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The synthesis  of 1 - t e r t -bu ty l - ,  1-nonyl- ,  and 1-undecylbenzimidazoles is descr ibed.  The 
behavior  of these compounds with respec t  to sodium amide and dilute alkali was studied. 
A number  of new 2-aminobenzimidazoles  and benzimidazolones were synthesized.  

The effect of s t e r i c  fac tors  on the Chichibabin react ion has hardly been studied. In this paper  we set 
out to ascer ta in  how branched substituents attached to the N atom of benzimidazole affect the amination of 
the irnidazole ring as well as its re la ted hydroxylation [2]. 

It was previously  noted that a - b r a n c h e d  substituents (isopropyl [3], ~-phenylethyl  [4], and cyclohexyl 
[5]) attached to the N 1 atom have only a small  passivat ing effect on the occur rence  of the Chichibabin r eac -  
tion in the benzimidazole s e r i e s .  This is explained by the fact that all compounds of this type have one con-  
format ion (I) in which s te r ic  hindrance to amination should not show up. These compounds are  therefore  
usual ly  aminated in good yields,  although more  prolonged heating and a large excess of sodium amide are 
somet imes  requ i red  for this.  Thus, for example,  we ra ised  the yield of 2 -amino- l - i sopropylbenz imidazo le  
{]IIa) f rom 39% [3] to 64% using a 2.5-fold excess  of sodium amide in place of 25%. 
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In this connection, it was of in teres t  to ascer ta in  how 1- ter t -butylbenzimidazole  (IIb), in which the 
real izat ion of the favorable conformation I is impossible,  would behave with respec t  to nucleophilic agents.  
Fo r  this,  we synthesized IIb via the scheme ea r l i e r  proposed for  1-cyclohexylbenzimidazole [5] start ing 
f rom te r t -buty lamine  and 2,4-dini t rochlorobenzene.  It turned out that amination of IIb in dimethylaniline 
with 2.5 mole of NaNH 2 proceeds with considerably  g rea te r  difficulty than in the case of IIa, and the yield 
of 2-amino der ivat ives  does not exceed 21%. (A corresponding amount of hydrogen is evolved.) About 20% 
of the s tar t ing  compound is regenera ted  f rom the mixture ,  and the remainder  is resinif ied.  

The passivat ing effect of an N- tor t -buty l  group in IIb can theoret ical ly  have two causes :  1) its +I ef -  
fect which, to a cer ta in  extent, reduces  the positive charge  on the s - c a r b o n  atom neces sa ry  for the 
Chichibabin react ion;  and, 2) s te r ic  hindrance.  The significance of the f i rs t  factor  is apparently low since, 
judging f rom the basici ty  constants ,  the donor effect of the ter t -butyl  group in Hb (pK a 6.08) is the same as 
that of the dimethylamino group in 5-dimethylaminobenzimidazoles  (pK a ~ 6.1-6.2), which are  readi ly 
aminated [6]. It  is important ,  however,  to note that, despite the c l ea r  manifestat ion of s ter ic  hindrance in 
IIb, even bulky groups such as the te r t -buty l  group cannot completely suppress  the Chichibabin reaction.  
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Bulky subst i tuents  at tached to the N atom of the benzimidazole  molecule  s ignif icant ly h inder  hydroxy l -  
ation. When IIb is me l t ed  with p o t a s s i u m  hydroxide at 250-300 ~ the molecule  is comple te ly  decomposed  
with res in i f ica t ion ,  and 1 - t e r t -bu ty lbenz imidazo lone  (IVb) cannot be obtained. The fusion of 1 - i sop ropy l -  
benz imidazole  with KOH at 250-290 o r e su l t s  in the fo rmat ion  of 23% 1- i sopropylbenzimidazolone ,  while the 
m a j o r  reac t ion  product  at h igher  t e m p e r a t u r e s  (300-350 ~ is  benzimidazolone (IV, R = H) (35% yield). The 
low yield of IVa and the fo rmat ion  of benzimidazolone are  a consequence of c leavage  of the N- i sopropy l  
group as p ropylene  under  the s e v e r e  r eac t ion  conditions; we r e c o r d e d  the evolution of propylene along with 
hydrogen.  The c leavage  reac t ion  apparen t ly  p roceeds  via the following m e c h a n i s m :  
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,CH z CH,~ CH 3 CH 3 C 

Benzimidazole  de r iva t ives  which contain h igh -molecu la r -we igh t  subst i tuents  (nonyl and undecyl) in 
the 1-pos i t ion  a re  r ead i ly  aminated  and hydroxyla ted  to give good yields  of the co r respond ing  2 - a m i n o -  and 
2 -hydroxybenz imidazo le  s .  

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

N- (2 ,4 -Din i t ropheny l ) - t e r t -bu ty lamine .  A mix tu re  of 46 g (0.23 mole) of 2 ,4-d in i t rochlorobenzene ,  
26.3 g (0.193 mole)  of c rys ta l l ine  sodium aceta te ,  and 23 ml  (about 0.22 mole) of t e r t -bu ty l amine  in 210 ml  
of alcohol was ref luxed for  6 h. Cooling of the reac t ion  mix tu re  gave a yellow prec ip i ta te ,  which was f i l te red  
and r e c r y s t a l l i z e d  f r o m  alcohol to give 31 g (57%) of a product  with m p  152-153 ~ (mp 119 ~ [7]; mp 151-153 ~ 
[8]). 

N - ( 2 - A m i n o - 4 - n i t r o p h e n y l ) - t e r t - b u t y l a m i n e .  A mix tu re  of 7 g (0.03 mole) of N-(2 ,4-d in i t rophenyl ) -  
t e r t - b u t y l a m i n e ,  12.5 g (0.5 mole)  of  Na2S " 9H20 , and 1.7 g (0.05 mole)  of sulfur  in 43 ml  of water  and 76 
ml  of alcohol was heated  for  1 h on a wa t e r  bath.  The mix tu re  was then cooled, and the d a r k - r e d  oil that 
s e p a r a t e d  was t r i t u r a t e d  to give 4.4 g (71%) of d a r k - r e d  c r y s t a l s  with m p  99-100 ~ (from aqueous alcohol).  
Found %: C 57.0; H 7.1; N 20.1. CIoHisN302. Calcula ted  %: C 57.4; H 7.2; N 20.1. 

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 e .  A tota l  of 3.6 g (0.017 mole)  of N - ( 2 - a m i n o - 4 - n i t r o p h e n y I ) - t e r t -  
buty lamine  was ref luxed for  4 h with 11 ml  of 98% fo rmic  acid in the p r e sence  of s e v e r a l  drops  of concen-  
t r a t ed  HC1. The reac t ion  mix tu re  was then diluted with 60 ml  of 2% hydrochlor ic  acid and ref luxed with 
act ivated cha rcoa l .  The reac t ion  product  was i so la ted  as ro se  sca les  by adding concent ra ted  ammonia  to 
the f i l t r a te  to give 2.7 g (70%) of a product  with mp  160-161 ~ (from alcohol).  IR spec t rum (mineral  oil), 
c m - l :  u s 1352, Uas 1528 (NO2). Found %: C 59.8; H 6.0; N 19.4. ClIHI3N302. Calcula ted  %: C 60.3; H 6.0; 
N 19.2. 

1 - t e r t - B u t y l - 5 - a m i n o b e n z i m i d a z o l e .  1 - t e r t -Bu ty l -5 -n i t r obenz imidazo l e  [8.5 g (about 0.04 mole)]  was 
added to a solution of 36.4 g (0.16 mole)  of SnC12 �9 2H20 in 35 ml  of concent ra ted  HCI. The mix tu re  was 
hea ted  for  1 h on a wa te r  bath,  cooled, and t r e a t ed  with 40% NaOH until it gave a s t rongly  alkaline reac t ion .  
The resu l t ing  prec ip i ta te  was f i l tered,  washed with cold water ,  and dr ied.  The amino der iva t ive  was isola ted 
by r epea ted  ex t rac t ion  with boil ing benzene to give 6.5 g (89%) of a product  with rap 153-154 ~ (from benzene) .  
IR s p e c t r u m  (mineral  oil), c m - l :  Uas 3404, p s 3330; 6 1625 (NH2). Found %: C 69.6; H 7.8; N 22.5. CllH15N 3. 
Calcula ted  %: C 69.8; H 8.0; N 22.2. 

1 - t e r t -Bu ty lbenz imidazo le  (fib). A solution of 2.2 g (0.01 mole) of 1 - t e r t - bu ty l -5 - aminobenz imidazo l e  
in 25 ml  of hydrochlor ic  acid (1 : 1) was diazot ized with a solution of 1 o12 g (0.016 mole)  of NaNO 2 in 3.5 ml  
of wa t e r  at -5  to 0 ~ At the end of the diazot izat ion,  6.5 ml  of concent ra ted  HC1 was introduced with v i g o r -  
ous s t i r r i ng  into the mix tu re ,  followed by a solution of 7.6 g (0.073 mole)  of po tass ium hypophosphite in 8.5 
ml  of wa t e r .  The mix tu re  was s t i r r e d  for  another  hour,  and the solution was then allowed to stand for  24 h 
in a r e f r i g e r a t o r .  The resul t ing  KC1 prec ip i t a te  was f i l tered,  and the f i l t r a te  was t r e a t e d  with ammonia  un-  
til  i t  gave a weakly alkaline reac t ion .  The reac t ion  product  was then ex t r ac t ed  with e the r  and purif ied by 
rep rec ip i t a t ion  by base  f r o m  hydrochlor ic  acid solution to give 1.5 g (74%) of product  with m p  59-60 ~ and bp 
162-167 ~ (20 ram).  Found%:  C 72.3; H 8.2. CI1HI4N 2 �9 ~2H20. Calcula ted  %: C 72.1; H 8.3. 

The alkylat ion of benz imidazole  with nonyl chlor ide and undecyl chlor ide  in alcoholic a lkal i  with equi -  
m o l e c u l a r  amounts  of all r eagen t s  was c a r r i e d  out by the method in [9]. 
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1-Nonylbenz imidazole .  This  was obtained in 67~c yields  as co lo r l e s s  c ry s t a l s  with mp 21.5-22.5 ~ and 
bp 200 ~ (6 m m ) .  Found%:  C 78.6; H 10.3. CI6H24N 2. Calcula ted %: C 78.6; H 9.9. 

1 -Undecylbenzimidazole  (IId). This  was obtained in 64% yield and had mp  37-38 ~ and bp 210-211 ~ (8 
ram) .  Found %: C 79.9; H 10.6. CIsH28N 2. Calcula ted %: C 79.4; H 10.3. The p ic ra t e  had mp 101-101.5 ~ 
(from alcohol) .  

2 - A m i n o - l - t e r t - b u t y l b e n z i m i d a z o l e  (IIb). A solution of 1.5 g (0.008 mole) of 1 - t e r t -bu ty lbenz imid -  
azole in 7 ml  of  d imethylani l ine  (DMA) was added dropwise ,  while gradual ly  ra i s ing  the t e m p e r a t u r e  to 140 ~ 
to a suspens ion  (heated to 100 ~ of 0.85 g (0.02 mole) of thoroughly pulver ized  sodium amide in 2 ml  of ab-  
solute DMA. The mix tu re  gradual ly  became  dark-brown,  and hydrogen began to evolve.  Hydrogen evolution 
cea sed  a f t e r  1.5 h. The mix tu re  was cooled,  5 ml  of wa te r  was added, and the mix tu re  was allowed to stand 
in the r e f r i g e r a t o r .  The next day the p rec ip i t a ted  2-amino der iva t ive  was f i l tered,  washed with wate r ,  benz -  
ene (2 ml) ,  and pe t ro l eum e the r  to give 0.34 g (21%) of c o l o r l e s s  c r y s t a l s  with mp  162-163 ~ (from benzene).  
Found %: C 70.4; H 8.2; N 22.6. ClIH15N 3. Calcula ted ~c: C 69.8; H 8.0; N 22.2. 

A tota l  of 0.32 g (21%) of s t a r t ing  1 - t e r t -bu ty lbenz imidazo le  was i so la ted  f rom the f i l t ra te  a f te r  s t e am 
dis t i l la t ion of the dimethylani l ine .  The res idue  was a black re s in .  

Aminat ion of 1 -Nonyl -  and 1-Undecylbenzimidazoles .  This  was s i m i l a r l y  c a r r i e d  out with the d i f fe r -  
ence that ,  a f t e r  addition of wa te r  to the reac t ion  mix ture ,  the DMA was s t e a m  dist i l led,  and the amine was 
ex t r ac t ed  f rom the res idue  with benzene and then vacuum dist i l led.  

2 -Amino - l - nony l benz i m i dazo l e  (IIIc). This  was obtained as a thick, gradual ly  c rys ta l l i z ing  oil with 
bp 220-230 ~ (6 ram) which was soluble in all organic  solvents .  The yield was 70%. Found %: C 74.5; H 9.9. 
CI6H25N3 . Calcula ted  %: C 74.1; H 9.7. The p ic ra t e  had mp 188 ~ (from alcohol).  

2 -Amino - l - undecy l benz i m i dazo l e  (IIId). This  was obtained in 78% yield as a pa le -ye l low oil which 
gradual ly  c ry s t a l l i z ed  to a product  with bp 226-229 ~ (5 ram) and mp  52 ~ Found %: C 74.9; H 10.2. 
C18H29N 3. Calcu la ted  %: C 75.3; H 10.2. 

1 - I sopropylbenz imidazo lone  (IVa). A mix tu re  of 1 g (6.2 mmole)  of IIa  and 2.8 g (50 mmole)  of fused 
powdered  po t a s s ium hydroxide was heated in a Kjeldahl f lask in a meta l  bath.  The reac t ion  commenced  at 
290 ~ and then p roceeded  un i fo rmly  as the t e m p e r a t u r e  dropped to 250 ~ A gas  which burned with a sooty 
f l ame,  and deco lor ized  po tass ium pe rmangana te  solution and b romine  wa te r  (apparent ly propylene)  was 
evolved along with hydrogen.  The reac t ion  t e r m i n a t e d  in 30 rain, and a total  of 140 ml  (6.2 mmole)  of gas 
had evolved.  The me l t  was cooled and t r ea t ed  with 5% hydrochlor ic  acid until it gave an acid reac t ion  with 
r e s p e c t  to Congo. The p rec ip i t a te  of IVa was f i l te red  and washed with wa te r  to give 0.253 g (23%) of c o l o r -  
l e s s  c r y s t a l s  with mp  128-129 ~ (from water) .  IR s p e c t r u m  (mineral  oil): 1695 cm -I  (C ~ O ) .  Found %: C 
68.0; H 6.9; N 15.9. C~0H~zN20. Calcula ted  %: C 68.2; H 6.9; N 15.9. A mix tu re  of benzimidazole  and 1-  
i sopropylbenz imidazo le  was i so la ted  f r o m  the hydrochlor ic  acid solution af ter  neut ra l iza t ion  with ammonia .  
When the reac t ion  was c a r r i e d  out at 250-375 ~ 33% of benzimidazolone was fo rmed  (rap 309-310 ~ a sample  
did not dep re s s  the mel t ing  point of a genuine sample ) .  The r e s t  of the s ta r t ing  compound res in i f ied .  Much 
s t e a m  was evolved s imul taneously ,  apparent ly  as a resu l t  of meta l la t ion  of the i sopropyl  group,  and the 
amount of p ropylene  i nc r ea sed .  

Hydroxyla t ion  of 1 - t e r t -Bu ty lbenz imidazo le .  Hydroxylat ion at 270-300 ~ despi te  the evolution of a 
ce r t a in  amount  of hydrogen,  resu l ted  in the fo rmat ion  of a black r e s in  f rom which a pure  compound could 
not be isola ted.  

1-Nonylbenzimidazolone (IVc). This  was obtained by hydroxylat ion of IIc,  in analogy with IVa, to give 
75% of c o l o r l e s s  c r y s t a l s  with mp 94 ~ (from hexane).  IR spec t rum (mineral  oil): 1694 cm -i (C ~ O ) .  
Found %: C73.6; H 9.3. C16Hz4N20. Calcula ted %: C 73.8; H 9.3. 
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