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A number of 2-benzothiazolylmethylaminocarboxylic acids and their derivatives (esters, 
amides, hydrazides, and alcohols) were synthesized. It is shown that the condensation of 
isatoic anhydride with o-aminothiophe~ol and o-phenylenediamine leads to the formation 
of o-aminophenyl-2-benzothiazole and o-aminophenyl-2-benzimidazole, respectively. 

2-Benzothiazolylcarboxylic acids are of interest  as intermediates for the synthesis of new hetero- 
cycles,  cyanin dye photosensitizers,  physiologically active substances, and other compounds. 

A method for the synthesis of 2-benzothiazolylalkylcarboxylic acids is described in [1], but acids 
I were not obtained. 

[•(..j_C.2_X_C.2_.COOH Ia X= NR 
Ib X=Se 

Ia,b 

The aim of this investigation was to study the condensation of o-aminothiophenol with dicarboxylic 
acid anhydrides (IID [2] and with the anhydrides of selenodiglycolic and isatoic acids. The condensation 
proceeds via the following scheme: 

R" R' 

n,~ " r"'-<,~,y-~,,c.~o~,O ~%;~'d "~--~-'c"~-~-c"~-c~176 
I _  

R" 

IIa X = SH; Iro x = NHz; III, IVa R' = R" = R '~ = H; b R' = R TM = H, R" = CHs; 

cR'~OCHs, R'=R w =H; dR*=R w =H,R*=OCH~ eR'=R" =H,R ~=OCHs~ 

IV are colorless, crystalline substances (Table i). 

Several derivatives of acids IV (esters, amides, hydrazides, and alcohols) were also obtained (Table 2). 
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R" R" 
V l l a  R'=R"=R"'= H; VLIb R' =R '=H;  R .... OCH 3, VIII R'=R'=R ' '=B 
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TABLE 1. 2 -Benzo th iazo ly lmethy laminocarboxyl ic  Acids 

Com- 
pound 

IVa 

IVb 
IVc 
IVd 
IVe 
IVf 

R' 

H 

H o~ 
H 

o~3 
H 

R 3 

H 

H 

Mp* 

143 

158 
176 
172 
166 
146 

Empirical 
formula 

C16H14N20~S 

CIrH,6N~O~S 
CIrHI6N2OaS 
CIrHI~N2OaS 
C,~HI~N2OaS 
CI6HI4'N=OaS 

s, % 

found 

10.e. 
9:6 "~ 

10.3 
9,5 
9,8 
9,S 

10,4 

calc. 

10,7 
9,4 

10,3 
9,8 
9,8 
9,8 

10,2 

Yield, % 

81,0 

65,9 
83,0 
95,4 
90,0 
39,8 

*IV a and c were  c rys t a l l i zed  f r o m  a lcoho l -wate r  (2 �9 1), while 
the r emain ing  compounds were  c rys t a l l i zed  f r o m  alcohol.  

,N, %. 

TABLE 2. Der iva t ives  of 2 -Benzo th iazo ly lmethy lamino-  
carboxyl ic  Acids 

CIt2R 

C o N  - 

pound 

V a  
Vb 
Vc 
Via 
VIb 

VIIa 
VIIb 

VIII 

R~ 

H 
H 

R3 

COOCHa, 
COOC2Hs 
COOCHa 
CONH~ 
CONHe 
COaNHNH2 
CONHNH2 
CH2OH 

Mp* 

= P ~  * ' m - ' r ' c a  . 1 s.% 

formula i found calc. 

10,2 
9,9 
9,6 

14,2 
13,0 
18,0 
16,3 
11,I 

H 
H 

OCHa 
H 

ocH~ 
ocH3 

108 
63 

132 
165 
184 
146 
i88 
87 

C171~I16N202S 
C18HIaN2OsS 
CISHIsN2035 
C16PIIsNsOS 
C]TH~7kNaO~S 
CloHIsN4OS 
C17HIsN40=S 
C16H16N=OS 

10,3 
9,8 
9,4 

14,2 T 
12,9 t 

161 
11,2 

Yield, 
% 

76,1 
50,6 
54,7 
92,1 
91,0 
44,2 
49,0 
69,7 

*Va and Via were  c rys t a l l i zed  f r o m  methanol ,  Vc was r e c r y s t a l -  
l ized f r o m  butanol,  VIII was r e c r y s t a l l i z e d  f r o m  CC14-petroleum 
ether ,  and the remain ing  compounds were  c rys t a l l i zed  f r o m  a lco-  
hol. 

~N, %. 

VIII was identified f r o m  the IR s p e c t r u m  (uOH = 3290 cm -1, 5OH = 1050 cm-1).  

The fo rmat ion  of compounds with s t r u c t u r e s  IX and X is poss ib le  during the p repa ra t ion  of s e v e r a l  
acids of the benzothiazole  and benz imidazo le  s e r i e s  by condensation of isa toic  anhydride  with o -amino th io -  
phenol and o-phenylenediamine ,  r e spec t ive ly ;  

I1 a,b + "co 
~"~....-"%C 0 ~ 0 N H 

COOH NH--COOH 
IX • 

However, on the basis of the data of elementary analysis, IR spectroscopy, and the chemical proper- 
ties of the compounds (they are insoluble in sodium carbonate and alkali and are capable of undergoing 
diazotization and coupling with amines and phenols to give azo dyes), it can be assumed that decarboxyla- 
tion occurs during the reaction to form compounds which have primary amine structure XI: 

N H  2 

XIa, b 

XIa X=8; XIb X=NH 

1 5 8 5  



Reactions of the synthesized 2-benzothiazolylmethylaminocarboxyl ic  acids were ca r r i ed  out with 
solutions of heavy metal  sal ts  [2]. A change in the color  of the solutions or  the formation of precipi tates 
were observed.  The copper  salt  of 2-benzothiazolylmethylselenoacet ic  acid was properly isolated. Inves-  
tigations in this direction a re  continuing. 

E X P E  R I M E N  TA L 

2-Benzothiazolylmethylphenylaminoacet ic  Acid (IVa). An equimolar  amount of o-aminothiophenol in 
benzene was added to 11 g {0.056 mole) of anilinediacetic anhydride [3] in benzene. After  the solution be-  
came clear ,  it was allowed to stand for  30 min. Removal of the solvent by distillation and crysta l l izat ion 
of the resul ts  gave 13.9 g of product.  

2 -Benzoth iazoly lmethyl - (m- to ly l ) -aminoace t ic  Acid (IVb). An equimolar  amount of o-aminothiophe-  
nol was added to a toluene solution of 18 g (0.088 mole) of m-toluidineacet ic  anhydride [2]. The mixture 
was refluxed for  0.5-1 h, the solvent was removed by distillation, and the residue was crys ta l l ized  to give 
18.1 g of product.  

IVc-f  were  s imi la r ly  obtained (see Table 1 ). 

2-Benzothiazolylmethylse lenoacet icAcid  (Ib). This was synthesized in 39.6% yield f rom selenodi-  
glycolic anhydride [2] and had mp 200 deg. Found %: Se 27.2. C~0HsNO2SSe. Calc. 70: Se 27.6. 

Copper Salt of Ib. 11o [0.57 g {0.002 mole)] was dissolved in dimethylformamide,  and an excess of a 
hot, saturated aqueous solution of copper  sulfate was added. The result ing precipi tate  of l ight-green pow- 
dery salt  was c rys ta l l ized  f rom d i m e t h y l f o r m a m i d e - w a t e r  to give 0.59 g (93 70) of product.  Found 70: 
N 4.3; Se 24.0. C20HI~CuN204S2Se 2. Calc. 70: N 4.4; Se 24.9. 

Es te rs  V (a-c) were obtained by esterif icat ion of acids IV with alcohols in the presence  of hydrogen 
chloride;  amides Via and b were obtained by ammonia  saturation of methanol solutions of the es te r s  of the 
corresponding acids;  hydrazides  VII a and b were obtained by heating V with hydrazine hydrate (see Table 
2). 

2-Benzothiazolylmethylphenylaminoethanol  (VIII). A solution of 27.7 g {0.085 mole) of Vb in 400 ml of 
absolute ether  was added dropwise to a s t i r red  solution of 7.2 g {0.18 mole) of lithium aluminum hydride in 
250 ml of absolute ether  cooled t o - 6 0  deg. Wet e ther  (200 m l ) w a s  added dropwise to this mixture 
{warmed to - 25 deg) to decompose the unchanged lithium aluminum hydride. A solution of 12 g of NaOH in 
70 ml of water  was added to the mixture  at - 1 5  deg to decompose the precipitated alkoxide, af ter  which the 
react ion mass  was allowed to warm to room tempera ture .  The solution was fi l tered,  the ether f i l t rate  was 
dried with magnes ium sulfate, and the ether was removed by distillation. The res idue was recrys ta l l i zed  
to give 16.8 g of product.  

o -Aminoph~y l -2 -benzo th i azo l e  (XIa)~ A solution of 27 g (0.16 mole) of isatoic anhydride [4] and 27 
ml of d imethyl formamide was refluxed for 18-20 h with 20.6 g {0.16 mole) of o-aminothiophenol and then 
diluted twice with hot water.  The resul t ing solid precipi ta te  was c rys ta l l i zed  f rom alcohol to give 26.1 g 
(5970) of a product with mp 125 deg. Found 70: S 14.1. C13HIoN2S. Calc. 70: S 14.2. 

o-Aminophenyl-2-benzimidazole  (XIb)~ This was s imi lar ly  obtained in 6270 yield f rom equimolar  
amounts of isatoic anhydride and o-phenylenediamine and had mp 266 deg. Found % :  N 20.0. C13HIIN3. 
Calc. 70 : N 20.1. 

2-Hydroxynaphthylene- l -azo[2 ' - (2"-benzothiazolyl )benzene] .  A solution of sodium ni t r i te  [0.69 g 
(0.03 mole) of NaNO 2 in 4 ml of water] was added to a suspension of 2.27 g (0.01 mole) of XIa in 6-7 ml of 
HC1 (1: 1) with s t i r r ing  at 2-5 deg~ After  this, the reaction mixture was s t i r red  for another 15-30 min. The 
diazotized amine was added dropwise to a cooled solution of socium fi-naphthoxide [1.44 g (0.01 mole) of 
fi-naphthol, 0.8 g (0.025 mole) of NaOH, 10 ml of water].  The precipi tated dye was c rys ta l l ized  f rom di-  
methyl formamide  to give 3.48 g (91.3~o) of a product with mp >350 dego Found %: S 8.34. C23H15N3OS. 
Calc. 70; S 8.4. 

The IR spec t rum of VIII in KBr pellets (190 mg of KBr and 2 rag of compound) were obtained with a 
UR-10 spec t romete r ,  while the spec t ra  of the remaining compounds were obtained with a UR-20 spec t ro -  
me te r  with KBr, LiF, and NaC1 p r i sms .  The following bands were detected: for  IVd and f 2500-3000 cm -1 
(~OH), 1710 cm -I  (u C = O); for Vc 1735 cm -1 (u C = O); for VIb 1690 cm -1 (u C = O "amide I" band); for XIa 
3470 cm -1 (VNH 2) and 1620 cm -1 (6NH2). 
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TABLE 3. Solvent Systems for Chromatography 

S y s t e m  

. symbol 

h 
B 
C 
D 
E 
F 
G 

Solvents 

Isobutanol-formic acid-water 
Dichloroethane- methanol 
D ichloroethane - methanol 
90 % ethanol-25 % ammonia-water 
Benzene -Dioxane- acetic acid 
Benzene -methanol - acetic acid 
D ichloroethane- methanol 

Ratio 

7 : 2 : l  
9:1 
95:5 
100 : 12 : 16 
90:25:4 
45:8:4 
7:3 

TABLE 4. Rf Values in Various Solvent Systems 

Corn  - 

)ound_. 
IVa 
IVb 
IVc 
IVd 
IVe 
IVf 
IVb 

Rfin Systems 

A 

0,76 
0,76 
0,76 
0,75 
0,74 
0,76 
0,76 

0,06 
0,07 
0,06 
0,06 
0,03 
0,76 
0,02 

0,78 
0,80 
0,78 
0,79 
0,79 
0,78 
0,72 

0,38 
0,38 
0,61 
0,36, 
0,48 
0,58 
0,16 

0,76 
0,78 
0,73 
0,82 
0,19 
0,35 

0,33 
0,33 
0,32 
0,31 
0,28 
0,28 
0,28 

T A B L E  5. R f  Va lues  in S y s t e m  C 

Corn - 
Vb Vc VIb VIIa VIIb VIII XIa XIb pound 

R~ 0,66 0,63 0,23 0,17 0,15 0,41 0,69 0,51 

The c o m p o u n d s  we ob ta ined  w e r e  c h r o m a t o g r a p h e d  on p l a t e s  in a t h i n - l a y e r  of M e r c k  G s i l i c a  ge l  
with the  v a r i o u s  s o l v e n t  s y s t e m s  (Table  3). The  c h r o m a t o g r a m s  w e r e  d e v e l o p e d  in iod ine  v a p o r .  The  

c a l c u l a t e d  R f  v a l u e s  a r e  p r e s e n t e d  in T a b l e s  4 and 5. 
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