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ABSTRACT

o-Phenylenediamine (1) was condensed with lactic acid (2) under Philips conditions to obtain the previously known
2-(a-hydroxyethyl)benzimidazol e (3). Oxidation of 3 with K,Cr,0O; in dil. H,SO,4 using the literature method gave the
previously reported 2-acetylbenzimidazole (4). Several methods have been tried using various oxidising agents /
dehydrogenating agents to optimise the preparation of 4 from 3.

INTRODUCTION

The study of the chemistry of benzimidazoles hankend continues to be one of the most active ascirfating
areas of heterocyclic chemistry. The benzimidazodg system has been found in many naturally odogrr
compounds of great chemical and biochemical interesThere are number of benzimidazoles known - rangin
from simple to some of the most complex structuréa Organic Chemistry and there are several syitthe
derivatives which find applications as drugs, phaceuticals, agrochemicals etc. In continuationuwfearlier work
on synthesis of 2-substitutedbenzimidazbles, we now wish to report our studies on oxidation 2fa-
hydroxyethyl)benzimidazole.

MATERIALSAND METHODS
Experimental Section:

Preparation of 4 from 3:

1. With K,Cr,07 To a solution of3 (8.1 gm, 50mM) in dil BSO, (5% 40 ml) was added at RT a solution of
K,Cr,0; (9.8 gms, 50mM) in water (60 ml) and congS&y, (20 ml) in a dropwise fashion, over a period of 20
mins. The reaction mixture was stirred vigorouslyidg addition. The separated solid was filtered washed with
water (3 x 10ml). The precipitate was resuspendeasater (50 ml) and treated very carefully with AidHs; to a pH

of 6.0 — 6.5. The suspension was stirred for 0.&rd filtered. The residue was washed with water {® ml) and
dried to obtaird.

2. With MnO;: To a solution o3 (1.62gm, 10mM) in methylethylketone (30ml), wasled solid MnQ (1.72gm,

20 mM) and the solution was heated under reflux4fdirs. During this period the progress of the tieacwas
monitored on TLC for the disappearance of theistgmaterial3. No product formation was observed on TLC and
starting material was recovered on processingehetion mixture by filtration and evaporation o fiiitrate.

3. With MnO, by physical grinding: A mixture of3 (1.62gm, 10mM) and Mn{(1.72gm, 20mM) were ground
together in a mortar and pestle for 1 hrs. Durhig period, the progress of the reaction was mogdt@n TLC for
the disappearance of the starting mate3idlo product formation was observed on TLC andtisgmaterial was
recovered on processing the reaction mixture bgodlision in acetone, filtration of mixture and ewagtion of the
acetone filtrate.

1292
www.scholarsresearchlibrary.com



P.Kishore Kumar et al Der Pharma Chemica, 2012, 4 (3):1292-1295

4. With H,O, / gl. AcOH: To a solution of3 (1.62gm, 10mM) in glacial AcOH (10ml) af® was added a
solution of HO, (30 %, 8ml) in glacial AcOH (5ml) dropwise withirsing under ice-cold conditions over a period
of 15 mins. After completion of addition, the raantmixture was allowed to warm up by removing ibe-chest
and stirred at RT for 1 hr. At the end of this pdrithe reaction mixture was poured into ice-cotden (50ml). The
ag. acidic solution was neutralised with satd.MaHCGO; (5 %) to pH of 7.0. The separated product wasréi,
washed with water and dried to obtdin

5. With CaOCl,: To a solution of3 (1.62gm, 10mM) in methylethylketone (30ml), wasded solid CaOGlI
(1.42gm, 10 mM) and the solution was heated unefux for 3 - 4 hrs. During this period, the proggeof the
reaction was monitored on TLC for the disappeararfi¢be starting materiad. No product formation was observed
on TLC and starting material was recovered on [gsiog the reaction mixture by filtration and evagimn of the
filtrate.

6. With m-CPBA: To a solution of3 (1.62gm, 10mM) in glacial AcOH (10ml) af® was added m-CPBA
(1.72gm, 10mM) in glacial AcOH (5ml) with stirringnder ice-cold conditions over a period of 15 miAfer
completion of addition, the reaction mixture waswkd to warm up by removing the ice-chest andesdiat RT for
3 — 4 hr. At the end of this period, the reactioixtore was poured into ice-cold water (50ml). The acidic
solution was neutralised with satd. aq. NaH@® %) to pH of 7.0. A small quantity of white sblseparated out,
which was filtered carefully washed and dried. #isWound to be starting matergbnly (TLC, M.P & M.M.P).

7. With 10 % HNOa3: A solution of3 (1.62gm, 10mM) and 10% HNO(10 ml) was stirred at RT for 3 - 4 hrs.
During this period the progress of the reaction masitored on TLC for the disappearance of thetisumaterial
3. At the end of this period, the reaction mixturaswpoured into ice-cold water (50ml). The aq. acidilution was
neutralised with satd. aq. NaHg@ %) to pH of 7.0. The separated solid was fiterwashed with water and
dried. It was found to be starting mateBa(TLC, M.P. and M.M.P).

8. With 50 % HNO3: A solution of3 (1.62gm, 10mM) and 50% HN®10 ml), was stirred at RT for 3 - 4 hrs.
During this period the progress of the reaction masitored on TLC for the disappearance of thetisumaterial

3 and the reaction mixture is further heated und#lux for 3 - 4 hrs. At the end of this period, tfeaction mixture
was poured into ice-cold water (50ml). The ag. iacilution was neutralised with satd. ag. NaH@®%) to pH
of 7.0. The separated solid was filtered, washatl wiater and dried. It was found to be startingeriat3. (TLC,
M.P and M.M.P)

9. With CAN: To a solution of3 (1.62gm, 10mM) in methylethylketone (30 ml), wakslad solid CAN (1.35gm,
2.5 mM) and the reaction mixture was stirred at RT4 hrs. At the end of this period, the reactioixture was
poured into ice-cold water (50ml). The separatdit swas filtered and washed with water (3x10ml) afgéd to
obtain4.

RESULTSAND DISCUSSION

o-Phenylendiaminél) was condensed with lactic ad@) under Philips conditiofigo obtain the previously known
2-(a-hydroxyethyl)benzimidazole® (3) as a crude, fairly water soluble product.

Scheme-1
H
NH \
? QH 4N HCl N OH
+ HOOC-C-R )—G-R
NH; H A N H
1) 2) 3hrs 3

3, which is a racemic mixture of two optically actiemantiomeric compounds, could be readily purifigd b
dissolving in hot acetone, treating with charcaahbt condition, filtration, concentration and dagl to yield a
crystalline precipitate a3, which was found to be pure on TLC.

Oxidatior?™ of 3 with K,Cr,O; in dil. H,SO, gave the previously reported 2-acetylbenzimiddZzo(4). The
reported procedures for the preparatior afivolve oxidation of3 with K,Cr,O- in dil.H,SO, followed by careful
neutralisation of the reaction mixture with agNtd a pH of 5.5-6.0, resulting in the formation 4fwhich is
filtered, washed with water and dried. Yield is ogpd to be around 60% with the product being sigfitly
homogeneous and pure on TLC. Similar were the tesbkained in our work.
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Scheme-2
H H
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N H dil.H,SO, / RT N

3) (4)

It has been observed that in the above reactienpkhof the solution during neutralisation withNHg should be
close to neutral, preferably between 5.5-6.0 amdishnot exceed 7.0. If the pH of the solution ed7.0, i.e., if it
goes to basic side, then the yield of the produgbes down considerably, dsis reasonably soluble in dil.aq.
alkaline solutions and the product purity also exdfdue to improper precipitations of chromiumsséait reduced
oxidation states formed as a result of reductiothefdichromate.

There are two probable mechanisms for the oxidaif@to 4 by K,Cr,O; which are shown below:-
First-Mechanism:
K2C|'207 + stO4 —_— Kst4 + [H2C|'207]

H2C|'207 + Hzo —_— 2H2C|’O4

2H,CrO, =—— HO—Cr—OH
o (Chromicacid)
R
R—C—OH * HO—Cr—OH ———> R—C—O0—Cr—OH + H,0

o] H o]
(Sec. alcohol) (Cr-1v) (Chromic ester)

T I
R—(}Z_TO—Q’C‘T—OH —— R_Cko-'. HO——Cr—O0OH
/\ (K etone) (Cr-1v)
(Chromousacid)
Second-Mechanism:

QH
(ID—'H/\ o R, o ©
R-C—H + HO-Cr—OH ¢ ©
| I _H O /N
R o] 2 R H
(Chromic ester)
OH
I
Cr—0O
R O§|| AN (?He
\CO o) C=0 + c'll)H“ + Cr—0
Y R I
R" ~H . o
( 4) (Ammonium Chromite)
NHa

Oxidation Studies:

In the above reaction, involving oxidation of 2-hgelyethylbenzimidazol€3) with K,Cr,O,, it was observed in a
series of runs that the yields tapered off to ado6@%. Since 2-acetylbenzimidaz¢® was needed in the present
work in reasonably large amounts, it was considevedhwhile to explore alternative methods for fireparation
of 4.

The oxidation reaction & to 4 was studied with different oxidising agents withi@w to see i# can be obtained in
higher yields, greater purity and using a reagbeaper than the Analar dichromate.
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Table: 1 Preparation of 4 from 3 by oxidising using different reagents:

S.N Substrate Oidising agent Reaction Product Reaction Yield (%)
0. Conditions Status
1 3 K2Cr07 Stirring at RT 4 Completed 72 %
2 3 MnO; Refluxing/ 4 Not moving Nil
3-4hrs
3 3 MnO; Physical grinding 4 Not moving Nil
4 3 H,0, / AcOH Stirring RT/ 4 Completed 55 %
3hrs
5 3 CaOC} Refluxing/ 4 Not moving Nil
3hrs
6 3 m-CPBA Stirring RT/ 4 Not moving Nil
3-4hrs
7 3 10% HNG Stirring RT / 4 Not moving Nil
3-4hrs
8 3 50% HNG Stirring RT / 4 Not moving Nil
3-4hrs
9 3 50% HNQ A/100°C / 4 Not moving Nil
3-4hrs
10 3 CAN MEK/ RT/ 4 Completed 50 %
3-4hrs

The oxidising agents used were Min®l,0, in glacial acetic acid, bleaching powder, m-CPBAric ammonium
nitrate (CAN), cupric acetate (in acetic acid) aitdc acid. The results are shown in Table-1.

It is obvious from these results that only a fevidsing agents like CAN and 4@, (in glacial acetic acid) gave
comparable yields to r,0;. The others did not fare well.
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