
2,2 ,5 ,5-Tet ra th iofu lva lene  (TTF). A 1-g  sample  of CaO and 0.3 g of acid II we re  ground in a m o r t a r ,  
and the mix tu re  was heated in vacuo (1 ram) at 300 ~ The subl imed te t ra th iofu lva lene  was col lected to give 
the product  in 15% yield. Yellow c r y s t a l s  with mp 100-102 ~ (rap 98-102 ~ [7]) were  obtained af ter  c h r o m a -  
tography  on s i l ica  gel (elution with benzene) and slow evaporat ion of the solvent  in an iner t  a tmosphere .  

7 ,7 ,8 ,8 -Te t racyanoquinoned imethane  - 2 ,2 ,5 ,5-Tet ra th iofulvalene  (TCQD - TTF) Complex.  The T T F  
was vacuum subl imed twice p r io r  to the synthes is  of this complex.  The TCQD was c rys ta l l i zed  twice f r o m  
ace toni t r i le  and vacuum subl imed twice to give a product  with mp 298-299.5 ~ Solutions of 1 g of T T F  in 
60 ml  of hot benzene and 1 g of TCQD in 100 ml  of hot ace ton i t r i l e  were  poured together ,  and the r e su l t ing  
mix tu re  was allowed to cool for  4 h in a ni t rogen a tmosphe re .  The re su l t ing  prec ip i ta te  was r emo v ed  by 
f i l t ra t ion to give 1.6 g (80%) of the complex.  A 1 : 1 complex was fo rmed  at  al l  r eagen t  ra t ios .  Found: 
C 52.8; H 2.0%. C12H4N 4. C6H4S 4. Calculated: C 52.9; H 2.0%. Single c r y s t a l s  of the complex were  grown 
by slow cooling of a solution of the complex in ace toni t r i le  in an iner t  a tmosphe re .  
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S Y N T H E S I S  A N D  S T R U C T U R E S  OF 1 - M E T H Y L - 2 , 1 , 3 -  

B E N Z  O T H I A  (SE L E N A )  D I A Z  O L I U M  S A L T S  

G.  I .  E r e m e e v a ,  B.  K h .  S t r e l e t s ,  
a n d  L.  S. I ~ f r o s  

UDC 547.794.3.07 : 543.422.25 

Mixtures of qua te rna ry  sa l t s  with i somer i c  s t r uc tu r e s ,  the ra t io  between which depends on 
the nature  of the subst i tuent ,  a r e  obtained by dimethyl  sulfate  alkylat ion of der iva t ives  of 
2 ,1,3-benzothia(selena)  diazoles  containing a subst i tuent  in the benzene r ing.  Individual 
1 -methy l -2 ,1 ,3 -benzo th ia ( se lena)d iazo l ium sal ts  a r e  obtained in good yields by t r ea tmen t  
of 4(5)-subst i tuted N-methy l -o -pheny lened iamine  dihydrochlor ides  with thionyl chloride or  
selenious acid. 

It  is known [:1] that benzothia(se lena)diazol ium sa l t s  a r e  fo rmed  when 2,1 ,3-benzothia(selena)diazole  
is heated with dimethyl  sulfate.  The alkylat ion of 5(6)-subst i tuted benzothia(selena)diazole  has not yet  been 
invest igated.  The introduction of a subst i tuent  in the condensed benzene r ing  of these  he te rocyc les  r ende r s  
the ni t rogen a tom in them nonequivalent,  and one might t he re fo re  have a s sumed  that  the alkylation of such 
subst i tuted compounds could p roceed  in two di rec t ions  to give i s o m e r s  II and III. 
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TABLE 1. 1 - M e t h y l - 2 , 1 , 3 - b e n z o t h i a ( s e l e n a ) d i a z o l i u m  Salts (iI, IH) 

Com - 
pound* 

Ilia 
Ille 
IIa 
IIe 

IIIb 
IIIf 
lib 
IIf 

IIIc 
IIIg 
IIc 

III h 
IId 
llh 

Chemical 
shiftsofthe 
N-methyl 
)rotons, Hz 

328,4 
326,3 
333,4 
335,2 
327,8 
326,0 
333,7 
334,8 
325,0 
325,9 
332.1 
331,5 
311,0 
312,7 
327,0 
327,9 

mp, *C 
(dec.) 

I Found,% I' 

12,5 
10,6 
12,8 
10,3 
10,7 
8,7 

10,7 
8,7 

14,1 
l 1,6 
13,8 
ll,l 
12,7 
10,4 
13,2 
10.6 

158--159 
185--187 
188--189 
200--202 
143--145 
182--183 
185--186 
196--197 
179--181 
199--200 
180--181 
206--208 
149--150 
180--181 
163--164 
195--196 

CTH6CI=N~S 
CTHoCI2N~Se 
CrH6CI2N2S 
CrH6CI2N2Se 
CrI-16BrCIN2S 
CrH6BrCIN2Se 
CrH~BrCIN2S 
CrH.BrCIN~Se 
CsHgCIN~S 
CsH~CIN~Se 
C~H~CIN~S 
C~HgCIN~Se 
CsH~CIN~OS 
CsH~CIN~OSe 
CsHgC1N~:)S 
CsH~CIN~OSe 

32,4 
26,6 
29,9 
26.7 
43,6 
36,8 
43,3 
37,2 
17.9 
14,2 
17,6 
14,1 
16,6 
13,3 
16,5 
13,6 

Calc.,% 

N Hal 

12,7 32,1 
10,4 26,5 
12,7 32,1 
10.4 26,5 
10,6 43.4 
9,0 36,9 

I0.6 43.4 
9,0 36,9 

14,0 17,7 
11,3 14,3 
14,0 17,7 
11,3 14,3 
12,9 t6,4 
10,6 13,4 
12,9 16,4 
10,6 13,4 

Yield, 
~o 

83 
68 
77 
85 
74 
79 
72 
87 
91 
69 
73 
64 
73 
79 
96 
89 

*y- =CI-. 

TABLE 2. C h a r a c t e r i s t i c s  of Mix tures  of I s o m e r s  I so la ted  in the 
Alky la t ion  of Subs t i tu ted  2 , 1 , 3 - B e n z o t h i a ( s e l e n a ) d i a z o l e s  

Mixture of 
isomers* 

IIa+IIIa 
IIb+IIIb 
IIc+IIIc 
Ild+IIld 
IIe+IIIe 
IIf+IIIf 
IIg +IIIg 
Ilh+IIIh 

Isomer 
ratio,% 

48:52 
43:57 
45 :.55 
33:67 
45:55 
45:55 
45:55 
32:68 

Empirical form ula 

CBHgCIN204S2 
CBHgBrNzO4S2 
CgHI2N204S2 
CgH12N~,O~S2 
CsHoCIN204SSe 
CsHgBrN20~SSe 
CgHmN204SSe 
CgHI2N2OsSSe 

Found, % 

N Hal 

9,5 11,9 
8,1 23,5 

10,2 -- 
9,5 
8,0 ~,2 
7,1 20.4 
8,5 
8,2 

Calc., % 

N Hal 

9,4 I 1,9 
3,2 23,4 

10,1 - -  
9,6 
8,2 ~,3 
7,2 20,6 
8,7 
8,3 

Yield of 
the mix - 
ture, ~ 

83 
87 
76 
84 
89 
88 
79 
92 

* y -  = C H 3 S O 4 - .  

The a lky la t ion  of 5 (6 ) - subs t i t u t ed  2 ,1 ,3 -be nz o t h i a d i a z o l e s  was a c c o m p l i s h e d  by the method  d e s c r i b e d  
for the  unsubs t i t u t ed  compounds  [1]. In  the c a s e  of the s e l e n i u m  d e r i v a t i v e s ,  c a r r y i n g  out the r e a c t i o n  in  
to luene  m a k e s  it pos s ib l e  to obta in  the d e s i r e d  sa l t s  in p u r e r  f o r m  and in b e t t e r  y i e ld s .  The PIvlR s p e c t r a  
of the a lky la t ion  p roduc t s  con ta in  two s i gna l s  of p ro tons  of N - m e t h y l  g roups ,  in c o n t r a s t  to the b e n z e n e  
r i n g - u n s u b s t i t u t e d  q u a t e r n a r y  s a l t s .  When the s u b s t i t u e n t s  a r e  CH 3 and CH30 groups  one a l so  o b s e r v e s  
sp l i t t i ng  of the  s igna l s  of the  p ro tons  of t hese  s u b s t i t u e n t s .  Th i s  c o n f i r m s  our a s s u m p t i o n  of the f o r m a t i o n  

of a m i x t u r e  of two i s o m e r s  in the  a lky la t ion  of I. 

The p r e v i o u s l y  u n d e s c r i b e d  ind iv idua l  i s o m e r i c  2 , 1 , 3 - b e n z o t h i a d i a z o l i u m  sa l t s  (II, I I Ia-d)  w e r e  ob-  
t a ined  by  r e f l ux ing  the c o r r e s p o n d i n g  N - m e t h y l - o - p h e n y l e n e d i a m i n e  d i h y d r o c h l o r i d e s  (IV, V) with a s m a l l  
excess  of th iony l  ch lo r ide  in d ry  b e n z e n e .  The i r  s e l e n i u m  analogs  (iI, I I Ie-h)  a r e  f o r m e d  smoo th ly  by 
t r e a t m e n t  of sa l t s  IV and V with s e l en ious  ac id  in g l ac i a l  ace t i c  ac id  (Table 1). 

I 

" R - . ~ N \  SOCI.;(n#e03 ) R..~NH~-HC! 

/ 
J CH 3 

(C H3)'SO4 ~ Ila-h Iva-d 

R ~;-.~./~N/v - R - ' ~ P ' ~ . C % . , C ,  

CH~ 
i .  a-h va-d 

I--IIt a R=C1, XfS; b R=Br, X=S;c R=CH3, X=S;d R=CH30, X=S; e R=CI, X=Se; 
f R=Br, X=Se; g R=CH3, X=Se; h R=CH30, X=Se; IV, V a R=CI; b R=Br; c R=CH3; 

d R=CHsO 

2 9 0  



Multiplets of a romat ic  protons of the ABC type and singlets of protons of N-methyl  groups a re  ob- 
se rved  in the PMR spec t ra  of the 1-methyl-2,1,3-benzothia(selena)diazol ium salts ,  and this unambiguously 
confirms the s t ruc tu re  of these compounds. 

Inasmuch as the chemical  shifts of the signals of the protons of the N-methyl groups in i somers  I Ia -h  
and II Ia-h are  close to one another,  the ass ignment  of their  signals in mixtures obtained by alkylation was 
made by compar ison of the intensities of the corresponding signals after  the addition to the mixture of an 
i somer  with a known s t ructure .  On the basis of this compar ison we concluded that the signals of the pro-  
tons of the N-methyl  groups of the 6-substi tuted i somers  are  found at s t ronger  field than the signals Of the 
protons of the N-methyl  groups of the 5-substi tuted i somers .  The chemical  shifts of the protons of the 
N-methyl  groups are  given in Table 1. Data on the rat ios  of the i somers  obtained by alkylation are  p re -  
sented in Table 2. In all cases  the 6-substi tuted i somers  (III) are  formed in grea ter  amounts than the 5- 
substituted i somers  (II), and this is evidently explained by the e lec t ron-donor  effect of the substituents. In 
conformity with this, the compounds with a methoxy group, which is the s t rongest  e lectron donor of the sub- 
stituents studied, give the greates t  amount of the 6-substi tuted i somer .  Replacement of the sulfur by se le -  
nium in the s tar t ing diazoles has pract ical ly  no effect on the ra t io  of the i somers  obtained. 

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

The PMR spec t ra  of t r i f luoroacet ic  acid solutions of the compounds were recorded  with a Varian 
HA-100 spec t romete r  with cyclohexane as the internal standard.  

The s ta r t ing  benzothia(selena)diazoles were obtained by known methods [1-4]. The s tar t ing N- 
methyl-o-phenylenediamines were  obtained by the methods in [5-7]. 

Substituted 1-Methyl-2,1,3-benzothiadiazol ium Chlorides (IIa-d and IIIa-d,  Table 1). A 1.2-ml sample 
of thionyl chloride was added to 3.1 mmole of the dihydrochloride of the appropria te  N-methyl -o-phenyl -  
enediamine in 10 ml of dry benzene, after which the mixture was refluxed for 2 h. The resul t ing precipi -  
tate was removed  by fi l tration, dried, and rec rys ta l l i zed  f rom methanol. 

Substituted 1-Methyl-2 ,1 ,3-benzoselenadiazol ium Chlorides (IIe-h and IIIe-h,  Table 1). A 0.5-g s a m -  
ple of selenious acid was added to a solution of 2.8 mmole of the dihydrochloride of the appropriate  N- 
methyl-o-phenylenediamine in 15 ml of glacial acetic acid, and the resul t ing  precipitate was removed  by 
filtration, dried, and rec rys ta t l i zed  f rom methanol. 

Alkylation of Substituted 2,1,3-Benzothiadiazoles.  A mixture of 8.6 mmole of substituted 2 ,1 ,3-benzo-  
thiadiazoles (Ia-d) and1 ml of dimethyl sulfate was heated on a glycerol  bath at 90-100 ~ for 4-6 h, after  
which the melt  was t r i turated,  washed with toluene and ether,  and vacuum dried. The yield and resul ts  of 
e lementary  analysis  of the mixture of i somers ,  as well as the i somer  ra t io  f rom the PMR spectra l  data, 
a re  presented in Table 2. 

Alkylation of Substituted 2,1,3-Benzoselenathiazoles.  A mixture of 9.4 mmole of the appropria te  
2,1,3-benzoselenathiazole (Ie-h), 3 ml of toluene, and 1.5 ml of dimethyl sulfate was heated at 80-90 ~ for 
2-4h ,  and the resul t ing  c rys ta l s  were  removed  by filtration, washed with toluene and ether,  and vacuum 
dried. The charac te r i s t i cs  of the products a re  presented in Table 2. 
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