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E F F E C T  O F  N - A L K Y L  A N D  N - A R A L K Y L  S U B S T I T U E N T S  ON 

N U C L E ( ) P H I L I C  S U B S T I T U T I O N  IN T H E  B E N Z I M I D A Z O L E  S E R I E S  

M.  M. M e d v e d e v a ,  V .  N.  D o r o n ' k i n ,  
A. F .  P o z h a r s k i i ,  a n d  V.  N.  N o v i k o v  

UDC 547.785.1.5' 822.3 : 541.127 : 542.958.3 

It is shown in the case  of the Chichibabin reac t ion  and exchange of chlor ine  in 2 -ch lo robenz imid -  
azoles  by a p iper id ine  res idue  that N-alkyl  and N-a ra lky l  groups  a r e  a r r anged  in the following 
o r d e r  with r e s p e c t  to the i r  effect  on the r a t e  of the p r o c e s s  (in the o r d e r  of dec reas ing  ra tes ) :  
CH 8 > C~HsCH2, C2H 5 > iso-C~Hy, (C6Hs)2CH > n-CgHls > ter t -C4H 9. The ove ra l l  d e c r e a s e  in the 
r a t e  on pass ing  to compounds with b ranched  N-subs t i tuents  is low. It follows f r o m  this that 
s t e r i c  h indrance to nucleophil ic subst i tut ion in the 2 posi t ion is only of smal l  s ignif icance.  

In a p rev ious  study of the Chichibabin reac t ion  in the benz imidazole  s e r i e s  it was qual i tat ively concluded 
that  (~-branched N-subs t i tuen ts  (iso-C3HT, C6HsCH2, cyclohexyl,  benzhydryl ,  and pa r t i cu l a r ly  ter t -butyl )  have a 
pass iva t ing  effect  on the cou r s e  of the p r o c e s s ;  this was a sc r ibed  to s t e r i c  f ac to r s  [1-5]. In the p r e s e n t  r e -  
s e a r c h  we se t  out to make a quanti tat ive study of the effect  of N-alkyl  and N-a ra lky l  groups  on the two mos t  
typical  nucleophil ic  subst i tut ion reac t ions  in the benz imidazo le  s e r i e s :  aminat ion with sodium amide  (the 
Chichibabin react ion) and exchange of chlor ine  by a secondary  amine res idue  (for which we se lec ted  piperidine) .  

C h i e h i b a b i n  R e a c t i o n  

The r e su l t s  of m e a s u r e m e n t s  of the ra te  of gas  evolution and the composi t ion  of the gas  in the aminat ion 
of 1 -subs t i tu ted  benz imidazo les  Ia-g  with sodium amide in o-xylene  o r  dimethylani l ine at var ious  t e m p e r a t u r e s  
a re  p r e sen t ed  in Figs .  1 and 2 and Table 1. It should be noted that the composi t ion  of the gas was de te rmined  
only at the end point of the reac t ion  f r o m  the r e su l t s  of t i t ra t ion of the ammonia  fo rmed .  Thus the cu rves  in 
F igs .  1-3 w e r e  cons t ruc ted  f r o m  the r e su l t s  of m e a s u r e m e n t s  of the total volume of hydrogen and ammonia .  

Rostov State Univers i ty ,  Ros tov-on-Don 344006. Trans la ted  f r o m  Khimiya  Gete ro t s ik l iehesk ikh  Soedin- 
enii, No. 8, pp. 1120-1125, August, 1977. Original  a r t i c l e  submit ted  July  8, 1976. 

0009-3122/77/1308-0903  $07.50 �9 1978 Plenum Publishing Corpora t ion  903 



V, m t  ~ 
40 8 0  

3 

64  

30  ~ 5 / ,8 

20 6 
32 

10 ;6 

in 

V, ml 

$ 

~, rnin 

F~. I Fig. ~ 

Fig. 1. Dependence of the volume of the evolved gas  on the 
t ime during the aminat ion of Nl-subst i tu ted  benz imidazole  
der iva t ives  in dimethylani l ine at  110~C: t) 1 -methy lbenz-  
imidazole;  2) 1-e thylbenzimidazote ;  3) 1 -benzylbenz imid-  
azole; 4) 1-benzhydrylbenzimidazole ;  5) 1 - i sopropy lbenz-  
imidazole;  6) 1-nonylbenzimidazole .  

Fig. 2. Dependence of the volume of evolved gas  on the t ime 
during the aminat ion of Nl-sUbsti tuted benz imidazole  de r i va -  
t ives  in o-xylene  at  130~ 1) 1-methylbenzimidazole ;  2) 1- 
et l iylbenzimidazole;  3} 1-nonylbenzimidazole;  4) 1 - i sop ropy l -  
benzimidazole;  5) 1 - te r t -bu ty lbenz imidazo le ;  6} 1 ,5 ,6 - t r i -  
methy lbeaz imidazo le .  
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Fig. 3. Dependence of the volume of 
evolved gas  on the t ime during the 
amina t ion  O f Bz-subs t i tu ted  1- methyl -  
benz imidazo les  in o-xylene  at 120~ 
1) 1-methylbenzimidazole ;  2) 1 ,5-d i -  
methylbenzimidazole ;  3) 1 - m e t h y l - 5 -  
methoxybemzimidazole;  4) 1 ,5 ,6 - t r i -  
methylbenzimidazole .  

This means  that a re l iable  compar i son  of the reac t iv i t i e s  of I can be made only if the ra t ios  of ammonia  and 
hydrogen for  them a re  approx imate ly  the s a m e  (the reasons  fo r  the evolution of ammonia  in the Chichibabin 
reac t ion  a r e  d i scussed  in [6]). This condition is obse rved  for  mos t  I during their  aminat ion in dimethylani l ine 
at l l0~ 1 - t e r t -Bu ty lbenz imidazo le  is not aminated  under  the s ame  conditions, on the bas i s  of which it can be 
re lega ted  to las t  p lace  in the reac t iv i ty  s e r i e s .  The amount of ammonia  evolved in the aminat ion of 1-benzhy-  
dry lbenzimidazole  is cons iderably  higher  than in the case  of the o ther  compounds.  This is evidently due to 
the fo rmat ion  of a carbanion as a r e su l t  of ionization of the C -  H bond in the benzhydryl  group.  The amount of 
ammonia  evolved in the aminat ion of 1-benzylbenzimidazole  probably  i nc rea se s  at 120~ as compa red  with 
l l0~  fo r  the s a m e  r eason  (exper iment  Nos. 10 and 11 in Table 1).* Ins tances  of s i m i l a r  ionization of C -  H 
bonds in the Chichibabin reac t ion  a r e  known [7]. 

NIt 2 
I i 
R II 

I a R=CIia; b R=C:tls; c R=iso-C3HT; d R=n-C,H,,.: e R=te, rt-C4Hg: f R=C6H~CII2; g R=(C~HD:CH 

It is apparen t  f rom Fig. 1 that N-alkyl  and N-ara lky l  groups  a r e  a r r anged  in the following o r d e r  with r e -  
spect  to the i r  effect  on the ease  of amination: CI-I 3 > C2H5, C6HsCH 2 > iso-CsHT, (C6I-Is)2CH > P-C~H19 > tert-C4Hg. 

* The quality and yield of 1 -benzy l -2 -aminobenz imidazo le  a re  somewhat  h igher  at 110 ~ (84%) thana t  120~ (66%). 
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T A B L E  1. C o m p o s i t i o n  of the  G a s  E v o l v e d  d u r i n g  the A m i n a t i o n  
of N1-Subs t i t u t ed  B e n z i m i d a z o l e s  

Reaction Gas volume, ml* Amino 
Corn- Solvent Temp., time, 

NO. pound * C rain total Ihydrogen [ Ilia, % 

I Ia  
2 Ia 
3 Ib 
-I Ib 
5 Ic 
6 lc 
7 ld 
8 Id 
9 le 

10 If 
11 If 
12 Ig 

Dimethylaniline 1 I0 
o- X vlene 130 
Dirffethylaniline 110 
o-Xylene 130 
Dimethylaniline 110 
o-X ylefie 130 
Dimethu 110 
o -X ylefie 130 
The same 130 
Dimethylaniline 110 
The same 120 

. . . .  ll0 

45,0 
45,0 
44,9 
45,0 
35,6 
58,3 
27,6 
22,0 
65,1 
42,2 
42,5 
48,0 

36,8 
32,4 
32,3 
32,2 
26,0 
33,3 
18,8 
16,0 
27,3 
28,5 
19,3 
16,0 

18,2 
28,0 
27,9 
28,5 
26,9 
42,9 
32,0 
27.2 
58,0 
32,6 
54,6 
66,7 

* U n d e r  s t a n d a r d  c o n d i t i o n s .  

T A B L E  2. B a s i c i t i e s  of 5-  
S u b s t i t u t e d  B e n z i m i d a z o l e s  
[8] and  T h e i r  R e l a t i o n s h i p  to 
the  H a m m e t  cr C o n s t a n t s  [9] 
of the 5 - S u b s t i t u e n t s  

It 

pK~ (in ~p 
R water) 

H 
5t6) -CH3 
5(6)-CH~O 
5,6-CH~) 

5,63 
5,65 
5,72 
5,98 

0 
-0,17 
-0,27 
--0,34" 

* T o t a l  c o n s t a n t  of the  two 
m e t h y l  g r o u p s .  

D e s p i t e  the  f a c t  tha t  the c u r v e  f o r  the a m i n a t i o n  of  Ig l i e s  above  the c u r v e  f o r  Ic (F ig .  1), t h e i r  r a t e s  of  a m i n a -  
t ion  a r e  e v i d e n t l y  c l o s e ,  s i n c e  an a p p r o x i m a t e l y  t h r e e f o l d  g r e a t e r  a m o u n t  of a m m o n i a  c o r r e s p o n d s  to the po in t s  
on  c u r v e  Ig.  1 - N o n y l b e n z i m i d a z o l e  is  i n i t i a l l y  a m i n a t e d  m o r e  r a p i d l y  than  1 - i s o p r o p y l b e n z i m i d a z o l e ,  but  the 
r e a c t i o n  r a t e  then  s l o w s  down. This  p h e n o m e n o n ,  wh ich  i s  o b s e r v e d  m o r e  d i s t i n c t l y  when the r e a c t i o n  is  c a r -  
r i e d  ou t  in x y l e n e  (Fig .  2), c an  be  e x p l a i n e d  by the f a c t  tha t  the s o d i u m  s a l t  of 1 - n o n y l - 2 - a m i n o b e n z i m i d a z o l e ,  
w h i c h  is  p r e c i p i t a t e d  du r ing  the r e a c t i o n ,  b l o c k s  the s o d i u m  a m i d e  s u r f a c e  b e c a u s e  of the  b u l k i n e s s  of the 
nonyl  g r o u p .  Th is  is  p r o b a b l y  a l s o  the  r e a s o n  tha t  1 - b e n z y l b e n z i m i d a z o l e  is  a m i n a t e d  m o r e  s l owly  than 1 -  
e t h y l b e n z i m i d a z o l e  in the  f i na l  s e c t i o n  of the l i ne  (Fig .  1). 

1 - t e r t - B u t y l b e n z i m i d a z o l e  is  a m i n a t e d  a t  an a p p r e c i a b l e  r a t e  c o m m e n c i n g  a t  130~ The da t a  o b t a i n e d  
in x y l e n e  s o l u t i o n  (Fig .  2) f o r  i t  and  o t h e r  N - a l k y l b e n z i m i d a z o l e s  l e a d  in g e n e r a l  to the s a m e  c o n c l u s i o n s  a s  
the  d a t a  o b t a i n e d  in d i m e t h y l a n i l i n e .  One n e e d  on ly  d i r e c t  one, s a t t e n t i o n  to the  l a r g e  p e r c e n t a g e  of a m m o n i a  
f o r m e d  in the  a m i n a t i o n  of b e n z i m i d a z o l e  Ie; we  e x p l a i n  th i s  by the  i n c r e a s e d  h y g r o s c o p i c i t y  of the  compound .  
The r e a s o n  f o r  the  i n c r e a s e  in the  a m o u n t  of  a m m o n i a  f o r  d e r i v a t i v e  Ic is  no t  a t  a l l  c l e a r .  

Thus,  in c o n f o r m i t y  wi th  the e a r l i e r  o b s e r v a t i o n s ,  a - b r a n c h e d  N - s u b s t i t u e n t s  a c t u a l l y  s low down the r a t e  
of the  C h i c h i b a b i n  r e a c t i o n .  H o w e v e r ,  th i s  c a n  be e x p l a i n e d  not  on ly  by  d i r e c t  s t e r i c  h i n d r a n c e  c r e a t e d  by  the 
N - s u b s t i t u e n t  in the  s t e p s  invo lved  in the f o r m a t i o n  of a ~ c o m p l e x  and b i func t i ona l  c a t a l y s i s  [6] bu t  a l so  by 
b l o c k i n g  of the  s o d i u m  a m i d e  s u r f a c e  by the p r e c i p i t a t i n g  s o d i u m  s a l t  of  the a m i n e  b e c a u s e  of the l a r g e  v o l u m e  
of  the  N - s u b s t i t u e n t .  In the  c a s e  of N - a l k y l  g r o u p s  t h e i r  p o s i t i v e  i nduc t ive  ef fec t ,  wh ich  shou ld  a l so  s o m e w h a t  
h i n d e r  a m i n a t i o n ,  a l s o  m a y  p l a y  a d e c i s i v e  r o l e .  

In o r d e r  to s tudy  the u n c o m p l i c a t e d  (by s t e r i c  f a c t o r s )  e f f ec t  of w e a k  e l e c t r o n  d o n o r s  on the r a t e  of the 
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TABLE 3. Composition of the Gas Evolved during the Amination 

of Some Bz-Substi tuted 1-Methylbenzimidazoles ~ 2 ~ ' ~ - ' - ~  

t 
CH s 

No. R'  

H 
CHs 
CHsO 
CHs 
CHs 

Ra 

~H3 
CHs 

Reaction 
Temp., *C time, 

min 

120 3 
120 3 
120 9 
120 6 
130 3 

Gas volume, ml* ~mmo- 

45,0 33,8 24,9 
44,8 32,8 26,8 
42,5 31,0 27,0 
40,6 29,8 26,6 
43,6 3t,0 29,9 

* Under s tandard conditions. 

TABLE 4. Rate Constants 
of Chlorine Exchange in 
1- R-2-Ohlorobenzimida-  
zoles by a Piperidine 
Residue 

C H a  
C6tt5CH~ 
C.~H5 
iso-CsHT 
n-C~H19 
IC6Hs)~CH 

k �9 10 ~, S~C " I  

80 '  90 = 

0,47 0,78 
0,23 0,33 
0,14 0,25 
0.t6 0,22 
o:1o 0As 
0,12 0,20 

10W 

1,18" 
0,62 
0,44 
0,31 
0,22 
0,32 

* Ricci  and Vivarell i  [10] 
give a value of 0.998 �9 10 TM 

sec -I. 

Chichibabin reaction,  we investigated the amination of 1,5- dimethyl- ,  1 ,5 ,6 - t r imethy l - ,  and 1-methyl -  5-methoxy-  
benzimidazoles on the rate of the Chichibabin reaction.  The e lec t ron-donor  effect of the corresponding substituents 
shows up inpa r t i cu la r  in thepKa values (Table 2). N-Isopropyl  and N- ter t -buty l  groups give r i se  to approximately 
the same increase  inthe basici ty  constants as compared  with benzimidazole.  It is apparent  f rom the da tapresented  
in Fig. 3 and Table 3 that methyl  and methoxy group s slow down amination in conformity withtheir  relat ive e lec t ron-  
donor charac te r :  5,6- (CH 3) 2 > 5- CH30 > 5- CH 3. It i s shown in Fig. 2 that the rate of amination of 1,5,6-t  r imethyl-  
benzimidazole is close to the rate  of amination of 1-ethylbenzimidazole,  f rom which it can be concluded that 
hindrance of the react ion for  Ic and Ie is due part ial ly to the +I  effect of the substituent. 

K i n e t i c s  o f  C h l o r i n e  E x c h a n g e  

The measurements  of the rate of chlorine exchange in 1 -R-2-ch lorobenz imidazo les  III, obtained by alkyla- 
tion of 2-chlorobenzimidazole  II, were  made at three tempera tures  in excess piperidine, i.e., under the condi- 
tions of a p seudo - f i r s t - o rde r  reaction.  The rate constants obtained are  presented in Table 4. 

As in the case  of the Chichibabin reaction, the N-substi tuents are  a r ranged  in the following order  with 
respec t  to their  effect on the reaction rate:  CH 3 > C6HsCH 2 > C2H ~ > iso-CsHT, (C6Hs)2CH > n-C~HI~. This con- 
stitutes evidence for  the c loseness  of the mechanisms of the two react ions and for  the possibil i ty of drawing 
general  conclusions o n  the basis  of a study of their  kinetics.  In addition, one 's  attention is drawn to the small  
differences in the rate constants of the investigated compounds. The g rea tes t  decrease  in the r a t e  (by a fac tor  
of approximately three) is observed on pass ing f rom N-methyl -  to N-ethyl--2-chlorobenzimidazole.  The dif- 
fe rences  are  small  for  the remaining compounds. Thus, with respec t  to its effect on the react ion rate,  the 
N-benzyl group is found between methyl and ethyl, whereas  the benzhydryl  group is close to the isopropyl 
group. Unfortunately, we were  unable to obtain t - t e r t -bu ty l -2 -ch lo robenz imidazo le ;  1- ter t -butylbenzimidazole  
does not undergo hydroxylation, and ter t -butyl  halide is converted to isobutylene in the case  of alkylation of 2-  
chlorobenzimidazoleI Iwi th  te r t -butylhal ide  in alkaline media.  An attempt to obtain the necessa ry  compound 
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s ta r t ing  f r o m  the acces s ib l e  1 - t e r t - bu t y l -5 -n l t r obenz imidazo lone  was also unsuccessful ,  s ince t r ea tmen t  of it 
with phosphorus  oxychlor ide  leads  to spli t t ing out of the to r t -bu ty l  group to give 2 - ch lo ro -5 -n i t robenz imidazo l e :  

�9 u N 

k_.__! 
. I I 

R R 

iJ ma-f ~va-f 

III a R=CII~: b R=C~tIs; c l~=iso-C3HT;d f~=tl-C.,ii~g; e I~=(C~tI~)~CH; f !~=C6it~CH~, 

The re su l t s  obtained in this r e s e a r c h  show that b ranched  and bulky N-subs t i tuents  in the benz imidazole  
molecule  to a ce r t a in  degree  p a s s i v a t e  nucleophil ic subst i tut ion in the 2 posi t ion.  However,  consider ing the 
contr ibut ion of the inductive effect ,  blocking of the sodium amide su r face  with the amine  sa l t  (in the case  of the 
Chichibabin reaction) and the ove ra l l  r e l a t ive ly  sma l l  d e c r e a s e  in the r a t e  on pass ing  to compounds with 
b ranched  groups ,  it should be  acknowledged that s t e r i c  h indrance to nucleophitic subst i tut ion in the 2 posi t ion 
on the p a r t  of N-subs t i tuen ts  is only of smal l  s ignif icance.  

EXPERIMENTAL 

Startin~ Compounds. 1-Methyl-, 1-ethyl-, 1-isopropyl- [i], l-nonyl- [4], l-tert-butyl- [4J, l-benzyl- 
[Ii], l-benzhydryl- [5], 1,5-dimethyl- [12], l-methyl-5-methoxy- [13], 1,5,6-trimethyl- [14], l-methyl-2-cbloro- 
[15], and l-benzyl-2-chlorobenzimidazoles [15] and sodium amide [6] were obtained by the indicated methods; 
l-ethyl-2-chloro- [16] and 1-isopropyl-2-chlorobenzimidazoles [17] were obtained by the method proposed for 
l-methyl-2-chlorobenzimidazole. The o-xylene was distilled prior to use over sodium and had bp 144-144.5~ 
the dimethylaniline was distilled over anhydrous potassium hydroxide and had bp 193.5-194.5~ the piperidine 
was purified by distillation over anhydrous potassium hydroxide and had bp I06.3~ 

l-Nonyl-2-chloroben~z, imidazole. A 15.25-g (0.I mole) sample of 2-cblorobenzimidazole and 31 g (0.15 
mole} of nonyl bromide were added to a solution of 5.6 g (0.1 mole} of potassium hydroxide in 50 ml of alcohol, 
and the mixture was refluxed for 10 h. It was then cooled, and the precipitated potassium bromide was re- 
moved by filtration and washed with a small amount of alcohol. The solvent was removed from the filtrate by 
distillation, and the residue was subjected to chromatography (A1203, benzene} to give 20 g (72~0) of 1-nonyl-2- 
ehlorobenzimidazole as a pale-yellow oil. Found: C 68.9; H 8.8; C1 12.3; N 10~ CI6H23CIN 2. Calculated: 
C 68.9; H 8.3; C1 12.7; N 10.1%. 

l-Benzhydryl-2-ehlorobenzimidazole. A 3.65-g (0~ mole) sample of potassium hydroxide was dis- 
solved in the minimum amount of absolute alcohol, I0 g (0.065 mole) of 2-chlorobenzimidazole was added, and 
the resulting solution was treated with an alcohol solution of 15 g (0.074 mole) of benzhydryl chloride. The 
m i x t u r e  was ref luxed fo r  2 h, a f t e r  which the p rec ip i t a ted  po t a s s ium chlor ide  was r emoved  by f i l t ra t ion,  and 
the alcohol  was r em oved  f r o m  the f i l t r a t e  by dist i l la t ion.  The res idue  was t r ea t ed  with a sma l l  amount  of 
benzene,  and the unconver ted 2 -ch lo robenz imidazo le  (6 g) was r emoved  by f i l t ra t ion.  The benzene was evapo-  
ra ted ,  and the res idue  was  subjected to ch roma tog raphy  (A1203) , benzene).  The resul t ing s e m i e r y s t a l l i n e  m a s s  
was dr ied  o v e r  P205 and t r i tu ra ted  with e ther ,  and the solid was r emoved  by f i l t ra t ion to give 3 g {14%) of 1- 
benzhydry l -2 -ch lo robenz imidazo le ,  which was washed thoroughly with e ther .  Found: C 75.8; H 5.0; C1 11.4; 
N 8.6%. C20H15CIN 2. Calculated:  C 75.3; H 4.7; C1 11.1; N 8.8%. 

1 - t e r t -Bu ty l - 5 -n i t r obenz i m i dazo l one .  A mix tu re  of 2 g (0.01 mole) of 2 - a m i n e - 4 - n i t r o - N - t e r t - b u t y l a n i -  
line and 0.66 g (0.011 mole) of u r ea  was heated slowly on an oil ba th  to 180~ and mainta ined at  this t e m p e r a -  
ture fo r  2.5 h. The mix tu re  mel ted  at  l l0~ and began to foam and immedia te ly  solidif ied as 180~ was 
reached.  The cooled m e l t  was  t r i t u ra t ed  with 20% sodium hydroxide solution, and the mix tu re  was re f laxed  
with ac t iva ted  charcoa l  and f i l te red .  The f i l t r a te  was acidif ied with concerl trated hydrochlor ic  acid, and the 
p rec ip i t a t e  was r emoved  by f i l t ra t ion,  washed  with water ,  and dr ied  to give  1.6 g (75%) of pa le -ye l low shiny 
p la tes  of 1 - t e r t - b u t y l - 5 - n i t r o b e n z i m i d a z o l o n e  with mp 273-274~ (from dioxane). IR spec t rum:  ~C=O 1705 
cm - l .  Found: C 55.8; H 5.4; N 17.7%. CllH13N303. Calculated:  C 56.1; H 5.6; N 17.9%. 

Attempted Synthesis 0f l - ter t -But~[_175-ni t ro-2-chlorobenzimldazol  q. A 20-g  (0.085 mole) sample  of 
1 - t o r t - bu ty l -5 -  n i t robenz imidazolone  and 250 ml  of f r e sh ly  dis t i l led phosphorus  oxychlor ide  w e r e  p laced  in a 
round-bo t tomed  f lask  equipped with a ref lux condense r  and a g a s - i n l e t  tube pro jec t ing  to the bot tom of the 
f lask,  and the mix tu re  was ref luxed fo r  3.5 h; a s t r e a m  of dry hydrogen chlor ide  was bubbled into the mix tu re  
15 rain a f t e r  the s t a r t  of refluxing.  The phosphorus  oxychlor ide  was r emoved  by dist i l lat ion under reduced 
p r e s s u r e ,  and the res idue  was t r ea t ed  with 20% hydrochlor ic  acid solution. The acidic mix tu re  w a s  f i l tered,  
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TABLE 5. 1 -R-2 -P ipe r idy lbenz imidazo l e s  

Corn= mp (from 
~ound heptane). *C 

IVa 82--838 
IVb[ 49--50 
IVCt 113--114 
IVd [ --* 
IVe 165--166 
IVf 86--87 

Found, % 

C H N 

72,0 8,9 17,0 
75,1 0,7 12,0 
80,0 6,5 1 t,4 
75,8 6,9 14,3 

Empirical formula 

Cl3H,TNs 
C14HIoN3 
CIsH~;Na' 1/2 H=O 
C2,H3aN3" 1/2 H20 
C2sH2sN~" 1/2 H~O 
CIgH21N3" 1/2 H20 

tale., q~ 

C ] H I N 

7,,4 8,8110,7 
75,0 10,21t2,5 
79,. 0,011t,2 
76,0 7,0 1 t4,0 

Yield 
qo 

83 
100 
75 

100 
100 
83 

* O i l .  

and the f i l t r a te  was t r ea t ed  with concent ra ted  ammonium hydroxide to give 10 g (60%) of 2 - c h l o r o - 5 - n i t r o b e n -  
z imidazole  with mp 222-223~ (from aqueous alcohol) (mp 222-223~ [18]). Found: C 42.0; H 1.9; C1 17.9; 
N 21.6%. C?H4C1N302. Calculated:  C 42.5; H 2.0; Ct 17.9; N 21.2%. 

Kinet ics .  The ra te  of aminat ion was studied by the method in [6]. F o r  the de te rmina t ion  of the p ip e r i -  
dinolysis  r a t e  constant,  ~ 2 0 - 3 0 - m g w e i g h e d  samples  of each of the N-subst i tu ted  2 -cMorobenz imidazo les  
I I I a -e  were  p laced in an ampul,  1 ml  of absolute  p iper id ine  was poured in, and the ampul  was sea led  and 
placed in a the rmos ta t .  The reac t ion  was stopped by rapid  cooling of the ampul  to room t e m p e r a t u r e  and the 
decomposi t ion  of the contents with wate r .  The ionic halogen in the reac t ion  mix tu re  was de te rmined  by poten-  
t iomet r i c  t i t ra t ion with an R307 po ten t iomete r  with a 0.025 NAgNO 3 solution. The ra te  constants  were  calculated 
f r o m  the fo rmula  

2 303 Co 
k = ~  lg C o - C x  ' 

where  T is the t ime  (in seconds) f r o m  i m m e r s i o n  of the ampul  in the t he rmos t a t  to the end of the react ion,  C o 
is the initial concentra t ion of the compound, and C x is the concentra t ion of the compound that has  undergone 
comple te  convers ion  up to the momen t  of the de terminat ion .  

React ion of N1-Alkyl -2-chlorobenzimidazoles  with Piperidine~ A 0 .01-mole  sample  of benzimidazoles  
I I I a -e  was dissolved in 50 ml  of absolute piper idine,  and the solution was heated in a sealed ampul  at  100~ fo r  
40 h. The mix tu re  was then evaporated,  and the res idue  was t rea ted  with wa te r  and ex t rac ted  with e ther .  The 
e ther  was evaporated,  and the res idual  oil was  cooled with a mix ture  of ice and sa l t  to br ing about c r y s t a l l i z a -  
tion. The reac t ion  products  were  purif ied by r ec rys t a l l i za t ion  f r o m  a smal l  amount of heptane. 1 -Nonyl -2-  
(1 ' -p iper idyl )benzimidazole  was pur i f ied by chromatography  (A1203, elution with chloroform) .  The p r o p e r t i e s  
of all  the synthes ized compounds a r e  p resen ted  in Table 5. 

The melt ing points of al l  of the prev ious ly  descr ibed  p r e p a r a t i o n s  were  in a g r e e m e n t  with the l i t e r a tu re  
data. 
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S T R U C T U R E  OF  3 - ( o - H Y D R O X Y P H E N Y L )  D E R I V A T I V E S  OF 

2 - Q U I N O X A L O N E  AND 2 - B E N Z O X A Z I N O N E  

Y u .  S. A n d r e i c h i k o v ,  L .  I .  V a r k e n t i n ,  
S. G.  P i t i r i m o v a ,  a n d  Y a .  M.  V i l e n c h i k  

UDC 547.863.16 : 543.422.4.6 

It is shown by IR and UV spec t roscopy  that the products  of the react ion of o-hydroxybenzoyl-  
fo rmic  acid with o-phenylenediamine and o-aminophenol  have the 3 - (cyc lohexa-3 ,5 -d ien-2-  
onylidene)quinoxalone s t ruc tu re  r a t h e r  than the 3-(o-hydroxyphenyl)-2-quinoxalone s t ruc ture .  
3- (o-Methoxyphenyl)-2-quinoxalone and 3- (o-methoxyphenyl)-  3 ,4-dihydro-2 H-benzo-1 ,4-oxa-  
z in -2-one  were  synthesized as model compounds. 

In 1909, F r i e s  [1], in an a t tempt  to obtain coumarophenazine,  c a r r i e d  out the condensation of coumar in-  
2,3-dione with o-phenylenediamine.  However,  the reac t ion  product  did not contain a furan ring. F r i e s  proposed 
the 3-(o-hydroxyphenyl) -2-quinoxalone  s t ruc tu re  fo r  the product .  

+ N H 2 . _  . 

t h e  same compound can be obtained by react ion of o--hydroxybenzoylformic acid with o-phenylenedia-  
mine. The IR spec t ra  of the F r i e s  compound were  investigated in 1973 [2]. It was observed  that the spec t rum 
does not contain the absorpt ion cha rac t e r i s t i c  fo r  the s t re tching vibrat ions of the OH group. Baner j i  and co-  
worke r s  [2] explaine d this by the fact  that the OH line is masked by mois ture  in the KBr  used to p r ep a re  pel le ts  
of the compound f o r  recording of the spec t ra .  

During a study of the products  of the reac t ion  of a roylpyruvic  acids with o-phenylenediamine by PMR 
spec t roscopy  it was es tabl ished that these compounds have the 3-phenacyl idene-2-quinoxalone s t ruc tu re  (I), in 
which there  is an in t ramolecu la r  hydrogen bond between the hydrogen of the NIt group of the quinoxaline ring 
and the oxygen of the carbonyl  function of the phenacylidene group.  

H H 

E I 
~...oJc-^r . . . .  

i [! 

Considering the tendency of the quinoxaoline ring to fo rm an exo ethylene bond, we assumed that the 
F r i e s  compound has s t ruc tu re  I I .  To prove the s t ruc tu re  of II we investigated the IR and UV spec t ra  of this 
compound, as well  as the spec t ra  of the products  of the reac t ion  of o-phenylenediamine (III) with benzoylformic  
(IV) and o-methoxybenzoyl formic  (V) acid e s t e r s .  

The long-wave absorpt ion maximum of 1I is found at 387 nm in the UV spec t ra  (Fig. 1), whereas  the co r -  
responding maximum in the spec t ra  of 3-phenyl-2-quinoxaolone (VI} and 3-(o-methoxy)phenyl-2-quinoxalone 
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