
Compounds ib -e  (Table 1) were  obtained by methods A or  B. 

4 - P h e n y l a z o - 3 , 5 - d i a m i n o - l , 2 - d i t h i o l i u m  Bromide  (Ha). A 1-g sample  of d i th iomesoxal ic  acid diamide 
phenylhydrazone was d isso lved  in 20 ml  of ch lo ro fo rm,  and a solution of 0.6 g of b romine  in 50 ml  of chloro-  
f o r m  was added slowly with s t i r r ing  and cooling. A l ight-brown prec ip i ta te  fo rmed  gradual ly.  The mixture  
was allowed to stand at r o o m  t e m p e r a t u r e  for  1-2 h, a f te r  which the p rec ip i ta te  was r emoved  by f i l t ra t ion and 
washed with ch lo ro fo rm and e ther .  The yie ld  was 1 g. 

Compounds ] Ib-e  (Table 2) were  s i m i l a r l y  obtained. 

3 - ( N - P h e n y l t h i o c a r b a m o y l ) - 4 - p h e n y l a z o - 5 - a m i n o - l , 2 - d i t h i o l i u m  Bromide  (HIa). A 0.3-g sample  of 4- 
pheny lazo -3 ,5 -d i amino - l , 2 -d i t h io l i um bromide  was d isso lved  in 10 ml  of methanol or  ethanol, 0.24 g of phenyl 
isothiocyanate  was added, and the mix ture  was heated at 80~ fo r  1 h, during which a p rec ip i ta te  fo rmed.  A 
smal l  amount  of the alcohol was r em oved  by evaporat ion,  and the p rec ip i ta te  was r emoved  by f i l t rat ion,  washed 
with e ther ,  and a i r  dr ied.  The y ie ld  was 0.2 g. 

Compounds EIb,c (Table 2) we re  s i m i l a r l y  obtained. 
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S T R U C T U R E S  AND R E A C T I V I T I E S  OF 

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

S E L E N I U M  A N A L O G S  

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

UDC 547.794 

A number  of benzo- l , 2 ,3 -d i th i azo l ium chlor ides  {I) and the i r  se lenium a n a l o g s -  b e n z o - l , 2 , 3 -  
th iase lenazol ium,  benzo-2 ,1 ,3 - th iase lenazo l ium,  and benzo - l , 2 , 3 -d i s e l enazo l ium sa l t s  - were  
synthesized.  The e lec t ron ic  s t r u c t u r e s  and reac t iv i t i e s  of the I cation and sa l t s  I-IV a re  d is -  
cussed  on the bas i s  of a quan tum-chemica l  calculat ion of cation I and the PMR spec t r a  of sa l t s  
I -IV.  Success ive  subst i tut ion of the sulfur  a toms in the I cation by se lenium a toms ,  pa r t i cu la r ly  
in the 2 posit ion,  substant ia l ly  i nc rea se s  the degree  of t r a n s f e r  of posi t ive charge  to the con- 
densed benzene ring. The t rend  of the nucleophilic r eac t iv i t i e s  of 6-methoxy der iva t ives  of 
sa l t s  I - IV in the reac t ion  with a roma t i c  amines  is the same  as the t rend of the degree  of locali-  
zat ion of the pos i t ive  charge  in the 6 posi t ion.  

In our  p reced ing  communica t ions  we desc r ibed  the se lenium analogs of benzo- l ,2 ,3 -d i th iazo l ium sal ts  
(I), - benzo - l , 2 , 3 - t h i a se l enazo l ium (H), benzo-2 ,1 ,3 - th iase lenazo l ium (HI), and benzo- l ,2 ,3 -d i se l enazo l ium (IV) 
s a l t s -  and desc r ibed  some of the i r  p r o p e r t i e s  [1-4]. 

; I! II! | y  

Leningrad  Branch,  Design Sc ien t i f i c -Resea rch  Institute of Synthetic F ibe r s ,  Leningrad 195030. T rans -  
lated f rom Khimiya Getero ts ik l ichesk ikh  Soedinenii, No. 7, pp. 912-916, July,  1978. Original  a r t ic le  submit ted 
Sep tember  16, 1977. 
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Fig. 1. Charge distribution and 
bond o rde r s  in the benzo- l ,2 ,3 -  
dithiazolium cation (I). 

It is known [5, 6] that the positive charge in the I cation is delocalized to a considerable degree due to the 
condensed benzene ring. Quantum-chemical  calculation* by the se l f -consis tent - f ie ld  (SCF) MO method within 
the P a r i s e r -  P a r r -  Pople approximation gives a more  nearly complete picture of the e lec t ron-densi ty  d i s -  
tribution. 

It is apparent  f r o m t h e  molecular  diagram (Fig. 1) that the highest positive charge is located on the sul- 
fur  atom in the 2 position. Approximately one- thi rd  of the charge is distributed nonuniformly in the condensed 
benzene ring of the cation. The c a r b o n - c a r b o n  bonds in the benzene ring are  nonequivalent: T h e 4 - 5 a n d 6 - 7  
bonds have higher o rde r s  than the 5 - 6  bond, which is in agreement  with the previously expressed  assump-  
tions. The e lec t ron  density d is t r ibut ionpresented in the d iagram is in good agreement  with the experimental  
data on the nucleophilic react iv i t ies  of these cations, according to which substitution in the heteror ing takes 
place in the 2 position and substitution in the benzene ring occurs  in the 6 position. The cer tain amount of 
negative charge on the nitrogen atom in the I cation indicates the possibili ty of protonation in the 3 position. 

Valuable information regarding the e lec t ron density distribution in cation I mud its selenium analogs 
II-IV can be obtained as a resul t  of an analysis  of the IH NMR spect ra  of these compounds (Table 1). The in- 
te rpre ta t ion  of the spec t ra  of 5- and 6-monosubst i tuted ca t ions  I-IV does not p re sen t  any difficulties owing to 
the great  difference in the chemical  shifts of the ring protons and the s p i n - s p i n  couplingwith charac te r i s t ic  
constants.  The spec t ra  of the unsubstituted cations are  more complex but are  interpreted within a f i r s t  o rde r  
approximation with anaccu racy  of • Hz [3]. The signals of the aromat ic  protons were assigned on the basis  
of calculation of the spec t ra  of the unsubstituted compounds and on the b<~sis of the spec t ra  of the 5- and 6- 
monosubstituted compounds. Tr i f luoroacet ic  acid and concentrated sulfuric acid were  u s e d a s t h e  solvent. 
The spec t rum of 6-methoxybenzo- l ,2 ,3-d i th iazol ium chloride {VII), which is one of the fe~v quite soluble sal ts ,  
was obtained f rom a solution in methanol. 

It is apparent f rom Table 2 that the chemical  shifts of the aromat ic  protons of the cations in the 7 posi- 
tion (A6 = 0.20-0.34 ppm) a re  the most  sensit ive to the effect of the solvents.  The chemical  shifts of the p ro -  
tons in the other positions of the ring are  less sensit ive:  A6 = 0.04-0.12 ppm. 

* The authors thank P r o f e s s o r  V. i. Minkin for  his calculation. 

TABLE i .  PMR Spectra of Benzo- l ,2 ,3-d i th iazol inm (I), Benzo- 
1,2,3- thiaselenazol ium (II), Benzo-2,1 ,3- thiaselenazol ium (III), and 
Benzo- l ,2 ,3 -d ise lenazol ium (IV) Chlorides in Tr i f tuoroacet ic  Acid 

I'r/pe 
corn- IO~ 
pond ~et.e- 

~orm~ 

I I 

II II 
III III 
IV IV 
V I 

vI I 
vii I 

viii II 
IX IlI ! 
x IV : 

X I  I 

H 
H 
H 
H 

4MeO 
7MeO 
6MeO 
6MeO 
6MeO 
6MeO 
6MeOOC 

Chemical shifts, 5, ppm 

4-If 5-H 6-I1 7-If 

8,98 8,34 8,54 
8,78 8,09 8,43 
9,16 8,18 8,42 
9,17 8,06 8,52 
4,38* 7,54 I 8,54 
8,54 8,28 7,78 
8,70 7,88 4,31" 
854 7,71 4,26* 
8.85 7,74 I 4,19" 
8,73 7,63 4,22* 

i9,05 8,86 4,21" 

8,93 
8,67 
9,00 
8,84 
8,33 
4,29" 
8,24 
809 
&42 
8:33 
9,57 

Spin-spin 
J, Hzt 
14,5 ]5,6 

8,8 7.0 
9,0 6,8 
8,8 7,0 
9,2 6,9 

- -  7,6 
8,8 7,8 
9,3 -- 
9,8 -- 
9,5 -- 
9,4 
9,2  - -  

coupling consrant~ 

]6,7 J4,G J5,7 

8,2 1,2 1,2 
8,7 1,2 1,2 
8,8 1,2 IA 
8,6 1,2 1,2 

2,0 8,2__ 25 
- -  - -  2,2 
-- -- 2,0 
- -  - -  2,2 
- -  - -  1 , 5  

* Chemical shifts of the protons of the substituents. 
J4,T < 1 Hz. 
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TABLE 2. Effect of Solvents on the PMR Spectra of Salts I-IV 

COlTI- 

pound 

VII 
VII 
IX 
IX 
X 
X 

lIl 
IIl 
IV 
IV 

Solvent 

CF3COOH 
MeOH 
CF3COOH 
H2SO4 
CFaCOOH 
H~SO4 
CF3COOH 
H2'SO4 
CF3COOH 
1-12SO 4 

4-H 

8,70 
8,68 
8,85 
8,Y7 
8,73 
8,63 
9,16 
9,11 
9,17 
9,05 

Chemical shifts, 6, ppm 
5-H 6-H 

,7,88 4,31 * 
7,89 4,30* 
7,74 4J 9* 
7,67 4,13" 
7,63 4,22* 
7,67 4,17" 
8,18 8,42 
8,19 8,42 
8,06 8,52 
7,99 8,45 

7-H 

8,24 
8,42 
8,42 
8,08 
8.33 
8,24 
9,00 
8,80 
8.84 
8,64 

* Chemical  shifts of the protons of the substituents.  

It should be noted that replacement  of t r i f luoroacet ic  acid by sulfuric acid leads to a slight shift of the 
spec t rum to strong field and that the 7H signal of VII in methanol is shifted to weak field with respec t  to the 
spec t rum in t r i f luoroacet ic  acid. This fact  indicates unambiguously that protonation of the salts does not occur  
in acid solvents and that only the monocations are  present .  The g rea tes t  degree of solvation of the hetero-  
a toms in the 1 and 2 positions,  on which a large portion of the positive charge is concentrated,  also evidently 
gives r i se  to the grea tes t  variabi l i ty in the chemical  shift of the c loses t  proton in the 7 position. 

A change in the concentrat ions of the salts has little effect on the chemical  shifts of the protons.  Thus 
an increase  in the concentrat ion of salt  III f rom 10 to 25~c leads to a 0.04 ppm change in the shift of the pro-  
ton in the 7 position. 

The presence  of substituents in the investigated cations has a substantial effect on the chemical  shifts of 
the ring protons.  E lec t ron-donor  substituents in the investigated sys tems shift the signals of the ring protons 
to s trong field considerably more  markedly than in the benzene ser ies .  On the other hand, e lec t ron-accep tor  
substituents cause a smal le r  shift of the signals of the ring protons to weak field. Thus the introduction of a 
methoxy group in the 4 or  7 position of cations I and II shift the signals of the ring protons to strong field 
(0.44-0.80 ppm) (Table 1). The analogous changeon passing f rom benzene to anisole is 0.23 ppm. In con- 
formity  with the molecular  d iagram (Fig. 1), the effect of substituents on the chemical  shifts of the ring pro-  
tons is g r ea t e r  within the limits of bonds that have high o rders .  The difference in the s p i n - s p i n  coupling con- 
stants (SSCC) of the var ious  ortho protons also confi rms higher o rde r  of the 4 - 5  and 6 - 7  bonds. 

The chemical  shifts of the ring protons of all four unsubstituted he teror ings  I-IV increase  in the o rder  
5-H, 6-H, 7-H, and 4-H (Table 1). The trend of the change in the chemical  shifts of the protons in this ser ies  
is not the same as the t rend of the changes in the e lectron densit ies.  This is evidently due to the considerable 
magnetic  anisotropy of the heteror ing.  Since the 4-H and 7-H a protons are  c loser  by a fac tor  of 1.3-1.35 to 
the center  of the heteror ing than the 5-H and 6-H fl protons,  the contribution of the magnetic anisotropy to the 
chemical  shifts of the a protons should be 2.2-2.4 t imes g rea te r  [7]. This should shift their  chemical  shifts 
to weak field (0.6-0.8 ppm). 

The possibil i ty of delocalization of the positive charge of the cations in the 4 and 6 positions of the ben- 
zene ring in confirmity with resonance s t ruc tures  XII and XIII causes  a low-field shift of the protons in these 
posit ions with respec t  to the 7-H and 5-H protons.  

+ 

u"S'~'x/ '/'~..~"-x' 

XI! XI I I  

X , Y = S ,  Se 

Thus the Aft = 66H-65H and Aa = 64H--67H differences to a f i rs t  approximation depend onthe electron 
densit ies in the corresponding positions of the benzene ring. The Aft values for  the I, III, H, and IV ser ies  
change in the o rde r  0.2, 0.24, 0.36, and 0.46. In the same se r ies  of he te rocyc les  the Aa values are  0.05, 0.16, 
0.10, and 0.34. The cer tain degree of disruption in the trend of the Aa values is associated with the consider-  
able magnetic anisotropy of the selenium atom, which from the 1 position has a strong effect on the closely 
situated proton in the 7 position [8]. 

Thus success ive  substitution of the sulfur atoms in the I cation by selenium atoms, par t icular ly  in the 2 
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TABLE 3. Pseudo-  
F i r s t - O r d e r  Rate 
Constants (KI) fo r  
t h e  Reaction of 6- 
Methoxy Derivat ives  
VII-X with p-Tolu i -  
dine at 20~ 

agents K~. to, 

VII 4,42 
VIII 15,30 

IX 4,68 
X 18,10 

position, substantial ly inc reases  the degree  of t r a n s f e r  of the posit ive charge to the benzene ring. The reason  
fo r  this is evidently the lower (as compared with the sulfur atom) ability of the selenium atom to fo rm v bonds 
and, consequently,  to localize the posit ive charge on it, owing to which the specific weight of s t ruc tu res  V and 
VI with charge t r ans fe r  to the condensed benzene ring increases .  

An increase  in the t r a n s f e r  of the posit ive charge to the condensed benzene ring when the sulfur atom is 
replaced by selenium in the s e r i e s  of I-IV cations should consequently increase  the i r  reac t iv i t ies  in nucleo- 
philic substitution reac t ions .  We have observed  that all of the 6-halo and 6-alkoxy der iva t ives  of selenium- 
containing II-IV cations r e ac t  with a romat ic  and secondary aliphatic amines to give the corresponding 6-amino 
der iva t ives  [9]. 

~ - N ~ y  + R2R3Ntl 
CI- +~ 

R ~ R 3 N X/ 

XIV 

X,Y=S, Se; R'~CA, CH30; R2=R3=AIk; R2=Ar, R3=H 

A kinetic study of the reac t ions  of 6-methoxy der ivat ives  (VII-X) of salts  I-IV With p-to!uidine in acetic 
acid conf i rms the above assumption.  The select ion of 6-methoxy der ivat ives  ~ather than 6-chloro  der iva t ives  
for  the studies was due to the considerably lower probabil i ty of side react ions  involving the he teror ing .  

The p s e u d o - f i r s t - o r d e r  ra te  constants (K 1) are  p resen ted  in Table 3. It is apparent  f rom Tables 2 and3  
that the kinetic data a re  ingood agreement  with the conclusions f rom an analysis  of the PMR spec t ra  of 

sal ts  I-IV. 

E X P E R I M E N T A L  

The PMR spec t ra  of solutions of the compounds (0.4 m o l e / l i t e r )  in t r f f luoroace t ic  and sulfuric  acids 
were  r eco rded  with a Var ian HA-100 s p e c t r o m e t e r  (100 MHz) with cyclohexane and DSS as the internal  
standards;  the chemical  shifts a re  p resen ted  on the 6 scale with r e spec t  to te t ramethyls i lane .  

The synthesis  of a number  of benzodithiazolium chlor ides  has been descr ibed:  Unsubs t i tu tedbenzo- l ,2 ,3 -  
dithiazolinm chloride (I) [10], the 6-carbomethoxy der ivat ive  (XI) [ l l ] ,  and the 7 ,methoxy der ivat ive  (VI) [4]. 
Benzo- l ,2 ,3 - th iase lenazo l ium chloride (II) and 6-MeO-l l  (VIII) were  obtained by the method in [9]. 

2-Amino-3-methoxythiophenol  (XVI). An 18-g (0.1 mole) sample of 2-amino-4-methoxybenzoth iazole  
(rap 150-152~ was ref luxed for  8 h with a solution of 100 g of potass ium hydroxide in 100 ml of water ,  a f te r  
which the mixture  was cooled and neutra l ized careful ly  with a solution of 125 ml of concentra ted hydrochlor ic  
acid in 150 ml of wate r  to pH 9. It was then f i l tered,  and the f i l t ra te  was t r ea ted  with 30 m! of acet ic  acid and 
worked up to give thiophenol XVI, which was ex t rac ted  with 200 ml of benzene.  The benzene ex t rac t s  were  
dr ied  with sodium sulfate,  a f te r  which t heywere  sa tura ted  with dry  hydrogen chloride to give co lor less  c ry s -  
ta ls  of the hydrochlor ide  of XVI with mp 135-142,C. The yie ld  was 13.5 g (70%). Found: N 7.2; S 16.5%. 
C?HIoC1NOS. Calculated: N 7.3; S 16.7%. 

4-Methoxybenzo- l ,2 ,3-d i th iazol ium Chloride (V). A 1.9-g (10 mmole) sample of the hydrochlor ide  of 2-  
amino-3-methoxythiophenol  X-VI was sprinkled into 15 ml of refluxing thionyl chloride in a f lask equipped with 
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a ref lux condenser ,  and the mix tu re  was ref luxed for  5 min. It was then cooled, t r ea t ed  with 15 ml  of e ther ,  
and f i l t e red  to give 1.4 g (64%) of d a r k - b r o w n  c r y s t a l s  of chlor ide  V. Found: C116.4; N 6.5%; S 30.2%. CTH6C1NOS 2. 
Calculated:  C1 16.1; N 6.4; S 30.4%. 

o-Aminose lenophenol  Hydrochlor ide  (XVII). An l l . 4 - g  (5 mmole)  sample  of o-ni t rophenyl  se lenocyanate  
was p laced in a 0.5 l i te r  t h r ee -necked  f lask  equipped with a s t i r r e r ,  dropping funnel, and ref lux condenser ,  
300 ml  of wa t e r  was added to the f lask ,  and 30 g (0.46 g -a tom)  of powdered zinc was spr inkled in with s t i r r ing .  
The mix tu re  was then heated to the boiling point, the heating unit was removed ,  and a solution of 16 g (0.4 
mole) of sodium hydroxide in 2 0 ml  of wa t e r  was added gradual ly .  The mix tu re  was then ref luxed with s t i r r ing  
fo r  2 h, a f t e r  which it was cooled, and the solution was decanted and t r ea t ed  v~ith a solution of 48 g (0.2 mole) 
of c rys ta l l ine  sodium sulfide in 100 ml  of wate r .  The resul t ing  prec ip i ta te  was r emoved  by f i l t ra t ion in a c a r -  
bon dioxide a tmosphe re .  The f i l t r a te  was acidif ied success ive ly  with hydrochlor ic  acid and acet ic  acid to pH 
6-7.  The p rec ip i t a ted  yel low o-aminose lenophenol  was ex t rac ted  with 100 ml of butyl aceta te ,  and the ex t rac t  
was  dr ied  with sodium sulfate  and t r ea t ed  with hydrochlor ic  acid to give yel lowish hydrochlor ide  XVII, which 
was  washed with absolute e ther  and dr ied  in vacuo to give a product  with mp 142-147~ (dec.). The y ie ld  was 
6.8 g (65%). Found: C1 16.8; N 6.6%. C6H5C1NSe. Calculated:  CI 17.0; N 6.7%. 

B e n z o - l , 2 , 3 - t h i a s e l e n a z o l i u m  Chlor ide  (HI). A 2 .1-g  (10 mmole)  sample  of o-aminose lenophenol  hydro-  
chlor ide was  added to 20 ml  of ref luxing thionyl chlor ide  in a f lask  equipped with a ref lux condenser ,  during 
which foaming was obse rved .  The mix tu re  was then ref luxed for  10 min, a f t e r  which it was cooled and t r ea t ed  
with 40 ml  of e ther .  The p rec ip i t a ted  yel low c r y s t a l s  of chlor ide III we re  r emoved  by f i l t ra t ion  to give 1.6 g 
(69%) of a product  with mp 150-156~ (dec.). Found: C1 15.4; N 6.1%. C6H4C1NSSe. Calculated:  C1 15.0; 
N 5.9%. 

B e n z o - l , 2 , 3 - d i s e l e n a z o l i u m  Chloride (IV). A 1.3-g (10 mmole)  sample  of selenious acid was added with 
s t i r r i ng  and cooling (with ice water)  to 2.1 g (10 mmole)  of o-aminose lenophenol  hydrochlor ide  in 30 ml  of 
f o r m i c  acid, a f t e r  which the mix tu re  was s t i r r e d  fo r  15-20 min.  It was then t r ea t ed  with50 ml of e ther ,  and 
the p rec ip i t a te  was r em oved  by f i l t ra t ion,  c rys t a l l i zed  f r o m  f o r m i c  a c i d - e t h e r  (1:2) o r  f o r m i c  a c i d - a c e t i c  
anhydride (1:2) ,  washed with e ther ,  and dr ied in vacuo to give 2.3 g (81%) of brown c r y s t a l s  of chlor ide IV with 
mp 132-138~ (dec.). Found: C1 12.5; N 5.0%. C~H4C1NSe 2. Calculated:  C1 12.5; N 4.9%. 

Kinet ics  of the React ion of Chlor ides  VII -X with p-Toluidine .  The kinet ics  were  studied spectrophotq- .  
me t r i c a l l y  with an appara tus  opera t ing  in accordance  with the " in jec t ion,  method. Equal vo lumes  (5~lD~0f 
solutions of the appropr i a t e  sa l t  (10 -4 m o l e / l i t e r )  and p- toluidine (1 m o l e / l i t e r )  were  suck ed-in~bJtwo t h e r m o -  
s ta t ted sy r inges .  After  a t e m p e r a t u r e  of 20~ was es tab l i shed  in the sy r inges ,  the soluti6ns w e r e  injected into 
the t he rmos t a t t ed  cuvet te  of a Spec t romom-202  spec t ropho tomete r .  The monochromat ic  light pass ing  through 
the cuvette  and co r respond ing  to the absorp t ion  m a x i m u m  of the final products  was conveyed to a photoelee-  
t ronic  mul t ip l ie r ,  in which it was conver ted  to an e l ec t r i ca l  signal and r eco rded  on the d i ag ram ribbon of a r e -  
c o r d e r  (KSP-4). The ra te  constants  we re  ca lcula ted  as p s e u d o - f i r s t - o r d e r  constants  by the Guggenheim meth-  
od. It  was  demons t r a t ed  by p r e l i m i n a r y  expe r imen t s  that the reac t ion  goes to complet ion and that  the concen-  
t ra t ion  of the resu l t ing  6 -O- to ly l amino)  de r iva t ives  is equal to the concentra t ions  used for  the study of the 6- 
methoxy de r iva t ives .  
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