
atoms of (II), which were incorporated into the calculation of the R factor (with fixed positional pa ramete r s  
and Biso = 4.0/~2). We did not locate the hydrogen a toms in (III). The intensity stat is t ics  did not unambiguous- 
ly define the space group of (III). Since ref inement  in the P21/m space group led to unusually short  N -  O bond 
lengths we continued ref inement  in the 1)21 space group to R = 0.059, where all bond lengths had more  reason-  
able values. 

Table 2 summar i zes  the atomic coordinates .  The s t ruc tures  of (II) and (III) with bond lengths and angles 
are  shown in Figs.  1 and 2. 
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H Y D R O L Y S I S  O F  1 , 2 , 3 - B E N Z O D I T H I A Z O L I U M  S A L T S  

A N D  T H E I R  S E L E N I U M  A N A L O G S  

B.  K h .  S t r e l e t s ,  M. M. G e l ' m o n t ,  
Y u .  I .  A k u l i n ,  a n d  L .  S. t ~ f r o s  

UDC 547.794.1:542.938 

1,2,3- Benzodithiazolium salts (Ia)- (II) readily react  with water ,  forming 3H- 1,2,3-benzodithiazole 2- 
oxides (IIa)-IIl) [1, 2]. Alkali readily converts  (IIa)-(II1) to corresponding o-aminothiophenols (IIIa-(III1). 

, 

R IiCI $ 

l a - I  I l a - [  III a -  I 

I. I1 a R=5-CI;b R=6-CttaO; cR--6-Cl:d R=5-CtIaO: e R=4-CH~O; f R=7-CHaO; 
gR=6-COOCHa; h R=6-Br; j |{=6-tl; k R=6-F; 1 R=6-C~|IsO; lit a R=4-CI; 

bR=5-CHaO; c R=5-CI; d R=4-CItaO; e R=a-CtlaO:f R=6-CHaO; g R=5-COOCHa; 
h R=5-Br; jR=5-tt; k R=5-F; l R=5-C2HsO 

Thus sulfoxides (II) can be considered as cyclic products of the acylation of o-aminothiophenols (III) by 

sulfurous acid. 

Table 1 summar i zes  the 1)lVI_R pa ramete r s  of 5-chloro-  and 6-ehloro-3H-1,2,3-benzodi thiazole  2-oxides 
(IIa) and (IIc). Their  PMR spectra  plainly differ markedly from those of the cations (Ia) and (Ie). The signals 
of the a romat ic  protons a re  shifted upfield by 1-2 ppm in the sulfoxides relat ive to the cations. The 4-H and 6- 
H protons of sulfoxides (IIa) and (IIc) lie upfield of the 5-H and 7-H protons and of the protons of benzene i tself  
(by 0.14-0.26 ppm), which should logically be attributed to the e lectron-donat ing effect of the nonaromatic  hetero-  
ring. The sulfoxides lack the much higher downfield shift of the c~-protons (4.H and 7-H) which is typical of 
the cations, implying that there  is no r ing cur ren t  in the sulfoxide heteror ing.  

In addition to the splitting of the signals of the benzene ring protons in the synthetic sulfoxides by ortho, 
meta, and para coupling (Table 1) the 1)MR spect rum of compound (IIa) in methanol shows additional splitting of 
the signals of all the a romat ic  p r o t o n s -  0.4 Hz for the 4- and 6- protons and 0.2 Hz for the 7-proton (Fig. 1). 
This can be due only to the existence of the sulfoxides as  s t e r eo i somers  in which the N -  H and S=O bonds lie 
on the same and on different sides of the plane of the benzene ring. 

Leningrad Branch, All-Union Scient i f ic -Research  and Planning Institute of Synthetic Fibers ,  Leningrad 
195030. Transla ted  f rom Khimiya Geterotsiklicheskikh Soedinenii, No. 9, pp. 1205-1210, September,  1979. 
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TABLE 1. PMR Spectra  of 1 ,2 ,3-Benzodi thiazol ium Salts (Ia) and 
(Ic) in Tr i f luo roace t i c  Acid and of 3H-1,2 ,3-Benzodi th iazole  2-Oxides 
(IIa) and (IIc) in Methanol 

ompound ]- 

la 
Ic 

I la* 
IIa' ~" 
IIa" 
IIc  

Che mica I shift., 

4 - H  

8,93 
9,00 
7 J 3 
7,15 
7,11 
7,01 

5-H 

5, ppm 

6 - H  

8,43 
gs 
7,07 
7,03 
m 

7-H 14,5 

8,83 
9,00 ~,5 
7,37 
7,38 
7,36 
7,33 7,,4 

Coupling constants, J, Hz 

J6,7 t4.6 ]5,7 

9,0 2,0 ~,5 

70 70 
8,0 2,0 
8,0 2,0 

14,7 

0,5 
0,5 
0,5 
0,6 

*In MeOH af te r  acidif icat ion.  
~(IIa') and (IIa") a re  d i f ferent  s t e r e o i s o m e r s  of the sulfoxide. 

d, ppm 
1 i i , i 

~4 7,3 7,2 z,1 50 

Fig. 1. PMR s pec t rum of 5 -ch loro-3H-1 ,2 ,3 -benzodi th iazo le  
2-oxide in methanol .  

Acidif icat ion of a methanol ic  solution of compound (IIa) with t r i f luo roace t i c  acid causes  the addit ional 
spli t t ing of the s ignals  of the benzene r ing protons  to d i sappear ,  apparent ly  as  a r e su l t  of the fas t  exchange pro-  
c e s s e s  concomitant  on protonation of the sulfoxide: 

cis-IIa 

=o 

(ra ns- IIa 

The acidi ty  of the methanol ic  solutions of the sulfoxide was insufficient for  the  fo rmat ion  of s ignif icant  
amounts  of the benzodi thiazol ium cation, s ince we detected no changes in the e lec t ron ic  s p e c t r u m  of the solu-  
tion. Under these  conditions decomposi t ion of the sulfoxides does not occur  e i ther ,  s ince addition of the r e su l t -  
ing solution to concent ra ted  sulfur ic  acid genera ted  sal t  (Ia) quanti tat ively ( f rom the e lec t ron ic  spec t rum) .  

Though sulfoxides (IIa) and (IIb) a re  hydrolyzed to o-aminothiophenols  in neu t ra l  and weakly acidic solu- 
t ions,  the reac t ion  is  f a r  s lower  than in alkal ine solution and the products  a r e  oxidized to the disulf ides,  which 
we isolated and identified by independent synthes is .  

The e lec t ron ic  spec t r a  of sulfoxides (IIa)-(II1) in s t rongly  acidic solution (70-100% H2SO4) a r e  s table  and 
identical  to those of the i r  cat ions (Ia)-(II). Sulfoxides (II) a re  thus the conjugate ba se s  of the benzodi thiazol ium 
cat ions.  Support  for  this is provided by the p resence  of an i sosbes t i c  point in the e lec t ron ic  spec t r a  of the i r  
solutions in sul fur ic  acid of var ious  concentra t ions  (Fig, 2), which means  that  the i r r e v e r s i b l e  side reac t ions  
can be neglected within the t ime  of a t ta inment  of the cation (I) ~ sulfoxide (II) equi l ibr ium.  

We decided on a quanti tat ive study of these pr0 to t ropic  reac t ions .  We m e a s u r e d  the e lec t ron ic  spec t ra  
of compounds (I) and (II) in sulfur ic  acid with var ious  values  of the acidi ty function H' R. We calculated the 
bas ic i ty  constants  of  the sulfoxides with the acidi ty  function defined for  the ionization of t r i a ry l ca rb ino l s  in 
aqueous sul fur ic  acid,  s ince this p roce s s  (like that  in quest ion he re )  p roceeds  in two s tages  and is accompanied  

by loss of water, We calculated the basicity constants from the equation pKa=]gec_: e +H m where as, ac, and 
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TABLE 2. 
(IIa)- (Ill) 
Com: 
pouna 

R 

H~SO~ 
pK~ 
0.+ 

Basic i ty  Constants  of 3H-1,2,3-Benzodi thiazole  2-Oxides 

IIg I Ih  IIc IIj IIk H1 IIb IIa IIc IId IIf 

6-COOCH~ 6-Br 6-CI 6-H 6-F 6-C,H~O 6-CHzO [ 5-C1 4-CIt:~O 5-Clt~O r-CHaO 

-4,40 I-2,55 I-2.03 I-1.461-1,28 I 3,30 I 3,50 I.-2.451,-0,a710,13 I--1.51 
0,489 I 0,15o I 0,1141 0 I-O,OTal -0,744 l-0;'641 I I I 

4,0- 

3,S. 

I-P% 

, "t 

2.,. ".... II, , 
"il  , , , 

Fig. 2 Fig. 3 

Fig. 2. E lec t ron ic  absorpt ion  spec t r a  of solutions of 5 -ch lo ro -3H-1 ,2 ,3 -  
benzodithiazole 2-oxide {IIa) (c 5 x 10 -5 mole / l i t e r )  in mix tu res  of su l fur ic  
acid  and water ;  H2SO 4 concentrat ion:  1) 0%; 2) 24%; 3) 27%; and 4) 50%. 

Fig. 3. Cor re la t ion  of the bas ic i ty  constants  of 3H-1,2 ,3-benzodi tb iazole  
2-oxides  (IIb), (IIc), and {IIg)-(II1) with the resonance  constants  a + of the 6- 
subst i tuents .  

e a re  r e spec t ive ly  the mola r  absorp t ion  coeff icients  of the sulfoxide, cation, and the i r  mix tu res  at  the analyt i -  
cal  wavelength.  We found that  pKa r e m a i n s  constant  in the exper imen ta l  acidi ty  range to within ~10~ (Tab le  2). 
They  c o r r e l a t e  bes t  with the resonance  constants  a+ of the subst i tuents  in posit ion 6; the equation is - p K a  = 
6.35a + + 1.45 (r = 0.998; s = 0.12) {Fig. 3). 

These  cons idera t ions  imply that  the e lec t ron-donat ing  subst i tuents  in posi t ion 6 of sa l t s  (I) a r e  in d i r ec t  
polar  conjugation with the reac t ion  center .  The r eac t ion  of fo rmat ion  and consequently of hydro lys i s  of sa l t s  
(I) is e x t r e m e l y  sens i t ive  to  the substi tut ion (p = 6.35) though its effect  is t r ansmi t t ed  through a s y s t e m  of two 
condensed r ings .  

We examined the effect  of the pos i t ion  of the subst i tuents  in the condensed benzene r ing on the a c i d - b a s e  
p rope r t i e s  of sa l t s  (I) and p r epa red  al l  the i s o m e r i c  cat ions containinga methoxy group, (Ib), (Id), fie), and (If). 
Compar i son  of these four sa l t s  on the bas i s  of the hydro lys i s  constants  {Table 2) r evea l s  that the e lec t ron-  
donating effect  of  the methoxy group i n c r e a s e s  in the o r d e r  7-CH30< 4-CH30 < 5-CH30 < 6-CH30. This  is not 
in total  a g r e e m e n t  with the r e su l t s  of quan tum-chemica l  calculat ions,  which sugges t  that  the e lec t ron  densi ty  on 
the ca rbon  a toms  fal ls  in the o r d e r  7-CH30 > 5-CH30 >4-CH30 > 6-CH30 [4]. Thus posit ion 5 is  in s t ronge r  con- 
jugation with the he te ro  r ing in the reac t ion  s ta te  than in the s ta t ic  s ta te  desc r ibed  in the calculat ion.  The ex- 
pe r imenta l  bas ic i ty  constants  of 5 - m e t h o x y -  and 5-ch loro-3H-1 ,2 ,3-benzodi th iazo le  2-oxides  (IId) and (IIa) a r e  
much higher than those calculated f r o m  the above co r re l a t ion  equation using the ameta  subst i tuent  constants .  
The inapplicabil i ty of the ameta  constants  impl ies  that  there  is a cons iderable  contr ibution f r o m  the conjugated 
s t ruc tu re  with charge  t r a n s f e r  to posi t ion 5 (IV). 

The exis tence  of this so r t  of conjugation is supported by ana lys i s  of the e lec t ronic  spec t r a  of these  com-  
pounds. The extinction of the long-wavelength band in the e lec t ron ic  spec t r a  can be cons idered  as a m e a s u r e  
of the probabi l i ty  of the e lec t ronic  t rans i t ion .  In the methoxy-subs t i tu ted  (I) it i n c r e a s e s  in the o rde r  7-CH30 < 
4-CH30 < 5-CH30 < 6-CH30, which is identical  to that  der ived f rom the i r  hydro lys i s  constants .  
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The hydrolys is  of the se lenium analogs of the Herz  salts  has severa l  dist inctive fea tures .  The 1,2,3- 
benzothiaselenazol ium cations (Va)- (Vc) and 1 ,2 ,3-benzodiselenazol ium cations (VIa)-(VIc) are  re la t ive ly  stable 
in aqueous acet ic  acid, being hydrolyzed only when sodium acetate  is added, whereas  t he i r  sulfur equivalents 
(In)-(Ic) a re  comple te ly  hydrolyzed in dilute sulfur ic  acid. Careful  hydrolys is  of salts  (Va)-(Vd) generates  only 
intensely colored selenium-containing substances instead of compounds (VII), the analogs of sulfoxides {II). 
Thus the 6 -ch loro- l ,2 ,3 -benzo th iase lenazo l ium salt  (Vc) fo rms  the violet compound (VIII), which is identical 
to the product  of the react ion of 6 -methoxy- l ,2 ,3-benzoth iase lenazol ium chloride (Vd) with 2 ,2 ' -diamino~5,5 ' -  
dichlorodiphenyl disulfide (IX). 

- C I  cI H 
" (.'.(; ~ .-n (//-\~r-N, 

Iv  va--d vl  v I I  

a R--II; b R 5-C1~ c R 6 CI; d i,~ II CIl~O 

c -  F . or-1 t i -  
N ' N S,, ./S-.~,/N H., 

- -  . , ' /  . . . . . .  '-' L li + ~  , i  

k<:, - .... 
Ya VI I I  ~,b 

This also happens when the acidity of aqueous solutions of sal ts  (VI) is reduced.  These  resul ts  implythat  
the in termedia tes ,  like sulfoxides (ID, a re  ex t r eme ly  unstable and on mild hydrolysis  form o-aminothio(seleno). 
phenols, which reac t  with the original  cation to fo rm products  of nucleophilic substitution and subsequent oxida- 
tion of the type of (VIII}. 

Hydrolysis  of 2 ,1 ,3-benzothiaselenazol ium salts  (Xa)-(Xc) genera tes  diaminodiphenyl diselenides (XIa)- 
(XIc), which are  apparent ly formed as a resu l t  of oxidation of the o-aminoselenophenols  (XIIa}-(XIIc). In this 
as in the previous case  the in termedia te  sulfoxide (XIII) undergoes rapid hydrolysis .  

, - -  2 =0 kl  .,j 

x a - c  Xlll a--c X l l a - c  x l a - c  

X-XI I I  a R = l l ;  b R~c i tao ;  c R=CI  

The format ion of sulfoxides (XIII) in the course  of the react ion is' indirect ly  supported by the react ion of 
rep lacement  of sulfur in cations (X) by selenium [2]. 

EXPERIMENTAL 

Spectra were recorded on: UV: an SF-8 as 0.25 • I0 -4 M solutions in methanol and sulfuric acid; and 
PMR: a Varian HA-100 (i00 MHz) in trifluoroacetic acid and methanol with methylene chloride as internal stan- 
dard. The homogeneity of the synthetic salts were monitored by thin-layer chromatography on Silufol in formic 
acid-acetic acid (i:i). 

Chlorides (Ib), (Te), (Ig), (lh), and (II) were prepared by the Herz reaction from the substituted anilines, 
chlorides (Ia), (Id), (Ie), (if), (Ij), and (Ik) by cyclization of the o-aminothiophenols with thionyl chloride [4, 6], 
sulfoxides (IIa)-(IIl) by the method of [7], salts (V) and (Vla)-(VId) by the methods of [2, 8], and salts (Xa)-(Xc) 
by the method of [9]. 

Hydrolysis of 5-Chloro-3H-l,2,3-benzodithiazole 2-Oxide (IIa). To ~ulfoxlde (IIa) (mp 134-136~ 1.02 
g, 5 mmole) in methanol (50 ml) was added 10% H2SO 4 (50 ml). The mixture was left for 3 days and then diluted 
with water and neutralized with sodium acetate. The precipitate was filtered off, washed with water, and dried 
to give 2,2'-diamino-4,4'-dichlorodiphenyl disulfide (0.3 g, 38~,), mp I18~ literature [10]~mp 120~ 

The same product was obtained by this procedure after an aqueous alcohol (I:i) neutral solution has been 
allowed to stand, yield 75%. 

Similarly 6-methoxy-3H-l,2,3-benzodithiazole 2-oxide (IIb), mp I15-I18~ gave 2,2'-diamino-5,5'-di- 
methoxydiphenyl disulfide (IIIb), mp 80-82~ literature [ll],mp 82~ 
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Hydrolys i s  of 5 -Ch lo ro - l , 2 ,3 -benzo th i a se l enazo l ium Chloride (Vb). To chloride (Vb) (1.85 g, 7 mmole)  
in fo rmic  acid (20 ml) was added sodium ace ta te  (80 g) in water  (300 ml) with s t i r r ing .  The prec ip i ta te  was 
f i l te red  off and c rys t a l l i zed  f rom formic  acid to give d i th iob i s [2 - (benzo- l , 2 ,3 - th i a se l enazo l ium-6-y l ) amino-5 -  
ehlorobenzene] dichloride (VIII) (1.3 g, 96%), ~max (log e) 545 nm (4.43); l i t e ra ture  [12] ;~max (log e) 545 nm 
(4.45). 

Hydrolys is  of Benzo-2 ,1 ,3 - th iase lenazo l ium Chloride (Xa). To a solution of sa l t  (Xa) (0.5 g, 2 mmole)  in 
fo rmic  acid (3 ml) was added a solution of sodium ace ta te  to pH 6. The mix ture  was diluted to 50 ml with water, 
The prec ip i ta te  was f i l te red  off, dried,  and c rys t a l l i zed  f rom e ther  to give 2 ,2 ' -d iaminodiphenyl  diselenide 
(XIa) (0.3 g, 88%), mp 80~ The compound was identical  to the product  of the oxidation of o-aminose lenophenol  
by a tmosphe r i c  oxygen. 

In the s ame  way hydro lys i s  of 6 -methoxy-2 ,1 ,3 -benzo th iase lenazo l ium chloride (Xb) gave 2 ,2 ' -d i amino-  
5 ,5 ' -d imethoxydiphenyl  diselenide (XIb) with mp 90-92~ (decomposit ion),  identical  to the oxidation product  of 
the cor responding  selenophenol.  

Rep lacemen t  of the Ring Sulfur by Selenium in 6 -Chlo ro -2 ,1 ,3 -benzo th iase lenazo l ium Chloride (Xe). To 
chloride (Xc) (1.35 g, 5 mmole)  in ethanol (10 ml) was added selenous acid (0.65 g, 5 mmole) .  The mixture  was 
s t i r r ed  for  5 h and then the prec ip i ta te  was f i l te red  off and c rys ta l l i zed  f rom fo rmic  acid to give 6 -ch lo ro-1 ,  
2 ,3 -benzodise lenazol ium chloride (VIc) (0.4 g, 37%). 

Determinat ion  of the A c i d - B a s e  Constants  of Sails (Ia)-(I1) and Sulfoxides (IIa)-(II1). The constants  were  
measu red  by a spec t ropho tomet r i c  method. A solution (0.1 ml) of the benzodithiazole oxide (II) in methanol  or  
of chloride (Ic) in f o rm i c  acid,  concentra t ion 0.25-0.5 • 10 -2 M, was t r a n s f e r r e d  by pipet to sulfur ic  acid (10 ml) 
of known concentra t ion  (0.1-70%) or to c i t ra te  buffer  solution (pH 2.5-4.5).  Equi l ib r ium was reached a f te r  5- 
20 min a t  20~ this was moni tored f r o m  the change in optical  densi ty at  the absorp t ion  max imum of sa l t  (I). 
Then l inear i ty  of the dependence of the optical  densi ty  on the concentra t ion of sa l t  (I), the exis tence  of the i s o s -  
bes t i c  point in solutions with var ious  concent ra t ions  of sulfur ic  acid,  and the r eve r s ib i l i t y  of the reac t ion  dur-  
ing the a t ta inment  of equi l ibr ium were  checked.  Values of pKa were  calcula ted for  the s e r i e s  of solutions 
(Table 2, Fig. 3). 
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