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Benz imidazo le  was  alkylated with 1 , 3 - d i b r o m o - l - p r o p e n e ,  2 , 3 - d i b r o m o - l - p r o p e n e ,  and 
1 ,2 ,3 - t r i b romopropane ,  and some  of the p r o p e r t i e s  of the N-subs t i tu ted  benz imidazoles  
obtained w e r e  examined.  It is shown that  l : ( 2 ' - p r o p y n y l ) b e n z i m i d a z o l e  is r ead i ly  r e -  
a r r a n g e d  to the 1 -propad ieny l  de r iva t ive  under  the conditions of the F a v o r s k i i  reac t ion .  

Only the syn theses  of  N-v iny l -  [2] and N-a l ly lbenz imidazole  [3] have been desc r ibed  in the benz imi -  
dazole  s e r i e s .  In the p r e s en t  r e s e a r c h  we have continued our  study of methods for  the introduction of un- 
s a t u r a t e d  r ad i ca l s  into the benz imidazo le  r ing [4]. 

The r ead i ly  a c c e s s i b l e  1 -a l ly l  benz imidazo le  (I) could not be used as the s ta r t ing  m a t e r i a l  for  the 
synthes is  of 1 - (2 -propynyl )benz imidazo le ,  inasmuch as  al l  a t t empts  to b romina te  it under va r ious  condi-  
t ions - by va ry ing  the t e m p e r a t u r e  conditions {-10, 0, and +20~ a n d t h e  solvents  (CC14, CHCls, and 
CH3COOH) - did not give pos i t ive  r e s u l t s .  Viscous oils  with a va r i ab l e  b romine  content that  did not f o r m  

p i c r a t e s  we re  isola ted f r o m  the reac t ion  m ix tu r e s  in al l  c a se s .  

It might  have been a s s u m e d  that  the init ial ly f o r m e d  d ibromo der iva t ive  II is dehydrobromina ted  un- 
der  the influence of he te ro r ing  to monobromo de r iva t ives  III o r  IV, which then undergo po lymer iza t ion .  
However ,  III  and IV, which we obtained by  d i rec t  a lkyla t ion of benz imidazole  V with 2 , 3 - d i b r o m o - l - p r o p e n e  
and 1 , 3 - d i b r o m o - l - p r o p e n e  in a lcohol ic  a lkal i  solution at  r o o m  t e m p e r a t u r e ,  proved to be stable.  
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We were  unable to syn thes ize  d ibromo der iva t ive  II by the act ion of 1 ,2 ,3 - t r i b romopropane  on benzi -  
midazole  V in ref luxing toluene. In this  case ,  as  in the a lkylat ion of 1 ,2 -d ib romoethane  [5], two molecules  
of benz imidazo le  V en te r  into the r eac t ion  to give 1 ,3 - (d i -N-benz imidazo ly l ) -2 -b romopropane  (VI). 

Compounds III and IV a r e  conver ted  smooth ly  by the act ion of sodium amide  in liquid ammonia  to 1- (2-  
p ropynyl )benz imidazole  (VII), which we desc r ibed  in [4]. It has a l l  of the p r o p e r t i e s  of monosubst i tu ted 
ace ty lenes .  It r e a c t s  with copper  and s i l ve r  hydroxide in ammonia  solution to give the cor responding  
ace ty l ides .  Oxidative d imer i za t ion  of VII under  the conditions of the G la se r  coupling reac t ion  gives  diyne 
VIII.  We obtained amino  de r iva t ive  IX in the Mannich reac t ion  with diethylamine.  

* See [1] fo r  communica t ion  X:XXIII. 
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Moreover ,  VII could not be made to undergo reac t ion  with acetone in the presence  of potassium hy- 
droxide, inasmuch as a c e t y l e n e - a l l e n e  r e a r r a n g e m e n t  to give 1-propadienylbenzimidazole  (X) proceeds at 
a high ra te  under the conditions o f  the Favorsk i i  react ion,  as a t tes ted to by the disappearance of the v_~CH 
band at 3310 cm -1 in the IR spec t rum and the appearance of ' the absorpt ion of propadienyl group at 1090 
and 1970 cm -1. 

KOH ~ I - - C H = C = C H  2 
v l !  ~ H F  e~ ~ 

X 

When acetylene VII is refluxed in an alcohol solution of potassium hydroxide, it adds alcohol to give 
1-~-e thoxya l ly l )benz imidazole  (XI)o The ease of vinylation of VII as compared  with phenylacetylene [6] is 
explained by the part icipat ion of intermediate  s t ruc ture  X in this t ransformat ion.  The format ion of XI in- 
stead of VII on t rea tment  of 1- (p-bromoallyl)benzimidazole  (III) or  1- (a-bromoal lyl)benz imidazole (IV) 
with potassium hydroxide solution in alcohol can also be explained by this participation. The s t ruc ture  of 
XI is a s s igned  in conformi ty  with the position of the nucleophilic addition to al lenes [7]. 

I(OH - - N  
V i i /  C-~HsO H N~ 

I CH2C(OC2H~) ~CH~ 
Xl 

It is important  to note that a t tempts  to rea l ize  the r ea r r angemen t  of te rminal  acetylene VII or  allene 
X to a disubstituted acetylene were  unsuccessful .  Po lymer ic  res ins  a re  formed in al l  cases  when the r e a c -  
tion is c a r r i ed  out at room tempera tu re  in te t rahydrofuran  (THF) solution in the presence  of potassium 
hydroxide. 

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

The IR spect ra  of ch loroform solutions of the compounds were  r ecorded  with a UR-20 spec t romete r .  

1-(f l -Bromoal lyl)benzimidazole  (III). A solution of 11.7 g (58 mmole) o f 2 , 3 - d i b r o m o - l - p r o p e n e  in 
10 ml of ethanol was added dropwise to a v igorously  s t i r red  solution of 6.9 g (58 mmole) of benzimidazole 
V and 3.28 g (58 mmole) of potass ium hydroxide in 50 ml of ethanol, and the mixture was s t i r r ed  at  room 
tempera tu re  for  2 h. The result ing precipi tate  was removed  by fil tration, and the f i l t rate  was diluted 
with 50 ml of water  and extracted with ether.  The ether  extract  was dried with calcium chloride,  the ether  
was evaporated,  and the residue was vacuum distil led to give 11.4 g (82%) of product.  The color less  
needles, with mp 95-96 ~ (from petroleum ether), had bp 192-193 ~ (11 ram), were  quite soluble in ch loro-  
fo rm and ethanol, and had limited solubility in ether  and benzene. Ill spect rum:  UC=C 1620, vC_Br 550 
cm -1. Found, %: C 50.9; H 4.0; Br  33.6; N 12.0. C10HgBrN 2. Calculated, %: C 50.6; H 3.8; Br  33.8; N 11.8. 

1 - (~-Bromoal ly l )benz imidazole  (IV). This compound was s imi la r ly  obtained f rom 11.8 g (0.1 mole) 
of benzimidazole V, 5.6 g (0.1 mole) of potass ium hydroxide, and 20 g (0.1:mole) of 1 ,3 -d ib romo- l -p ropene ,  
The yield was 20.1 g (85%). The co lo r l ess  oil had bp 203-204 ~ (11 ram) and was quite soluble in organic 
solvents.  Found, %: C 50.5; H 4.1; Br 34.0; N 12.1. C10HgBrN 2. Calculated, %: C 50.6; H 3.8; Br  33.8; N 
11.8. The picrate  was obtained as yellow p r i sms  with mp 192-194 ~ (from ethanol). IR spect rum:  UC= C 
1600, ~C-Br  540 em -I .  

1 ,3 -Di -N-benz imidazo ly l ) -2 -bromopropane  (VD. A mixture of 9.44 g (0.08 mole) of benzimidazole V, 
5.6 g (0.02 mole) of 1 ,2 ,3- t r ibromopropane ,  and 30 ml of absolute toluene was refluxed for  8 h. It was then 
cooled, and the precipi tated hydrobromide of V was removed by fi l tration. The solvent was removed by 
vacuum distillation, and the residue .was chromatographed with a column filled with Ai20 ~ with elution b y  
ether  to give 4.5 g (63%) of a co lor less  oil. The picrate  was obtained as yellow pr i sms  with mp 173-I75 ~ 
(from ethanol). Found, %: C 47.0; H 3.3; Br  13.9; N 16.9. C17H15BrN 4 . C~H3N307. Calculated, %: C 47.3; 
H 3.1; Br 13.7; N 16.8. 
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, 1 - ( 2 - P r o p y n y l ) b e n z i m i d a z o l e  (VID. A) A 2 .37-g  (0.01 mole) sample  of III was  added to a solution of 
0.46 g (0.02 g -a tom)  of sodium me ta l  in 50 m l  of liquid ammonia ,  and the mix tu re  was  held a t  - 7 0  ~ for  2 h, 
a f t e r  which the a m m o n i a  was allowed to evapora te .  The res idue  was  t r ea t ed  with 20 ml  of wa te r  and ex-  
t r a c t e d  with e ther  to give 1.16 g {75%) of product .  The p ic ra t e  had mp  201-202 ~ [4] (from ethanol). IR 
s p e c t r u m :  v - C H  3310 e m  -1. 

B) Compound VII was  obtained f r o m  benz imidazole  IV as  desc r ibed  in method A. The yie ld  was 72%. 

, 1 ,6 - (Di -N-benz imidazo ly l ) -2 ,4 -hexad iyne  (VIII). A mix tu r e  of 0.47 g (3 mmole)  of benz imidazole  VII 
and 0.75 g of cuprous  chlor ide  in 11 ml  of d ry  pyridine and 3 ml  of methanol  was shaken in an oxygen a t -  
m o s p h e r e  until oxygen absorp t ion  ceased  (~2 h). The mix tu re  was then poured into 200 ml  of wate r ,  and 
the resu l t ing  p rec ip i t a te  ~vas r e m o v e d  by f i l t ra t ion  and washed with w a t e r  to give 0.37 g (80%) of co lo r l e s s  
p la tes  with mp 191-192 ~ (dec., f r o m  ethanol or  methanol) ,  which was soluble in ch lo ro fo rm and acetone.  
Found, % :  C 77.7; H 4.4; N 18.4. C20H14N 4. Calculated,  %: C 77.4; H 4.5; N 18.1. 

1 - (4 -Die thy lamino-2-bu tyny l )benz imidazo le  (IX). A mix tu re  of 0.78 g (5 mmole)  of VII, 0.3 g of p a r a -  
fo rmaldehyde ,  0.75 ml  of die thylamine,  and 0.075 g of cuprous  chlor ide in 5 ml  of absolute  dioxane was r e -  
f luxed for  4 h. The mix tu re  was  then cooled, 20 ml  of wa t e r  was added, and the reac t ion  product  was ex-  
t r a c t e d  with e ther  to give  0.86 g (72%) of product .  The p ic ra t e  was obtained as yellow needles  with mp 179- 
180 ~ (from ethanol).  Found, %: C 53.4; H 4.6; N 17.8. C15H19N S �9 C~H3N307. Calculated,  %: C 53.6; H 4.7; 
N 17.9. 

1 - P r o p a d i e n y l b e a z i m i d a z o l e  (X). A) A 0.47-g (3 mmole)  s ample  of VII in 1 ml  of THF was added to 
a suspens ion  of 0.84 g (15 mmole)  of po ta s s ium hydroxide (which had been p rev ious ly  calcined and ground 
to a powder) in 11 ml  of absolu te  THF,  and the mix tu re  was s t i r r e d  at 0 ~ fo r  2 h. Water  (20 ml) was then 
added, and the r eac t i on  product  was ex t rac ted  with e ther  to give 0.45 g (97%) of a co lo r l e s s  oil that  was 
soluble  in o rgan ic  solvent ,  insoluble in wa te r ,  and turned  r ed  on s to rage .  The p ie ra te  was  obtained as  
yellow p r i s m s  with mp  164-165 ~ ( f rom ethanol).  Found, %: C 50.0; H 3.2; N 18.3. C10H8N~ �9 C6H3N307. 
Calculated,  %: C 49.9; H 2.9; N 18.1. 

B) Compound X was s i m i l a r l y  obtained f r o m  HI or  IV. The yie lds  w e r e  88.6 and 91.3%, r e s p e c t i v e -  
ly. No mel t ing-po in t  d e p r e s s i o n  was  obs e rved  for  a mix tu re  of the p i c r a t e s  of X obtained by methods A 
and B. 

1 - (8 -Ethoxya l ly l )benz imidazo le  (XD. A) A 1.2-g (5 mmole)  s ample  of benz imidazole  III was added 
to a solution of 3 g of po t a s s ium hydroxide in 15 m l  of ethanol,  and the mixture  was  al lowed to stand o v e r -  
night. The prec ip i ta te  was r e m o v e d  by f i l t ra t ion,  the ethanol was evapora ted ,  and the res idue  was ch ro -  
ma tog raphed  with a co lumn fi l led with A120 S with elution by e the r  to give 0.94 g (94%) of a co lo r l e s s  oil 
that  was  quite soluble in the o rd i na ry  organic  solvents  and insoluble in wate r .  Found, %: C 71.0; H 7.0; 
N 13.4. C12Hi4N20.. Calculated,  %: C 71.3; H 6.9; N 13.8. IR spec t rum:  VC= C 1615 em -1. The p ic ra t e  was  
obtained as  yellow p r i s m s  with mp 168-169 ~ (from ethanol).  Found, %: C 50.3; H 3.6; N 16.5. CI~H14N20 �9 
C6HsNsO T. Calculated,  %: C 50.1; H 3.9; N 16.2. 

B) Compound XI was s i m i l a r l y  obtained in 93% yield  f r o m  IV. 

C) A 0.2-g (1.2 mmole)  s ample  of benz imidazole  VII in 10 ml  of 15% alcoholic po tass ium hydroxide 
was  heated on a w a t e r  bath  fo r  1 h. The mix tu re  was cooled, 10 ml  of w a t e r  was added, and the r eac t ion  
product  was ex t rac ted  with e the r  to give 0.17 g (85%) of XI. The p i c r a t e s  of the compounds obtained by 
methods  A, B, and C w e r e  identical .  
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