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give N-(2-cyanoethyl)-bicyclo [2.2.1 ] -5-heptene-2,3-carbox-
imide as colorless crystals, melting at 113-115°, in 7 5 % 
yield. 

Anal. Calcd. for Ci2H12N2O2: C, 66.62; H, 5.56; 
N, 12.96. Found; C, 66.83; H, 5.41; N, 13.05. 

A mixed melting point with the product obtained from 
the attempted esterifications above showed no depression. 

N,N,N',N'-Tetra-(2-cyanoethyl)-succinamide.—A small 
amount of solid filtered from several different alkyl N,N-bis-
(2-cyanoethyl)-succinamates proved in each case to be the 
same material. It was flammable, neutral to litmus, very 

Several workers have reported that benzimida
zole is an antagonist of purine compounds. 
Woolley3 observed that benzimidazole inhibited 
the growth of several yeasts and bacteria and that 
the inhibition could be completely removed by the 
addition of aminopurines. KIotz and Mellody4 dem
onstrated that yeast nucleic acid reversed the in
hibitory effect of benzimidazole on the growth of 
the bacterium, Escherichiacoli. Gillespie, et al.,' 
showed that 4-methoxy-6-methylbenzimidazole in
hibited growth of Tetrahymena gelii, a guanine-re-
quiring protozoan and also of developing embryos 
of Rani pipiens. By using peas as the test plant, 
Galston, et al.,6 noted that benzimidazole was a 
metabolic antagonist of adenine and hindered cell 
elongation. Recently Rebstock, et al., reported 
that several acid analogs of 2-mercaptobenzimida
zole arrested leaf and stem growth of Cranberry 
bean plants and root formation of cucumber seed
lings.7 

In the present work several new acid analogs of 
2-mercaptobenzimidazole were synthesized to study 
the effect of chemical structure of derivatives of 
2-mercaptobenzimidazole on growth inhibition of 
plants. Different chemical groups were substi
tuted in the benzene ring of the benzimidazole nu
cleus and the thioether acid side chains were 
varied. 

The acids were prepared by the Williamson syn
thesis by treating the appropriately substituted 
2-mercaptobenzimidazoles with monochloroacetic, 
a-bromopropionic or /3-bromopropionic acids. The 
2-mercaptobenzimidazoles were synthesized from 

(1) From the Ph.D. thesis of Theodore L. Rebstock, Michigan 
State University, 1956. 

(2) Journal Article No. 1932, Michigan Agricultural Experiment 
Station, East Lansing. Supported in part by the Horace H. Rackham 
Research Endowment of Michigan State University. 

(3) D. W. Woolley, J. Biol. Chem., 152, 225 (1944). 
(4) I. M. Klotz and M. Mellody, J. Bad., 86, 253 (1948). 
(5) H. B. Gillespie, M. Engelman and S. Graff, T H I S JOURNAL, 76, 

3531 (1954). 
(6) A. W. Galston, R. S. Baker and J. W. King, Physiol. Plantarum, 

6, 863 (1953). 
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slightly soluble in organic solvents but could be crystallized 
from hot water to give a nicely crystalline solid, melting 
from 175-176°. 

Anal. Calcd. for Ci6H20N6O2: C, 58.50; H , 6.19; 
N, 25.60. Found: C, 58.41; H, 6.27; N, 25.44. 
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suitably substituted o-phenylenediamines by the 
method described by Van Allan and Deacon8 using 
a mixture of potassium hydroxide dissolved in 
aqueous ethanol and carbon disulfide. Where the 
o-phenylenediamines were commercially unavail
able, these compounds were prepared from the cor
responding o-nitroaniline or o-dinitrobenzene de
rivative by either reducing the nitro compound 
with stannous chloride or tin in concentrated hydro
chloric acid. The melting points, neutralization 
equivalents, yields and analyses for the (2-benz-
imidazolylthio) acid derivatives are summarized 
in Table I. 

The results of the biological assay of these com
pounds will be reported elsewhere. 

Experimental 
Preparation of (2-Benzimidazolylthio) Acid Derivatives.— 

The acetic, a-propionic and /3-propionic acid derivatives 
were synthesized by treating the appropriately substituted 
2-mercaptobenzimidazole with monochloroacetic, a-bromo
propionic or 0-bromopropionic acids. Equal molar quantities 
of the monohalogenated acid and the 2-mercaptobenzimida
zole were refluxed two hours in a 2 TV aqueous sodium hydrox
ide solution. After cooling, the solution was filtered and 
made acid to congo red with dilute hydrochloric acid. The 
precipitated acid was collected on a filter, dissolved in a min
imum volume of boiling ethanol and decolorized with Nor-
ite. The filtered hot alcohol solution was diluted with wa
ter until a permanent cloudiness was obtained and then 
placed in the refrigerator for crystallization. The acid deriv
atives were recrystallized until the melting points were con
stant. 

Preparation of 2-Mercaptobenzimidazoles.—These com
pounds were prepared by the procedure of Van Allan and 
Deacon8 using as the reactants the appropriately substituted 
o-phenylenediamine and a mixture of aqueous ethanolic po
tassium hydroxide and carbon disulfide. 

Preparation of o-Phenylenediamines.—4-Chloro- and 4-
nitro-0-phenylenediamine were secured from Distillation 
Products Industries. 4-Methoxy-l,2-diaminobenzene,9 4-
phenyl-l,2-diaminobenzene,104-methyl-l,2-diaminobenzene11 

and 3,5-dimethyl-l,2-diaminobenzene12 were prepared from 

(8) J. A. Van Allan and B. D. Deacon, Org. Syntheses, 30, 56 (1950). 
(9) F. H. S. Curd, D. G. Davey and G. J. Stacey, / . Chem. Soc, 

1271 (1949). 
(10) F. Bell and J. Kenyon, ibid., 2705 (1926). 
(11) E. Noelting and L. Stoecklin, Ber., 24, 565 (1891). 
(12) E. Noelting and G. Thesmar, ibid., 38, 640 (1902). 
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The Synthesis of Several Acid Analogs of 2-Mercaptobenzimidazole1,2 
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Twenty-three acid analogs of 2-mercaptobenzimidazoles were prepared by treating substituted 2-mercaptobenzimidazoles 
with monochloroacetic, a-bromopropionic or /3-bromopropionic acid. 
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TABLE I 

PROPERTIES OF 2-BENZIMIDAZOLYLTHIO ACIDS 

ill 

5 Chloro-
5-Chloro-
5-Chloro-
4 ,6-Dichloro-
5,6-Dichloro-
5,6-Dichloro-
4,5 ,6-Tr ichloro-
4,5 ,6-Tr ichloro-
5-Bromo-
5-Bromo-
5-Ni t ro-
o -Ni t ro -
5 -Methoxy l -
5 -Methoxyl -
5 -Methy l -
.5-Methyl-
4 ,6 -DimethyI -
4 ,6 -Dime thy l -
5 ,6 -Dimethy l -
5 ,6 -Dimethy l -
5-Phenyl -
5-Phenyl -

° The melting 
ment. 6 Yields 

Acid 
side chain 

a -Prop ion ic 
Acet ic 
^ -Prop ion ic 
a -P rop ion i c 
Acetic 
Acetic 
a -P rop ion ic 
Acet ic 
a -P rop ion i c 
Acetic 
a P rop ion ic 
Acetic 
a -P rop ion i c 
Acetic 
a -P rop ion ic 
Acetic 
a -P rop ion ic 
Acetic 
a -P rop ion ic 
Acetic 
a -Prop ion ic 
Acetic 
a -Prop ion ic 

M.p . ,« 
0 C . 

181-182 
193-194 
103-108 
166-167 
222-224 
219-221 
230-231 
205-207 
222-224 
194-196 
180-181 
191-192 
186-188 
194-196 
151-152 
197-200 
160-162 
247-249 
160-161 
207-209 
208-210 
215-216 
200-202 

is. 
7 

F o r m u l a 

CioHio02N2S 
CsH 1 O 2 N 2 SCl 
CioH.OsNsSCl 
CiOHgOsN2SCl 
C 1 HaO 2 N 2 SCl 1 

CsHtO 2 N 2 SCl 1 

CiI)H6O2N2SCl2 

C 9 HsO 2 N 2 SCl! 
C I O H T O 2 N 2 S C I 1 

C 8 H 1 O 2 N 2 SBr 
C n H s O 2 N 2 S B r 
CsH 7 O 1 NsS 
CioHiO.NsS 
CioHioO,N2S 
CuHi 2 OsN 2 S 
CioHio02N2S 
CnHi 2 O 2 N 2 S 
CnHi 2 O 2 N 2 S 
Ci 2 HnO 2 NsS 
CIiHi2O2NsS 
C i 2 HuO 2 N 2 S 
CnHi 2 O 2 N 2 S 
C K H H O 2 N 2 S 

3 

CSCH2COOH 

•x/ 
1 
H 
Yield,* 

% 
41 
68 
60 
39 
25 
81 
69 
42 
80 
70 
43 
69 
52 
50 
71 
47 
55 
rio 

64 
85 
64 
74 
87 

N e u t . 
Calcd. 

2 2 2 . 3 
2 4 2 . 7 
2 5 6 . 7 
2 5 6 . 7 
2 7 7 . 1 
2 7 7 . 1 
2 9 1 . 2 
3 1 1 . 6 
3 2 5 . 6 
2 8 7 . 1 
3 0 1 . 2 
2.53.2 
2 6 7 . 3 
2 3 8 . 3 
2 5 2 . 3 
2 2 2 . 3 
2 3 0 . 3 
2 3 6 . 3 
2 5 0 . 3 
2 3 6 . 3 
2 5 0 . 3 
284 .3 
2 9 8 . 4 

eg ui v. 
F o u n d 

2 1 8 . 8 
2 4 5 . 5 
2 5 9 . 0 
2 5 3 . 0 
2 7 7 . 3 
2 7 4 . 1 
2 9 2 . 3 
3 1 0 . 2 
3 2 4 . 4 
2 8 8 . 1 
3 0 2 . 4 
2.50. .5 
2 7 1 . 0 
2 3 5 . 7 
255 .1 
2 2 6 . 4 
2 4 0 . 3 
2 3 1 . 7 
2 4 8 . 2 
2 3 4 . 9 
2 5 3 . 7 
2 8 2 . 8 
2 9 9 . 4 

C a r b 
Calcd . 

5 4 . 0 4 
4 4 . 5 4 
4 6 . 7 8 
4 6 . 7 8 
3 9 . 0 0 
3 9 . 0 0 
4 1 . 2 5 
3 4 . 6 9 
3 6 . 8 8 
3 7 . 6 4 
3 9 . 8 8 
4 2 . 6 8 
4 4 . 9 4 
5 0 . 4 1 
5 2 . 3 6 
5 4 . 0 4 
5 5 . 9 1 
5 5 . 9 1 
5 7 . 5 8 
5 5 . 9 1 
.57.58 
6 3 . 3 6 
6 4 . 4 1 

points were determined o-.i a Fisher-Johns melting point block and o 
are calculated on the basis of the once-recrystallized acid. 

on, % 
F o u n d 

53 .87 
4 4 . 6 7 
4 6 . 5 8 
4 6 . 5 5 
3 9 . 3 4 
3 9 . 3 8 
41 .28 
3 4 . 7 5 
3 7 . 0 9 
3 7 . 8 6 
3 9 . 4 3 
4 2 . 5 4 
4 5 . 0 3 
5 0 . 7 9 
52 .63 
5 4 . 0 0 
5 6 . 0 9 
5 6 . 0 1 
5 7 . 6 8 
5.5 .74 
5 7 . 9 7 
6 3 . 4 0 
0 4 . 1 6 

H y d r o s 
Ca lcd . 

4 . 5 4 
2 . 9 1 
3 . 5 3 
3 . 5 3 
2 . 1 8 
2 . 1 8 
2 . 7 7 
1 .02 
2 . 1 7 
2 . 4 6 
3 . 0 1 
2 . 7 9 
3 . 3 9 
4 . 2 3 
4 . 7 9 
4 . 5 4 
5 .12 
5 . 1 2 
5 . 6 4 
5 . 1 2 
,5.64 
4 . 2 5 
4 . 7 3 

;en, % 
F o u n d 

4 . 4 8 
3 . 2 5 
3 . 7 3 
3 . 4 3 
2 , 3 6 
2 . 4 1 
3 . 0 2 
1.89 
2 . 1 1 
2 . 6 8 
2 . 8 9 
2 .90 
3.1,5 
4 . 2 1 
4 . 8 5 
4 . 6 2 
.5.47 
4 . 9 2 
5 . 9 9 
.5.33 
5 .91 
4 . 2 1 
4 . 5 2 

Ni t rogen , % 
Calcd . F o u n d 

12 .60 
11 .54 
1 0 . 9 1 
10 .91 
1 0 . 1 1 
1 0 . 1 1 

9 . 6 2 
8 .9» 
8 . 6 0 
9 . 7 6 
9 . 3 0 

16 .59 
1 5 . 7 2 
1 1 . 7 6 
1 1 . 1 0 
1 2 . 6 0 
1 1 . 8 6 
1 1 . 8 6 
11 .19 
1 1 . 8 6 
11 .19 

9 . 8 5 
9 . 3 9 

jrrected for calibration of the 

12 .72 
1 1 . 2 3 
1 0 . 8 8 
1 0 . 9 2 
1 0 . 0 9 
1 0 . 0 8 

9 . 6 9 
9 . 3 3 
8 .84 
9 . 8 4 
9 .45 

16 .34 
1 5 . 9 9 
11 .77 
1 1 . 0 7 
1 2 . 6 1 
11 .71 
11 .85 
1 0 . 9 8 
1 2 . 1 1 
1 1 . 3 2 

9 . 7 9 
9 .35 

instru-

2 - Nitro - 4 - methoxyaniline, 4 - amino - 3 - nitrobiphenyl, 4-
methyl-2-nitroanilineand 2,4-dimethyl-6-nitroaniline, respec
tively, by reduction with stannous chloride in concentrated 
hydrochloric acid. l,3-Dichloro-2,5-diaminobenzene,13 4-
bromo-l,2-diaminobenzene14 and 4,5-dimethyl-l,2-diamino-
benzene15 were synthesized from 2,4-dichloroaniline, m-
bromoaniline and 3,4-dimethylaniline, respectively, by nitrat
ing the acetylated aniline derivative with concentrated nitric 
acid and reducing the nitro compound after hydrolysis with 

(13) O. N . W i t t , Ber., 7, 1601 (1874). 
(14) H. H u b n e r , Ann., 209, 339 (1881). 
(15) E . Noe l t ihg , A. B r a u n a n d G. 

(1901). 
T h e s m a r , Ber., 34, 2252 

stannous chloride. l,2-Dichloro-4,5-diaminobenzene16 was 
made from l,2-dichloro-2-nitrobenzene by nitration and re
duction of the dinitro compound17 with mossy tin in concen
trated hydrochloric acid. l,2,3-Trichloro-5,6-diaminoben-
zene was prepared by the reduction of l,2,3-trichloro-5,6-
dinitrobenzene18 which in turn was synthesized by the nitra
tion of l,2,3-trichloro-5-nitrobenzene.19 
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(16) D . W. Woolley, E . A. Singer a n d N . Smi th , / . Expll Med., 
93 , 13 (1951). 

(17) R. K u h n , F . W e y g a n d and E . F . Moller , Ber., 76, 1048 (1943). 
(18) M . A. F . Ho l l eman , Rev. trav. Aim., 37, 19.5 (1918). 
(19) M . K. Bezzube t s and V. S. Roz ina , Zhur. Priklad. Khim., 21, 

1161 (1948); CA., 43 , 6193 (1949). 
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Metabolite Analogs. VI. Preparation of Some Analogs of 4-Amino-5-imidazole-
carboxamide1 

BY JOHN R. E. HOOVER2 AND.ALLAN R. DAY 

RECEIVED JULY 5, 1956 

1,2,3-Triazole analogs of the imidazole intermediates of de novo purine synthesis have been prepared as potential modifiers 
of nucleic acid metabolism. The l-benzyl-l,2,3-triazoles were formed readily by condensing benzyl azide with esters and 
nitriles containing an active methylene group and the benzyl group was removed by reduction with sodium in liquid ammonia. 

The use of drugs which affect nucleic acid metab
olism, especially certain analogs of the natural pu
rines, has been one of the more fertile fields of cancer 

(1) Presen ted at t h e De laware Vaiiey Regiona l M e e t i n g of t he 
Amer i can Chemica l Socie ty on F e b r u a r y 16, 1956. T h i s inves t iga
t ion was s u p p o r t e d by a research g r an t (C-2189A) from t h e N a t i o n a l 
C a n c e r I n s t i t u t e of t h e N a t i o n a l I n s t i t u t e s of H e a l t h , Publ ic H e a l t h 
Service, 

(2) T o w h o m inquir ies should be addres sed . Smi th , Kline and 
F rench L a b o r a t o r i e s , 1530 Spr ing Ga rden S t ree t , Ph i l ade lph ia 1 , Pa. 

chemotherapy to date. In view of this, an investi
gation of the possibility of interfering with purine 
metabolism by the use of analogs of the recently 
elucidated natural purine precursors,3 especially of 

(3) W. Sh ive , W. W. A c k e r m a n , M . Gordon , M . E . G e t z e n d a u c r 
a n d R . E . E a k i n , T H I S J O U R N A L , 69, 725 (1947) ; S. C . H a r t m a n , B. 
L e v e n b e r g a n d J . M . B u c h a n a n , ibid., 77, 501 (1955) ; B . Levenberg 
and J. M . B u c h a n a n , ibid., 78 , 504 (1956) ; J . S. Go t s , Nature, 172, 
250 (1953); G. R. Greenbe rg and E. L. Sp i lman , J. Biol. Chem., 219, 
111 (1956). 


