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Chlorination of benzo-2, 1, 3-thiadiazole (I) in the presence of iron 
and paraform gives only 4-chlorobenzo-2, 1, 3-thiazole. Chlorination 
of 5, 6-dimethylbenzo-2, 1, 3-thiadiazole (II) under exactly the same 
conditions gives only 5, 6-dimethyl-4, 7-dichlorobenzo-2, 1, 2-thia- 
diazole. Similarly chloromethylation of II in the presence of paraform 
gives only 5, 6-dimethly-4, q-di(chloromethyl)benzo-2, 1, a-thiadia- 
zole. Chlorination and chloromethylation of I proceed through the 
intermediate formation of monosubstituted compounds which change 
into disubstituted ones. 

It is known [2, 3] that chlorination of benzo-2, 1, 3-thiadiazole (I) 
and its 5, 6-dimethyl derivative (II) with chlorine in the presence of 
iron gives mainly the 4,7-dichloro substitution products III and IV re- 
spectively. 

It was previously shown [4] that chloromethylation of I with di- 
chlorodimethyl ether in the presence of anhydrous aluminum chloride 
also gives mainly 4, 7-di(chloromethyt)benzo-2, 1, 3-thiadiazole (V). 
Bases and pseudo-bases (paraform, urotropine, dimethylformamide) 
have a retarding effect on chloromethylation. When the reaction is 
run in the presence of these latter the products comprise besides V, 
4-chloromethyl-2, 1, 3-thiadiazole (VI), or else, if enough base is 
added, there is no reaction. 

In the p r e sen t  work it is es tab l i shed  that ch loro-  
methyla t ion  of compound II with d ich lorodimethyl  
e ther  in the p re sence  of ch lorosul fonic  ac id  or  
anhydrous a l u m i n u m  chloride gives ma in ly  4 ,7 -d i  
(chloromethyl) -  5 ,6 -d ime thy lbenzo-2 ,1 ,3 - th i ad iazo le  
(VII~ yield 75%. This r eac t ion  is unaffected by the 
presence of a base. 
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*For  P a r t  XLII see [1]. 

It should be ment ioned  that  b romina t ion  of I or  II 
with excess  b romine  also gives ma in ly  4 ,7 -d ib romo 
compounds [2,3]. Ni t ra t ion  [5] and sulfonat ion [4] 
of I are  also found to give ma in ly  4 ,7 -d i subs t i tu t ion  
products .  It  is quite probable that  f o rma t ion  of the 
4 ,7 -d i subs t i tu t ion  products  in e lec t roph i l i c  sub-  
s t i tu t ion  reac t ions  of I and its de r iva t ives  takes 
place by the same  m e c h a n i s m ,  involving in t e rmed ia t e  
fo rmat ion  of mono-subs t i t u t ion  products .  To tes t  
this hypothesis ,  a study was made of the ch lor ina t ion  
of I and II in the p r e sence  of i r on  and pa ra fo rm,  
us ing  t h i n - l a y e r  chromatography.  The chlor ina t ion  
products  (Fig. 1) and the i r  reduc t ive  s c i s s ion  p rod-  
ucts  (Fig. 2 ) w e r e  ehromatographed .  

Chlor ina t ion  in the p r e sence  of p a r a f o r m  gives 
only 4 -ch lo robenz -2 ,1 ,3 - th i ad i azo le  (VIII), a con- 
s i de r a b l e  amount  of the s t a r t i ng  I r e m a i n i n g  un-  
changed. At tempts  to r a i s e  the yie ld  of VIII by va ry ing  
the amount  of p a r a f o r m  used were unsucess fu l .  De- 
c r ea se  in the amount  of pa r a fo rm led to format ion  
of the 4 ,7-d ich loro  der iva t ive  and VIII, while in-  
c r e a s i n g  it, s lowed down the reac t ion .  

Chlor ina t ion  of II under  s i m i l a r  condi t ions  gave 
only IV, whether  p a r a f o r m  was p re sen t  or  not. No 
5 ,6 -d ime thy l -4 - ch lo robenzo -2 ,1 ,3 - th i ad i azo l e  was 
found. This  in t roduc t ion  of two methyl  groups at 
posi t ions 5 and 6 in benzo-2 ,1 ,3 - th iad iazo le  a r i s e s  
because  the e l e c t r o n - d o n a t i n g  subs tance  (paraform) 
does not slow down ch lor ina t ion  and ch lo romethy la -  
t ion.  Pos s ib ly  this is due to C1 + and CHIC1 ions 
a t tacking  not only the mos t  nucleophi l ic  posi t ion 
4 (7) of molecu les  I and II, but the bases  too. The 
l a t t e r  a re  obvious ly  m o r e  powerful ly  nucelophi l ic  
than pos i t ion  7 in the 4 -monosubs t i t u t i on  products .  
With 5 ~ - d i m e t h y l b e n z o - 2 , 1 , 3 - t h i a d i a z o l e  (II) under  
the inf luence of the e l e c t r o n - d o n a t i n g  effect  of the 
methyl  groups posi t ions  4 and 7 become m o r e  
nucelophi l ic  than the bases  (paraform),  and the re fo re  
p r i m a r i l y  su f fe r  e l ec t roph i l i c  at tack.  This  a lso 
expla ins  4 ,7 -d ich loro  compounds and 4 ,7 -d i  (chloro-  
methyl )  compounds be ing  the m a i n  products  of 
ch lo r ina t ion  and eh loromethy la t ion ,  r e spec t ive ly ,  
of II. Obviously the ease  of conver t ing  4 - m o n o s u b -  
s t i tu ted  compounds to 4 ,7 -d i subs t i t u t ed  ones is 
condi t ioned by the feeble  induct ive  effect,  and the 
cons ide rab le  conjugat ion effect  of ch lo r ine  or  the 
ch lo romethy l  group in the monosubs t i t u t ed  c o m -  
pounds. 
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Fig. 1 Chromatography of the chlori-  
nation products of I and II: 1) I, R{ 
0.59; 2) 4-chlorobenzo-2,1,3-thia-  
diazole, Rf  0.22; 3) 4,7-dichloro- 
benzo-2,1~3-thiadiazole, R)c 0.67; 
4) product of chlorinating I in the 
presence  of Fe, Rf  0.67; 5) prod- 
uct of chlorinating I in the 
presence of Fe and paraform,  Rf 
0.22; 0.59; 6) II, Rf 0.60; 7) prod- 
uct of chlorinating II in the p res -  
ence of Fe, Rf  0.65; 8) product 
of chlorinating II in the presence 
of Fe and paraform, Rf 0.65; 9) 
4,7-dichloro- 5,6-dimethylbenzo- 

2,1,3-thiadiazole, R{ 0.65. 

Fig. 2 Chromatography of the re -  
ductive scission products of I and 
II: 1) o-phenylenediamine Rf 0.12; 
2--3-chloro-  1,2-phenylenediamine, 
R{ 0.33; 3) 1,4-dichloro-2,3- 
phenylenediamine Rf 0.53; 4) 
reductive scission product af ter  
chlorinating I in the presence of 
Fe, Rf 0.12, 0.33, 0.53; 5) re-  
ductive scission product after 
chlorinating I in the presence of 
Fe and paraform, Rf  0.12, 0.33; 
6 ) 1,4-dimethyl- 2,3-phenylene- 
diamine, Rf 0.09; 7) product of 
reductive scission after chlori-  
nating II in the presence of Fe, 
Rf  0.50; 8) product of reduc-  
tive scission after  chlorinating 
II in the presence of Fe and 
paraform, Rf  0.50; 9) 3,6-dich- 
loro-4,5-dimethyl-  1,2-pheny- 

lenediamine, Rf  0.50. 
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EXPERIMENTAL 

The starting materials were prepared by known methods, Benzo- 
2, 1, 3-thiadiazole (I) was prepared as described in [6], 5, 6-dimethy- 
benzo-2, 1, 3-thiadiazole (II) as described in [7], and the dichlorodi- 
methyl ether as described in [4]. 

4, 7-Dl(chloromethyl)-5, 6-dimethylbenzo-2, 1, 3-thtadiazole (IV). 
10 g II. 12.5 ml dichlorodimethyl ether, and 60 ml chlorosulfonic 
acid (or 30 g anhydrous A1Cls) were heated together at 70-74 ~ for 6 
hr, the products cooled and poured onto ice. The precipitate was fil- 
tered off, and washed with water. Yield 12 g (75.5%), white needless, 
mp 169-171 ~ (ex EtOH), Found: C127.01; 26.53; S 12.18; 12.i8%. 
Calculated for CIoH10C12N2S: C1 27.2; S 12.26~ 

Typical experiments on chlorinating and subjecting the chlorina- 
tion products to reductlve scission, a) 0.3 g powdered Fe and 0.1 g 
paraform*were added to a melt (100 ~ of I and dry chlorine passed in 
for 30 min, with good stirring. 25 ml conc. HC1 was then added to 
the products, followed by 5 g SnCI~, and the mixture heated and stir- 
red on a water-bath for 1 hr. The products were cooled, poured into 
excess of 25% NaOH solution, and the whole extracted with benzene. 
Removal of the solvent left diamines, which were subjected to TLC 
on alumina (Brockman activity grade II), using CCI4-EtOH 10:1, 
iodine vapor being the visualizer (Fig. 2), 

b) 0.1 g Fe powder and 0.1 g paraform* were added to melt (100 ~ 
of 0.82 g II, and dry chlorine passed in, with good stirring, till con- 

stant weight was reached (0.34 g). The reaction products were re- 
duced, and chromatographed as above, using the CCt4-CHC13 (3:1) 
system (Fig. 1). 
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L e n i n g r a d  C h e m i c a l  and 
*The experiment without paraform was carried out similarly. 10 M a y  1965 P h a r m a c e u t i c a l  I n s t i t u t e  


