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SYNTHESIS OF AMIDINE AND BIS AMIDINE 
PERCURSORS 

NIDHI SINGHAL", MONIKA JOHAR", J.W L O W N ~  and 
S.M SONDHI"* 

'Departmerit of Clieniistrv, Uriiwrsits of Roorkee Roorkw - 247 667 (U.P.) India 
arid hDepartrnerit of Clieniistl?. Urriwrsity r,f'Allxwa, Ednionton, Alberta, Cariuda 

T6C 2C2 

The reactions of substituted o-phenylene diamines, o-aminophenol. 0-aminothiophenol. 
3.4-diaminopyridine with p-cyanobenzaldehyde by refluxing in nitrobenzene gave corre- 
sponding benzimidazole. benzoxazole, benzthiazole and imidazopyridine derivatives la,b, 11, 
111. and I V .  respectively. Reaction of 4.5-diaminopyrimidine with p-cyanobenzaldehyde 
gave only Schiffs base i t .  V or V' and not imidazopyrimidine deriviitive. 2.6-Pyridine dial- 
dehyde on contlenhiltion with p-uninobenronitrile g ive  correxponding dicyano compound 
V I .  In an attempt to couple p-aminobenronitrile with 2.6- pyridine dicarboxylic acid using 
dicyclohexyl carbodiimide or 1.1'-carbonyl diimidazole. only intermediates V I I  & V l l l  were 
obtained, respectively and no coupled product wax formed. 

K c , ! . w J I ~ . ~ :  Benzimidazole: benzoxazole; benzthiazole: imidazopyridine: Schiffb base; spec- 
tral data 

IN'I'RODUClION 

Aniidines and bis aniidines form an important class of compounds exhibit- 
ing different types of biological activities, for example distamycin and 
netropsin are well known antiviral, antitumor agents' and DAPI is a well 
known trypnocidal drug2. Famotidine3 is a well known drug used as gas- 
tric acid secretion inhibitor. Pentamidine has established activity against 
the Imwniocystis curinii puthogetr (PCP) which affects a high porportion 
of AIDS- infected patients4"" and is a major cause of  mortality in these 
patients. Pentamidine is one of the two drugs currently used in the clinic, 

* Corresponding Author. 
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has toxic side effects i.e. nephrotoxicity, hepatotoxicity, hypotension and 
sterile abscesses at injection site4. Toxic side effects of pentamidine has 
prompted a search for related compounds with less toxicity and greater 
efficacy. With the aim to synthesize different types of amidines and bis 
amidines and screen then for activity against PCP in future we have syn- 
thesized some precursors which we wish to report in this paper. 

RESULTS AND DISCUSSION 

Condensation of 2- cyanopyridine with 1.2- diaminobenzene and 3.4, - 
diaminopyridine to give corresponding 2- substituted benzimidazole and 
2- substituted imidazopyridine respectively have been reported in 
literature7. Reactions of aromatic aldehydes with o-aminothiophenol’, 
substituted o- phenylenediamines and substituted o-aminophenols’ have 
been reported in literature. Reaction of m-cyanobenzaldehyde with 
4-cyano-o-phenylenediamine in boiling glacial acetic acid followed by 
oxidation with lead tetra acetate to give 3 6 )  - cyano-2-m- cyanophenyl 
benzimidazole have also been reported in literature”. We have studied the 
reactions of p-cyanobenzaldehyde with substituted o-phenylenediamine, 
o-aminophenol, o-aminothiophenol, 3,4 - diaminopyridine and 4, 5 - 
diaminopyrimidine using nitrobenzene as a solvent and under reflux con- 
ditions and the results summarized here. 

Condensation of 4-chloro -I ,  2- phenylene diamine with p-cyanobenzal- 
dehyde using nitrobenzene as a solvent and under reflux conditions gave 
condensed product Ia (Scheme -1) The crude product was purified by col- 
umn chromatography and pure benzimidazole derivative Ia was obtained 
in 25% yield. Spectral data of Ia (Table - I) fully support the structure 
assigned to it. Physical constants and spectral data of la are reported in 
Table -1. Similarly reaction of 4, 5 - dimethyl - I ,  2, - phenylenediamine 
with p-cyanobenzaldehyde gave compound Ib (Scheme - 1). Spectral data 
of Ib is reported in Table - I and is in complete agreement with the struc- 
ture assigned to Ib. Condensation of o-aminophenol and o-aminothiophe- 
no1 with p-cyanobenzaldehyde gave corresponding benzoxazole (11) and 
benzthiazole (111) derivatives in 37 and 19% yields, respectively. Physical 
constants and spectral data of I1 and 111 are reported in Table - I and is in 
complete agreement with assigned structures. 3, 4 - Diaminopyridine on 
condensation with p-cyanobenzaldehyde gave compound IV which was 
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purified by crystallization from methanol. ' H  NMR (300 MHz, 
DMSO-d6) of IV shows signals at 6 5.7 (s, I H,-NH- exch.), 7.70 (dd, 1 H, 
Ar), 8.05 (d, 2H, Ar), 8.40 (m, 3H, Ar), 9.05 (s, IH, Ar) HRMS (m/ z; relt. 
int%) shows M" ion peak at m/z 220.07504 (M", 100.00) calcd. for 
C13HxN4 220.07489. Other prominent ion peaks which can arise from the 
fragmentation of IV are reported in Table -1. In case of 4.5- diaminopyri- 
midine instead of getting bicyclic compund i.e. imidazopyrimidine deriva- 
tive, only Schiff base i.e. compound having structure V or V'was obtained 
in 42 % yield. 'H  NMR (300 MHz: DMSO-d,) of  V shows signals at 7.0 
(bs, 2H, exch. -NH2), 7.95 (d, 2H, Ar), 8.1 (s, IH, - N = CH- c6 H5). 8.20 
(d, 2H. Ar), 8.25 (s, IH, Ar) and 8.80 (s, IH, Ar). HRMS (m/z, relt. int. %) 
of V shows M" ion peak at 223.08532 (M", 51.48) calcd. for CI2H,N5 
223.08580. Other prominent peaks arising from fragmentation of V are 
mentioned in Table - I. All these cyano compounds i.e. Ia,b, 11, I11 & IV 
are precursors of amidines. 2, 6-Pyridine dicarboxaldehyde and p-amino 
benzonitrile on condensation by refluxing in toluene gave coupled product 
VI in 44% yield. Spectral data of VI fully support the structure assigned t o  
it and is reported in Table - 1. In an attempt to couple 2.6 - pyridine dicar- 
boxylic acid with p-aminobenzonitrile to  get the bisnitrile product, pyrid- 
ine dicarboxylic acid was stirred with I ,3-dicyclohexyl carbodiimide 
(DCC) and p-aminobenzonitrile in DMF at room temperature over night. 
A white solid product separated out,  which was filtered and washed thor- 
oughly with diethyl ether. This product was crystallized from DMF/MeOH 
to give a white product which was found to be compound VII (Scheme - 
2). Spectral data of compound VII fully support the structure assigned to it 
and is reported in Table - I. From the formation of VII it is clear that 
p-aminobenzonitrile do  not react at room temperature with VII (which is 
an intermediate) to give bis-nitrile product. Compound VII was stirred 
with p-aminobenzonitrile in DMF at 80°C and work up of the reaction 
mixture gave unreacted compound VII indicating that there was no reac- 
tion. Since DCC does not give coupled bis-nitrile so another coupling 
agent i.e. 1, I '  - carbonyldiimidazole was tried but again an intermediate 
VIII was the only isolable product whose structure was assigned on the 
basis of IR. 'H NMR and HRMS. Spectral data of VIII is reported in 
Table -1. After failure of DCC and I ,  I '  - carbonyldiimidazole, another 
coupling agent I -(3- dimethyl aminopropyl) - 3- ethyl carbodiimide 
hydrochloride (EDC) was used but in this reaction no identifiable product 
was obtained. 
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xx  NIDHI SINGHAL et t i / .  

EXPERIMENTAL 

Melting points were determined on JSGW apparatus and are uncorrected. 
Only principal sharply defined IR peaks are reported. 'H NMR spectra 
were recorded in a ca. 5-15% (w/v) solution in DMSO-d6. Line positions 
are recorded in ppm from the reference. The MS spectrometer peak meas- 
urements were made by comparison with perfluorotributylamine using an 
AEI MS-9 double focusing high resolution mass spectrometer at a resolv- 
ing power of 15000. TLC was performed on Silica Gel G for TLC (Merck) 
and spots were visualized by iodine vapour or by irradiation with UV light 
(254 nm). Column chromatography was performed by using Qualigens 
Silica Gel for column chromatography (60-1 20 mesh). 

Synthesis of benzimidazole derivative i.e. Ia,b 

4-Chloro- 1.2-phenylenediamine ( 145mg. lm mol) and p-cyanobenzalde- 
hyde (130 mg; 1 m mol) were mixed in nitrobenzene (20 ml) and heated at 
140"- 150°C for 24 hrs. Nitrobenzene was removed under reduced pres- 
sure. To the residue left behind was added pet. ether and the reaction con- 
tents were scratched. A crude solid product separated out; it was purified 
by column chromatography over silica gel. Elution with pet.ether: chloro- 
form ( 5 5 )  removed side products and elution with pet.ether:chloroform 
(2:8) gave the pure compound la. Yield 70 mg (25%). m.p.. 232°C. 

Similarly 45dimethyl- 1,2-phenylenediamine was condensed with 
p-cyanobenzaldehyde to give compound Ib. Yield 19% m.p. 200°C. 
Spectral data of Ia and Ib is reported in Table-I. 

Synthesis of substituted benzoxazole (11) and benzthiazole derivative 
(111) 

o-Aminophenol(2 18mg, 2m mol) and p-cyanobenzaldehyde (260mg; 2m 
mol) were taken in nitrobenzene (40 ml) and heated at 140"-150"C for 24 
hours. Nitrobenzene was removed under reduced pressure and the residue 
left behind was diluted with pet.ether and scratched. A crude product sepa- 
rated out; it was filtered and subjected to column chromatography over sil- 
ica gel. Elution with pet. ether gave compound 11. Yield 150 mg (37%). 
m.p. 182°C. 
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BENZ(1MIDA-. OXA-, THIA-) ZOLES XY 

SCHEME 1 

Similarly o-aminothiophenol was condensed with p-cyanobenzaldehyde 
and the crude product was purified by column chromatography over silica 
gel. Elution with pet. ether gave the final compound 111. Yield 70mg 
(19%). m.p. 155°C. Spectral data of I1 and 111 is reported in Table I. 

Synthesis of substituted imidazopyridine derivative IV 

3.4-Diaminopyridine (2 I8 nig, 2 m mol) and p-cyanobenzaldehyde 
(260mg; 2m mol) were mixed in nitrobenzene (SO ml) and heated at 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
T

as
m

an
ia

] 
at

 0
3:

16
 0

2 
Se

pt
em

be
r 

20
14

 



90 NlDHl SINGHAL i't ul. 

140"-150"C for 24 hrs. and then the volume of the solvent was reduced to 
15 ml. The reaction mixture was allowed to cool at room temperature and 
a solid compound separated out it was filtered, washed with pet. ether and 
air dried. The crude product was purified by crystallization from methanol 
to give compound IV. Yield 90 mg (23961, m.p. 220"C(d). Spectral data of 
compound IV is reported in Table I. 

Condensation of 4,s-diaminopyrimidine with p-cyanobenzaldehyde 
to give V or V' 

4,5-Diaminopyrimidine (220mg. 2m mol) and p-cyanobenzaldehyde 
(260mg, 2 m mol) were mixed in nitrobenzene (50ml) and heated at 
140"- 150°C for 24 hrs. Nitrobenzene was removed under reduced pressure 
and to the residue left behind was added pet.ether. A solid product sepa- 
rated out; it was filtered, washed with pet. ether and air dried to give a 
crude prduct which was purified by crystallization from methanol to give a 
Schiff base which may have structure V or V' . Yield 190 mg (42%), m.p. 
235°C. Spectral data of the Schiff base is reported in Table -1. 

Condensation of 2,6-pyridinedicarboxaldehyde with p-amino 
benzonitrile to give VI 

2.6-Pyridinedicarboxaldehyde (270 mg, 2 m mol) and p-amino benzoni- 
trile (470 mg; 4 m mol) were mixed in toluene (25ml) and heated under 
reflux for 14 hrs. The solvent was removed under reduced pressure and the 
solid residue left behind was purified by crystallization from methanol to 
give pure compound VI Yield, 250 mg (44%), m.p. 183°C. Spectral data 
of VI is summarized in Table I. 

Coupling of 2,6-pyridinedicarboxylic acid with p-amino benzonitrile 
using DCC as a coupling agent to give VII 

2,6-Pyridinedicarboxylic acid (330 mg, 2 m mol) and dicyclohexylcarbod- 
iimide (820 mg, 4 m mol) were added to dry DMF (30 ml). To this 
p-amino benzonitrile (470 mg; 4m mol) was added and the reaction con- 
tents were allowed to stirr overnight. During stirring a white compound 
separated out which was filtered, washed with diethylether and air dried to 
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BENZ(IMIDA-, OXA-. THIA-) ZOLES 

wr 
SCHEME 2 

give compound VII which was recrystallized from DMF/MeOH. Yield 
450 mg (40%). m.p. 165°C. Spectral data of VII is summarized in Table-I. 
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92 NlDHl SINGHAL e/ ul. 

Coupling of 2,6-pyridinedicarboxylic acid with p-amino benzonitrile 
using 1,l’-carbonyldiimidazole as a coupling agent to give VIII 

2,6-Pyridinedicarboxylic acid (330 mg, 2 m mol) and 1,l’-carbonyldiimi- 
dazole (770 mg, 4.4 m mol) were taken in dry DMF (30 ml) and stirred at 
room temperature for half an hour and then filtered. In the filtrate p-amino 
benzonitrile (470 mg; 4 m mol) was added and the reaction contents were 
stirred for overnight. The compound which separated out was filtered and 
washed with diethyl ether to give a first crop of the product. The filtrate 
was evaporated to dryness under vacuum and the solid residue left behind 
was washed with diethyl ether to give a second crop of the product. The 
total product was purified by crystallization from DMF to give pure com- 
pound VIII. Yield 370 mg(66%), m. p. 212°C. Spectral data of VIII is 
reported in Table - 1, 
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