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ABSTRACT

Boricacid (BO,H,) catalyzed three component improved procedure for the
synthesis of various 2-Phenylimidazo [4, 5-f] [1, 10] phenanthrolinesfrom
1, 10- phenanthroline-5, 6-dione, aromatic aldehydes and ammonium ac-
etate at roomtemperaturein excellent isolated yield hasbeenreported. This
isasimple and straight forward, high yielding, doesnot involve any hazard-

ous or expensive catalyst. The synthesisis purely solvent free.
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INTRODUCTION

Imidazoles are heterocycleswith awiderange of
applicationsand arereceiving growing attention’®. The
imidazolering systemisof particular interest becauseit
isacomponent of histidineand itsdecarboxylation me-
tabolite histaming?. The potency and wide applicabil -
ity of theimidazole pharmacophore can be attributed
toitshydrogen bond donor-acceptor capability aswell
asitshigh affinity for metas, which arepresent in many
protein activesite® (e.g. Zn, Fe, Mg). Also, improved
pharmakineticsand bioavailability of peptidebased pro-
tease inhibitors have been observed by replacing an
amide bond withimidazoles®. In addition, the substi-
tuted imidazolering systems are substantialy used in
ionic liquids® that have been given anew gpproach to
“Green Chemistry”. Dueto thelr grest importance, many
synthetic strategies have been developed. In 1882,
Radziszewski and Japp reported thefirst synthesis of
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theimidazolesfrom 1, 2-dicarbonyl compound, vari-
ousd dehydesand ammoniato obtain theimidazol eg57.
Also Siddiqui et a. proposed the synthesisof theimi-
dazoleusingionicliquids®. Recently, thereare severa
methods reported intheliterature for the synthesis of
imidazoles using Zeolite HY/silica gel'¥, ZrCl ™,
NiCl,6H,01*!, ioding*?, sodium bisulfitel, acetic
acid, However these methods require prolonged re-
action time and exotic reaction condition. Thus, the
development of anew method for the synthesisof 2—
Phenylimidazo [4, 5-f] [1, 10] phenanthrolinesderiva-
tiveswould behighly desirable. Inrecent years, boric
acid (BO,H, or B[OH],) have gained specidl atention
asacatayst in organi c synthesisbecause many advan-
tages such asexcellent solubility in water, uncompli-
cated handling, inexpensiveness, eco-friendly nature.
Readily, severd syntheticaly useful organictransforma-
tionsusing boric acid asacatayst have been reported
intheliteraturd™,
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EXPERIMENTAL

All chemica swerepurchased from Merck, Aldrich
and Rankem chemica companiesand used without fur-
ther purification. Theuncorrected meting pointsof com-
poundswere taken in an open capillary in aparaffin
bath. The progresses of the reactionswere monitored
by TLC (Thin Layer Chromatography). IR spectrawere
recorded on Perkin-Elmer FT spectrophotometer in
KBr disc.'H NMR spectrawere recorded on an 300
MHz and 90MHz FT-NMR spectrometer in CDClI,
and DM SO asasolvent and chemical shift valuesare
recorded in unitsé (ppm) relativeto tetramethylsilane
(Me,S) asaninterna standard.

General procedure for the synthesis of 2-
phenylimidazo[4, 5-f][1,10] phenanthr olines3(a-m)

A mixture of aromatic adehyde (1 mmol), 1, 10-
phenanthroline-5, 6-dione (1 mmol) anmonium acetate
(5mmal), boricacid (15 mol %) wereground together
inamortar with apestle at room temperature for ap-
propriatetime TABLE 2. After completion of reaction
confirmed by TLC, themixture wastreated with water
to furnish the crude products. The crude wasfurther
purified by column chromatography by using petroleum
ether: ethyl acetate (9:1) e uent and get the correspond-
ing 2-Phenylimidazo[4, 5-f] [1, 10] phenanthrolines
3(am). The products 3(a-m) were confirmed by com-
parison with authentic sample, IR, *H NMR, mass, €-
ementa andyssand meting points.

1,10-Phenanthraline-5,6-dione: Yelow solid mp. 260
°C: Yield 40% (4.6 g); *H NMR (300MHz,DM SO-
d,):3,, 7.58-7.62(dd, 2H), 8.49-852 (dd, 2H), 9.11-
9.13(dd, 2H); GC-MS: m/z=211 (M*); And. Cdcd
for (C,HN,O,).(H,0): C,66.67; H, 3.11; N,12.96%.
Found: C,67.22; H, 2.97; N, 12.99%.
2-phenyl-1H-imidazo[4,5-f][1,10]phenanthroline
(3a): Pale yellow solid; mp. 308 °C, *H NMR
(90MHz,CDCI,DMSO-d,): 6, 13.48, (br., 1H), 9.04,
(dd, 2H), 8.90,(d, 2H), 8.31, (d, 2H), 7.70, (dd, 2H),
7.49,(dd, 2H);LS-MS: m/z =297 (M").

2-(4-chlor ophenyl)-1H-imidazo[4,5-f][1,10] phena-
nthroline (3b): Paleyellow solid; mp. 307-308 °C,
'HNMR (90MHz, CDCI ,DMSO-d)): 5,, 13.49, (br.s,
1H), 9.06, (dd, 2H), 8.92, (d, 2H), 8.27, (d, 2H), 7.72,
(dd, 2H), 7.53, (d, 2H); GC-MS: m/z =332 (M*).
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4-(1H-imidazo[4,5-f][1,10] phenanthrolin-2-
yl)Phenol (3c): Pae yellow solid; mp. 300 °C, IR
(KBr, cm-1): 3392 (stretch OH); *H NMR (90MHz,
CDCI,DMSO-d): 6, 13.31, (br.s, 1H), 9.72, (s, 1H),
9.05, (d, 2H), 8.92, (d, 2H), 8.13, (d, 2H), 7.73, (dd,
2H), 6.97, (d, 2H); LSMS: m/z = 313 (M*); Anal.
Calcd for (CH,,N,0),(H,0),: C, 67.24; H, 4.45;
N, 16.51%. Found: C, 67.20; H, 4.61; N, 16.07%.

2-(4-nitrophenyl)-1H-imidazo[4,5-f][1,10]
phenanthroline(3d): Paleyellow solid; mp. 302°C,
IR (KBr,cm-1): 3397, 3108, 1606, 1541, 1384, 1198,
739, '"HNMR (90MHz, CDCI,DMSO-d,): §,,13.92,
(br.s, 1H), 9.07, (d, 2H), 8.94, (d, 2H), 8.53, (d, 2H),
8.39, (d, 2H), 7.78, (dd, 2H); GC-MS. m/z= 342 (M*).

RESULTSAND DISCUSSION

Asapart of out ongoinginvestigationindeveloping
aversatileand efficient method for synthesisof hetero-
cyclescompounds®19 herein, wereport efficient syn-
thetic method for the synthesisof 2-Phenylimidazo[4,
5-f] [1, 10] phenanthrolinesfrom 1, 10- phenanthroline-
5, 6-dione, substituted aromatic al dehyde and ammo-
nium acetatein the presence of boric acid (Schemel).

Boric acid
_
NH,OAC, rt

3(a-m)

Scheme 1: Synthesis of 2-Phenylimidazo [4, 5-f] [1, 10]
phenanthroline3(a-m)

Reaction was carried out simply by mixing 1, 10-
phenanthroline-5, 6-dionewith an aromatic a dehyde,
ammonium acetatein the presence of acatdyticamount
15 mol % of boric acid under solvent free condition.
Themixture was ground to gather in amortar with a
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TABLE 1: Synthesisof 2-Phenylimidazo[4, 5-f] [1, 10] phenanthrolineusing Boric acid catalyst under solvent freecondition

at roomtempurature.
Entry Ketones (1) Aldehydes (2) Products 3(a-m) Yield**(%)
AN
CHO |
N~ N —
AN N
! B ?‘@ N
X NTN H
X I
=
a X-H 96
b. X- 4-Cl 96
c. X-4-OH 91
d. X- 4-NO, 94
e. X-2-OH 93
f. X- 3-NO, 89
g. X- 2-NO, 95
h. X- 4-CN 94
i. X-4-OMe 91
j. X-2,4,6-OMe 90
k. X- 4-NMe, 94
| AN
HC—_S—CHO N \
N\ c=c—
2 ® b Vs VR
NI AN H
~
SN
CHO | AN -
N~ N
3 N/ N OH 90
\ NT H
OH I P
| AN
N N
4 R-CHO \>—R
N
NI N H
~
|.R- CH;CHO 00
m.R-CH;COCHj3 00

aYield of isolated pureproducts.

Productswer echar acterized by IR, NM R, M asselemental analysisand comparison with authentic sample.

pestleat room temperaturefor short reactiontime, and
then purified by column chromatography, substituted
2—Phenylimidazo [4, 5-f] [1, 10] phenanthrolinesde-
rivativeswereobtainedin excellent yieds.
Accordingly, (10 mol %) of catdyst was sufficient

to catayzethereaction. A rate enhancement with high
yield was observed when higher molar ratios of boric
acid were used. However no product formation was
observed in absenceof boric acid. By getting thisre-
sult, we have extended this protocol to avariety of a-
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dehydes and ketones summarizedinTABLE 1. This
protocol israpid and efficient for the preparation of
severd subdtituted imidazolesfrom both e ectrons effi-
cient aswell aseectron deficient aromatic a dehydes.
Thereisno effect on e ectron-withdrawing group and
el ectron-donating group onreactionyield time. When
aiphatic adehydeand ketones (e.g. aceta dehyde, ac-
etone) were also used as starting carbonyl compounds
for thesamereaction, no productsformation took place
inthisreaction by grinding thereagents after extensive
timemorethan 30 minutes. Different theorthoand para
phenyl group substitutents did not show any effect on
theformation rate of imidazoles. However, meta sub-
stitution requires somewhat greater time ascompared
to the o/p substituents. Heteroaromatic ketonesreacted
fast and gaveexcellent yields of desired imidzoles. A
nearly stoi chiometricamount of ammonium acetatewas
used inthe course of thereaction, whereas previousdy

NH,OAC— NH3 + HOAC q
Ha //

B[OH]3 :
I AN 5 /N
N~ o)
N NH //
| =

(I

= Fyl| Peper

amany-fold excess of ammonium acetatewasrequired.
Thisisan additional advantage of the novel methodol-
ogy. The possible mechanism of thisreactionisshown
in(Schemel). Theboricacid increasetheectrophillic
character of aldehyde towardsthe ammoniato gave
theiminesasintermediatel. Further iminel react with
acetyl carbonyl to gaveintermediate 1l which onfur-
ther dehydration afford the corresponding desired prod-
ucts (Scheme 2).

TABLE 2: Optimization of catalytic concentration onthe3a
X-H under solvent freeconditions

Entry Time(min) Yield (%)* Boricacid (mol %)
1 20 00 No
2 10 traces 01
3 05 20 02
4 02 85 05
5 01 96 10
6 01 96 15

*|solated yield after column chromatography.

AN \\B[OH]a
N A -0
-B[OH]3 N N NH

(n

[OH]3

B
~
~
~
~
\

+ NHy ——

N AN

| <
B

W/,

[OH]3

[OH]3

ounm w

N
NH, \
N
H

B[OH
et
"

3(a-m)

Scheme2: Synthesisof 2-phenylimidazo [4, 5-f] [1, 10] phenanthroline

Inconclusion, the boric acid hasbeen employed as
anovel, mild, and very efficient catayst for the conve-
nient synthesis of 2—Phenylimidazo [4, 5-f] [1,10]
phenanthrolinesinexcedlent yie dsfromwidevariety of
adehyde. In addition, low-cost of catalyst, solvent-free
conditions, environmentd friendliness, easy avalahility,
make thismethodol ogy avalid contribution to the ex-
isting processesinthefidd of 2-Phenylimidazo [4, 5-]
[1, 10] phenanthrolinesderivatives synthess.
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