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S Y N T H E S I S  AND S O M E  P R O P E R T I E S  

OF B E N Z O - 1 , 2 , 3 - T H I A S E L E N A Z O L I U M  S A L T S  

L.  S. l ~ f r o s ,  B. Kh .  S t r e l e t s ,  
a n d  Y u .  I .  A k u l i n  

UDC 547.794.1:543.422.25 

The reaction of selenious acid on benzo-l,2,3-dithiazolium salts (Herz salts) gives benzo-l,2,3- 
thiaselenazolium salts, which were previously obtained from o-aminothiophenols. This re- 
action, which involves exchange of sulfur by selenium in the heteroring, occurs only under con- 
ditions in which the products of hydrolysis of the Herz salts - benzo-3H-1,2,3-dithiazole 2- 
ox ides-  are in equilibrium with them. 

Benzo- l ,2 ,3- th iase lenazol ium salts (I) were previously obtained by reaction of selenious acid with o- 
aminothiophenol hydrochlorides [1]. We have found that the same heterocycles  (Ia-c) are  formed by the action 
of selenious acid on benzo- l ,2 ,3-di th iazol ium salts (IIa-c) in alcohol, acetic acid, and formic acid. 

, a - e  . a - e  i l l  a - e  

I-III aR=l t :  b R-5-CI; c R=6-CI; d R=6-CIt30; eR=6-C,HsO 

Herz salts with donor substituents (IId,e) reac t  in acetic and formic acids only to give admixtures of salts 
Id,e, which are  distinctly recordable  in the PMR spect ra .  When the acidity of the medium is reduced by the 
addition of sodium acetate,  the react ion of IId with selenious acid in acetic acid gives Id as the final product.  
The 6-dimethylamino and 6-phenylamino derivat ives of the Herz salt  do not undergo reaction under these con- 
ditions. 

Replacement  of sulfur by selenium was not observed in concentrated hydrochloric at~.d sulfuric acids or 
when selenium te t rabromide  was used in place of selenious acid. 

Thus the ability of Herz salts I Ia-e  to undergo react ion with selenious acetate decreases  as the e lect ron-  
donor proper t ies  of the substituents increase  and the acidity of the medium increases .  The same relationship 
is also observed for the ability of Herz salts to undergo hydrolysis  to give benzo-3H-1,2,3-di thiazole 2-oxides 

(IIIa-e). 

This made it possible to assume that the react ion with selenious acid does not proceed directly with the 
cations of II but ra ther  through a step involving sulfoxides III. In fact, sulfoxides II react  vigorously with 
selenious acid in acetic and formic acids to give salts I, which were isolated in the form of the chlorides.  The 
mechanism of this t ransformat ion  of sulfoxides III to cations of I remains  unclear,  since the assumption that the 
react ion proceeds through a step involving pr ior  nucleophilie opening of the heterorings of III under the influ- 
ence of a protic solvent or selenious acid is not in agreement  with the fact that this t ransformat ion can also be 
car r ied  out in aprotie media (by the action of selenium dioxide on IIIc,d in anhydrous dimethylacetamide,  ace-  
tonitrile, nitrobenzene, and xylene). Nevertheless ,  the possibili ty of the preparat ion of salts I direct ly from 
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TABLE i. Chemical Shifts" and Spin-Spin Coupling Constants 

Compound 

Ia  
IIa 
Ib 

IIb 
Ic 

IIc 
Id 

l id 
I e  

Chemical shifts, ppm 

4-It 

8.81 
8.98 
8.75 
8.83 
b.7I 
9.00 
8.54 
8.70 
8.49 

5-H 6-I-I 

1 ~ 8,44 
8:3~ 8,54 
-- 8.35 

8 A3 
8.71 -- 
8.32 
7.71 4,26" 
7.8:, 4.31" 
7.66 4,52 

7-H 

8.69 
8,93 
8,61 
8.83 
8.71 
9,00 
8.09 
8.24 
8,06 

I ]4.5 

9.5 
9.5 
9.8 
9.8 
9.5 

SSCC, Hz 

I 

15,6 .f,s,; I 

,5 9 / 
- 8,5 

9,5 
9,2_ [ 

l~,6 

2 
1,2 
1.9 
1.8 

'/5,7 

2 
1.2 

l 

1.8 
2.2 
"2. "2 
"2,'2 

* T h e s e  a r e  the  c h e m i c a l  sh i f t s  of the  p r o t o n s  of the  s u b s t i t u e n t s .  

+ 1 - 4-H 7-H 
6 ~.y~N_'~, ~ CI 6-hl 5-H 

:~.~s~ 

4-H 7-H fi-H 5 - ;  z,,5 

�9 ? i~, CI- 

--9,o 8:8 ,:6 s:, s',z &ppm 

Fig. i. PMR spectra of benzo-l,2,3-thia- 
s elenaz olium (la) and benzo- 1,2,3-dit hia- 

zolium (lla) chlorides. 

H e r z  s a l t s  in good y i e l d s  m a k e s  t hem r e a d i l y  a c c e s s i b l e .  The  use  of su l fox ides  III m a k e s  it p o s s i b l e  to obta in  
s a l t s  I with v a r i o u s  an ions ,  for  e x a m p l e ,  in the  f o r m  of a c e t a t e s ,  f o r m a t e s ,  c h l o r i d e s ,  e tc .  One should  note the  
much h ighe r  r e s i s t a n c e  to h y d r o l y s i s  of s a l t s  I as  c o m p a r e d  with He rz  s a l t s  II. 

In ou r  opin ion ,  the  r e a c t i o n  invo lv ing  exchange  of su l fu r  by s e l e n i u m  p r o c e e d s  as  fo l lows :  

H H 

+1t+ ->.~.....~. S / SO, ~.~...~.~S / ~H.O 

III IV 

U n d e r  the  r e a c t i o n  c o n d i t i o n s ,  e q u i l i b r i u m  IV~-I  is  sh i f ted  c o m p l e t e l y  to f avo r  ca t i on  I in v iew of i ts  h igher  
s t a b i l i t y .  

The  s i g n a l s  of a r o m a t i c  p r o t o n s  c o r r e s p o n d i n g  to t h r e e - s p i n  s y s t e m s  of the  ABC type  (Ib-e)  and of a f o u r -  
sp in  s y s t e m  of the  ABCD type  (In) w e r e  o b s e r v e d  in the  PMI=t s p e c t r a  of s a l t s  I a - e  (F ig .  1). The  PMI~ s p e c t r a  of 
Ia and IIa a r e  s i m i l a r  to the  s p e c t r u m  of the  p r e v i o u s l y  d e s c r i b e d  b e n z o - l , 2 , 3 - d i s e l e n a z o l i u m  c h l o r i d e ,  and th is  
m a k e s  it p o s s i b l e  to i n t e r p r e t  t h e m  within  the  f i r s t - o r d e r  a p p r o x i m a t i o n  [2] with an a c c u r a c y  of + 2 Hz.  The  
s i g n a l s  in the s p e c t r a  of u n s u b s t i t u t e d  Ia and IIa w e r e  a s s i g n e d  on the b a s i s  of the  s p e c t r a  of Ib, c and IIb, c.  
The  s p e c t r a l  p a r a m e t e r s  of t h e s e  s a l t s  a r e  p r e s e n t e d  in T a b l e  1. 

As  in the c a s e  of b e n z o d i s e l e n a z o l i u m  s a l t s ,  an i n c r e a s e  in the  c h e m i c a l  sh i f t s  of the  p r o t o n s  in the  o r d e r  
5 -H,  6 -H,  7-H,  4 -H is c h a r a c t e r i s t i c  for  Ia and IIa.  The  o.-H s i g n a l s  a r e  found a t  w e a k e r  f i e ld  than the  ~-H 
s i g n a l s  for  Ia and IIa by ~ 0 . 5  ppm,  and th is  i n d i c a t e s  the s u b s t a n t i a l  and c o m p a r a b l e  m a g n e t i c  a n i s o t r o p i e s  of 
the  h e t e r o r i n g s  of s a l t s  Ia and IIa.  The  c h a r a c t e r  of the  s p e c t r a  is  s a t i s f a c t o r i l y  exp la ined  if one a l s o  t a k e s  into 
accoun t  the  con juga t i on  of the  h e t e r o r i n g  with  the  be nz e ne  r i n g  in a c c o r d a n c e  with the  s c h e m e  

S / ' ~ . ) - ~ S  / 

The c h e m i c a l  sh i f t  of the  4-H p ro ton  r e l a t i v e  to the  7-H p ro ton  and of the  6-H p r o t o n  r e l a t i v e  to the  5-H 
p r o t o n  fo r  Ia a r e  sh i f t ed  to weak  f ie ld  m o r e  m a r k e d l y  than in the c a s e  of He rz  s a l t  Ha, and th i s  is p a r t i c u l a r l y  
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T A B L E  2. B e n z o - l , 2 , 3 - t h i a s e l e n a z o l i u m  and B e n z o - l , 2 , 3 - d i t h i a -  

zo l i um C h l o r i d e  

i.-c1 

O O  

I a  
I la  
;b 

Ilb 
Ic 

IIc  
!d 

IId 
Ie  

i le  

rap, ~ 
(dee.) 

128--136 
170--i78 
180--186 
190--193 
230--238 
169--176 
210--215 
168--176 
230--233 
160--167 

Empkrical 
form ula 

Found, % Calc., % I 
I 

I CI X S CI N S { 

~'raax ( [ g e )  

C6H4C1NSSe 

C6HaCIeNSSe 

C6HaCI_~NSSe 

CrH6CINOSSe 

CsHsCINOSSe 

I I 
[4,8 6,2 13.6115,0~5,9 [3.5 450 (3,20), 375 (4,05} 

I I 430 (3,24.) 350 (4,08) 
25,T 4.9 1L4,26,1i5.2 ll.SI 470(2,92,, 380(4.04) 

/ I 1 440 b3.18), 360 (4,61} 
,o.o 

(3,61). 37O (4,06J 
13,515.4112,0113,3/5,2112.,) I 475 (3.92), 400 (3.86, 

447 (3,87), 376 (3,84~ 
40tq (3.8.5) 475 (3.96), ' 81521 i'61  ~ 4517(3.95}. 370q3.81) 

80tB) 

84(A) 

76(A) 

!62(A) 

58~A} 

the  c a s e  for  the  6-H p ro ton ;  th is  i n d i c a t e s  the  g r e a t e r  d e g r e e  of t r a n s f e r  of the  p o s i t i v e  c h a r g e  to t h e s e  p o s i -  
t ions  in s e l e n i u m  ana log  Ia.  If the  d e l o e a l i z a t i o n  of  the  p o s i t i v e  c h a r g e  in the  benzene  r i n g  in s a l t s  I is g r e a t e r  
than in s a l t s  II, one might  e x p e c t  a sh i f t  of the  s i g n a l s  of the  p r o t o n s  to weak  f ie ld  on p a s s i n g  f r o m  II to I. How- 
e v e r ,  the  r e v e r s e  ef fec t  is  a c t u a l l y  o b s e r v e d :  one s e e s  a g r e a t e r  d e g r e e  of s h i e l d i n g  of the  p ro tons  of I a - e  (by 
~ 0 . 2  ppm) .  Th is  is  ev iden t l y  a s s o c i a t e d  with the  s m a l l e r  e f fec t  of the  r i n g  c u r r e n t s ,  s i n c e  the  benzene  r i n g  is 
d i s t i n g u i s h e d  by i t s  even  g r e a t e r  d i s r u p t i o n  of the  e q u a l i z a t i o n  of bonds  of the quinoid  type .  

The  e l e c t r o n i c  s p e c t r a  of c o n c e n t r a t e d  s u l f u r i c  ac id  so lu t i ons  of the  c o m p o u n d s  (Table  2), which  a r e  s ina i -  
l a r  in c h a r a c t e r  to the  a b s o r p t i o n  bands  o b s e r v e d  for  [ a - e  and I I a - e ,  a l so  i n d i c a t e  s t r o n g e r  con juga t ion  of the  
c o n d e n s e d  r i n g s  in I. H o w e v e r ,  the  l o n g - w a v e  a b s o r p t i o n  band c o r r e s p o n d i n g  to t r a n s f e r  of p o s i t i v e  c h a r g e  to 
the  s u b s t i t u e n t  in the  6 p o s i t i o n  is sh i f t ed  b a t h o c h r o m i c a l l y  in the s p e c t r a  of s a l t s  I a - e  as  c o m p a r e d  with the  

c o r r e s p o n d i n g  band of s a l t s  I I a - e  by 20-30  nm [3]. 

EXPERIMENTAL 

The PMR spectra of trifluoroacetic acid solutions of the compounds were recorded with a Varian HA-100 

spectrometer with an operating frequency of i00 MHz. The internal standard was cyclohexane (5 1.44 ppm). 

The electronic spectra of solutions of the compounds in 93% sulfuric acid were recorded with an SF-8 spectro- 

photometer. 

Benzo-l,2,3-dithiazolium salts IIc-e were obtained by the Herz reaction, and Iia, b were obtained from 

o-aminothiophenols and thionyl chloride [4, 5]. 

Synthesis of Benzo-l,2,3-thiaselenazolium Chlorides (I). A) From o-aminothiophenol derivatives. A 

1.42-g (0.011 mole) sample of selenious acid was added with stirring and cooling to 0.01 mole of the hydrochlorlde 

of the appropriate o-aminothiophenol in i0 ml of 99.7% formic acid, and the mixture was stirred for 30 min. 

The resulting precipitate was removed by filtration and washed with i0 ml of formic acid, and 80 ml of absolute 

ether was added to the filtrate. The precipitate was removed by filtration, washed with ether, and vacuum dried 

to give benzo-l,2,3-thiaselenazolium chlorides Ib-e. 

B) From benzo-l,2,3-dithiazolium chlorides. A 2.85-g (0.022 mole) sample of selenious acid was added 

to 0.02 mole of salts IIa-d in i0 ml of ethanol and 20 ml of acetic acid, and the mixture was stirred for 4 h. The 

resulting crystalline precipitate was removed by filtration and crystallized from formic acid and acetic anhy- 

dride to give benzo-l,2,3-thiaselenazolium chlorides la-d. 

C) From benzo-3H-l,2,3-dithiazole 2-oxides, IIa-c. A 1.3-g (0.01 mole) sample of selenious acid was 

added with stirring and cooling with ice water to 0.01 mole of the sulfoxides in 30 ml of acetic or formic acid, 

and the mixture was stirred for 30 rain. Ether (30 ml) was added, and the precipitate was removed by filtra- 
tion and crystallized from formic acid and ether by the addition of 5 ml of a solution of hydrogen chloride in 

acetic acid. The product was washed with ether to give benzo-l,2,3-thiaselenazolium chlorides la-e. 

The salts were identified from their electronic spectra and PMR spectra. 

1 ,  

2 .  

L I T E R A T U R E  C I T E D  

Yu. I. Akul in ,  B. Kh. S t r e l e t s ,  and L.  S. t~fros,  Khim.  G e t e r o t s i k l .  Soed in . ,  No. 1, 138 (1974). 
A. M. E v d o k i m o v ,  Yu. I. Akul in ,  B. Kh. S t r e l e t s ,  and L.  S. t~fros,  Khim.  G e t e r o t s i k l .  Soed in . ,  No. 10, 1429 

(1975). 

1 1 3 0  



3, 

4. 

5. 

B. Kh. S t r e l e t s  and L. S. E f r o s ,  Zh.  Org .  K h i m . ,  5 ,  153 (1969). 
B. Kh. S t r e l e t s ,  L.  S. l~fros,  and Z.  V. T o d r e s ,  Khim.  G e t e r o t s i k l .  Soed in . ,  No. 3, 351 (1970). 
L.  D. H u e s t i s ,  M. L. W a l s h ,  and N. Nahn,  J .  Org .  C h e m . ,  30, 2763 (1965). 

R E A R R A N G E I V l E N T  OF 1 O - A R Y L S U L F O N Y L P H E N O T H I A Z I N E S  

L .  S .  K a r p i s h c h e n k o  a n d  S .  I .  B u r m i s t r o v  UDC 547.867.6:542.952 

1 0 - A r y l s u l f o n y l p h e n o t h i a z i n e s  u n d e r g o  r e a r r a n g e m e n t  to 3 - s u b s t i t u t e d  p h e n o t h i a z i n e s  on h e a t -  
ing.  The  s t r u c t u r e  of the  r e a c t i o n  p r o d u c t s  was p r o v e d  by a l t e r n a t i v e  s y n t h e s i s  and c o n v e r s i o n  
to d i a r y l a m i n e s .  

A n u m b e r  of p a p e r s  devo ted  to the  u s e  of s u b s t i t u t e d  p h e n o t h i a z i n e s  as  s t a b i l i z e r s  for  p e t r o l e u m  p r o d u c t s  
and v a r i o u s  p o l y m e r s  [1] have a p p e a r e d  in r e c e n t  y e a r s .  In a s e a r c h  for  an ana logy  with o x y g e n - c o n t a i n I n g  
h e t e r o c y e l e s  - 1 0 - a r y l s u l f o n y l p h e n o x a z I n e s  [2] - we s tud ied  the b e h a v i o r  of 1 0 - a r y l s u l f o n y l p h e n o t h i a z i n e s  (I) on 
bea t i ng  in p o l a r  s o l v e n t s .  

It was o b s e r v e d  tha t  II a r e  f o r m e d  in high y i e l d s  when 1 0 - s u b s t i t u t e d  p h e n o t h i a z i n e s  I a r e  hea ted  to 130~ 
in DMF for  20-30 h. The  IR s p e c t r a  of II a r e  s i m i l a r  to the  s p e c t r a  of s t a r t i n g  m e t h o x y -  and c h l o r o - s u b s t i t u t e d  
p h e n o t h i a z i n e s  that  do not have  s u b s t i t u e n t s  in the  10 pos i t i on ;  the 700-1600 c m  - t  r e g i o n s  of s k e l e t a l  v i b r a t i o n s  
of the r i n g s  of the  N - s u b s t i t u t e d  and c o r r e s p o n d i n g  u n s u b s t i t u t e d  p h e n o t h i a z i n e s  d i f f e r  a p p r e c i a b l y .  The  a l t e r -  
na t i ve  s y n t h e s i s  of IIb, a c c o m p l i s h e d  by the method  in [3], m a k e s  it p o s s i b l e  to p r o v e  tha t  the  p r o d u c t s  a r e  3-  
a r y l s u l f o n y l - s u b s t i t u t e d  p h e n o t h i a z i n e s .  

sO~Ar 

R N 
~ S ~  R O:Ar . 

I 

H R 
R N H 

ii a-g III a-c 
1. [I a ~=H. .3tr-C6}[5: b R=H Ar-C~I-I;CHs: c R=H. lr C~H~CI. d R-H, 

Ar=2-CIoHT. eR=CI, Ar=C~Hs: f R=CI. Ar=C6H4CH~; g R=OCH~ 
1[! aR=H. Ar=C6Hs: bR=H. Ar=Cd-I4CHr c R=CI. 3~r=Co~I4CHa 

The s i g n a l s  of one of the  c o n d e n s e d  r i n g s  in the  PMR s p e c t r u m  of IIa a s s u m e  the f o r m  of an ABC s y s t e m  
with s p i n - s p i n  coup l ing  c o n s t a n t s  (SSCC) that  c o r r e s p o n d  to the  l i t e r a t u r e  da ta  [4] ; in add i t ion ,  the  s igna l  of an 
NH group a p p e a r s  (8.02 ppm) .  

The  r e a r r a n g e m e n t  p r o b a b l y  p r o c e e d s  with the  i n t e r m e d i a t e  f o r m a t i o n  of the  p h e n o t h i a z o n i u m  sa l t  of an 
a r e n e s u l f i n i c  ac id ;  a t t a c k  on the s t r o n g l y  e l e c t r o p h i l i e  p h e n o t h i a z o n i n m  c a t i o n  by the su f f i c i e n t l y  nue l eoph i l i c  
a r e n e s u l f i n a t e  ion in the  qu inogen ie  p o s i t i o n  r e l a t i v e  to the  n i t r o g e n  a tom l eads  to the  f o r m a t i o n  of the  3 - a r y l -  
s u l f o n y l p h e n o t h i a z i n e  (II). It was e s t a b l i s h e d  that  the  i n t roduc t i on  of an e l e c t r o n - d o n o r  s u b s t i t u e n t  - a methoxy  
group  (Ig) - in one of the  qu inogenic  p o s i t i o n s  r e l a t i v e  to the  n i t r o g e n  a tom a p p r e c i a b l y  r e d u c e s  the  y i e ld  of 
p r o d u c t  as  c o m p a r e d  with  the  y i e ld  of c h l o r i n e - c o n t a i n i n g  phe no th i a z one  (Ie, f). 

When the 3 and 7 p o s i t i o n s  in I a r e  o c c u p i e d  by me thoxy  g r o u p s ,  the  a r y l s u l f o n y l  group is s p l i t  out under  
the  g iven  c o n d i t i o n s .  3 - M e t h o x y -  and 3 , 7 - d i m e t h o x y p h e n o t h i a z i n e s  w e r e  ob ta ined  by fus ion  of the  a p p r o p r i a t e  
d i p h e n y l a m i n e  with  su l fu r  in the  p r e s e n c e  of c a t a l y t i c  amoun t s  of iodine .  

F.  E. D z e r z h i n s k i i  D n e p r o p e t r o v s k  C h e m i c a l - E n g i n e e r i n g  Ins t i tu t e .  T r a n s l a t e d  f r o m  K h i m i y a  G e t e r o t -  
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