r y  detachment of the substituents (hydroxy, acyloxy, or  acylamino), during which one hydrogen atom 
is detached simultaneously f rom the thiophan ring and the substituents are  split out in the form of aneut ra l  
par t ic le .  Ions b and a a re  formed by cleavage of the bond between the oxygen atom of the hydroxyl group 
(or acyloxy group) and the C S atom and also by cleavage of the bond between the nitrogen atom of the acyl-  
amino group and the C a atom. The intensities of the peaks of ion a for  most  of the investigated compounds 
exceed the intensit ies of the  peaks of ions b. The difference in the surpassing of the intensities of the peaks 
of ions a as compared  with ions b is par t icu lar ly  large for  compounds with an acyloxy group as a substit-  
uent in the 3 posit ion (ii, IV, V, VIII-X, and X-[I). An e lec t ron-accep tor  substituent evidently markedly 
weakens the C -  O bond, and cleavage of the c a r b o n -  oxygen bond in 4- acylamino- 3- acyloxythiophans (II, 
IV, V, VIII and IX) is the re fore  the determining fac tor  upon electron impact.  

IlNCOR' IINCOR' 

~. S/J ~\S/~ 
cis uans 

[ R' 
l'{'~ I . 

[ CIL C~[I~ NIl: N f I C O C H  OCtV OC~H~ I OCI'I:C~tt~ 

COCH3 II 
COC~t-I~ 

III 
IV 
V 

VI 
VII 
VIII 

IX 
XI ] XlII 
XIl XIV 

! 
Compound I, which has a free hydroxyl group and an acetamido group as substituents, does not follow the 
above-descr ibed pr inciples ,  and p r i m a r y  cleavage of the C - N  bond, to which the high intensity of the peak 
of ion b (m/e 102) as compared  with the intensity of ion a (m/e 143) corresponds,  is charac te r i s t i c  for  it. 
The relative intensity of the peaks of ions a (m/e 235) and b (m/e 102 and 144) is weak for  4-benzyloxy- 
carbonylamino-3-hydroxy(or  acyloxy)thiophans (XIII, XIV), apparently because of the prevail ing f ragmenta-  
tion in the benzyloxyearbonyl group. 

c.,~=~.~oR, ~ ~,~o~,c~.~.l ~" .~=~, -~ .~s.  T"  
f g h m/e ~s 

T / 

C at /e  84 

The elimination of a substttuent f rom ions a or  b or  of both substituents f rom molecular  ion M + leads to 
the format ion of thlophanium ion c (m/e 84). The formation of an ion analogous to ion c was also observed 
in the case of a-alkylthiophans [2]. The relat ive intensity of the peak of ion i (m/e 58), which is evidently 
formed f rom thiophanium ion c (m/e 84), is insignificant (< 1.5%) and is not included in Table 1, although 
the peak of f ragment  i is a p r i m a r y  peak in the mass  spectrum of unsubstituted thiophan [1]. 

Fragmentat ion with splitting out of substituents is also realized with charge localization of the de- 
part ing hydroxyl and amide substituents.  In this case, the acylamino substituent f rom the 4 posit ion de- 
par ts  with two hydrogen atoms to give ion b, whereas the hydroxyl or  acyloxy group departs  f r o m t h e  3 
posit ion with one hydrogen atom to give ion e. From the relat ive intensities of the peaks of ions b and e 
one can form a judgment that the probabil i ty of the formation of ion d is higher  than the probabili ty of the 
formation of ion e. The p r i m a r y  format ion of ion d can be explained by the p resence  in it of a ni t rogen 
atom, which has g rea te r  e lec t ron-donor  proper t ies  than the oxygen atom in the hydroxyl o r  acyloxy groups.  

Fragmentat ion of thiophan hydroxyamides I-X with cleavage of the thiophan ring leads to the fo rma-  
tion of ions f, g, and h, which can be formed f rom the molecular  ion or  ion a, which contains an amide sub- 
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. ] L~)~-. ~I I  [ Ill ~ " )  
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Fig. 1. Mass spect ra  of I, II, VI, and IX. 

TABLE 2. Elementary Compositions of the Ions Formed in the Frag-  
mentation of I, III~VI, and XII 

Corn ~ound 

C;r 
d 
e 
f 
g 
h 

I Ill 

m/e I m/e I 

143 C6HgNOS 205 CuHuNOS 
102 CdH,S [ 102]C,HeS 

CdH6NO 
84 C4H4S 84 C4H4S 

122 CrHsNO 

84 C4HsNO 146 CgHsN0 
! 17 C4HTNOS 179 CgHgNOS 
75 C~H~NS 75 C~H~NS 

m/,[ 
205 

84 
122 

146 

IV 

=nHnNO; 

:4H4S 
27HsNO 

:gHsNO 

v vI ] X[I 
m/e[ raze] . [ ,n/~[ 

205 C H 1NOS 144 CsHsN2OS 173 CTHI,NO~S 
206 C.HIoO2S 102 CdH60S 144 C~HsOiS 

84 CdHdS 84 CdH~S [ 84 cdHds " 
122[CrHsNO 61 [CH~N:O 90 C3HsNO2 
122 CTHsO2 [ 
146 CsHsNO 851C3HsN~O I14 CsHsNO2 

I [118[C3HeN2OS[1471CsH~NO2S 
751C'H'NS 1751C'H'NS I I " 

*Ion c is a doublet with the additional composition CdH6NO; this co r -  
responds to ton f, which is formed by f ragmenta t ion with cIeavage of 
the thiophan ring. 

stituent. Ions g a re  formed by cleavage of the thiophan ring at the C3-C 4 and S - C  2 bonds, and its mass  
number  and e lementary  composit ion depend on the substituent attached to the amide group (R' = CH3, C6H 5, 
NIl2, and NHCOCH3). Ions f and h can also apparently be formed by cleavage of the thiophan ring at the 
C3-C4 and S - C  5 bonds of ion a o r  f rom the molecular  ion. The e lementary  composit ion of ion f also de- 
pends on the substituent (R') attached to the am[de group, whereas ion h has an identical s t ruc ture  for  all 
of the investigated compounds. Thus the fragmentat ion under considerat ion is charac te r i s t i c  for  cyclic 
amides [7]. The relat ive intensities of ions f, g, and h a re  weak for  all of the investigated compounds ex- 
cept fo r  4-ureldo-3-hydroxythiophan Cv~I) and 4-acetamido-3-hydroxythlophan (1), fo r  which, as indicated 
above, f ragmentat ion with cleavage of the C - N  bond predominates .  

When the ionizing-electron energy is increased f rom 14 to 75 eV, the intensities of the peaks of ion a 
decrease ,  whereas  the intensities of the peaks of f ragments  g, h, and f (for I, VII-X, and XII) increase.  
The reason for this may be the fact that fragmentat ion with cleavage of the thiophan ring proceeds  through 
the open form of the molecular  ion at the C s - C  4 bond and possibly also through Ion a. It should be noted 
that opening of the thiophan ring to give oxygen-containing f ragments  does not occur .  

Ions a, b, c, d, e, f, g, and h were  identified in the case of I, III-VI, and XII f rom data f rom the high- 
resolution mass  spectra .  The accura te  measurement  of the masses  of these ions made it possible to deter-  
mine thei r  e lementary  composit ions (Table 2). 

A molecu la r  ion peak of weak intensity shows up p r imar i ly  in the case  of the t rans  configuration of 
the hydroxyam[ nothiophans. 

An examination of the spec t ra  of the cis and t rans  i somers  of disubstituted thiophans I-XIV at 12-14 
eV shows that there  a re  eonsiderable differences in the intensities of the peaks of f ragments  a, b, c, and d, 
formed in the splitting out of substituents,  for  a number of the i somers  (I, [If, VI, IX, and XII) (Table 3). 
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TABLE 3. Relative Intensities of the Peaks of the Fragments  
of the cis and t rans  I somers  of Disubstituted Thlophans 

Compound m/o 

I 

III 

IV 

V 

VI 

IX 

XI I 84 

*One must  bea r  in mind that this 

143 ] 
102 
84 

122 
84 

122 
84 

122 
122 
102 
84 

186 
84 

103 

Fragment 
Relative intensities (%) 
at 14 eV for isomers 

a 

b 
b 
c 
d 
c 

d 
c 
d 
e 

b 
C* 

a 

C 

d 
c 

ion is a composite ion~ 

cis trans 

84 61 
69 
35 
63 
68 
35 
29 
13 
t0 
10 
20 
29 

100 
83 
I1 

22 

55 
47 
35 
94 
24 
18 
19 
15 
15 
40 
52 
97 

100 
29 
34 

The differences in the intensities of these fragments  can apparently be associated with the conforma-  
tional state of the cis and t rans  i somers  [8]. In the present  r e sea rch  we used dlsubstituted thiophans I-IV, 
VI-VIII, IX, XI, and XtII, the synthesis  of which was described in [3, 4, 6]. The cis-V,  t rans-V,  c!s-X, 
t rans-X,  and cis-XIV compounds were obtained for the f i r s t  t ime in the present  study. 

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

The mass  spec t ra  were  obtained with a JMS-01-JC-2  high-resolut ion spec t romete r  with direct  intro-  
duction of the sample into the ion source;  the ionizing voltages were 75 and 14 eV, the tempera ture  of the 
sample support  was varied f rom 60 to 80 ~ and the tempera ture  of the ionization chamber  ranged f rom 120 
to 140 ~ The high-resolut ion spec t ra  were recorded on photographic plates of the Q type and were inter-  
preted with a JMD-2M and JEC-6  mic ropho tomete r -compute r  s y s t e m .  

c is-4-Ureido~3-benzoxythiophan (cis-V). A 3.8-ml (10 mmole)-sample of a 4 N sodium hydroxide 
solution and 1.12 ml (10 mmole) of benzoyl chloride were  added simultaneously at 0 ~ to a solution of 0.8 g 
(5 mmole) of c i s -4-ure ido-3-hydroxyth iophan  in 8 ml of 50% aqueous dioxane at 0 ~ after  which the mixture 
was s t i r red  for 1 h, and the result ing precipi tate  was removed by fi l trat ion and washed with water  to give 
1.3 g (9870) of white p r i sms  with mp 174-175 ~ {from alcohol). Found: C 53.6; H 5.6; N 10.8%. C12H14N203So 
Calculated- C 54ol; H 5~ N 10.5%. 

t r ans -4-Ure ido-3-benzosy th iophan  (trans-V). As in the preceding experiment,  this compound, with 
mp 187-188 ~ {from alcohol), was obtained as white needles in 9170 yield f rom t r ans -4 -u re ido -3 -hydroxy-  
thiophan [3]. Found: C 53.5; H 5.5; N 10.5%o C12Hi4N203So Calculated: C 54.1;, H 5~ N 10.570. 

c is -4-Methoxycarbonylamino-3-acetoxythiophan (cis-X)~ Acetic anhydride (1.5 ml) and 1.5 ml of 
acetyl chloride were added to 1 g (5.6 mmole) of c is -4-methoxycarbonylamino-3-hydroxythiophan [6], and 
the mixture  was cooled to 0 ~ and t rea ted  with 0.5 ml (6.2 mmole) of pyridine. The mixture was then s t i r red  
at 18-20 ~ for  3 h, af ter  which it was concentrated to dryness ,  and the residue was dissolved in chloroform.  
The ch loroform solution was washed with water, the chloroform was removed, 3-4 ml of methanol was 
added to the residue, and the mixture  was allowed to stand at 0 ~ for  18-20 h. The resulting precipi tate  was 
separated to give 0.7 g (56.770) of white p r i sms  with mp 97-98 ~ {from methanol). Found. C 43~ H 5~ 
N 6.670. CsH13NO4S~ Calculated: C 43.8; H 6.0; N 6~ 

t rans-4-Methoxycarbonylamino-3-acetoxythiophan {trans-X). As in the prepara t ion  of cis-X, 0.8 g 
(64~ of white p la tes  with mp 59-61 ~ {from methanol) was obtained f rom t rans -4-methoxycarbonylamino-  
3-hydroxythiophan [6]. Found: C 43.4; H 6~ N 6.1~ CsH13NO4S. Calculated: C 43.8; H 6~ N 6.470. 

c i s -4-Benzylcarbonylamino-3-ace toxyth iophan  (cis-XIV). A 0.4-ml (5.4 mmole) sample of acetyl 
�9 chloride was added at 0 ~ to a solution of 0.4 g (1.6 mmole) of c i s -4-benzylcarbonylamido-3-hydroxyth lo-  
phan (XII) [6] in 3 ml of ch loroform and 0.4 ml (5.4 mmole) of pyridine, and the mixture was s t i r red  at 20 ~ 
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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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