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2-(N-Arylsulfonyl-N-phenylaminoethyl)benzimidazoles and some 
of their derivatives have been synthesized. 

B e n z i m i d a z o l e  d e r i v a t i v e s  i n c l u d e  p l a n t  g r o w t h  

s t i m u l a t o r s  [1],  f u n g i c i d e s  [2, 3], c h e m o t h e r a p e u t i c  

s u b s t a n c e s  [4,  5], and a l s 0  a n u m b e r  of s u b s t a n c e s  

s u p p r e s s i n g  t h e  g r o w t h  of t u m o r s  [ 6 , 7 ] .  T h e  o b j e c t  
of t he  p r e s e n t  i n v e s t i g a t i o n  w a s  t h e  s y n t h e s i s  of 

d e r i v a t i v e s  of a m i n o e t h y l b e n z i m i d a z o l e  c o n t a i n i n g  
a r y s u l f o n y l  g r o u p s  in  t he  s i d e  cha in .  

We h a v e  s y n t h e s i z e d  2 - ( N - a r y l s u l f o n y l - N - p h e n y l a -  

m i n o e t h y l ) b e n z i m i d a z o l e s  by t h e  c o n d e n s a t i o n  of 

o - p h e n y l e n e d i a m i n e  w i t h  N - a r y l s u l f o n y l - N - p h e n y l - / ~ -  

a l a n i n e s ,  t h e i r  e s t e r s ,  t h e i r  n i t r i l e s ,  and  t h e i r  h y d r o -  
c h l o r i d e s  by  t h e  f o l l o w i n g  

~ .  H2 + X--CH2--CH~-- h/(C6Hs)SO2 CGH4--R-p NH 2 

x , ~  \N / 2 "'2 \ 
H la-e SO2CGH4--R "P 

//NH.HCt c / /O  c / / O  X=C : ' ; C~N 
\OC2Hs(OCH3) ~0[ t  ' \ O C H  a 

R = a  H: b CI: c 8r: d F: r r  f CHsO 

C o m p o u n d s  I w e r e  f o r m e d  in h igh  y i e l d  by t h e  

r e a c t i o n  of t he  h y d r o c h l o r i d e s  of the  m e t h y l  and e t h y l  

i m i n o e t h e r s  of  N - a r y l s u l f o n y l - N - p h e n y l - f i - a l a n i n e s  
w i t h  o - p h e n y l e n e d i a m i n e .  

N - p - B r o m o b e n z e n e s u l f o n y I - N - p h e n y l - f i - a l a n i n e  

and i t s  e s t e r  f o r m  d i f f e r e n t  s u b s t a n c e s  w i t h  o - p h e n y l -  

e n e d i a m i n e  a c c o r d i n g  to  t h e  r e a c t i o n  c o n d i t i o n s .  On 

c o n d e n s a t i o n  in t h e  p r e s e n c e  of 4 N h y d r o c h l o r i c  

a c i d  [8,  9], t h e  m a i n  r e a c t i o n  p r o d u c t s  a r e  b e n z i -  

m i d a z o l e  d e r i v a t i v e s .  

If t he  r e a c t i o n  i s  c a r r i e d  out  in t h e  p r e s e n c e  of 

p o l y p h o s p h o r i c  a c i d ,  i n t r a m o l e c u l a r  c o n d e n s a t i o n  

t a k e s  p l a c e  wi th  t he  f o r m a t i o n  of 1 - N - p - b r o m o b e n -  

z e n e s u l f o n y 1 - 1 , 2 ,  3, 4 - t e t r a h y d r o - 4  - o x o q u i n o l i n e ,  t h e  

s t r u c t u r e  of w h i c h  w a s  s h o w n  by i t s  c o n v e r s i o n  in to  

1 , 2 ,  3, 4 - t e t r a h y d r o - 4 - o x o q u i n o l i n e  and i t s  p - n i t r o -  

p h e n y l h y d r a z o n e ,  w h i c h  a r e  d e s c r i b e d  in t h e  l i t e r a -  
t u r e  [10] ~. 

C O O H  

HiRH2 N" 2 PPA ~ C Q E H  , ' ~ " ' ~ C O c  H --fl~6 , 2 I tCI  

i I I~ 
SO2C6H4--Br -p SOaCsHr - p 

C o m p o u n d  Ie w a s  a l s o  o b t a i n e d  f r o m  the  e s t e r  

and n i t r i l e  of N - p - b r o m o b e n z e n e s u l f o n y l - N - p h e n y l -  

/~ -a l an ine  by f u s i o n  w i t h  the  d i h y d r o c h l o r i d e  of o -  

p h e n y l e n e d i a m i n e  in a sealed tube. 

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

s u b s t a n c e s  r e a d i l y  s o l u b l e  in a c e t o n e  and  c h l o r o f o r m ,  

s o l u b l e  on h e a t i n g  in  e t h a n o l ,  n i t r o m e t h a n e ,  and  

d i o x a n e ,  and  i n s o l u b l e  in w a t e r ,  e t h e r ,  and  b e n z e n e .  

The  p i c r a t e s  and  h y d r o c h l o r i d e s  of I w e r e  s y n t h e -  

s i z e d .  The  p r o p e r t i e s  of t h e  c o m p o u n d s  o b t a i n e d  

a r e  g i v e n  in  t he  t a b l e .  
S o m e  c h e m i c a l  r e a c t i o n s  of I h a v e  b e e n  s t u d i e d :  

a l k y l a t i o n ,  a c y l a t i o n ,  and  t h e  r e a c t i o n  w i t h  1 - c h l o r o -  

2 , 4 - d i n i t r o b e n z e n e  [11,  12]. 

EXPERIMENTAL 

2-(N-Arylsulfonyl-N-phenylaminoethyl)benzimidazoles. A solu- 
tion of 0.02 mole of o-phenylenediamine in 50 ml of absolute ethanol 
was prepared in a three-necked flask fitted with a mechanical stirrer, 
reflux condenser, and thermometer, and then 0.02 mole of the 
hydrochloride of the ethyl iminoether of a N-arylsulfonyl-N-phenyl- 
8-alanine was added in one portion. The temperature of the reaction 
mixture rose by 8%12 ~ C. {The mixture was heated it1 the water bath 
at 70~ ~ C for 3 hr and was left overnight. The precipitate was 
filtered off, washed with water, and crystallized from aqueous 
ethanol. 

Hydrochlorides of the 2-(N-atylsulfonyl-N-phenylaminoethyl)ben- 
zimidazoles, a) A compound I (0.0025 mole) was boiled with dilute 
hydrochloric acid for 15 rain. After cooling, the oily substance was 
dissolved in ethanol and precipitated with ether. 

b) A solution of 0.005 mole of a compound I in chloroform was 
saturated with dry hydrogen chloride for I hr. After the solvent had 
been driven off, the residue was crystallized from ethanol and ether. 

The picrates of t were synthesized by the usual method. 
2- (N-p- Bromobenzenesulfonyl- N-phcnylaminoethyl)benzimidazole 

Clc). a) A mixture of 1.92 g (0.005 mole) of N-p-bromobenzenesul- 
fonyl-N-phenyl-g-alanine, 0.54 g (0.005 mole) of o-phenylenedia- 
mine, and 50 ml of 4 N hydrochloric acid was heated at 180 ~ C for 
12 hr. After cooling, the hydrochloric acid was distilled off in the 
vacuum of a water pump. This gave 1.18 g (48%) of the hydro- 
chloride of Ie with mp 178.5~ ~ C (ethanol--ether). By the action 
of aqueous ammonia, the hydrochloride was converted into the base 
with mp 161~ ~ C. 

A mixture with the Ic obtained from the iminoether gave no de- 
pression of the melting point. 

b) A mixture of 0.99 g (0.0028 mole) of the methyl ester of 
N-p-hromobenzenesulfonyl-N-phenyl-8-alanine, 0,27 g (0.0025 mole) 
of o-phenylenediamine, and 25 ml of 4 N hydrochloric acid was 
heated in a sealed tube at 180 ~ to 200 ~ C for 7 hr. After cooling, 
0.59 g<48070 of the hydrochloride of Ie with rap 178.5~ ~ C sep- 
arated out. The base was obtained by treating the solvent with ammo- 
nia with subsequent crystallization from ethanol. Mp 1G1~ ~ C. 

c) A carefully ground mixture of 0.91 g (0.005 mole) of o-phenyl- 
enediamine dihydrochloride and 1.99 g (0.005 mole) of the methyl 
ester of N-p-hromobenzenesulfonyl-N-phenyl-8-alanine was heated 
in a sealed tube at 190 ~ C for 2 hr 30 rain and at 200~ ~ C for 
80 rain. After cooling, the contents of the tube were heated with 
150 ml of 5% hydrochloric acid. This gave 1 g (40.7~ of Ic in the 
form of the hydrochloride, mp 1%%179 ~ C. The base had mp 
160.7~ ~ C. A mixture with Ic synthesized by the method des- 
cribed above gave no depression of the melting point. 
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d) A mixture of 7.30 g (0.02 mole)', of the nitrile of N-p-bromo- 
benzenesulfonyl-N-phenyl-~-alanine and 3.62 g (0.02 mole) of the 
dihydrochloride of o-phenylenediamine was heated in a sealed tube 
at 200 ~ C for 1 hr 30 min  at 210%215 ~ C [sic]. The dark gray melt  
was ground and was boiled with 200 mt  of 5% HC1 for 1 hr. The 
solid hydrochloride of Ie so obtained was separated off and crystal- 
lized from ethanol and ether. Mp 178.5 ~ C. The base had mp 161 ~ C. 
Yield 4.83 g (53%). A mixture with the Ic synthesized from the 
iminoether gave no depression of the melt ing point. 

1-N-p-Bromobenzenesulfonyl-1,  2, 3, 4-tetrahydro-4-oxoquinoline.  
a) A mixture of 1.92 g (0.005 mole) of N-p-bromobenzenesulfonyl-  
N-phenyl-8-alanine,  0.54 g (0,005 mole) of o-phenylenediamine,  
and 20 g of PPA was heated at 160~ ~ C for 2 hr. The cooled 
mixture was poured into ice water; the precipitate that deposited 
was separated off and washed with 10% sodium carbonate solution 
and then with water, and was crystallized from aqueous methanol.  
This gave 1.09 g (60%) of the reaction product in the form of color- 
less needles with mp 169.5~ ~ C. Found, %: N 3.80. Calculated 
for CIsH~zBrNQS, %: N 3.82. The o-phenylenediamine was re- 
covered quantitatively (0.53 g). 

b) A mixture of 0.99 g (0.0025 mole) of the methyl  ester of 
N-p-bromobenzenesulfonyl-N-phenyl-B-alanine and 10 g of poly- 
phosphoric acid in the form of a paste was heated at 160%170 ~ C 
for 2 hr. This gave 0.55 g (60%) of a substance with mp 169.5~ ~ 
C which showed no depression in the mixed melt ing point test with 
the substance obtained in experiment (a). 

2, 4-Dinitrophenylhydrazone --red crystalline powder with mp 
186.5%187.5 ~ C. Found, %: N 12.80. Calculated for CerH16BrNsO~q, 
% N 12.81. 

1, 2, 8,4-Telzahydro-4-oxoquinoline.  A mixture of 3.66 g (0.01 
mole) of 1-N-p-bromobenzenesulfonyl-1,  9, 3, 4- tetrahydro-4-oxo-  
quinoline, 6 ml  of concentrated HC1, 4 ml  of 80% acetic acid, and 
3 ml of water was heated at 85 ~ C for 2 hr. On cooling, the clear 
solution deposited the crystalline hydrochloride of 1,2, 3, 4- te t ra-  
hydro-4-oxoquinoline. Treatment  of the hydrochloride with ammonia  
gave the base, which was extracted with benzene. The benzene 
solution was dried with sodium sulfate and after the benzene had 
been driven off the residue was distilled in vacuum. Yield 2 g (89%). 
Bp 167 ~ C (8 ram). 

p-Nitrophenylhydrazone--red crystalline powder with mp 189 ~  
190 ~ C (from ethanol). According to the literature [13], bp of oxo- 
quinoline 195 ~ C (20 mm); mp of the p-nitrophenylhydrazone 189"- 
190 ~ C. 

2-(N-Benzenesulfonyl-N-phenylaminoethyl)- 1 -methylbenzimida- 

zole. with  cooling and stirring, 1.7 g (0,012 mole) of methyl  iodide 
was added over 15 rain to a solution of 0.5 g (0,009 mole) of caustic 
potash and 2.27 g (0.006 mole) of Ia in 20 ml  of ethanol. After the 
end of the addition, the reaction mixture was stirred for 3 hr. The 
precipitate formed was filtered off, and the filtrate was evaporated 
in vacuum on the water bath. The oily substance obtained was 
crystallized from chloroform for three days. Yield 1.54 g (66%). 
Mp 129Y-180 ~ C. Found, %: N 11.34, Calculated for ~2HztNsOzS, 
%: N 10.72. 
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Picratel--mp 175~176 (from ethanol), yield 86%, Found, %: 
N 14.00. Calculated for C~2H2rNsO2S �9 Ce~%NsOT, %o: N 13.73. 

2- (N -benzenesulfonyl- N -phenylaminoethy I) - i -benzoylbenzimida- 
zole, With stirring and cooling, 1.4 g (0.010 mole) of benzoyl 
chloride was added to 1.89 g (0.005 mole) of la in 10 ml of pyridine. 
The mixture was stirred for 2 hr. The pyridine hydrochloridc 

filtered off and the solvent was driven off in the vacuum of a water 
pump. The oily product crystallized in five days. Yield 1.79 g 
(75%). Mp 168.7~-169- ~ C (from ethanol). Found, %: N. 8.q9. 
Calculated for C2sHzsNsO~S, %o: N 8.73. 

2-(N-Benzenesulfonyl-N-phenylaminoethyl)- l-(2% 4 ' -dini t ro-  
phenyl)benzimidazole.  A mixture of 1.88 g (0.005 mole) of Ia, 1.013 
g (0.005 mole) of 1-chloro-2, 4-dinitrobenzene, and 0.68 g (0.005 
mole) of crystalline sodium acetate was dissolved in 10 ml  of ethanol, 
and the solution was boiled in the water bath for 3 hr 30 rain and 
was then left overnight. The precipitate formed was crystallized 
twice from ethanol. Yield 1.12 g (42%). Mp 166~ ~ C. Found, 
%6: N 13.07. Calculated for C27H21NsO6S, %o: N 12.87. 
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