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The r eac t ion  of benzimidazole  and its 2 -subs t i tu ted  de r iva t ives  with chlorosulfonic  acid is 
examined.  It is shown that  only compounds containing e lec t rophi l ic  subst i tuents  in the 2-  
posi t ion yield sulfonic chlor ides .  Benzimidazole  and its 2 -me thy l  der iva t ive  give the su l -  
fonic acids.  Substitution occu r s  at the 5-posi t ion of the benzimidazole  nucleus.  

P rev ious  a t tempts  [1] to obtain benzimidazolesul fonyl  chlor ides  by the reac t ion  of benzimidazoles  with 
chlorosulfonic  acid (CSA) were  unsuccessful .  The authors isola ted f r o m  the reac t ion  mix tu re  only unchanged 
benz imidazo les  or  the sulfonic acids ,  which could not be conver ted  into the sulfonyl chlor ides  by t r ea tmen t  
with PCI~, or by other  commonly  used methods.  

In a prev ious  communica t ion  [2], we showed that  the reac t ion  of CSA with der iva t ives  of 2 - i m i n o - l , 3 -  
d imethylbenzimidazol ine  (I) gave the sulfonyl chlor ides  only when the exocycl ic  N-a tom bore  subst i tuents  
which reduced  the bas ic i ty  of the imidazol ine r ing.  Since the chlorosulfonat ion reac t ion  takes  place in 
s t rongly  acidic media ,  de r iva t ives  of I apparent ly  exis t  there in  as the i r  chlorosulfa te  sa l t s  which, acco rd -  
ing to our  r e su l t s  [3], p o s s e s s  the benz imidazol ium sa l t  s t ruc tu re .  The re fo re  we expected the reac t ion  of 
CSA with benz imidazo les  (II) to occur  by the s a m e  m e c h a n i s m  as above. In fact ,  r eac t ion  of benzimidazole  
and 2 -methy lbenz imidazo le  with CSA does not give the sulfonyl ch lor ides ,  but the sulfonic acids (III), which 
a re ,  r e spec t ive ly ,  identical  to the benz imidazo le -5 -su l fon ic  acid (IIIa) and 2 - m e t h y l b e n z i m i d a z o l e - 5 - s u l -  
fonic acid (IIIb) obtained by s in ter ing the sulfate  sa l t s  of II'b [4]. React ion of 2-phenyl -  and 2 -p -n i t ropheny l -  
benz imidazole  with CSA yields the sulfonyl chlor ides  (IV), which a r e  readi ly  conver ted  into sulfonamides  
and sulfonic acids.  The sulfonamide obtained by ammonolys i s  of the sulfonyl chlor ide IVc is identical  with 
5 - su lphamoyl -2 -pheny lbenz imidazo le ,  p r e p a r e d  by reac t ing  3 ,4-d iaminobenzenesul fonamide  [5] with benzal -  
dehyde. This indicates that chlorosulfonat ion occurs  at the 5-posi t ion of the benz imidazole  nucleus. 

k ~ N x  ) CIO �9 S \ N HO3S~ ~ N  HOSO CI --R HOSO2CI - r l / Q "  "\~ -- Ii ' 

illa~.~d ~ i l a - d ,  wc, dH 
I I - l v a  R=It; b R~ CB~; c R=c6ns;  d R=P'NO~C6n~ 

The f i r s t  s tage of the chlorosulfonat ion reac t ion  (i.e.,  f o rma t ion  of the sulfonic acid), t he re fo re ,  
occurs  for  all the compounds lI. The sulfonic acid product  apparent ly  ex is t s  in the s t rongly  acid reac t ion  
medium as the sa l t  of chlorosulfonic  acid or  HC1 (V). The fine s t ruc tu re  of this sal t ,  depending on the na-  
tu re  of R, apparent ly  also de t e rmines  whether  the second s tage of the chlorosulfonat ion reac t ion  will occur ,  
i .e. ,  the nucleophil ic a t tack  of chlorosulfonic  acid on the sulfonic acid group, with r ep l acemen t  of the OH by 
a chlor ine  atom. At tack on the sulfur  a tom is h indered if its posi t ive  charge  is reduced by the imidazol ium 
sys tem.  The p r e s e n c e  of an e lec t rophi l ic  group in the 2-posi t ion,  reducing the bas ic i ty  of the sys t em,  ap-  
paren t ly  s u p p r e s s e s  this influence, and convers ion  of the sulfonic acid into the sulfonyl chlor ide becomes  
poss ible .  The higher  the e lec t rophi l ic  nature  of R, the m o r e  readi ly  the sulfonyl chlor ide is fo rmed ,  since 
the yield of IVc is 80%, and that  of IVd is 90%. 
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It appears that s imi la r  considerat ions must  also hold in discussing the resul ts  of the chlorosulfona-  
tion of 2- iminobenzimidazol ines [2]. 

EXPERIMENTAL 

Benzimidazole-5-sulfonic Acid (Ilia). In a three-necked flask, fitted with a stirrer and a reflux air 

condenser with a calcium chloride tube, 4 ml (~ 0.06 mole) of freshly distilled CSA was placed and 1.18 g 
(0.01 mole) of benzimidazole was added in small portions with stirring during a period of 30 min. The re- 
action mixture was stirred for 30 rain at 105-110 ~ C and, after cooling, it was poured into 25 g of ice. So- 
dium carbonate was added cautiously until the pH of the solution was 1-2, then the resulting precipitate of 
inorganic salts was quickly separated off. On standing for several hr, the sulfonic acid slowly separated 
from the filtrate. The precipitate was filtered off, recrystallized from water, and dried at ii0 ~ C, giving 
1.65 g (80%), mp 365 ~ C, in agreement with the literature value [4]. A mixed mp with benzimidazole-5- 
sulfonie acid gave no depression. Their IR spectra were absolutely identical. 

2-Methylbenzimidazole-5-sulfonic Acid (IIIb). This was obtained in a similar manner from lib, but 
the reaction was completed at 50-60 ~ C. Yield 92%, colorless needles, decomposing at about 380 ~ C (ac- 
cording to [4], this compound has a high and indistinct rap). The IR spectra of the sulfonic acid product 
and 2-methylbenzimidazole-5-sulfonie acid were identical. Found, %: N 13.14. Calculated for CsHsN20~S , 

%: N 13.20. 

2-Phenylbenzimidazole-5-sulfonyl Chloride Hydrochloride (IVc. HCI) and 2-Phenylbenzimidazole-5- 
sulfonic Acid (IIIc). IIc was added to CSA, as in the first preparation, while cooling the flask in cold water. 
The reaction mixture was stirred for 30 min at 70-75 ~ C, then it was cooled and poured into 20 g of ice. 
The precipitate was filtered off, washed with ice water, and dried in a desiccator over CaCI 2. The color- 
less, crystalline product was insoluble in the usual solvents. It was purified by washing on the filter with 
hot benzene and chloroform, to give 80% of product, mp 363 ~ C (decomp). Found, %: N 8.75, 8.82. Calcu- 

lated for CI3HsCIN202S. HCI, %: N 8.51. 

From the filtrate, after separation of We. HCI, IIIe precipitated on standing. It was filtered off, re- 
crystallized from water, and dried at ii0 ~ C to give 14% of colorless needles, mp 410 ~ C (decomp). The 
compound was identical with the sulfonie acid obtained by boiling IVc or IVc. HCI with water. Found, %: 
C 57.13; H 3.82; N 10.28; S 11.35. Calculated for CI3Hi0N203S , %: C 59.92; H 3.67; N 10.21; S 11.69. 

2-Phenylbenzimidazole-5-sulfonyl Chloride (IVe). A 0.66-g (2 mmole) quantity of IVe" HCI (R=C6Hs) 
was carefully triturated with 15 ml of cold 20% Na2CO 3 solution. The residue was filtered off, washed with 
ice water, and dried in a desiccator over CaCI2, giving 0.48 g (82%) of colorless needles (from benzene), 
mp 265 ~ C (deeomp). Found, %: N 9.52. Calculated for CI3HgCIN202S, %: N 9.57. 

2-p-Nitrophenylbenzimidazole-5-sulfonyl Chloride (IVd). The reaction with CSA, and the isolation of 
the product, were carried out as in the preparation of IVc �9 HCI. The yellow sulfonyl chloride precipitate 
was filtered off, washed with cold water, carefully pressed, and triturated with 20 ml of acetone. Tile res- 
idue was separated and dried in a vacuum desiccator over CaCI 2 to give 91% of a yellow crystalline prod- 
uct, insoluble in the usual solvents, and decomposing at about 300 ~ C. Found, %: N 12.26. Calculated for 
C13HsCIN304S, %: N 12.45. 

5-Sulfamoyl-2-phenylbenzimidazole (VI). A) To a solution of 0.46 g (2.5 mmole) of 3,4-diaminoben- 
zenesulfonamide (VII) [5] in 5 ml of alcohol was added a solution of 0.25 g (2.5 mmole) of benzaldehyde in 
1 ml of alcohol, and the mixture was boiled for I0 rain. Nitrobenzene (I ml) was then added, and the mix- 
ture was boiled for 5 rain, thus removing the alcohol and the water formed during the reaction. To the 
cooled nitrobenzene solution was added a threefold volume of ethyl acetate, and a current of dry HCI was 
passed in. The hydroehloride precipitate was filtered off, washed with ethyl acetate, and dried. On treat- 
ment with concentrated ammonia, VI was obtained in 0.42 g (60%) yield, mp 275 ~ C. Colorless needles (from 
methanol), mp 292 ~ C. Found, %: C 57.05; H 4.21; N 15.35; S 11.40; Calculated for C13HHN302S , %: C 57.12; 
H 4.06; N 15.37; S 11.73. 
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B) Compound IVc and its hydrochlor ide  were  boiled with excess  concentra ted  ammonia .  On cooling, 
the mix tu re  was diluted with an equal volume of wate r ,  and the sulfonamide prec ip i ta te  was f i l te red  off and 
r e c r y s t a l l i z e d  f r o m  methanol  to give co lo r l e s s  needles ,  mp 292 ~ C. The compound was identical  with the 
sulfonamide obtained f r o m  VII. 

5 -Su lphamoyl -2 -p 'n i t ropheny lbenz imidazo le .  Obtained by t r e a t m e n t  of IVd with ammonia  as yel low 
p r i s m s  ( f rom aqueous alcohol),  mp 285 ~ C. Found, %: C 48.74; H 3.30; N 17.87; S 9.71. Calculated fo r  
C13H~0N4OtS, %: C 49.06; H 3.17; N 17.60; S 10.07. 

2 -p -Ni t ropheny lbenz imidazo le -5 - su l fon ic  Acid. A 0.68-g (2 mmole)  quantity of IVd was boiled for  
15-20 rain with 3 0 ml  of water .  Af ter  cooling, the sulfonic acid p rec ip i t a t e  was f i l te red  off, r e e r y s t a l l i z e d  
f r o m  wate r ,  and dr ied  at 110 ~ C to give 0.61 g (95%) of yellow needles ,  decomposing at about 390 ~ C. Found, 
%: C 48.90; H 3.04; N 13.22; S 9.80. Calculated for  C13HgN30~S, %: C 48.90; H 2.84; N 13.16; S 10.04. 
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