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2-(N-Arylaminoethyl)benzimidazoles have been obtained by various 
methods. The best method is shown to be by reaction of N-aryl-3- 
alanine imidate ester hydrochlorides with o-phenylenediamine. It has 
been found that, in presence of polyphosphoric acid (PPA), N-aryl-g- 
alanines and their esters give 1, 2, 3, 4-tetrahydro-4-oxoquinotines. 

It  h a s  p r e v i o u s l y  b e e n  s h o w n  [1] t h a t  N - a r y l s u l f o n y l -  
N - p h e n y l - f l - a l a n i n e  i m i d a t e  e s t e r  h y d r o c h l o r i d e s  a r e  
v e r y  r e a c t i v e  t o w a r d s  o - p h e n y l e n e d i a m i n e ,  2 - ( N -  
a r y l s u l f o n y l - N - a n i l i n o e t h y l ) b e n z i m i d a z o l e  s b e i n g  
f o r m e d .  

T h i s  p a p e r  d e a l s  w i t h  t he  e x a m i n a t i o n  of v a r i o u s  
m e t h o d s  f o r  t he  s y n t h e s i s  of 2 - ( N - a r 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  (I). The  s t a r t i n g  m a t e r i a l s  u s e d  w e r e  
N - a r y l - f l - a l a n i n e s  and  t h e i r  n i t r i l e s  a n d  i m i d a t e  e s t e r  
h y d r o c h l o r i d e s ,  and  o - p h e n y l e n e d i a m i n e  and  i t s  h y d r o -  
c h l o r i d e .  

NH~ 4- XCH~CH,NHC6HIR - -  CH2CH2NHCsH4 R 
NH " " N 

H 
I 

X=c/~N H HCI 
,OC~Hs(OCHa) ; COOH, CN 

R-H,  CI; CHa; CHaO; C2H50 

The  d i 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  N-  

a r y l a l a n i n e  i m i d a t e s  u s e d  as  s t a r t i n g  m a t e r i a l s  ( T a b l e  
I) w e r e  o b t a i n e d  f r o m  the  c o r r e s p o n d i n g  n i t r i l e s .  The  
s y n t h e s i s  of f o u r  of t h e s e  h a d  a l r e a d y  b e e n  d e s c r i b e d  
[2, 3], The  i m i d a t e  e s t e r  h y d r o e h l o r i d e s  a r e  c o l o r l e s s ,  

c r y s t a l l i n e  c o m p o u n d s ,  m e l t i n g  w i t h  d e c o m p o s i t i o n .  
They  a r e  h y g r o s c o p i c ,  and  a r e  d e c o m p o s e d  by w a t e r  
to  t h e  c a r b o x y l i e  ac id  e s t e r s  and  a m m o n i u m  c h l o r i d e .  
The  m e l t i n g p o i n t s  of t he  m e t h y l  i m i d a t e  h y d r o c h l o r i d e s  
w e r e  h i g h e r  t h a n t h o s e  of the  e t h y l  e s t e r s .  

It i s  k n o w n  t h a t  the  r a t e  of r e a c t i o n  of i m i d a t e  

e s t e r s  w i t h  o - p h e n y l e n e d i a m i n e ,  and  the  y i e l d s  of 
b e n z i m i d a z o l e s  o b t a i n e d ,  a r e  d e p e n d e n t  on the  a m o u n t  
of h y d r o g e n  c h l o r i d e  p r e s e n t  [4]. T h i s  w a s  a l s o  found  

to  ho ld  in t h e  c a s e  of t he  i m i d a t e  e s t e r s  of N - a r y l - f l -  
a l a n i n e s .  The  i m i d a t e  e s t e r  of N - p h e n y l - f i - a l a n i n e ,  a s  
the  f r e e  b a s e ,  y i e l d e d ,  a f t e r  h e a t i n g  a t  140 ~ C in d r y  
d i o x a n e  o r  i s o p e n t a n o l  fo r  3 h r ,  on ly  55% of  2 - ( N -  
a n i l i n o e t h y l ) b e n z i m i d a z o l e  (II), w h i l s t  t he  c o r r e s p o n d -  
ing  h y d r o c h l o r i d e s  r e a c t  a t  r o o m  t e m p e r a t u r e  w i t h  
e v o l u t i o n  of h e a t ,  y i e l d s  of 7 0 - 8 0 %  b e i n g  o b t a i n e d .  

In o r d e r  to c o n f i r m  the  s t r u c t u r e  of  t he  b e n z i m i d -  
a z o l e  d e r i v a t i v e s  o b t a i n e d ,  II w a s  p r e p a r e d  by  r e a c -  
t i o n  of 2 - c h l o r o e t h y l b e n z i m i d a z o l e  w i t h  a n i l i n e ,  and  
of a n i l i n o p r o p i o n i t r i l e  w i t h  o - p h e n y l e n e d i a m i n e ,  a s  

* F o r  p a r t  I, s e e  [8]. 

w e l l  as  f r o m  f l - a n i l i n o p r o p i o n i c  ac id  and o - p h e n y l -  
e n e d i a m i n e  in 5 N HC1. The  2 - ( N - a r 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  (I) t h u s  p r e p a r e d  w e r e  c o l o r l e s s ,  c r y s t a l -  
l i ne  c o m p o u n d s  w h i c h  a r e  f a i r l y  s t a b l e  on k e e p i n g ,  
r e a d i l y  s o l u b l e  in  t h e  co ld  in m e t h a n o l  and  e t h a n o l  

and  in g l a e i M  a c e t i c  ac id ,  and  on h e a t i n g  in n i t r o -  
m e t h a n e ,  a e e t o n i t r i l e ,  t e t r a h y d r o f u r a n ,  d i c h l o r o -  
e t h a n e ,  e t h y l  a c e t a t e ,  a c e t o n e  and  c h l o r o f o r m ,  and  
i n s o l u b l e  in  ho t  e t h e r .  

It i s  known [5] t h a t  a r o m a t i c  a c i d s  and  t h e i r  e s t e r s  

and  a m i d e s  a f f o r d  b e n z i m i d a z o l e s  in good y i e l d  on 

h e a t i n g  w i t h  p - p h e n y l e n e d i a m i n e  in p r e s e n c e  of p o l y -  
p h o s p h o r i c  ac id .  We h a v e  s h o w n  t h a t  N - p h e n y l - f i -  
a l a n i n e  u n d e r g o e s  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  in 

p r e s e n c e  of p o l y p h o s p h o r i c  ac id  to f o r m  s m a l l  a m o u n t s  
of 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  t h a t  i t  f a i l s  
to r e a c t  w i t h  o - p h e n y l e n e d i a m i n e .  In t h i s  c a s e ,  the  
c o u r s e  of t he  r e a c t i o n  i s  a p p a r e n t l y  i n f l u e n c e d  by  the  
p r e s e n c e  of a f o u r - m e m b e r e d  s ide  c h a i n  w h i c h  i s  

c a p a b l e  of p a r t i c i p a t i n g  in r i n g  c l o s u r e  to g ive  the  
q u i n o l i n e  s t r u c t u r e .  A s i m i l a r  c y c l i z a t i o n  p r o d u c t  is  

o b t a i n e d  on h e a t i n g  N - p h e n y l - p - a l a n i n e  m e t h y l  e s t e r  
in  p r e s e n c e  of P P A .  

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

Methyl and E~hyl 6-Arylaminopropionimidate Dihydrochlorides 
(Table 1). These were prepared by known methods [1]. 

2-(N-AryIaminoethyl)benzimidazoles (I, Table 2). In a three- 
necked flask, protected from moisture and fitted with a mechanical 
stirrer, reflux condenser and thermometer, there was dissolved 10.8 g 
(0.i mole) of o-phenylenediamine (liE) in 80 mt of absolute ethanol, 
followed by the finely ground crystalIine methyl or ethyl ~-arylamino- 
propionimidate dihydrochloride (0.15 mole) in one portion, with stir- 
ring. Evolution of heat was observed, the temperature of the reaction 
mixture rising to 25-30 ~ C, and NH4C1 separating. The mixture was 
boiled for 2 hr in order to complete the reaction, and the hoJ. solution 
was neutralized with 8% sodium carbonate solution or ammonia. The 
oil which separated crystallized on standing, and was purified from 
acetonitrile. The dihydrochlorides and dipicrates were obtained in 
90-98% and 62-78% yields respectiveiy (Table 2). 

2-Aniloinethylbenzimidazole (II). A) 11.53 g (0.06 mole) of ethyl 
B-anilinopropionimidate (free base) [2] and 5.4 g of III in 50 ml of 
absolute dioxane or isopentanoI were heated for 8 hr at 140 ~ C. Evolu- 
tion of ammonia was observed at 119 ~ C, the rate of evolution in- 
creasing as the temperature of the mixture increased. After removal 
of ethanol by distillation, the reaction mixture was poured into ice 
water and the dark brown precipitate filtered off, washed with acetone, 
and recrystallized twice from acetonitrile. Yield 6.82 g (58%). 

B) A mixture of 2.1 g (0.011 mole) of ethyl 8-anilinopropion- 
imidate (free base), 0.37 g (0.01 mole) of hydrogen chloride inabsolute 
methanol (60 ml), and 1.08 g (0.01 mole) of III were boiled for 2 hr, 
cooled, poured into water and basified with ammonia to give 2 g (84%) 
of II, mp 150.6-152 ~ C. Found, %: N 17.8. Calculated for C~r, HIsNa, 
%: N 1"/.7. 
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Tab le  1 

H 
H 

4-C1 
4-C1 

2-CH3 
2-CHa 
3-CH3 
3-CH3 
4-CHa 
4-CH 3 

4-CHsO 
4-CHsO 
4-C~H~O 
4-C~H50 

CH3 
C2Hs 
CHs 
C2Hs 
CHs 
C2Hs 
CHs 
C2Hs 
CHs 
C2H5 
CHs 
C2Hs 
CHs 
C2H5 

Mp, ~ C* 
:(decomp.) Molecular formula 

N.~ I . e L %  

found calcu- I calcu-I Yield, 
lated found ated % 

127 
t10 �9 
136 
128 b 
124 
116 
132 
128 
138 
132 
124 
112 e 
t36 
120 

29.2 29,1 
27.6 27.5 
25.6 25,6 
24.4 24.4 
27.6 27,5 
26.2 26,1 
27.6 27,5 
26.2 26.1 
27.6 27.5 
26,2 26.1 
25.6 25.6 
24.8 24.7 
24.8 24.7 
23.7 23.6 

C toHt4N20 �9 2HCI 
CnHI6N20 �9 2HCI 
CIoHIsCIN20 �9 2HCI 
CttHIsCIN20 �9 2HCI 
CuHt6N20 �9 2HCI 
C12Ht8N20 �9 2HCI 
CuHmN20 - 2HCI 
C12H~sN20 �9 2HCI 
Cu HmXI20 �9 2HCI 
C~2HtaN20 - 2HC1 
CnHtoN202 �9 2HC1 
CtmHtsNmO2 �9 2HC1 
C~+HtsN~O2 - 2HC1 
C~3HaoN202 �9 2HCI 

11.3 11.2 
10.6 I 10,6 
9.9 9,8 
9.4 9.3 

10.6 10.6 
10.2 10,0 
10.6 I0,6 
10,1 10,0 
10.6 I0.6 
10.l 10.0 
10.0 10.0 
9.7 9.5 
9,7 9.5 
9.8 9,0 

98.3 
88.0 
85.6 
93.3 
82.5 
87.0 
85.0 
85,0 
91.0 
89.0 
80.0 
83.0 
84,0 
77,0 

*Literature values [2] al lO ~ C; b128 ~ C; C112~ 

H 
4-C1 

4-CH3 
3-CH3 
2-CH3 

4-CHsO 
4-C2HsO 

T a b l e  2 
2-  ( N - A r 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  (I) 

Mp, ~ 

150.5--152 
139.5--140.5 
105 - -106 
168.5--170 
135 - -136 
174 --175 
180 --182 

N, % 1  Di___hhydroehlorides _} 

Molecular "~ 
fom, ula "~ ~ ~ ] ~ mo ~  

+ ~  1 ~ ~ 
CIsH~sN3 
C~sHt4CIN~ 
CI6HI7N3 
CI6HI7N3 

C]6HarNz 
CI6HtvN30 
CITHIgN~O 

17.7 17 71 78] 205--206 ] I3.5 13.5 209--210 
73 15.8 15161 t96--197t11.91 12,2 197--198 

16,7 167 76 199--200 / 12.9 / 13.0 i 204--206 
16.8[ 16.7 i 75 216--217 12.9 13.0 198--199 
16.7] t6.71 71 185--186 i 13,0 / 13.0] 177--178 
15.6:157 73 207--208 12.3 / 12.31 217--218 

14.9! .23-224 8i119 i231-23,2 14.9 t 72 

DipJcrates 
N.% 

a 
3 

18.0 18,1 
17.2 17,3 
17,8 / 17.9 
17.8 / 17,9 
17.8 17,9 
I7,3 17.4 
17,7 i 17.0 
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C) 18.9 g (0.1 mole) of 2-chloroethylbenzimidazole [6] was dis- 
solved in the threefold amount of anhydrous pyridine, and 12 g (0.12 
mole) of freshly-distilled aniline added dropwise with cooling. The 
reaction mixture was then heated for 3 hr at 110 ~ C, cooled, and 
poured into ice water to give 14 g (50%o) of II. 

D) 5.84 g (0.04 mole) of anilinopropionitrile and 7.24 g (0.04 mole) 
of the hydrochloride of III were heated in a sealed ampul for 3 hr at 
150-180 ~ C. The dark gray melt was finely ground and boiled for i hr 
with 300 ml of 5% HC1. The resulting precipitate of II dihydrochloride 
was isolated and converted into the free base by treatment with aqueous 
ammonia. Yield 4.36 g (46%). 

E) 5.0 g (0.03 mole) of N-phenyl-~-alanine, 2.16 g (0.02 mole) 
of III and 50 ml of 5 N HC1 were heated on the water bath for 10-• 
hr. Yield 3.76 g (53%). 

1, 2, 3, 4-Tetrahydro-4-oxoquinoline. A) A mixture of 5.0 g (0.03 
mole) of N-phenyl-;3-alanine, 3.24 g (0.03 mole) of III, and 50 ml 
of polyphosphoric acid (PPA) as a paste were heated for 10 min at 
160 ~ C, cooled to 100 ~ C, and poured into ice water. The aqueous 
acid layer was basified, and the oil which separated was extracted 
into benzene. The benzene layer was washed with water and dried 
over MgSO4. The viscous oil which remained after removal of the 
solvent in vacuo was distilled at 166-167 ~ C (8 ram) to give 1.32 g 
(30%), mp 43.5-44 ~ C [7]. Unchanged o-phenylenediamine was re- 
covered quantitatively (3.2 g). 

N-(p-Bromobenzenesulfonyl)-l, 2, 3, 4-tetrahydro-4-oxoquinoline 
was obtained in 78% yield by reaction of p-bromobenzenesulfonyl 
chloride with the 4-oxoquinoline in the presence of pyridine, mp 
169.5-170 ~ C (from aqueous alcohol) [1]. 

B) 17.92 g (0.1 mole) of methyl B-anitinopropionate was mixed 
with 180 g of freshly prepared PPA, and the paste heated for 10 rain 
at 160 ~ C. The cyclization product boiled at 166-167 ~ C (8 ram). 

Yield 10.6~ A mixed mp with material obtained as in A) gave no 
depression. 
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