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give N-(2-cyanoethyl)-bicyclo[2.2.1] -5-lieptene-2,3-carbox- slightly soluble in organic solvents but could bc crystallized 
imide as colorless crystals, melting a t  113-115', in 75% from hot water to give a nicely crystalline solid, melting 
yield. from 175-176'. 

Anal. Calcd. for C12H12NZ02: C, 66.62; H,  5.56; Anal. Calcd. for C I & ~ O N ~ O Z :  C, 58.50; H, 6.19; 
N, 12.96. Found: C,66.83; H ,  5.41; N, 13.05. N, 25.60. Found: C, 58.41; H, 6.27; N,25.44. 

A mixed melting point with the product obtained from Acknowledgments.-The author is grateful to 
the attempted esterifications above showed no depression. Mr. H. C. Shue for technical assistance, Mr. Q. 

N,N,N',N'-Tetra-(Z-cyanoethyl)-succhamide.-A small Quick for microanalyses and Mr. C. M. Love11 for amount of solid filtered from several different alkyl N,N-bis- 
(2-~yanoethyl)-succinamates proved in each case to be the infrared 
same material. I t  was flammable, neutral to litmus, very SOUTH CHARLESTON, w. VA. 
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Twenty-three acid analogs of 2-mercaptobenzimidazoles were prepared by treating substituted 2-mcrcaptobenzimidazoles 
with monochloroacetic, a-bromopropionic or p-bromopropionic acid. 

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. Klotz 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. ,j 
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.' 

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 P-bromopropionic acids. The 
2-mercaptobenzimidazoles were synthesized from 
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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 8-propionic acid derivatives 
were synthesized by treating the appropriately substituted 
2-mercaptobenzimidazole with monochloroacetic, a-bromo- 
propionic or P-bromopropionic acids. Equal molar quantities 
of the monohalogenated acid and the X-mercaptobenzimida- 
zole were refluxed two hours in a 2 N 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-Mercaptobenzimidazo1es.-These com- 
pounds were prepared by the procedure of Van Allan and 
Deacons 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-o-phenylenediamine were secured from Distillation 
Products Industries. 4-Methoxy-l,2-diaminobenzene,O 4- 
phenyl-1,2-diaminoben~ene,~~ 4methyl-1 ,2-diaminobenzene11 
and 3,5-dimethyl-1,2-diarninobenzene1* were prepared from 

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

(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., 36, 640 (1902). 

1271 (1949). 
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Ring 
aubstitu 

tion 

3 Chloro- 
5-Chloro- 
5-Chloro- 
4,6-Dichloro- 
5,6-Dichloro- 
5,6- Dichloro- 
4,5,6-Trichloro- 
4,5,6-Trichloro- 
5-Bromo- 
5-Bromo- 
&Nitro- 
5-Nitro- 
j-hfethoxyl- 
5-Llethoxyl- 
5-Methyl- 
5-LIethyl- 
4,6-Dimethyl- 
4,6-Dimethyl- 
5,6-Dimethyl- 
5,6-Dimethyl- 
5.Phenyl- 
5-Phenyl- 

Acid 
side chain 

a-Propionic 
Acetic 
@-Propionic 
a-Propionic 
Acetic 
Acetic 
a-Propionic 
Acetic 
a-Propionic 
Acetic 
a Propionic 
Acetic 
a-Propionic 
Acetic 
a-Propionic 
Acetic 
a-Propionic 
Acetic 
a-Propionic 
Acetic 
a-Propionic 
Acetic 
a-Propionic 
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RI p . . n  
O C  

181-182 
193-194 
103-108 
166-167 
222-224 
21 9-221 
230-231 
205-207 
222-224 
194-196 
180-181 
191-192 
186-188 
194-196 
13  1 - 152 
19 7-200 
160-162 
247-249 
160-161 
207-209 
208-210 
215-216 
200-202 

TABLE I 
PROPERTIES OF 2-BENZIMIDAZOLYLTHIO f l C I O S  

Formula 
CIQHIQOZX~S 
CPH~OZNZSCI 
CIQHUOZNZSC~ 
CIQHUOZNZSC~ 
CQHEOZNZSCIZ 
CQHBOZXZSCIY 
CIOHEOZXZSC~Z 
C~Hs0zNzSCla 
C I O H ~ ~ Z ~ - Z S C ~ D  
CeH70zNzSBr 
C!oHQOzNzSBr 
CgHiOiXaS 
CioH7OiNaS 
CIQHIDOIN~S 
C U H I ~ O J N Z S  
OIOHIQOZ?;ZS 
CIIHIZOZX~ZS 
CiiHizOzNzS 
CIZH!IOZSZS 
CuHi20zKzS 
C I Z H I ~ O ~ N Z S  
C I ~ H L ~ O Z N Z S  
CIEHIIO1NZS 

H 
Yie1d.b Neut. eyuiv. Carbon, % 

% Calcd. Found Calcd. Found 
41 222.3 218.8 2 4 . 0 1  33.87  
68 242.7 245 .5  44.54 4 4 . 6 7  
60 256.7 259.0 46.78 46 .58  
39 256.7 2 5 3 . 0  46.78 46.55 
25 277.1  2 7 7 . 3  39.00 3iJ.34 
81 277 .1  274.1 39.00 39 .38  
159 
42 
80 
70 
43 
ti9 
3 2 
30 
71 
4 i  _ _  ., ., 
. ) , I  
_ _  
U I 
8 .i 
6 4 
74 
87 

291.2 
311 .6  
325 .6  
287 .1  
301 .2  
2.53.2 
2 6 i . 3  
238 .3  
252.3 
222.3 
23G. 3 
236.3  
2 5 0 . 3  
2 3 6 . 3  
2.50. 3 
284 .3  
298.4 

292 .3  
310.2 
324 .4  
288 1 
302.4 
230 .5 
271.0 
235.7 
255 1 
226 .4  
240 .3  
231.7 
248.2 
234.9 
233 7 
282.8 
207). 4 

Hydrogen, 
Calcd. Found 

4 . 5 4  4.48  
2 .91  3.25 
3 . 5 3  3 .73  
3 . 5 3  3 43 
2.18  2 36 
2 .18  2 .41  

41.25 41 .28  2 .77  3 .02  
34 .69  3-4.75 1.ii2 1 .89  
36.88 37.09 2 . 1 7  2 . 1 1  
37 .64  RY8G 2 . 4 6  2 . 6 8  
30 .88  3!1.43 3 . 0 1  2.SU 
-12 68 4 2 . 5 4  2 . 7 9  2.90 
44 94  45 03 3 . 3 9  3 . 1 3  
50 .41  30 .79  4 . 2 3  4 .21  
.52 36 52.63 4 . 7 9  4.85  
,54. 04 
35.91 
55.g1 
57.58 
,5;7, 91 
57 .58  
63.3ti 
6 4 . 4 1  

Nitrogen, 5; 
Calcd. Found 
12.60 12.72 
11.54 11 .23  
10.01 10.88 
10.01 10.92 

10.11 10 08 
i n . 1 1  10 .00  

~~ 

31.00 4 . 5 4  4 .62  
56.09 5 .12  5 .47  
56 .01  5 , 1 2  4 .92  11.86 1 1 . 8 5  
5 7 . 6 8  5.G4 5 . 9 9  1 1 . 1 9  10 .98  
5.7.74 5 . 1 2  5 . 3 3  11.86 12.11 
5 7 . 9 7  A.64 S . 9 1  11.19 1 1 . 3 2  
63 .40  4 .25  4 .21  9.85 9 .79  
F4.16 4 .73  4 .52  9.39 9 .35  

9 . 6 2  
8 .  I)!) 
8 . 6 0  
9 . i f i  
0 . 3 0  
6.59 
5 .72  
1.76 
1 .10  
2 . 6 0  
1 .86  

!>. e!) 
2 . 3 3  
8 .  8'1 
9 . 8 4  
9.45 
6 . 3 1  
5 . 9 0  
1 . 7 7  
1 . 0 7  
3.61 
1 .71  

The melting points were determined 0.1 a Fishtr-John5 melting point block aud corrected for calibration of the instru- 
ment. * Yields are calculated on the basis of the once-recrystallized acid. 

2 - Nitro - 4 - methoxyaniline, 4 - amino - 3 - nitrobiphenyl, 4- 
inet h yl-2-nitroadhe and 2,4-dimethyl-6-nitroaniline, respec- 
tively, by reduction with stannous chloride in concentrated 
hydrochloric acid. 1,3-Dichlor0-2,5-diaminobenzene,~~ 4- 
l~romo-l,2-diamin0benzene~~ and 4,5-dimethyl-l,2-diamino- 
henzene'5 were synthesized from 2,4-dichloroaniline, nz- 
bromoaniline and 3 ,Cdimethylaniline, respectively, by nitrat- 
ing the acetylated aniline derivative with concentrated nitric 
x i d  and reducing the nitro compound after hydrolysis with 

stannous chloride. 1,2-Dichlor0-4,5-diaminobenzene~~ was 
made from 12-dichloro-2-nitrobenzene by nitration and re- 
ductioii of the dinitro compound'7 with mossy tin in concen- 
trated hydrochloric acid. 1,2,3-Trichloro-5,6-diaminoben- 
zene was prepared by the reduction of 1,2,3-trichloro-5,6- 
dinitrobenzene'* which in turn was synthesized by the nitra- 
tion of 1,2,3-trichlor0-5-nitrobenzene.~~ 
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Metabolite Analogs. VI. Preparation of Some Analogs of 4-Amino-5-imidazole- 
carboxamide 

BY JOHN R. E. HOOVER? AND.ALLAN I<. DAY 
RECEIVED JULY 5 ,  19.56 

1,3,3-Triazolc analogs of the itnidazole intermediates of de novo puriue synthesis have beer1 prepared its potential incdifierr 
of nucleic acid metabolism. The l-benzyl-1,2,3-triazoles mere formed readily by condensing benzyl azide with esters anti 
nitriles containing an active methylene group and the benzyl group WLS 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 )  Presented a t  the  Ilclaware Valley Rerional Meeting o f  the 
American Chemical Society on February 16, 195G. This investiga- 
tion w'as supported by a research grant (C-218911) from the  Nationd 
Cancer Insti tute of the  National Institutes of Health, Public Health 
Serbice. 
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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,a especially of 

( 3 )  W. Shive, W. W. Ackerman, hl. Gordon, M. E. Getzendancr 
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'G(i (1923); G. I<. Greenberg and E.  1,. Spilman, J .  Bad. Chew , 219, 
,111 (1950). 


