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POTENTIAL ANTIBACTERIAL AGENTS PART-IV. SYNTHESIS OF NEW 1[2-PYRIMIDINO ]_.

AMINO-METHYL BENZIMIDAZOLES AND 1,2,. 3 BENZOTRIAZOLES
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Condensation reaction of (IS)-2(a-hydroxy ethyl) benzimidazole (I), 2-hydroxymethyl benzimidazole (II) and 1,2,3
benzotriazole (III) with pyrimidine viz: 2-aminopyrimidine (IV-a) and 4, 6-dimethyl-pyrimidine (IV-b) under the condi-
tion of Mannich reaction afforded the hitherto unreported substituted l-arninomethyl (hydroxyalkyl) benzimidazoles and
l-aminomethyl benzotriazoles which were assigned the structures (Va-d) and (VIa-b) on the basis of their lR, IH-NMR
and HREIMS spectral studies. Antibacterial activity was also evaluated.
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Introduction

Benzimidazole derivatives are reported to possess effective
biological activities (Sengupta and Goyal 1983; Yukiyoshi
et at 1996). Recently they are evaluated for the treatment of
heart failure and as cardiotonics (Hiroaki et at 1996). Simi-
larly some pyrolbenzimidazoles are reported as modulators
for GABAA receptors(Lene and Frank 1996), while some
benzimidazole derivatives as monocationic and dicationic
analogues of Hoechst-33258 are also described (Agnieszka
et at 1996)~ The adduct of benzotriazole with amine and
formaldehyde are also employed as intermediate for the
synthesis of compounds (Katritzky et a11989) due to the ease
with which the benzotriazolyl moiety is displaced. The role
of the pyrimidine in the biological system is evident from
the fact that it is an important constituent of DNA and RNA
(Vishnu Ram et at 1984). Diaryl pyrimidine derivatives are
reported as neovascularization inhibitor and psychotropic
drugs (Yasuo et aI1995).

Previously (Shabeen et al 1987 and .i990) we reported the
synthesis of (IS)-4-aryl-4, 5-dihydroxymethyl-l H, 3H-[ 1,3,5]-
oxadiazepion [5,6-a] benzimidazoles through intramolecu-
lar Mannich reaction of (IS)-2-(a-hydroxy ethyl) benzimida-
zole and I-amino methyl benzotriazole from 1,2,3 ben-
zotriazole with formaldehyde and primary aromatic amines.
In the present studies aminopyrimidines were employed in
place of aromaticamines.

Experimental

Melting points were taken on a Buchi 510 melting point
apparatus and are uncorrected. The IR spectra were measured

*Author for correspoundence

on a lASCO A-302 spectrophotometer. The IH-NMR were
recorded in CdCl3 and DMSO d6 Brucker AM-300 ASPECT-
3000 Spectrometer using TMS as internal reference. Mass
spectra were taken on Finningen Mat 112-5.

General Procedure for the Preparation of (Va-d) and
(VIa-b): 2-(a-Hydroxyethyl) benzimidazole (I), 5-chloro-
(2-hydroxymethyl) benzimidazol (II) and 1,2,3 benzotriazole
(III) (0.01 mol) were dissolved in boiling ethanol (25 ml).
Formaline (2 ml, 37%) and amino pyrimidine (IVa-b) (0.01
mol) acetic acid (0.5 ml) were added to it with good stirring.
After the addition was over, refluxing continued for another
two hours and then left overnight at room temperature. The
solvent was removed in vacuo and gave (Va-d) and (VIa-b).

I [2-Pyrimidino- }-Aminomethyl-2-( a-Hydroxyethyl)
Benzimidazole (V-a): White solid from EtOAc (48.8%, m.p.
156-7°C. [a]D25+20 (c, 0.3; pyridine) Dlllax 3400 (OH) 3250
(NH) 1610, 1580 (aromatic) cm'. Mass: mlz (rel.int.) 269
(M+2), 238 (5), 214 (12), 174 (7), 160 (100), 147 (63), 119
(28), 109 (76), 80 (25) and 65 (24). Peak matching mlz
269.12824 (C14HI5NP, calculated 269.12931) IH-NMR
(Table 1).

1[2-Pyrimidino- }-Aminomethyl-2-( a-Hydroxyethyl}
Benzimidazole (V-h): White solid from EtOAc/Pet.ether
(42%) m.p. 107-108°C [a]D25-57.14 (c, 1.12; pyridine) D

max

3380 (OH) 3250 (NH) 1600, 1580 (aromatic) ern". Mass m/
z (rel.int.) 297 (M+,2) 278 (1),162 (14),146 (17),136 (100),
119 (28), 107 (26), 93 (8), 83 (9) and 67 (27). Peak matching
mlz 297.16213 (CIOH19NP, calculated, 297.15895) IH-NMR
(Table 1).

1[2 -P'y r im i di n o ] -Aminomethyl-5 - Chloro-2-
(Hydroxymethyl) Benzimidazole V-c): Brownish white
solid from EtOAc, m.p = 160°C. (40%), Dmax 3390 (OH) 3250
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(NH) 1620, 1580 (aromatic) ern". Mass mlz (rel.int) 286. (M+,
7)258 (6) 215 (11),184 (32),183 (13), 182 (100),163 (23),
164 (10),165 (8),153 (16),110 (13), 108 (75) and 80 (29):
Peak matching mlz 289.0739 (C,3H,2CINP, calculated
289,074031) 'H-NMR (Table 1). .
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(C,5H,6CINP, calculated 317.1043311 'H-NMR (Table-I).

J [2 -Pyrimidino] -Aminomethyl-l, 2, 3 Benzotriazole
(VI-a): White fluffy solid, crystallized with EtOH m.p. =] 57-
158aC (48%). IR Uma" 3200 (-NH) 1600 and 1590 ern:' (aro-
matic). Mass m/z (rel, int) 226 (M+ 18),198 (23),197 (21),
167 (11) 119.5 (33), 108 (100), 97 (13) and 91 (18). Peak
matching mlz 226.095708 (CIIH10N6, calculated 256.096689)
'H-NMR (Table 1).

1[2 -py rimidino }-Aminomethyl-4, 6-Dimethyl-l, 2, 3
Benrotriazole (VI-b): White amorphous powder crystallized
from EtOAc. m.p. 219-22aC (50%), IR u

rnax
3195 (NH), 1600

Table 1
'H NMR chemical shift values for compounds Va-d & VIa-b

J [2-Pyrilnidino}-Aminomethyl-4, 6-Dimethyl5-Chloro-
2-(Hydroxymethyl) Benzimidazole (V-d): Off white solid
from EtOAc m.p. 236-238aC (30%) u

rnax
3300 (OH), 3240

(NH) 1610~ 1560cm" (aromatic). Mass mlz (rel. int) 317
(M+,I), 184 (32),182 (100),162 (51),153 (39), 138 (21),
117 (17) and 90 (18). Peak matching mlz 317.102312

Protons of Aromatic Imino Hydroxyl
S. No. Compound CH} CH2 CH Pyrimidine ring Protons Protons Protons

8 81Hz 81Hz 81Hz 81Hz 8/Hz* 8/1-1z*

1. V-a** 1.58(3H, d) 5.85,6.05 5,45(1H, q) 7.13(3H, m) 7,48(2H,m) 6.85(1I-1,NH,t) 2.06(II-I,s)

J=6.50 21-1,q) J=6.50 7.63(2H, m) J=7.2
J =14.4

gem

. J=6.72

2. V-b** 1.78(2H, d) 6.05, 5.83 5,45 6.36 (I H, s) 7.19(41-1, m) 6,48(11-1, NI-I,t) 2.35( I I-I,s)

J=6.57 (2B, q) (IH, q) J=6.72
2.24(6H, s) J =14.7 J=6.50s=»

J=6.72

3. V~c 5.07 8.35(2H, d) 8.05 (l H, d) 8.35(1 H, t) 5.01(11-1, s)
(2H,broad s) J=4.8,6.70 J= 1.50, 7.55 J=6.65
5.79 (2H, d) (11-1,t) J=4.8 (11-1,d) J=8.5

J=6.65 7.17 (lH, dd)
J=8.5,1.5

4. V-d 2.20(3H,s) 5.03 6,45(IH, s) 7.25(1H,dd) 8.13 5.68(1 H,s)
3.29(3H,s) (2H, broad s) J=2.06,8.6 (IH, NI-I, t)

5.75(21-1, d) 7.57(11-1, d) J=4.0

J=4.0 1=2.04, 7.95
(lH, d)

J=8.6

5. VI-a 6.33(2H, d) 6.68(1 H,d) 7.97(1H, d) 7.48(1 H, t)

J=6.92 J=4.8,8.33 J=8.35,7.9
(2H,d), (1H, d)

J=4.8 J=8.36,7,41

(l H, t)J=8.0
7.30 (11-1,t)

J=8.0

6. VI-b 2.33(6H,s) 6.33(2H,d) 6,46(1 H,s) 7.99(2H,d) 6.58(lH, NH)

J=7.1 J=8.3, 7.43

(lH, m),
7.30, (lH, m)

*Disappeared on addition of Dp; **Recorded on 300 MHz and remaining at 400 MHz; s singlet; d doublet; dd double doublet; q quartet; t triplet.
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1590 (aromatic) cm'. Mass mlz (reI. int.) 204 (M+ 14),226
(25), 135 (30) 136 (100), 113 (41), 108 (39), 107 (49), 93
(57),77 (73) and 67 (81) IH-NMR (Table 1).

Evaluation of Antibacterial Activity: Compounds (Va-d)
and (VIa-b) were tested for their antibacterial activity against
both Gram -ve and Gram +ve bacteria namely, S. typhi, E.
coli, Kl. pneumoniae, B. bronchiseptica, Sh. dysenteriae.Sh.
flexnerii, Sh. sonnei, Pseudomonas sp., Aeromonas sp.,S. typhi
Para A (Gram -ve), S. aureus, B. pumilus, and L. plantarum
(Gram + ve). The cultures of bacteria grown over night at
37°C were used for testing antibacterial activity. The assay
was carried out .by overlay agar method (Lene and Frank
1996).

The plates were formed with two different media.The thick
hard layer or underlay was made with antibiotic assay
medium (base agar). The overlay was made with antibiotic
assay medium (seed agar). First the underlay was formed
by pouring base agar (melted) plates. When this layer

-- became hard, the seed agar tubes (melted, not too hot to kill
the bacteria) were inoculated with organisms and poured on
sterile hardlay or underlay. The plates were kept at room tem-
perature to get hard. Holes were bored in the medium with
the help of sterilized borers. Different dilutions of the testing
compounds were poured in each hole. The compounds were
dissolved in DMF and blank experiment with pure DMF was
also performed. Two antibiotics Ampiclox and Oxytet-
racycline were also used for comparison. Results are reported
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as zone of inhibition after 24 to 48 hours of growth at 37°C
(Table 2).

Results and Discussion

In the present studies, condensation of (IS)-2-( cx-hydro-
xyethyl) benzimidazol (I), 2-(hydroxymethyl) benzimidazole
(II) and 1,2,3 benzotriazole (III), formaline and 2-amino
pyrimidines (IVa-b) under Mannich reaction condition
afforded the hitherto unreported l-aminomethyl-pyrimidino
2-( o-hydroxyethyl) benzimidazole (V-a), l-aminomethyl-4,
6-dimethyl pyrimidino-2-(cx-hydroxyethyl) benzimidazole
(V-b), 1-aminomethyl-pyrimidino-2-hydroxy methyl, benz-
imidazole (V-c), l-aminomethyl-4, 6-dimethyl pyrimidino
2-(hydroxymethyl) benzimidazole (V -d), I-aminomethyl
pyrimidino 1,2,3 benzotriazole (VI-a) and I-amino methyl-
4, 6-dimethyl pyrimidino-2-(hydroxymethyl) benzimidazole
(VI-b) Scheme-I. The structures of these compounds were
established with the help of spectroscopic studies.

The IR spectrum of (V -a) showed absorptions at umax 3400
(OH), 3250 (-NH), 1610and 1580 cm' (aromatic). In ElMS
it showed molecular ion peak at m/z 269 which was also con-
firmed by peak matching results at m/z 269.12824 (CI4HlsNP
calculated as 269.1293). In the IH NMR spectrum of (V-a) a
three proton doublet at 0 1.58 (1=6.50 Hz) indicated the pres-
ence of a methyl group while a quarter centred at 0 5.45
(1=6.50 Hz) was assigned to the methine proton. Also a sin-
glet due to OH group appeared at 02.06 which disappeared

Table 2
Antibacterial activity (zone of Inhibition in mm)

S. Name of
No. Organism V-a V-b V-c V-d

GRAMNEGATIVE
1. S.typhi 19 25 20 22
2. E. coli 20 20
3. Kl. pneumoniae 23 20 22 23
4. B.bronchiseptica 25 25 28 28
5. Sh. dysenteriae 20 21 20 24
6. Sh. flexnerii 32 28 24 25
7. Sh. sonnei 22 26 20 24
8. Pseudomonas sp. 20 18 20
9. Aeromonas sp. 21 19 20
10. S. typhi Para A 24 21 21 24

GRAMPOSITIVE
1. S. aureus 15 19 15 15
2. Bipumilus 15 15 19 13
3. L.planta rum 16 16 18 15

Ampi Oxytetra
VI-b clox cycline

20 18.5 15
22 18.5 15
23 17.4 18
25
21 18.1 16
21 18.2 18
22 18 18
17 20.8 17
22 18.0 17
21 18.3 16

18 22.2 11
16 18.1 12

20.2 11

VI-a

21
25
25
26
23

21

20

Cone. =10 mg ml', DMF; -ve no inhibition diameter of the well =8.2 mm.

19
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(IV)(I. II)
I: R:CH(OH)Cll). R,:H

II: R=CHZOH. RI:cr .

(V)

V-a: R:CH(OH)CH). RI=R,=R)=H
V-b: R:CH(OH)CH); RJ=H. R2=R)=CH)
V-co R:CH20H. RI:CI. R2=Rj=H .
v-d: R=CH20H. RI=CI. R2=RJ=CH,

H N:;rN R, (XN2 9' ,:y ~
+ CII,O + Y ,_ "N

N"" ~ /
\ N R,R, CH2-~-('yNy

R,

(III)

Scheme 1. VI-a: R,=RJ=H
Vl-b: R,=R,=CH,

on addition of D20. These results indicated the presence of a
H-C(OH)-CH, in (V-a). Two split quartets at 85.85 and 8
6.05 (J 14.4 Hz) were assigned to the geminal protons of

gem

H-C-H group while a triplet centred at 8 6.85 (J=7.2 Hz),
which disappeared on addition of Dp was ascribed to NH
protons.

The chemical shift of NH protons showing vicinal coupling
with the proton ofH-C-H suggested the presence ofN-CHz-

Table 3
13C-NMR chemical shift assignments and corresponding 8

value of protons by HMQC of V-c

S.No. Carbon No. 8 for Carbon 8 for Proton
1.

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

12.
13.

155.46
119.97
135.40
121.72
126.62
111.35
140.75
50.10

160.96
158.06
111.83
157.00
56.61

8.35
6.70
8.35
5.07

C-2
C-4
C-4a
C-5
C-6
C-7
C-7a
C-8
C-9
C-lO
C-lI
C-12
C-l3

7.55

7.17

8.05

5.79
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Fig. I.

group which indicated that N' Mannich condensation has
occured. In the down field region multiplet centred at 87.13
was assigned to the 3-protons of the pyrimidine ring while
the aromatic protons appeared as two multiplcts at8 7.48 (2H)
and 8 7.63 (2H). The ElMS of compound (V-b) showed mo-
lecular ion peak at mlz 297 which was also confirmed by
peak matching results at mlz 297.15895 (CI6HI9NsO)
calculated as 297.16213. The 'H-NMR spectra of (V-b)
showed similar pattern as (V -a) except an additional six
proton singlet (2 x CH3 groups) at 82.24 due to the presence
of methyl groups on pyrimidine ring ..

The IR spectrum of (Ve-d) showed absorption bands
between'\) 3390-3200 em:' characteristic for (-OH) and
(NH) alon;a~ith peaks between 1505-1601 due to the aro-
matic ring. The mass spectra gave the molecular ion peak at
mle 289, corresponding to the molecular formula Cl3 H,Z
ClNp. It was confirmed by its peak matching results at mlz
289.069028 (C,3H,2ClNp;calculated 289.074031).

The IH-NMR spectrum of (V-c) exhibited a doublet 8 5.79
(2H, J=6.65) and a singlet at 8 5.07 for the two methylene
groups as CH,-NH a CH2-OH present in the molecule. The
triplet at 8 8.35 (J=6.65) indicated the imino group which
disappeared on addition of DzO and the doublet at 8 5.79
became singlet, this confirmed the -CH2-NH~ moiety in the
molecule. In the down field regions doublet and a triplet at 8
8.35 (J=4.8 Hz) and 8 6.7 (J=4.8 Hz) were assigned to the
three protons of the pyrimidino ring. The aromatic protons
were distinguished at two doublets and a doublet of doublet
at 88.05 (J=1.50 Hz) 8 7.53 (J=8.5 Hz) and 8 7.17 (J=8.5 Hz,
1.5 Hz) respectively. While singlet at8 5.01 was due to (OH)
group which disappeared on addition of Dp (Table 1).

The carbon I3C-NMR of (V-c) was assigned on the bases of
DEPT and 2D one-bond I3C/IH chemical shift correlation
experiments and gave result consistent with structure of
(Ve). The I3C-NMR spectrum d6-DMSO 100 Mz indicated
the presence of 13 carbon atoms. The peaks at 8 50.12 and
8 56.61 were assigned to the two methylene carbon on
CH,-NH and CH2-OH. The three carbons of pyrimidine ring
appeared at 8 158, 8 158.0 and 8 111.83 respectively. The
four qarternary carbon atoms present in the molecule were
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assigned at 8 135.40, 140.75, 155.46 and 160.96 respectively.
While the remaining four carbon atoms belonging to benz-
imidazole moiety were shown at 8 111.35, 119.97, 121.72
and 126.62. The '3C-NMR data has been shown in Table 3
and Fig. 1.

The mass spectrum of (V -d) showed molecular ion at mJz
317 coresponding to its molecular formula C'5H'6CINP which
was also confirmed by its peak matching result at mlz
317.102312 (C'5H'6CIN50, calculated 317.1043311). In the
'H-NMR spectra of (V-d), the chemical shifts obtained for
methylene, aromatic and pyrimidino protons showed identi-
cal pattern to (V -c) except two sharp singlets centred at 8
2.20 and 3.29 for two methyl groups indicative of their pres-
ence at the pyrimidino ring.

The structure of Mannich bases of 1,2,3 benzotriazole
(VIa-b) has also been established by spectroscopic tech-
niques. The IR spectrum of (VIa-b) indicated characteristic
absorption between 3200-3250 em which was consistent
with the presence of NH group. The molecular spectrum of
(VIa-b) afforded the molecular ion peak at mlz 226
and mlz 254, corresponding to the molecular formula C"HION6

and C'3H'4N6. respectively. Exact mass measurement on
the molecular ion peak of each afforded the mass
226.0945775 and 254.125978 (calculated for CIIH,oN6,

226.095768; for C'3H'4N6 254.127988). The base peaks of
these compounds were present at mJz 108 and mlz 136 re-
spectively.

In the 'H-NMR spectrum of (VI-a), a doublet centred at 8
6.33 (J=6.9 Hz) and a broad hump at 8 7.48 attributed to
-NH-CH2-. In case of (VI-b) chemical shifts for imino and
methylene protons were found very close to that recorded
for (VI-a). Moreover, the chemical shifts for aromatic and
pyrimidino rings of (VI-b) were similar to (VI-a); however,
a six proton singlet at 8 2.33 in (VI-b) confirmed the pres-
ence of a dimethyl pyrimidine moiety in (VI-b) (Table 1).

The compounds thus synthesised were subjected for their
antibacterial activity by using overlay agar method
(Crickshank et al 1975) against S. typhi, E. coli, Kl.
pneumoniae, B. bronchiseptica, Sh. dysenteriae, Sh.flexnerii,
Sh. sonnei, Pseudomonas sp., Aeromonas sp., S. typhi Para
A. (Gram -ve), S. aureus, B. pumilus and L. plantarum (Gram
+ve). The results shown in Table 2 reveals that these com-
pounds except (VI-a) are as active as Ampiclox and
Oxytetracycline against Gram-ve organisms.
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