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The action of sodiomalonic ester on 4-bromomethylbenzo-2, 1,3-thia- 
diazole forms a malonate which is converted by acid hydrolysis into 
4-(tt-earboxyethyl)benzo-2,1,3-thiadiazole. When this reaction is 
carried out with 5-bromomethylbenzo-2,1,3-thiadiazole, mono- and 
disubstituted malonic esters are formed the acid hydrolysis of which 
gives the corresponding acids. The nitration of 4-and 5-(B-earboxy- 
ethyl)benzo-2,1,3-thiadiazoles forms, respectively, 4-(B-carboxy- 
ethyl)-5,7-dinitrobenzo-2,1,3-thiadiazole and 5-(B-carboxyethyl)- 
4-nitrobenzo-2, 1, 3-thiadiazole. The reaction of 4-bromomethyl- 
benzo-2, 1, 3-thiadiazole with potassium cyanide forms two products: 
4-cyanomethylbenzo-2, 1, 3-thiadiazole and 1, 2-di(benzo-2,1, 3-thta- 
diazole-4'-yl)-2-cyanoethane. 

In the p r e s e n t  w o r k  we have  s tud ied  the  s y n t h e s i s  
of s e v e r a l  ac id  d e r i v a t i v e s  of b e n z o - 2 ,  1, 3 - t h i a d i a z o l e  
and have  c o m p a r e d  the pK a v a l u e s  of t h e s e  a c i d s  wi th  
the pK a v a l u e s  of the c o r r e s p o n d i n g  ac id  d e r i v a t i v e s  
of benzene .  The  r e a c t i o n  of 4 - b r o m o 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  (I) wi th  s o d i o m a l o n i c  e s t e r  s m o o t h l y  
f o r m e d  the c o r r e s p o n d i n g  m a l o n a t e ,  which  was  c o n -  
v e r t e d  on ac id  h y d r o l y s i s  in to  4 - ( f i - c a r b o x y 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). When th is  r e a c t i o n  was  c a r r i e d  
out wi th  5 - b r o m o 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  (III), 
a 63% y ie ld  was  ob ta ined  of the i s o m e r i c  m a l o n a t e  IV, 
f o r m i n g  on ac id  h y d r o l y s i s  5 - ( f i - c a r b o x y e t h y l ) b e n z o - 2 ,  
1, 3 - t h i a d i a z o l e  (V); ano the r  r e a c t i o n  p r o d u c t  was  the  
d i s u b s t i m t e d  m a l o n i c  e s t e r  VI,  which  was  c o n v e r t e d  
on ac id  h y d r o l y s i s  into the i s o b u t y r i c  ae id  d e r i v a t i v e  
VII. 
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I t  was  i m p o s s i b l e  to l i m i t  the  p r o c e s s  to the  f o r m a -  
t ion of the m o n o s u b s t i t u t e d  d e r i v a t i v e  even  when the 
r e a c t i o n  was  c a r r i e d  o u t w i t h  a twofold  e x c e s s  of m a l o n -  
ie  e s t e r .  Such a d i r e c t i o n  of the p r o c e s s  has  been  ob -  
s e r v e d  r e p e a t e d l y  in the  r e a c t i o n  of benzy l  c h l o r i d e  
wi th  s o d i o m a l o n i c  e s t e r  (the e n d - p r o d u c t s  of the r e a c -  
t ion c o n s i s t  of a p p r o x i m a t e l y  50-60% of b e n z y l m a l o n i c  
e s t e r  and 20-30% of d i b e n z y l m a l o n i c  e s t e r )  [2, 3]. 
When the  r e a c t i o n  is  c a r r i e d  out wi th  o -  o r ' p - n i t r o b e n -  
zy[ c h l o r i d e ,  the d i s u b s t i t u t e d  d e r i v a t i v e  i s  p r e d o m i -  
nant  p r o d u c t  and the a m o u n t  of m o n o s u b s t i t u t e d  d e r i v a -  
t i ve  is  v e r y  s m a l l  [4-7] .  I t  has  been  r e p o r t e d  [8] that ,  
4 - m e t h o x y - 3 - n i t r o b e n z y l  c h l o r i d e  g i v e s ,  wi th  s o d i o m a -  
ion ic  e s t e r ,  an 85% y i e l d  of the d i s u b s t i t u t e d  m a l o n i c  
e s t e r  and that  i t  i s  i m p o s s i b l e  to ob ta in  the m o n o s u b -  
s t i tu t ed  d e r i v a t i v e  e v e n  when the r e a c t i o n  is  c a r r i e d  
out wi th  a tenfold  e x c e s s  of m a l o n i e  e s t e r .  T h e s e  r e -  
su l t s  show that e l e c t r o n e g a t i v e  subs t i t uen t s  in the ben -  
z e n e  r i n g  f a v o r  the f o r m a t i o n  of  the d i subs t i t u t ed  and 
oppose  the f o r m a t i o n  of the m o n o s u b s t i t u t e d  d e r i v a t i v e .  

T h e  f o r m a t i o n  of the m o n o s u b s t i t u t e d  m a l o n a t e  IV 
in 60% y i e l d  by the r e a c t i o n  of III wi th  s o d i o m a l o n i c  
e s t e r  shows  that  the e l e c t r o n - a c c e p t i n g  n a t u r e  of the 
t h i a d i a z o l e  r i n g  as  a subs t i t uen t  in a benzene  r i n g  is  
s c a r c e l y  exh ib i t ed  unde r  the cond i t ions  of th is  r e a c -  
t ion.  T h e  b r o m i d e  III b e h a v e s  s i m i l a r l y  to benzyl  
c h l o r i d e .  A p o s s i b l e  exp lana t ion  of the f o r m a t i o n  of 
the d i s u b s t i t u t e d  p r o d u c t  is that  the m o n o s u b s t i t u t e d  
compound  obta ined  in i t i a l ly ,  b e c a u s e  of the high r e -  
a c t i v i t y  of the h y d r o g e n  of the CH group ,  r e a c t s  wi th  
s o d i o m a l o n i e  e s t e r  to f o r m  the sodio  d e r i v a t i v e s  VIII 
which  then r e a c t s  wi th  a s e c o n d  m o l e c u l e  of the  b r o -  
m i d e .  I t  was  m e n t i o n e d  above  that  in the r e a c t i o n  of I 
wi th  s o d i o m a l o n i e  e s t e r  the m o n o s u b s t i t u t e d  d e r i v a -  
t i ve  is  the m a i n  p roduc t .  T h i s  i s  a p p a r e n t l y  due to 
s t e r i e  h i n d r a n c e .  

The  s t r u c t u r e  of compound  VI was  shown by d e t e r -  
m i n i n g  i t s  m o l e c u l a r  weight ,  i t s  c o n v e r s i o n  into the 
ac id  VII, and by IR s p e c t r o s c o p y .  

When the  a c i d s  II and V w e r e  n i t r a t e d  with  fuming  
n i t r i c  a c i d  at 0 ~ C, good y i e l d s  of 4 - ( f i - c a r b o x y e t h y l ) -  
5, 7 - d i n i t r o b e n z o - 2 ,  1, 3 - t h i a d i a z o l e  (IX) and 5 - ~ - c a r -  
b o x y e t h y l ) - 4 - n i t r o b e n z o - 2 ,  1, 3 - t h i a d i a z o l e  (X), r e s p e c -  
t i ve ly ,  w e r e  ob ta ined .  
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Results  of Poten t iomet r ic  Ti t ra t ions  

NO. Benzo-2,1,3-thiadiazole derivatives pK a Benzene derivatives pK a 
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4-Carboxybenzo-2,1,3-thiadiazole 
[13] 

4-Carboxymethylbenzo-2 1,3-thia- 
diazole 191 

5-Carboxymethylbenzo-2,1,3-thia- 
diazole [9] 

S-Car box ymethyl-4-nitrobenzo~2,1, 
3-thiadiazole 

4-Carboxymethyl-S-chlorobenzo-2, 
1,3-thiadiazole [1] 

7-Car boxy met hyl-4-ehlorobenzo-2, 
1,3-thiadiazole [1 ] 

4-(~-Carboxyethyl)benzo-2,1,3-thia- 
diazole 

5-(~-Carboxyethyl)benzo-2,1,34hia- 
diazole 

5-(t3-Car boxyet hy l)-4-nitrobenzo-2, 
1,3-thiadiazole 

4-(~-Carboxyethyl)-5,7-dinitrobenzo- 
2,1,3-thiadiazole 

5 .00+022  

5.60_+0,04 

5.46+0.04 

4,99• 

5.40+_0.[ 

5.44 • 0.04 

5,99• 

6.12_+0.04 

5.86• 

5.35-+0.06 

Benzoic acid* 

Phenylaeetic acid** 

o-Nitrophenylacetic acid 
[151"** 

p-Nitrophenylacetic acid 
[161"*** 

Phenyipropionic acid 

p-Nitrophenylpropionic 
acid 

2,4-Dinitro phenylpr opi- 
onic acid [1'71 

5 .74•  

5.88_+0.05 

5.63 • 0.05 

5.32~ 0,04 

6.12..+_+ O,O5 

5.82 • 0.04 

5,75 • 0:05 

*The pK a value of benzoic acid was determined earlier [20]under different conditions. 
** The pK a value of phenylacetic acid was determined earlier [14] under different conditions. 

***The pK a value of o-nitrol:henylacetic acid was determined earlier [181 under different conditions. 
****The pK a value of p-nitrophenylacetic acid was determined earlier [19] under different conditions. 
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4 -  a n d  5 " C a r b o x y 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 s  

(XI a n d  XI I )  w e r e  o b t a i n e d  [9] b y  the  h y d r o l y s i s  of  4 -  

a n d  5 - c y a n o 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 s  (XIII)  a n d  

(XIV) .  T h e  l a t t e r  w e r e  o b t a i n e d  by  the  r e a c t i o n  of t he  

t h i a d i a z o l e s  I a n d  I I I  w i t h  p o t a s s i u m  c y a n i d e .  In  a g r e e -  

m e r i t  w i t h  the  s t a t e m e n t  of  t he  p r e v i o u s  a u t h o r s  [9], 

t he  r e a c t i o n  of  t he  b r o m i d e  I w i t h  p o t a s s i u m  c y a n i d e  

f o r m s ,  in a d d i t i o n  to  t h e  c y a n i d e  X I I I ,  a s u b s t a n c e  

w i t h  m p  1 9 2 - 1 9 3  ~ C. W e  h a v e  e s t a b l i s h e d  t h a t  the  l e t -  

t e r  i s  1, 2 - d i - ( b e n z o - 2 ,  1, 3 - t h i a d i a z o l - 4 ' - y l ) - 2 - c y a n o -  

e t h a n e  (XV) a n d  i s  a p p a r e n t l y  f o r m e d  by  the  r e a c t i o n  

of  t he  c y a n i d e  X I I I  a n d  t h e  b r o m i d e  I [10, 11]. T h e  s t r u c -  

t u r e  of the  c y a n i d e  X V  w a s  s h o w n  by i t s  c o n v e r s i o n  

in to  the  a c i d  X V I  a n d  by  IR s p e c t r o s c o p y .  

CN COOH 

CH 2 --CH-- CH2--CH-- 

XV XVl  

T h e  pK a v a l u e s  of  s o m e  of  t h e  a c i d s  i s o l a t e d  w e r e  

d e t e r m i n e d  ( s e e  t a b l e ) .  T i t r a t i o n  w a s  c a r r i e d  ou t  on  

a n  L P U - 0 1  p o t e n t i o m e t e r  u s i n g  a p a i r  of  g l a s s  a n d  

c a l o m e l  e l e c t r o d e s .  A c a r b o n a t e - f r e e  0.1 N s o l u t i o n  

of  c a u s t i c  p o t a s h  w a s  u s e d  a s  the  a l k a l i n e  t i t r a n t .  T h e  

c o n c e n t r a t i o n  of  t he  s u b s t a n c e s  w a s  0 .01 m o l e  in 50 m l  

of 50% a c e t o n e  a t  25 ~ C. T h e  pK a v a l u e s  w e r e  c a l c u -  

l a t e d  a s  d e s c r i b e d  b y  A l b e r t  a n d  S e r j e a n t  [12]. 

O n  c o m p a r i n g  t h e  pK a v a l u e s  of the  a c i d  d e r i v a t i v e s  

of  b e n z o - 2 ,  1, 3 - t h i a d i a z o l e  a n d  the  pK a v a l u e s  of the  

c o r r e s p o n d i n g  b e n z e n e  d e r i v a t i v e s  it  c a n  be  s e e n  tha t  

t he  pK a v a l u e s  a r e  s u b s t a n t i a l l y  l o w e r  o n l y  f o r  t h e  

a c i d  1 ( s e e  t ab l e )  a s  c o m p a r e d  w i t h  b e n z o i c  a c i d  a n d  

f o r  t he  a c i d  4 a s  c o m p a r e d  w i t h  o - n i t r o p h e n y l a c e t i e  

a c i d .  T h e  s i m i l a r  pK a v a l u e s  of  t he  a c i d  2 a n d  o - p h e n y l -  

a c e t i c  a c i d  d e s e r v e  a t t e n t i o n .  

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

4-(13-Carboxyethyl)benzo-2,1,8-thiadiazole (ii). To a solution 
of 0.23 g (0.Ol mole) of metallic sodium in 15 ml of absolute ethanol 
was added 1.6 g (0.01 mole) of malonic ester. The mixture was stirred 
for an hour, and then a solution of 2.29 g (0.01 mole) of compound I 
in 25 ml of dry benzene was added rapidly. The resulting mixture was 
left at 20 ~ C for t0 hr, and then 1O0 ml of water was added. The ben- 
zene layer was separated off, the aqueous layer was extracted again 
with benzene, and the benzene extracts were dried with sodium sul- 
fate. After the distillation of the benzene, the residue (a light yellow 
oil) was boiled for I0 hr with 60 ml of 20% hydrochloric acid and 

cooled, and the precipitate that deposited was filtered off, giving 

1.6 g (81%) of white needles with mp 103-104 ~ C (from water). The 

product is readily soluble in alkalies, benzene, ethanol, and carbon 

tetrachloride, and sparingly soluble in ether, petroleum ether, and 
water. Found, %: N 13.41, 13.30; S 15.12, 15.01. Calculated for 
C~HsNzOzS, %: N 13.46; S 15.38. 

5-(B-Carboxyethyl)benzo-2,1, 8-thiadiazole (V) and 1,8-di(benzo- 
2,1,3-thiadiazol-5'-yl)-2,2-diethoxycarbonylpropane (VI). To a solu- 
tion of 0.92 g (0.04 mole) of metallic sodium in 40 ml of absolute 
ethanol was added 6.4 g (0.04 mole) of malonic ester. After the mixture 
had been stirred for 1 hr, a solution of 9.2 g (0.04 mole) of compound 
III in 80 ml of absolute ethanol was added. The precipitate that de- 
posited after some hours was filtered off and was washed successively 
with ethanol and water, giving 5.1 g (29%) of compound VI in the 
form of white needles with mp 105-106 ~ C (from ethanol). Found, %: 
N 12.31, 12.53; S t3.89, 13.79, Calculated for C21H20N404S2, %: 

N !2.28; S 14.04. IR spectrum, KBr, v, cm-i: 1725 (C=O) 1180, 
1250 (C--O--C). 

The ethanolic filtrate was evaporated in vacuum in the coId, the 
oily residue was washed with water and extracted with benzene, and 
the benzene layer was dried with sodium sulfate. After the benzene 
had been distilled off, the oily residue (7.8 g) was boiled with 120 ml 
of 20% hydrochloric acid for 8-10 hr, the mixture was cooled, and 
the precipitate of V that deposited (4.8 g) was crystallized from water, 
mp 117-118 ~ C. Found, %: N 13.90, 13.96; S 16.23, lg.10. Calcu- 
lated for CgHsNzOzS, %: N 13.46; S 18.38. 

1,3-Di(benzo-2,1,3-thiadiazol-6'-yll-2-earboxypropane (VII). A 
mixture of 2 g of the malonate VI and 40 ml of 10% ethanol in caustic 
potash was boiled for 3 hr, poured into 200 ml of water, and acidified 
with hydrochloric acid to pH 5. This gave 1.35 g (909) of a substance 
with mp 141-142 ~ C (from ethanol), soluble in dilute alkalies. Found, 
%: N 15.74, 16.25; S 17.37, 17.42. Calculated for C1,HIzN4OzSz, %: 
N 15.70; S 17.90. 

5-Carboxymethyl-4-nittobeazo-2,1,3-thiadiazole. With stirring 
and cooling 1 g of the thiadiazole XIt was slowly added to 10 ml of 
nitric acid (d 1.5). The reaction mixture was kept at 20 ~ C for 30 rain 
and was then poured onto ice. The precipitate that deposited was fil- 
tered off and washed with water, giving 0.9 g (73%) of a substance with 
mp 180-182 ~ C (from ethanol). Found, %: N 17.96; S 13.45, 13.33. 
Calculated for CsHsNsO4S, %: N 17.60; S 13.40. 

4-Cyanomethylbenzo-2,1,8-thiadiazole (XlIl) and the cyanide 
(XV). 

A) Two grams of I was added in portions to a solution of 1.5 g of 
potassium cyanide in 75 ml of ethanol and 5 ml of water. The mix- 
ture was boiled with stirring for 3 hr and was then cooled, and the 
precipitate was filtered off and washed with water, giving 0.6 g of 
compound XV with mp 192-193 ~ C (from acetic acid). Found, %: 
C 55.39, 55.44; H 3.54, 3.22; S 19.45, 19.45. Calculated for CIsH~NsS z, 
%: C 55,70; H 2.80; S 19.80. IR spectrum, KBr, v, cm'l:2240(--Ge~N). 
The ethanolic filtrate was evaporated to dryness, giving 1 g of a resin- 
ous substance XIII with mp 92-93 ~ C (from ethanol). Found, %: S 18.14, 
17.96. Calculated for CBHsNsS, %: S 18.30. 

B) A mixture of 0.5 g of I, 10 ml of dimethyl sulfoxide and 0.25 g 
of potassium cyanide was left at 20 ~ C for 20 hr. The solution became 
dark red. The precipitate that deposited on standing was filtered off, 
giving 0.21 g of substance XV with mp 192-193 ~ C (from acetic acid). 
On the addition of water, the filtrate yielded 0.1 g of the cyanide 
XIII. 

1,2-Di(benzo-2,1,3-thiadiazol-4'-yl)-2-carboxyethane (XVI). A 
mixture of 1 g of the nitrile XV, 25 ml of 50%sulfuric acid, and 25 mI 
of acetic acid was boiled for 3 hr. The solution was poured into water. 
The precipitate that separated out was filtered off and washed with 
water, giving 1 g (95%) of a substance with mp 179-180 ~ C (from 
ethanol). Found, %: N 16.04, 16.01; S 18.81, 18.43. Calculated for 

C15HIoN4OaS2, %: N 16.37; S 18.70. 
5-(8-Carboxyethyl)-4-nitrobenzo-2,1,3-thiadiazole (X). One gram 

of compound V was added in portions over 30 rain to 12 ml of nitric 
acid (d 1.5) at 0 ~ C, and the mixture was stirred for 30 min at 20 ~ C 
and was poured onto ice (100 g). The precipitate that deposited was 
filtered off and washed with water, giving 1 g (85%) of a substance 
with mp 153-154 ~ C (from aqueous ethanol). Found, %: N 16.96; 
S 12.35, 12.44; Calculated for CgHTNaO4S, %: N 16.60; S 12.62. 

4-(~-Carboxyethyl)-5,7-dinitrobenzo-2, 1,3-thiadiazole (IX). In 
small portions with stirring, 1.5 g of compound II was added to 15 ml 
of nitric acid (d 1.5) at 0 ~ C'. The mixture was kept for 30 min at 
20 ~ C and was poured onto ice. The precipitate was filtered off, giv- 
ing 1.6 g (75%) of a substance with mp 137-138 ~ C (from ethanol). 
Found, %: N 18.27, 18.14. Calculated for CgH6N4OsS, %: N 18.70. 
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