Trade Science Ine.

ISSN: 0974 - 7516 Volume 9 Issue 4

CHEMISTRY
A Tndéian Yournal

=== Fyf] Peper

OCAIJ, 9(4), 2013 [137-142]

Synthesisand char acterization of 2-(4-bromophenyl)-1H- benzimidazole
and 2-(6-br omochroman-2-yl)-1H- benzimidazole compounds

Uttam B.More
Department of Chemistry, Sadguru Gadage M ahar aj CollegeKarad, Dist — Satara (M S) India415124, (INDIA)
E-mail: uttambmor e@r ediffmail.com

ABSTRACT

N-alkyl, N-carboxylate and N-sulfonyl compounds of 2-(4-bromophenyl)-
1H-benzimidazol e and 2-(6-bromochroman-2-yl)-1H-benzimidazole, using
akyl halides, alkyl chloroformates and sulfonyl chlorides, respectively
have been synthesized in high yields using different polymer-supports
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and different solvents. The advantages of this ssmple and rapid method
are extremely mild conditions, easy work-up and clean reaction without

undesired byproducts.

INTRODUCTION

Today, thereare avast number of pharmacologi-
cdly active heterocyclic compounds, which arein regu-
lar clinica use. Among thewidevariety of heterocyclic
compoundsknown, thenitrogen heteocydesareof great
importance. The benzimidazoleisone of such great
important nitrogen heterocyclic species because of its
synthetic utility and wide spectrum of pharmacol ogica
activity'*3. Thebenzimidazolenucleusisanimportant
heterocyclicring system, sinceseverd of itsderivatives
have been marketed ascommercid products. Recently,
bi shenzimidazol esare being developed asDNA minor-
groove binding agent with antitumor activity!® and can
act asligandsto transition meta sfor modeling biologi-
ca systemgd”.

Conventiona synthesisof benzimidazolesinvolve
refluxing thereactantsin agueoushydrochloricacid for
30 min®, or inadurry of thedehydrating agent, such
as polyphosphoric acid, at 250°C for 4 hi®! that result
inthegeneration of abundant harmful wasteto theenvi-
ronment. New methods have been recently applied for
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the preparation of thistype of compounds. Thesein-
clude solid phase'® methods, arapid microwave as-
sisted liquid-phase combinatoria approach, thestrat-
egy of pdladium-catdysedintramol ecular aryl-amination
chemistry!®9 using high-temperature water'® asthe
medium and montmorrilonite K SF or K10M. Asanew
typeof strong water-compatible Lewisacid, they have
been applied in awide variety of reactions*3. They
have been prepared from o-diaminobenzene deriva-
tivesand ortho-estersusing Y b (OTf), under solvent-
free conditiong™.

Numerous catal ysts have been developed for the
selective synthesis of benzimidazoles from o-
aryldiamines, such as Lead tetraacetate!!l, SOCI./
SiO, ™, Dacro K131 and Zeolite material ™.

Various substituted benzimidazolesareknown to
havevaried biologicd activity and among them 2-sub-
stituted benzimidazol esarefound to be more potent{#,
Benzimidazolenudeusconditutesagpecia moiety found
inaseveral therapeutic agents such asantitubercular,
anticancer, anthelmintic, antiallergic, antioxidant,
antihistaminic and antimicrobia, and thisheterocyclic
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system providesan interesting themefor the synthesis
of varioushiologica active compounds?,

The polymer supported methodol ogy adopted in
thework could bevery smpledueto ease of operation
and workup and a so economic because of higher yidd
and purity of products. Our work ismore centered on
the structural modification?24, Keepingin view the
bioactivity of benzimidazolecompounds, wereport a
simple and efficient method for the preparation of N-
alkyl, N-acyl and N-sulfonyl compounds of benzimi-
dazolein higher yieldsand purity under mild reaction
conditions.

EXPERIMENTAL

All chemicaswereof AR grade, and solventswere
distilled before use. Melting points are uncorrected.
Commercia Amberlite IRA 400 (chlorideform) and
Indion 820 (chlorideform) were activated by treating
with dil. HCl solution and Amberlyst A26 (hydroxide
form) wasactivated by treatingwith dil. NaOH.

General procedurefor supportinganion of 2-(4-
bromophenyl)-1H-benzimidazole and 2-(6-
br omochr oman-2-yl) 1H-benzimidazoleon polymer
supports

2-(4 bromophenyl) 1H-benzimidazole (100 mmol)
wasdissolvedin methanol (200 ml) and aqueous solu-
tion of sodium hydroxide (4 g, 100 mmol) wasadded
toit. Theactivated AmberliteIRA 400 (chlorideform)
(1200 gm) waspacked in acolumnand wasel uted dowly
dropwise (about 1.5 ml/min) with theabove sol ution of
sodium sdt of 2-(4-bromophenyl)-1H-benzimidazole.
Thereafter, theresin waswashed with distilled water
until completeremova of hydroxideionsand excessof
2-(4-bromophenyl)-1H-benzimidazoleanion. It was
thenwashed with ethanal followed by acetoneand dried
in vacuo at 50 °Cfor 5 hr. The same procedure was
used for supporting anion of 2-(4 bromophenyl) 1H-
benzimidazol e and 2-(6-bromochroman-2-yl) 1H-ben-
zimidazole on Amberlite IRA 400 (chloride form),
Amberlyst A 26 and Indion 820 (chlorideform). The
exchange capacity® of different supported resinswas
determined by passing 1 M KCI solution (100 ml)
through supported resin (1 gm) packed in acolumn.
The supported anionsin the e uent weretitrated with
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0.01 N HCI using methyl orangeasan indicator.

Theexchange capacity of theresnwasfoundto be
1.2 mmol 2-(4 bromophenyl) 1H-benzimidazoleanion
per gram of dry resin for Amberlyst A26 (hydroxide
form) and 1.0 mmol for AmberliteIRA 400 (chloride
form) and Indion 820 (chlorideform). The exchange
capacity of theresin wasfound to be 1.1 mmol 2-(6-
bromochroman-2-yl) 1H-benzimidazol eanion per gram
of dry resnfor AmberliteIRA-400 (chlorideform) and
1.0for Indion 820 (chlorideform) and Amberlyst A26
(hydroxideform).

Synthesisof N-alkyl compounds

A mixtureof anion supported resin (10 mmol) and
akyl hdide(10mmol) indry solvent (25 ml) wasstirred
until the completion of reaction (30-50 min). The
progress of reaction wasmonitored by silica-gel thin-
layer chromatography (TLC) (hexane: acetone, 9:1)
mixture. Meting pointswere determined by open cap-
illary method and are uncorrected. The productswere
characterized by physi cal constantsand spectroscopic
(*H NMR and IR) methods. After separation of resin
by filtration and remova of solvent, thecorresponding
N-alkyl compounds (1, 3) were obtained asproducts
(TABLE 1-6)

TABLE 1: Yield (%) using Amberlite IRA 400, (chloride
form), assupport.

Compd. Time Solvent MP[Lit.
No.  (Min) acetone Acetonitrile DCM  Ethanol MP]** (°C)
la 40 82 92 89 78 115-116
1b 40 84 94 88 80 137-138
1c 35 85 91 87 8l 92-93
2a 15 84 90 87 79 114-116
2b 10 83 93 89 80 97-99
2c 15 84 94 90 78 115-116

TABLE 2: Yidd (%) usngAmberlyst A26 (hydr oxideform),
assupport.

Compd. Time Solvent
No. (min)  Acetone Acetonitrile DCM  Ethanol
la 35 o) 88 85 83
1b 35 92 85 82 79
1c 40 91 86 80 81
2a 10 88 84 81 78
2b 15 90 88 83 84
2c 10 93 90 85 76
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Synthesis of N-car boxylate and N-sulfonyl com-
pounds

N-carboxylate derivatives (2, 4) wereprepared by
the above procedure using alkyl chloroformatesand

N
SEIwE

“-\‘_Pl‘J

R

1
(1a) R, =-CH;
(2a) R, = - COOCH,CH_;

= )
KX
CH N Me,

(1b) R, = -CH,CH, 1;(1c)
(2b) R, = - COO(CH,),CH;

= Fyl| Peper
N-sulfonyl (20 mmol) instead of alkyl hdides. Depend-
ing onreactivity of theakyl chloroformates, thesere-

actionswere completed within 10to 20 min. Theprod-
uctsarelistedinTABLE 1-6.

N

= OO

R,= CH CH ,CH.;
(20) R, = - SO,CF,

Schemel: Synthesisof 2-(4-bromophenyl)-1H-benzimidazole compounds. Solvent: acetone, acetonitrile, dichloromethane,

ethanol.

N
\>—(C)D\
[j\w
= Br
+
CH,NMe,
R,CI
R,X
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g m ~ o
'\\l Br Rz
R, 4

(3a8) R, =-CH,; (3b) R, = -CH,CH_; (4a) R, = -COOCH_; (4b)
R,=-COOCH,CH; (4c) R, = -COO(C,H,)CH,; (4d) R, =
COOCH,CH,; (4¢) R,=-SO,CH_; (4f)R,=-SO,(CH,)CH,
Scheme?2: Synthessof 2-(6-bromochroman-2-yl)-1H-benz-
imidazole. Solvent: acetone, acetonitrile, dichloromethane,
ethanal.

Spectral data of compoundssynthesized

Thefollowing numbering hasbeenfollowedtoin-
terpret *H NMR spectra.

o {
4 3 7 ~
\2
" 5'
7 3 TPH 23 4
1 ;
HC b e
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TABLE 3: Yield (%) using Indion 820 (chlorideform), as
support.

Compd. Time Solvent
No.  (min) Acetone Acetonitrile DCM Ethanol
la 40 90 87 93 84
1b 25 87 85 89 81
1c 30 85 86 90 80
2a 15 85 83 86 79
2b 15 87 90 87 84
2c 10 84 88 84 77

(a) 2- (4- Bromophenyl)-1-methyl-1-H-benzimida-
zole(1a)

'H NMR (CDCl,, 300 MHz): 6 3.87 (s, 3H, 1"-
CH,), 7.30-7.42 (m, 3H, 4, 5 & 6 Ar-H), 7.63-7.70
(m,4H, 2’ & 3’ Ar-H), 7.81-7.84 (m, 1H, 7-Ar-H);
IR (KBr): 2975, 1460, 1399, 1326, 1069, 1008, 833
and 816 cm™.

(b) 2- (4- Bromophenyl)-1-ethyl-1-H-benzimidazole
(1b)

'H NMR (CDCI,,, 300 MHz): 5 1.46 (t, 3H, 2" -
CH,),4.26 (q, 2H, 1" -CH,), 7.30- 7.44(m, 3H, 4,5
& 6Ar-H), 7.58-7.68 (m, 4H, 2° & 3’ Ar-H), 7.81-
7.84 (m, 1H, 7- Ar-H); IR (KBr): 2982, 1447, 1408,
1327, 1178, 1068, 1004, 956 and 923 cm™.

(©) 2-(4-Bromophenyl)-1-propyl-1-H-benzimidazole
(1c)

'H NMR (CDCI.,, 300 MHz): 5 0.86 (t, 3H, 3" -
CH,), 1.80-1.88(m, 2H,-2" -CH,), 4.17 (t, 2H, 1" -
CH,), 7.28-7.34(m, 2H, 5 & 6 Ar-H), 7.40-7.43 (m,
1H, 4-Ar-H), 7.57-7.68 (m, 4H, 2’ & 3’-Ar-H), 7.80-
7.83 (m, 1H, 7-Ar-H); IR (KBr): 2971, 2876, 1611,
1446, 1410, 1326, 1249, 1182, 1074, 1008 and 899
cm?,

(d) 2- (4- Bromophenyl) benzimidazole-1-car boxy-
licacid ethyl ester (2a)

'H NMR (CDCI,, 300 MHz): 5 1.31(t, 3H, 4" -
CH,),4.41(q,2H,3"-CH,), 7.39-7.43(m, 2H,5 &
6Ar-H), 7.53-7.63 (m,4H, 2’ & 3’-Ar-H), 7.78-7.82
(m, 1H, 4- Ar-H), 8.01-8.04 (m, 1H, 7-Ar-H); IR
(KBr): 2978, 1750, 1480, 1450, 1372, 1335, 1264,
1205, 1147, 1069 and 1011 cn™.
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(e) 2-(4-Bromophenyl) benzimidazole-1-car boxy-
licacid butyl ester (2b)

'H NMR (CDCI.,, 300 MHz): 5 0.89 (t, 3H, 6" -
CH,), 1.17-1.30 (m, 2H,-5" —-CH,), 1.55-1.65 (m,
2H, 4" —CH,), 4.32 (t, 2H, 3" —CH,), 7.38-7.45 (m,
2H,5& 6Ar-H), 7.52-7.63 (m, 4H, 2’ & 3’-Ar-H),
7.78-7.81(m, 1H, 4-Ar-H), 8.02-8.05 (m, 1H, 7- Ar-
H); IR (KBr):2960,1776, 1454, 1448,1394, 1321,
1209, 1060,1012 and 911 cm™.

(f) 2-(4-Bromophenyl)-1-trifluoromethanesulfonyl-
1H-benzimidazole (2¢)

'HNMR (CDCIl,, 300 MHz2): § 7.48-7.58 (m, 4H,
5,6& 2’-Ar-H), 7.63-7.66 (m, 2H, 3’ Ar-H), 7.84-
7.95 (m, 2H, 4 & 7-Ar-H); IR (KBr): 3063, 1590,
1554, 1484, 1421, 1212, 1134, 1074, 1048, 1022
and 1010 cm'™.

(9) 2-(6-bromochroman-2-yl)-1-methyl-1H-benz-
imidazole(3a)

'HNMR (CDCI,, 300MH2): 6 2.40-2.46 (m, 2H,
3’-CH,), 2.97-3.01 (m, 2H 4’-CH,), 3.91 (s, 3H, 1"-
CH,), 5.54 (dd, 1H, 2°-H), 6.79-6.82 (d, 1H, 8’- Ar-
H),7.2-7.35(m,4H, 7’,5’,5& 6Ar-H), 7.59-7.66 (d,
2H, 4and 7Ar-H); IR (KBr): 2948, 1474, 1403, 1320,
1231, 1182, 1119, 1080, 1041,997 and 744 cm™™.

(h) 2-(6-bromochr oman-2-yl)-1-ethyl-1H-brenzi-
midazole(3b)

'HNMR (CDCI,, 300 MHz): § 1.38-1.43 (t,3H,
2"),2.42-25(m, 2H, 3’-CH,), 3.03- 3.07 (m, 2H 4’-
CH,), 4.41 (g, 2H, 1" ~CH,), 5.62 (dd, 1H, 2-H),
6.76-6.79 (d, 1H, 8- Ar-H), 7.24-7.36 (m, 4H, 7,
5°,5& 6Ar-H), 7.61-7.67 (d, 2H, 4 & 7Ar-H); IR
(KBr): 2983, 2934, 1473, 1234, 1222, 1041, 996 and
816 cm™.

(1) M ethyl-2-(6-br omochr oman-2-yl)-1H-benzimi-
dazole-1-car boxylate (4a)

'H NMR (CDCI.,, 300 MHz): 5 2.48 (m, 2H, 3’-
CH,), 2.95 (m, 2H 4°-CH,), 4.13 (s, 3H, 3" -CH,),
5.88(dd, 1H, 2’-H) 6.81-6.84 (d, 1H, 8’-Ar-H), 7.19-
7.4(m,4H,7°,5’,5& 6Ar-H), 7.80-7.95(d, 2H, 4
& 7Ar-H); IR (KBr): 2926, 1573, 1544, 1481, 1438,
1357, 1336, 1231, 1200, 1126, 1082, 1033 and 786
cm™,

() Ethyl-2-(6-bromochroman-2-yl)-1H-benzimida-
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zole-1-car boxylate (4b)

HNMR (CDClI,, 300 MH2): § 1.49-1.56 (t, 3H,
4),2.49 (M, 2H, 3-CH,), 2.94-3.02 (M, 2H 4'-CH),
4.57-459(q, 2H, 3" ~CH.,), 5.88 (dd, 1H,3"-H), 6.8-
6.83(d, 1H, 8'Ar-H), 7.19-7.39 (m, 4H, 7, 5°, 5 and
BAr-H), 7.81-7.97 (d, 2H, 4 and 7Ar-H); IR (KBr):
2945, 1745, 1480, 1379, 1330, 1232, 1195, 1132,
1082, 1070, 1014 and 762 cm™.

(k) p-toluene2-(6-br omochr oman-2-yl)-1H-benz-
imidazole-1-car boxylate (4c)

'H NMR (CDCl,, 300 MHz): 6 2.32 (s, 3H, -
CH,), 2.55 (m, 2H, 3’-CH,), 3.00 (m, 2H 4’-CH,),
5.41(dd, 1H, 2’-H), 5.56 (s, 2H, 1"-CH,), 6.53-6.56
(d, 1H, 5’ Ar-H), 6.98- 6.70 (m, 2H, 7’& 8’Ar-H),
7.09-7.16 (m, 4H, Ar-H), 7.22-7.29 (s, 3H, Ar-H),
7.84-7.87 (d, 1H, Ar-H).

(1) Benzyl 2-(6-br omochr oman-2-yl)-1H-benzimida-
zole-1-carboxylate (4d)

'HNMR (CDCI,, 300 MHz): 6 2.55 (m, 2H, 3’-
CH,),3.01(m, 2H 4’-CH,), 5.38(dd, 1H, 2’-H), 5.60
(s,2H,1"-CH,), 6.46-6.49 (d, 1H, 5’ Ar-H), 7.11 (m,
2H,Ar-H), 7.21(m, 2H, Ar-H),7.26-7.28 (m, 6H,Ar-
H),7.86-7.90 (m, 1H, Ar-H); IR (KBr): 2926, 1482,
1462, 1370, 1291, 1234, 1187, 1122, 1082, 1015,
938, 805 and 744 cm'.

(m) 2-(6-bromochr oman-2-yl)-1-methanesulfonyl-
1H-benzimidazole (4€)

'HNMR (CDCI,, 300 MHZ2): § 2.58-2.66 (m, 2H,
3’-CH,), 3.04(m, 2H 4’-CH,), 3.52(s3H, 2" —CH,),
5.8 (dd, 1H, 2’-H), 6.81-6.64-6.67 (d, 1H, 8- Ar-
H), 7.18-7.44(m,4H, 7’,5’,5& 6Ar-H), 7.82-7.97
(d,2H, 4 & 7 Ar-H).

TABLE 4: Yield (%) using Amberlite IRA-400 (chloride
form), assupport.

Compd. Time Solvent Mp[Lit.
No.  (min) Acetone Acetonitrile DCM Ethanol MpP]°> (°C)
3a 45 92 90 87 86 140-141
3b 45 90 87 85 84 128-130
4a 15 93 90 88 83 142-144
4b 20 91 87 84 80 150-152
4c 20 90 86 82 81 225-226
4d 15 87 84 80 77 170-172
4 15 88 87 84 80 219-220
4f 20 86 83 80 76 140-142
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TABLES: Yidd (%) usngAmberlyst A 26 (hydroxideform),
assupport.

Compd. Time Solvent
No.  (min) Acetone Acetonitrile DCM Ethanol
3a 50 81 79 74 72
3b 45 80 78 75 71
4a 15 79 76 72 70
4b 20 81 74 71 69
4c 20 78 75 73 72
4d 15 80 77 75 71
4e 15 76 73 70 67
4f 20 78 75 74 71

TABLE6: Yield (%) using Indion 820 (chlorideform), as
support.

Compd. Time Solvent
No.  (min) Acetone Acetonitrile DCM Ethanol
3a 45 88 85 84 80
3b 50 86 83 81 78
4a 15 87 85 82 81
4b 20 84 81 79 75
4c 20 88 83 80 76
4d 15 85 82 78 74
4e 15 86 84 82 77
4f 20 88 85 81 78

(n) 2-(6-br omochr oman-2-yl)-1-tosyl-1H-benzimi-
dazole (4f)

IH NMR (CDCl,, 300 MHz): § 2.41 (s, 3H, -
CH,), 2.52 (m, 2H, 3’-CH,), 3.01 (m, 2H 4’ -CH,),
5.96 (dd, 1H, 2’-H), 6.55-6.58 (d, 1H, 8-Ar-H), 7.17-
7.20 (d, 1H, Ar- H) 7.26-7.42 (m, 4H, Ar-H), 7.75-
7.77 (m, 1H, Ar-H), 7.93-7.96 (d, 2H, Ar-H), 8.03-
8.06 (d, 1H, 7-Ar-H)

RESULTSAND DISCUSSION

Inthepresent investigation, for 2-(4-bromophenyl)-
1H-benzimidazole anion Amberlyst A 26 (hydroxide
form) was found to be a better support, followed by
Indion 820 (chloride form) and Amberlite IRA 400
(chlorideform), onthebasisof yield of products. The
superiority of solvent was found to be dependent to-
tally on support such that acetonitrile, acetone and
dichloromethanewerebetter solvent for Amberlite|RA
400 (chlorideform), Amberlyst A 26 (hydroxideform)
and Indion 820 (chlorideform) respectively. Whereas

= Fyl| Peper

for 2-(6-bromochroman-2-yl)-1H-benzimidazole,
AmberliteIRA 400 (chlorideform) wasfoundto bea
better support, followed by Indion 820 (chlorideform)
and Amberlyst A26 (hydroxideform). Among the sol-
vents acetone wasfound to bethe best solvent onthe
basisof purity andyield of productsfollowed by other
solvents as acetone> acetonitrile> dichloromethane
>ethanol.
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