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Abstract - Simple syntheses of 1-substituted 5.6-dimethyl- 

4,7-benzimidazolediones (la-c) are described. The commercially 

available 5,6-dimethylbenzimidazole was alkylated and nitrated. 

The corresponding 4,7-dinitro derivatives were reduced to 

diamines and subsequently oxidized to quinones. 

It is well known that many quinone derivatives have anticancer activity ' and 
Some of them, such as streptonigrin or mitomycins, have the quinone moiety fused 

to a heterocyclic ring. Several heterocyclic quinones recently reported in the 
2-6 

literature have significant antitumor activity. As part of an ongoing research 

program directed to the synthesis of new antitumor compounds, in which a quinone 

ring is condensed with a five-membered heterocyclic nucleus, we requited an 

efficient and simple synthetic method for large quantities of 5.6-dimcthyl-4,7- 

benzimidazoledione (la1 as parent compound of a novel class of alkylating agents. 

Compound Ia was obtained by Talaty as by-product in the oxidation of 5.6-dimethyl- 

benzimidazole with ceric ammonium nitrate. Although this is a direct niethod and 

requires only one step, it is not suitable for convenient large scale preparations 

because it produces inconsistent yields of the desired compound. On the other 

hand Day's synthesis ', involving hydrolysis of 4.7-dlmethoxybenzimidazole and the 
oxidation of the corresponding 4.7-dihydroxy derivative with ferric chloride or 

chromic anhydride, is scarcely useful because of the difficulty in obtam~ng 

the required 2.3-dimethyl-1,4-dimethoxybenzene as starting compound. 



In fact, in the few cases reported in the literature, the 4.7-benzimidazolediones 

substituted at position 5- and 6- are usually obtained through 1,4-nucleophilic 

additions to 4,7-benzimidazoledione or nucleophilic substitutions on 5-chloro- 
9 

4.7-benzimidazoledione . 
We describe in this paper a convenient synthesis of Ia and its adaptation to the 

preparation of other I-substituted 5,6-dimethyl-4,7-benzimidazolediones with 

conventional methods in three steps as depicted in the following scheme: 

2c*jJ li3C :3c)$7j H 3 C  + I 

R N O 2  R 
I I a - c  I I I a - c  N U 2  R 

I V  a - c  

1,5,6-Trimethylbenzimidazole (IIb) and I-ethyl-5,6-dimethylbenzimidazole (IIc) 

were prepared from the comercially available 5.6-dimethylbenzimidazole (IIa) 

by N-alkylation lo. However we obtained IIb in nearly quantitative yields by 
11-13 

N-alkylation of IIa with methyl iodide via phase-transfer catalysis 

Treatment of IIa-c with concentrated nitric and sulphuric acids gave a mixture 

of mononitro and dinitro detivatives from which the 4.7-dinitro-5,6-dimethyl- 

benzimidazoles IIIa-c were separated by column chromatography. Reduction of IIIa 

with hydrogen and palladium as catalyst gave 4,7-diamino-5.6-dimethylbenzimidazole 

(Iva). In the case of IIIb, a similar procedure gave impure 1% partially complexed 

with palladium while, in the case of IIIc it produced a complex mixture of partial- 

ly reduced and partially dealkylated compounds. Reduction of IIIb-c with hydrazine 

and Raney Nickel as catalyst in methanol 14'15 yielded the diamines 1%-c in 

excellent yields. Treatment of IVa-c in acidic medium with ferric chloride gave 

Ia-c in high yields. 

The present method provides a very convenient route to 5.6-dimethyl-4.7-benzi- 

midazolediones on account of simplicity, availability of starting materials and 

yields. Application of this procedure to the synthesis of differently substituted 

4.7-benzimidazolediones is currently in progress. 

Compounds Ia-c submitted for preliminary in vitro tests showed interest~ng 

antitumor activity; more detailed results will be reported elsewhere in the 

near future. 
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EXPERIMENTAL 

The melt ing points  were determined with a  Biichi apparatus and a r e  uncorrected.  

A Perkin-Elmer model 575 spectrophatometer was used f o r  UV s p e c t r a l  determinations 

NMR Spectra were obtained using a Varian EM-390 90 MHz spectrometer,  using TMS 

as i n t e r n a l  s tandard .  Elemental analyses were performed with a  Perkin-Elmer 240 

CHN analyzer and determined values a r e  wi th in  0.4% of the t h e o r e t i c a l  values.  

S i l i c a  ge l  60, F-254 (E. Merck no. 5729),  and s i l i c a  ge l  60 (E. Merck 7734, 70-230 

mesh) were used f o r  th in- layer  and column chromatography, r e spec t ive ly .  

To a suspension of 5,6-dimethylbenzimidazole (1 g ,  6.0 m o l e )  and 5N aqueous 

potassium hydroxide (10 m l )  was added a so lu t ion  of methyl iodide  (0.41 m l ,  6 . 6  

m o l e )  and 18-Crown-6 (50 mg) i n  carbon t e t r a c h l o r i d e  (200 m l )  and t h e  mixture 

was shaken a t  room temperature f o r  30 h .  The organic l aye r  was sepa ra ted ,  washed 

with water and d r i ed  on magnesium sulphate .  The solvent  was removed by evaporation 

under reduced pressure  and the  res idue  was r e c r y s t a l l i z e d .  

5,6-Dimethyl-4,7-dinitrobenzimidazoles ( I I I a - c ) ;  General Procedure 

A so lu t ion  of I Ia-c  (0.025 mole) i n  conc. s u l f u r i c  ac id  (20 m l )  was added dropwise, 

with s t i r r i n g ,  t o  a  cold mixture of n i t r i c  ac id  (90%) (1 .5 m l )  and conc. s u l f u r i c  

ac id  ( 8  m l )  a t  0 - 7 ' ~  and then allowed t o  s tand a t  room temperature f o r  12 h .  The 

r eac t ion  mixture was poured i n t o  cracked i c e  and neu t ra l i zed  with conc. ammonium 

hydroxide. The crude p r e c i p i t a t e  was f i l t e r e d ,  washed with water ,  dr ied  and 

chromatographed an a s i l i c a  g e l  column e l u t i n g  with e t h y l  a c e t a t e  ( I I I a )  o r  e t h y l  

acetate/cyclohexane (60:40) ( I I I b , c ) .  

The f i r s t  e lu t ed  f r a c t i o n  was recovered and evaporated; t h e  res idue  was r e c r y s t a l -  

lized f r o m  a s u i t a b l e  so lven t .  

4,7-Diamino-5,6-dimethylbenzimidazo1es (IVa-cl 

Method A: A so lu t ion  of I11 (0.008 mole) i n  warm ethanol  (400 m l )  and 5% palladium 

on charcoal (0.15 g) was hydrogenated i n  a  Parr  apparatus a t  30 p s i  u n t i l  the 

t h e o r e t i c a l  amount of hydrogen was consumed. The e thano l i c  so lu t ion ,  f i l t e r e d  

from t h e  c a t a l y s t  and evaporated,  gave a  res idue  which was r e c r y s t a l l i z e d  from a 

s u i t a b l e  so lven t .  

Method B: A so lu t ion  of 111 (0.008 mole) i n  methanol (50 m l )  was added dropwise 

over a period of 15 min t o  a r e f lux ing  mixture of methanol (10 m l ) ,  hydrazine 

hydrate (5 m l )  and Raney N i  (200 mg). After add i t ion  was completed, r e f l u x  was 

maintained f o r  10 min. The c a t a l y s t  was separa ted  by f i l t r a t i o n  over c e l i t e ,  t h e  

Solvent was evaporated and t h e  res idue  was r e c r y s t a l l i z e d .  Ac id i f i ca t ion  of t h e  

a l coho l i c  so lu t ion  of I V  with anhydrous hydrochloric ac id  gave t h e  corresponding 



Table. P r e p a r a t i m  o f  mqmmds 11, 111, A? and I 

CarFomd Yield Ethd mp I OC1 f%lecular U.V. (95% e thanol )  b 

\ % I  ( s o l v a t )  f o m l a a  hrpax Iml ( l o g  S )  
'H-NMR ('IW 6 Ipl 

or l i t .mploc1  

1% 95 143-145 142-143 2.92 and 2.32 (two s ,  6H); 3.75 ( s ,  3H); 
ten- 7.30 and 7.44 (two s, 2H); 8.02 (s, I n ) .  

111a 43 216-217 290U.75); 305(3.73); 2.42 (3, 6H); 8.46 (s, IH);  13.52 (broad 
eth-1 C9H8N404 shoulder  360 (3.66) 

(236.2) S, IH).  

11% 48 174-176 CI0Hl0N4O4 290 (3.54) 2.37 and 2.40 (two s ,  6H); 3.74 ( s ,  3H) ; 
e t h y l  a c e t a t e  

(250.2) 7.91 (s, I H ) .  

IIIc 47 125-127 =I lH1 2N404 289(3.55) 1.43 ( t ,  3H); 2.38 ( s ,  6H); 4.14 (q, ZH); 
e t h y l  acetate 

(264.2) 8.02 (s, IH).  
1 

N IVa 90 A 255-257 (dec) CgHI2N4 279(4.22);  335(3.03) 
CL 

2.0 ( s ,  6H); 2.5 (broad signal, 5H); 
ethyl acetate 

(176.2) 8.11 (s, I H ) .  
01 

I I W  86 B 202-204 
Cl oH1 4N4 228(4.37); 279 (3.80) 2.06 and 2.09 (two s ,  6H); 3.35 (broad s, 

e t h y l  a c e t a t e  
(190.2) 

shoulder  300 (3.54) 4H); 4.02 (s, 3H); 7.71 (s, IH).  

IVc 90 B 175-177 232(4.14); 276(3.82) 1.31 ( t ,  3H); 2.15 and 2.30 (two s, 6H); 
C11H16N4 

ethanol 
(204.3) 

shoulder  302 (3.64) 4.23 (q, 2H); 9.05 k r y  broad s ,  4H); 
9.47 (s, IH) . 

la 85 247-250(dec) 2 4 5 ~ d e c ) ~  
e thanol f ia te r  

Ib 75 247-249 273 (4.19) 1.99 ( 5 ,  6H); 3.90 (s, 3H); 8.06 (s, IH) . 
C1oH1 oN202 

ethanol 
(190.2) 

Ic 70 160-162 CllH12N202 274 (4.16) 1.38 ( t ,  3H); 1.99 (s, 6H); 4.34 (q,  2H); 
e t h w o l  

(204.2) 8.16 (s, IH) .  

a 
S a t i s f a d o r y  micmalyses cbtained: c + 0.36; H + 0.36; N i 0.22 

b 1 
Ihe H - m  spctra f o r  Ilh, IIIa, ma, nh, IVc, Ib, Ic -re cbtained in m?c-d6; thcse for I I a  and I11c =re abtained in m 

3 ' 
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hydrochloride as white p r e c i p i t a t e .  

5.6-Dimethyl-4.7-benzimidarolediones ( I a - c l ;  General Procedure 

TO 5,6-Dimethyl-4,7-diaminobenzimidaz01e~ (0.5 g) d issolved i n  water (50 m l )  an 

excess of f e r r i c  ch lo r ide  (1 gl was added. I h e  r e s u l t i n g  so lu t ion  was made s l i g h t l y  

a c i d i c  by adding hydrochloric ac id  and was s t i r r e d  overnight  a t  room temperature.  

The yellow p r e c i p i t a t e  was recovered by f i l t r a t i o n ,  washed with water and recry- 

s t a l l i z e d .  The mother s o l u t i o n ,  neu t ra l i zed  with ammonium hydroxide and ex t rac ted  

with e t h y l  a c e t a t e  gave an add i t iona l  amount of Ia-c. 
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