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I. SYNTHESIS OF 3-ALKYL- AND 3,6-DIALKYL DERIVATIVES 
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A new path for  the synthesis  of 3-monoalkyl-  and 3,6-dialkyl-subst i tuted benzo[1,2-d:3,4-d ' ] -  
di imidazole is descr ibed:  5 - tosy lamino- l -a lky lbenz imidazole  is conver ted to the 4-ni t ro  
der ivat ive by ni t ra t ion  in glacial acet ic  acid, and the imidazole ring is closed af te r  alkylation 
and cleavage of the tosyl  group.  

Compounds of the benzo [1,2-d:3,4-d ']di imidazole se r ies  (angular di imidazolobenzene,  I) have been in- 
vest igated to only a small extent.  Only 2 -methy l - ,  2 ,7-dimethyl- ,  and 2,7-bis(p-azidophenyl) der iva t ives  
are  known [1-3]. The t rans format ions  of this condensed sys tem have not been investigated.  

We have developed a compara t ive ly  simple path for  the synthesis  of 3-monoalkyl-  and 3,6-dialkyl-  
substituted benzo [1,2-d:3,4-d ']di imidazole.  It is based on the observat ion that in the ni t ra t ion of 5 - tosy l -  
amino- l -methy lbenz imidazo le  (IIa) with ni t r ic  acid in glacial acet ic  acid at 90-100 ~ the ni t ro  group en ters  
the 4 position r a the r  than the 5 posit ion,  as occurs  in the ni t ra t ion of 5-aee tam[no-2-methylbenzimidazole  
[4]. The posit ion of the ni tro group was establ ished by elimination of the amino group (after  removal  of the 
tosyl radical  with concentra ted H2SO 4) by means  of the diazo react ion;  the mononitro compound (VI) ob- 
tained had mp 168-169 ~ and was identical to 1-methyl -4-n i t robenzimidazole  obtained by countersynthes is  
via the method descr ibed  in [5]. 
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Alkylation of ni t rotosylamino der ivat ive  ]]I with alkyl halides in an alcoholic alkaline medium p ro -  
ceeds at the NH group r a the r  than at the N he te roa tom (see [6]) ; in fact ,  the methylat ion product  (IVa) dif-  
f e r s  markedly  f rom the i somer i c  betaine VIII which is formed f rom benzenesulfonate VII by reac t ion  with 
ammonia.  

NO 2 NO2 

. --CH3 TsNH-- ,N--C a - HX TsN-- Hla CH~3X ~ H 
@ 

1 x i 
CH a CH3 

V I I  X= C6H5503 V I I I  

The aminonitro der iva t ives  (IX, Table 1) obtained by hydrolyt ic  cleavage of the tosyl radical ,  are  con- 
ve r t ed  into der iva t ives  of angular  di imidazolobenzene (XI, Table 2) by reduct ion to diamines with subsequent 
cycl izat ion by reac t ion  with 85% formic  acid. 
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TABLE 2. 
(XIa-d) 

Comp. / R 

xIa 

XIb 

Xlc 

Xld 

N-Alkyl Substituted Benzo[1,2-d:3,4-d ' ]di imidazoles  

CHa 

CHs 

C~Hs 

C2H5 

R' rap* 

237--238 
CH~ (benzene) 

H [318--319 
(water) 

C~Hs ] 192--193 

l (ben=ene; 

1 323,--~ H ~water) 

~.,,,,,=, nm !Empirtca: 
(I~ e)** forrntlla 

265 (4,12); C10H10N4 
278 (4,26) ; 
284 (4,21,) ; 
~94 (3,so) 
265 (4,00); CgHBN4 
~79 (:~,~) ; 
269 (3,r4) ~ 
2~1 (4,01); C,2H;,N, 

(~,ls); 
284 (4,09); 
295 (3,~)  
265 (3,94) ; CIoHIBN4 
279 (3,66) ; 
2'89 (3,6~) 

Found, % 

~4'501 

52,78 / 

e l .  N 
B4,50 5,64 30,ii 

62,931 4,73 32,3, 

672616,79 2~,2 

6,4,301 5,76 - -  

talc., % 

H N 

32,5 

26,1', 

80 

89 

71 

90 

*Compotmds XIa-d a re  co lo r less  crys ta l l ine  substances.  
The UV spec t ra  were  obtained in alcohol with an SF-4 spec t ro -  

photometer .  

N% N.~ ,_  ~ , ~  

- ~ .  N s.c,~ R ' N . - , ~ ,  N R N\L~.]~__.~ R'HN 

I l L 
R xa-B x,a-(~ 

IXar 
I X - M a  R=R'  = CH3; bR = cH~, w = H ;c  R= R' =C2Hs;d R = C,:H s, R '=H 

The IR spec t ra  of XI a re  in agreement  with the i r  angular  s t ruc ture .  It is well known that the IR 
spec t ra  of t e t rasubs t i tu ted  benzenes  which have two hydrogen atoms in the ortho posit ion with r e spec t  to 
each o the r  a re  cha rac t e r i zed  by a strong absorpt ion band f rom 860-800 cm "l ,  while the absorpt ion band is 
located at 900-860 cm -1 in the p re sence  of isolated hydrogen a toms [7]. The IR spec t ra  of XIa-d have strong 
ab sorpt  ion bands at 791, 8 02, 79 3, and 80 0 cm -1 , re  spect ively,  while no strong bands are  ob served  f rom 
900-860 cm -1. We also obtained the UV spect ra  of XIa-d (Table 2). They indicate a significant di f ference 
f rom the spec t ra  of l inear  di imidazolobenzene and its 1,7-dimethyl  der ivat ive  [8]. 

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

1-Methyl-5- tosylaminobenzimidazole  (IIa). An alcohol solution of equimolecular  amounts of 5-amino-  
1-methylbenzimidazole ,  tosyl  chlor ide,  and sodium acetate  was ref luxed for  1.5 h. The reac t ion  product  
was purif ied by dissolving in 10% alkali ,  boiling with activated charcoal ,  and neutral izing with hydrochlor ic  
acid to pH 8; IIa p rec ip i ta tes  in the fo rm of snow-white p r i sm s  (Table 1). 

1 -Methyl -4-n i t ro -5- tosy laminobenz imidazole  (IIIa). Compound IIa [30.1 g (0.1 mole)] was dissolved 
in 90 ml of glacial  acet ic  acid, the solution was cooled to 10-20 ~ and 13.2 ml (0.2 mole) of ni t r ic  acid (sp. 
gr .  1.40) in 25 ml of glacial acet ic  acid was added in 30 rain. The solution was then gradual ly heated to 90- 
100 ~ and held at this t empe ra tu r e  for  1.5 h. The solution was then cooled, the prec ip i ta ted  IIIa was f i l tered,  
and 24 g of IIIa was isolated by heating for  30 min with a saturated aqueous solution of sodium acetate .  

Ethyl Der iva t ives  IIb and ]IIb. These  were  obtained in the same way as  IIa and ]IIa (Table 1). 

1 -Methyl -4-n i t ro-5- (N-methyl tosy lamino)benzimidazole  (IVa): Compound lIIa [10.35 g (0.03 mole) ] 
and 1.62 g of sodium hydroxide were  dissolved in 170 ml of alcohol and 12 ml of water .  The solution was 
cooled,and a solution of 5.4 ml (0.09 mole) of methyl iodide in 12.5 ml of alcohol was added with s t i r r ing  in 
the course  of 1 h. The mixture  was s t i r r ed  for  30 min at 15-20 ~ and for  2 h while heating on a wa te r  bath. 
The precipi ta te  that formed on cooling was f i l te red  and weighed 7.4 g. Another  1.3 g of IVa was isolated 
f rom the f i l t ra te  with water .  

4 -Ni t ro - l - e thy l -5 ' (N-e thy l tosy lamino)benz imidazo le  (IVb). This  compound was obtained by ethyla-  
tion of ]lib with ethyl bromide  under conditions s imi la r  to those used to obtain IVa. 
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1-Methy l -5 -me thy lamino -4 -n i t robenz imidazo le  (IXa). Compound IVa [3.6 g (0.01 mole)] was  dissolved 
with s t i r r ing  and cooling in 12 ml  of concent ra ted  H2SO 4. The solution was  s t i r r ed  for  2 h at 10-20 ~ and 
then heated to 50 ~ for  1 h. The solution was cooled, poured  over  ice,  and neut ra l ized  with 22% ammonium 
hydroxide .  The b r i g h t - r e d  p rec ip i t a te  was f i l te red  and weighed 1.95 g. 

Compounds IXb, c, and d were  s i m i l a r l y  obtained (Table 1). 

Reduction of Ni t roamines  (IXa-d) to Diamines  (Xa-d). Stannous chlor ide (0.3 mole) was added in p o r -  
t ions to a solution of 0.1 mole  of IX in 130 ml of hydrochlor ic  acid (sp. gr .  1.19). The mix ture  was  heated 
on a wa t e r  bath fo r  1.5 h, cooled, and 40% sodium hydroxide was  added until the mix tu re  gave a s t rongly  a l -  
kaline reac t ion .  The mix tu re  was  ex t rac ted  with ch lo ro fo rm to give 65-80% of product .  The d iamines  a re  
r ead i ly  oxidized and a re  t he re fo re  eycl ized without pur i f ica t ion .  

3 ,6-Dimethylbenzo[1 ,2-d :3 ,4-d ' ]d i imidazole  (IXa). A solution of 1.24 g of Xa in 5 ml  of 85% fo rmic  
acid was ref luxed for  3 h, a f t e r  which 5 ml of wa te r  was  added, and the solution was  neut ra l ized  with con-  
cen t ra ted  ammon i um  hydroxide.  The cycl izat ion product  was  ex t rac ted  with ch lo ro fo rm to give 1.04 g of 
product .  The compound was soluble in alcohol,  wa te r ,  acetone,  insoluble in e the r  and heptane,  and sl ightly 
soluble in benzene (Table 2). 

3 -Methylbenzo[1 ,2-d :3 ,4-d ' ]d i imidazole  (XIb). This  compound was  obtained in the same  way as  XIa. 
The compound prec ip i t a ted  in the f o r m  of a snow-white p rec ip i ta te  which was  soluble in alkali  on t r e a t m e n t  
of the reac t ion  mix tu re  with ammonia .  

Ethyl  de r iva t ives  XIc and d were  s i m i l a r l y  obtained (Table 2). 

1 -Methy l -4 -n i t robenz imidazo le  (V). Compound IXb [2.88 g (0.015 mole)]  and 2.1 ml  of concent ra ted  
tt2SO 4 were  added to 8.6 ml (0.15 mole) of ethanol.  The mix tu re  was  cooled to 0 ~ and 1.05 g (0.015 mole) 
of sodium ni t r i te  in 2.5 ml  of w a t e r  was added gradual ly  at 5-10 ~ The resu l t ing  solution of diazonium salt  
was  heated  on a wa te r  bath with a ref lux condenser  until n i t rogen evolution ceased  (1 h). The ethanol and 
acetaldehyde were  r e m o v e d  by dist i l la t ion,  5 ml  of wa t e r  was  added, and the mix ture  was  neut ra l ized  with 
concent ra ted  amm on i um  hydroxide and ex t rac ted  with ch lo ro fo rm to give 1.02 g (38%) of pa le -ye l low 
needles  with mp 168-169 ~ ( f rom benzene).  Found %: C 54.27; H 3.93; N 23.90. CsHTN302. Calculated %: 
C 54.23; H 3.98; N 23.71. The compound obtained was identical  to that obtained by countersynthes i s  v ia  the 
method in [5] according  to ch roma tog raphy  and a mixed mel t ing point t es t .  

1 , 3 -Dime thy l -4 -n i t ro -5 - to sy l aminobenz imidazo l ium Benzosulfate  (VII). Equimolecu la r  amounts  of 
I I Ia  and methyl  benzenesulfonate  we re  mel ted  at 120-130 ~ for  2 h to give 83% of co lo r l e s s  cubic c r y s t a l s  
with mp 228-229 ~ (alcohol). Found %: C 51.19; H 4.28; N 11.03; S 12.30. C22H22N4OTS2 . Calculated %: 
C 50.95; H 4.28; N 10.80; S 12.36. 

1 ,3 -Dime thy l -4 -n i t ro -5 - to sy l aminobenz imidazo l ium Betaine (VIII). Compound VII was  t r ea t ed  for  
20 min with concent ra ted  am m on i um  hydroxide and the prec ip i ta te  was f i l te red  to give 95% of orange 
p r i s m s  with mp 303-304 ~ (decomp.).  Found %: C 53.22; H 4.47; S 9.16. CI6H16N404S. Calculated %: C 
53.32; H 4.48; S 8.90. 
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