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Abstract Novel molecular hybrids of 5-isonicotinoyl-

1,2,3,4-tetrahydropyrimidine–adamantane have been syn-

thesized in excellent yields by the reaction of enaminones,

1-adamantanamine, and formaldehyde. Enaminones (Z)-3-

alkyl/aralkyl/aryl-1-(pyridin-4-yl)prop-2-en-1-ones have

been synthesised by the reaction of 4-acetylpyridine with

N,N-dimethylformamide dimethyl acetal and its bioassay

test showed good anti-inflammatory property, but no zone

of growth inhibition against Bacillus subtilis (MTCC Code-

121), Staphylococcus aureus (MTCC Code-9886),

Escherichia coli (MTCC Code-1302), and Salmonella

enterica (MTCC Code-3232) bacterial strains. The struc-

tures of the synthesized compounds have been established

with the help of spectral and analytical data. X-ray analysis

of a representative candidate of the series 5-isonicotinoyl-

1,2,3,4-tetrahydropyrimidine–adamantane was done for the

final confirmation of the structure.
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Introduction

Nitrogen-containing heterocyclic compounds have a diverse

range of biological and pharmacological properties [1–4].

The pyridine nucleus is an important heteroaromatic class of

compounds with a wide range of activities and is present in

many products such as drugs, vitamins, food, flavorings,

plants, dyes, rubber products, adhesives, insecticides, and

herbicides. Analogs of isonicotinic acid and isonicotinoyl

group are well documented in the literature [5–7]. Literature

survey reveals that compounds containing isonicotinoyl

groups have been synthesized and were tested for their

chelating [8–10] and biological properties [11–14]. Isoni-

cotinic acid hydrazide (isoniazid) is reported to be a well-

acknowledged drug and is one of the primary drugs used in

combination with ethanbutol, rifampin, streptomycin, and

pyrazinamide to treat tuberculosis [15, 16]. A large number

of compounds containing the isoniazid moiety have been

synthesized and tested, and further studies are going on due

to increasing resistance of bacterial strains to certain type of

antibiotics [17]. In the light of the importance of isonicoti-

noyl derivatives, our group has also reported [18] the

synthesis and antibacterial activities of novel 5-isonicoti-

noyl-1,2,3,4-tetrahydropyrimidines and bis-(5-

isonicotinoyl-1,2,3,4-tetrahydropyrimidines), envisaging

that the presence of the isonicotinoyl group in position 5 of

the tetrahydropyrimidine ring could have an important

impact on the biological activities of these molecules. Most

of the compounds were found to possess antibacterial

activity on four Gram-positive bacteria used in the study.

Enaminones are useful precursors for the synthesis of
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tetrahydropyrimidines [18] which are known to possess

important biological properties such as antitumor [19],

antimicrobial [19], anticonvulsant [20], anti-inflammatory

[21], analgesic [21], and ulcerogenic properties [22]. Patel

and coworkers have recently reported [23] the synthesis of

substituted (E)-3-(benzo[d]thiazol-2-ylamino)phenylprop-

2-en-1-one which had antidiabetic activity.

Moreover, the adamantane nucleus was found to be a

very important pharmacophore in many therapeutic agents

[24–30]. The incorporation of an adamantyl moiety into a

pharmacologically active molecule resulted in many cases

in improving the therapeutic profile of the parent drug [31].

Since the discovery of amantadine in 1966 as the first

antiviral therapy for systemic use [32], several hundreds or

even thousands of adamantane derivatives were synthe-

sized and proved to be effective against several pathogenic

microorganisms and beneficial in improving various

physiological disorders. In addition, adamantane and

1,2,3,4-tetrahydropyrimidines derivatives have recently

been reported to possess promising antimicrobial and anti-

inflammatory activities [33, 34]. Based on these findings,

we have recently reported the synthesis and biological

activities of enaminones containing the adamantane moiety

[35].

In the design of new drug prototypes, the concept of

molecular hybridization is a useful tool and is based on the

combination of pharmacophoric moieties of different

bioactive substances to produce a new hybrid compound

with improved affinity and efficacy. This strategy has

resulted in compounds with modified selectivity profile,

different and/or dual mode of action and reduced undesired

side effects [36, 37]. Hybrid molecules or conjugates that

combine two heterocyclic structural units of different nat-

ure generally lend themselves well to rational drug design

and often possess improved biological activities [38, 39]. A

number of biologically potent molecular hybrids have been

described in the literature such as steroid antibiotics [40],

steroid nucleosides [41], triterpenoid peptides [42], and

DNA cleaving-agent amino acids [43]. Literature survey

revealed that hybrids of 1,2,3,4-tetrahydropyrimidines with

in-built isonicotinoyl group at C-5 and adamantane are

unknown in the literature and hence their biological

activities remain unexplored.

Prompted by the absence of 1,2,3,4-tetrahydropyr-

imidine–adamantane hybrids containing the isonicotinoyl

group at C-5 in the literature and in continuation with our

studies on adamantane derivatives [35, 44], we present

herein a facile one-pot synthesis of hitherto unreported [3-

(adamantan-1-yl)-1-alkyl/aralkyl/aryl-1,2,3,4-tetrahydropyr-

imidin-5-yl](pyridin-4-yl)methanones to evaluate their bio-

logical properties. The synthesis of these molecular hybrids

was achieved via (Z)-3-alkyl/aralkyl/aryl-1-(pyridin-4-

yl)prop-2-en-1-ones, derived from commercially available

4-acetylpyridine by following our previously reported pro-

cedure [18].

Results and discussion

Synthesis of enaminones

To synthesize the proposed 1,2,3,4-tetrahydropyrimidine–

adamantane hybrids bearing isonicotinoyl group in position

5 of the ring, we required enaminones of the type 3 derived

from 4-acetylpyridine. Compound 3 was prepared from 2

following our previously reported procedure [18], and 2, in

turn, was synthesized by the reaction of 1 with dimethyl-

formamide dimethyl acetal (DMF-DMA) under MWI [18].

Thus, when compound 2 was stirred with an equimolar

amount of aniline in acetic acid at room temperature,

workup of the reaction mixture resulted in the formation of

the desired enaminone 3a in 82% yield, which was char-

acterized as 3-anilino-1-(pyridin-4-yl)prop-2-en-1-one

(Table 1), on the basis of physical and spectral data and

also by comparing with those already reported [18]. Sim-

ilarly, the reaction of 2 with other primary aromatic amines

Table 1 Synthesis of (Z)-3-alkyl/aralkyl/aryl-1-(pyridin-4-yl)prop-2-en-1-ones 3a–3j

Entry Compound R/R1 Reaction time/h Yield/% M.p. (lit. m.p.)/�C

1 3a C6H5 45 82 148–149 (149–150 [18])

2 3b 4-MeC6H4 64 81 131–133

3 3c 4-MeOC6H4 45 83 115–116

4 3d 4-ClC6H4 44 95 122–123

5 3e 4-BrC6H4 64 96 140–141

6 3f 3-HOC6H4 5 94 217–218

7 3g 4-NO2C6H4 65 85 [280

8 3h CH3 63 81 Gum [18]

9 3i CH3CH2 68 91 66–67

10 3j C6H5CH2CH2 50 92 Gum
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gave the desired enaminones 3b–3g in 81–96% overall

yields.

However, the reaction of 2 with alkyl/aralkylamines

under similar reaction conditions failed to give 3-(alky-

lamino)- or 3-(aralkylamino)enaminones and ended up in

the formation of a complex mixture from which isolation of

the desired product was not possible. Interestingly, when

the reaction of 2 with alkyl or aralkyl amines was carried

out in refluxing ethanol, the desired enaminones 3h–3j

were obtained in 81–95% overall yields. It is important to

note that 2 failed to react with primary aromatic amines in

refluxing ethanol, as these amines are weaker nucleophiles

compared to alkyl and aralkylamines.

The structures of the enaminones were well established

with the help of spectral and analytical data and also by

comparison with those already reported [18]. Thus, the IR

spectra of 3b showed peaks at 1535, 1645, and 3285 cm-1

due to carbonyl and NH groups. In the 1H NMR spectra,

the a-vinylic proton appeared as a doublet at 5.96 ppm

(J = 7.4–7.8 Hz), while the b-vinylic proton gave a double

doublet at 7.55 ppm (J = 7.6, 12.8 Hz) due to its coupling

with a-vinylic as well as NH protons. The NH proton

resonated at 10.5–12.0 ppm, indicating its hydrogen-bon-

ded state with carbonyl oxygen. The low coupling constant

of the vinylic protons (J = *6 Hz) and the appearance of

the NH signal (10.55–12.34 ppm) at low fields confirm the

Z-configuration of the enaminone. Synthesis of the desired

tetrahydropyrimidine–adamantane hybrids was subse-

quently undertaken.

Synthesis of 1,2,3,4-tetrahydropyrimidine–

adamantane hybrids

When a mixture of enaminone 3a, 1-adamantanamine (4),

and formaldehyde (1:1:2) in 4 cm3 methanol was heated at

reflux for 4 h, workup of the reaction mixture gave 5a in

98% yields (Table 2), the structure of which was proposed

to be [3-(adamantan-1-yl)-1-phenyl-1,2,3,4-tetrahydropyr-

imidin-5-yl](pyridin-4-yl)methanone on the basis of spec-

tral and analytical data. The reaction conditions could

easily be extrapolated for the synthesis of 5b–5j in 91–98%

overall yields in 2–10 h (Scheme 1).

The structures of the products were established without

any ambiguity. The infrared spectra of 5a–5j showed

strong peaks in the region of 1571–1638 cm-1 due to

extensively delocalized double bonds and carbonyl groups.

The C–H stretching due to adamantane gave characteristic

bands close to 2906 and 2850 cm-1. In the 1H NMR

spectra of 5a–5j, the signals due to aromatic protons appear

between 6.63 and 8.68 ppm. The C6–H proton of the

tetrahydropyrimidine ring resonated as a singlet between

6.52 and 6.96 ppm in 5a–5j and 7.31–7.51 ppm in 5d–5f,

whereas it remained obscured by the aromatic protons in

5a–5c. The CH2 protons at C-2 of the tetrahydropyrimidine

ring appeared between 4.06 and 4.70 ppm, while those at

C-4 gave their signals in the range of 3.70–3.92 ppm. The

three sets of protons of the adamantyl group resonated as

three distinct multiplets in the ranges 1.64–1.73, 1.84–1.92,

and 2.14–2.18 ppm. In the 13C NMR spectra of the

tetrahydropyrimidines, the most striking signal was due to

carbonyl carbon (close to 190 ppm) and those due to

adamantyl group carbon atoms appearing in the ranges of

29.4–29.6, 36.0–36.1, 43.1–43.4, and 53.2–53.8 ppm. The

proposed cyclic structures for the tetrahydropyrimidines

are further supported by the absence of NH (*12.00 ppm)

and vinylic C–H (*6.00 ppm) proton signals of the start-

ing enaminones in the spectra of 5a–5j. The mass spectra

of the products were also in conformity with the proposed

structures.

Crystal structure of 5d

Furthermore, the proposed structure of [3-(adamantan-1-

yl)-1-(4-bromophenyl)-1,2,3,4-tetrahydropyrimidin-5-yl]

Table 2 Synthesis of [3-(adamantan-1-yl)-1-alkyl/aralkyl/aryl-1,2,3,4-tetrahydropyrimidin-5-yl](pyridin-4-yl)methanones 5a–5j

Entry Compound R0 Reaction time/h Yield/

%

M.p./�C

1 5a C6H5 4 98 118–120

2 5b 4-CH3OC6H4 5 98 112–113

3 5c 4-ClC6H4 3 96 165–166

4 5d 4-BrC6H4 3 96 170

5 5e 4-CH3C6H4 6 97 150–151

6 5f 4-NO2C6H4 10 91 205–207

7 5g CH3 6 91 136–137

8 5h CH3CH2 6 96 112–114

9 5i PhCH2CH2 2 93 187–188

10 5j 3-HOC6H4 7 94 116–118
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(pyridin-4-yl)methanone (5d) was unambiguously con-

firmed by single crystal X-ray crystallography (Fig. 1) with

CCDC no. 996549. The crystals of 5d suitable for X-ray

analysis were obtained by crystallization from ethyl acet-

ate. The crystal belongs to triclinic, space group P1 with

a = 16.3481 (5) Å, b = 12.3215 (4) Å, c = 11.0874 (3) Å,

b = 93.619 (2)�, V = 2228.92 (12) Å3, and Z = 4. The

molecular graphics was performed using ORTEP-3 and

displacement ellipsoids were drawn at 30% probability

level.

Biological evaluation

The biological activities of the synthesized compounds 3a–

3j and 5a–5j were assessed by carrying out anti-inflam-

matory and antibacterial tests.

Anti-inflammatory activity

For our study, mice bearing FCA-induced paw edema were

treated with an intra-peritoneal injection of test compounds

at a dose of 50 mg/kg body weight and were used as test

subjects after 1 h. Mice bearing paw edema without sub-

sequent treatment with the compounds and mice treated

with ibuprofen (an NSAID) served as controls and positive

controls, respectively.

(a) Inhibition of FCA-induced paw edema

The ability of the compounds 3a–3j and 5a–5j to reduce

FCA-induced paw edema in mice was used as a physical

parameter to test the anti-inflammatory property. All the

compounds showed a reduction of paw edema (Tables 3,

4).

(b) Nitric oxide level in the paw exudates

The assay of NO in exudates of FCA-induced paw in mice

was used as a biochemical indicator of inflammation. The

enzyme NO synthase (NOS) synthesizes NO from the

terminal guanidine nitrogen atom of L-arginine. The indu-

cible form of NOS generates NO in endothelial cells,

smooth muscle cells and macrophages, upon stimulation

with lipopolysaccharide (LPS), the endotoxin component

of FBS [45]. In this study, the lowering of the NO level in

the paw exudate by the test compounds in inflammation-

bearing mice indicates their anti-inflammatory activities.

Measurements of NO in paw exudates of mice showed the

highest reduction in mice treated with 3i, followed by 3e,

3f, and 3j, but 3a, 3b, 3c, and 3d showed no reduction of

NO levels (Fig. 2). On the other hand, measurements of

NO in paw exudates of mice showed no reduction when

treated with compounds 5a–5j (Fig. 3).

(c) Level of nitric oxide concentration in whole blood

The NO level in the blood of mice bearing paw edema was

also used as an indicator of inflammation. LPS, a compo-

nent of FCA, is a potent stimulator of NO synthesis by

Scheme 1
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several cells including endothelial cells and leads to

vasodilation and hypotension [46–48]. Lowering of NO

levels in the blood of inflammation-bearing mice treated

with the test compounds suggests the anti-inflammatory

effect of the compounds. The nitric oxide concentration in

blood in response to the test compounds and ibuprofen is

given in Figs. 4 and 5. Enaminones 3a, 3b, 3c, and 3h

showed reduction in NO levels as compared to the control,

but not as much as shown by ibuprofen and the molecular

hybrids 5a, 5f, and 5i that showed the highest reduction of

NO levels in blood, which is also comparable with that of

ibuprofen.

(d) Differential leukocyte count in blood

To determine any alteration in the number of different

leukocytes in response to the test compounds and ibuprofen

in mice bearing paw edema, a differential leukocyte count

in peripheral blood was performed. The results were

reported as a percentage of total leukocytes (Figs. 6, 7).

The compounds brought about a reduction in the basophil

and eosinophil percentages. A high percentage of

neutrophils (neutrophilia) are indicative of inflammation or

bacterial infection [49]. The results obtained in this test

clearly indicated the anti-inflammatory effects of the test

compounds.

Paw thickness was taken as a physical parameter for this

investigation. From the reduction in paw thickness, it is

clear that 3i, 3e, and 3d have the highest ability to reduce

paw edema followed by 3a, 3g, and 3f (Table 3). Similarly,

compounds 5b and 5c exhibited the highest reduction after

24 h, followed by compounds 5j, 5f, 5a, 5i, 5h, and 5g in

decreasing order (Table 4). The other inflammatory

parameters used for the investigation were NO level in paw

exudates and whole blood. Measurements of NO in paw

exudates of mice exhibited the highest reduction in mice

treated with 3i, followed by 3e, 3f, and 3j, but 3a, 3b, 3c,

and 3d showed no reduction of NO levels (Fig. 2). On the

other hand, measurements of NO in paw exudates of mice

displayed no reduction in mice treated with compounds

5a–5j (Fig. 3). This was also observed in mice treated with

ibuprofen, which showed little reduction comparable with

the untreated control (Fig. 3).

Fig. 1 Ortep diagram of 5d with atom numbering scheme. Displacement ellipsoids are drawn at 30% probability level
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The levels of NO in blood showed the highest reduction

in case of mice treated with 3a, 3b, 3c, and 3h, which is

comparable with ibuprofen. Compounds 3e, 3i, and 3j

caused lower reduction, while 3d and 3g showed no

reduction (Fig. 4). The levels of NO in blood showed the

highest reduction in the case of mice treated with 5a, 5f,

and 5i, which is comparable with ibuprofen and is followed

by 5j, 5b, 5d, 5e, and 5g, although 5c and 5h showed no

reduction in NO levels (Fig. 5) Basophil and eosinophil

counts were lower in mice treated with 3g, 3b, 3j, and 3f

followed by 3d and 3i (Fig. 6), and these counts were

lower in mice treated with 5c, 5f, and 5i (Fig. 7).

The above results led to the conclusion that among

enaminones 3a–3j, 3i and 3e have the highest potential as

anti-inflammatory agents which were followed by 3d; in

the case of 5a–5j, compounds 5f and 5i were found to be

most potent. Considering parameters like paw thickness,

NO level in blood and differential WBCs count, com-

pounds 3i, 3e, 3d, 5f, and 5i exhibited anti-inflammatory

activities in most of the above tested parameters and in

some of the parameters these compounds showed activities

comparable with the selected drug.

Antibacterial test

The results of the antibacterial activity were recorded as

zone of inhibition in millimeters for all the compounds.

The compound 3a–3j did not show any zone of growth

inhibition against the four bacterial strains. The compounds

5a–5j did show some significant activity. Compound 5a

exhibited a clear zone of inhibition against Staphylococcus

aureus and 5d also showed a significant zone (14 mm)

against Salmonella enterica. However, compound 5h dis-

played different activity against the strains producing

maximum zones of inhibition against Salmonella (22 mm),

followed by Escherichia coli (16 mm) and Staphylococcus

(14 mm) (Table 5). Bacillus subtilis was found to be

resistant to both 3a–3j and 5a–5j. Inhibition zones of dif-

ferent test organisms for the standard antibiotic ampicillin

were significantly different. Ampicillin strongly inhibited

the growth of Staphylococcus, Salmonella, and Bacillus,

but exhibited a lower zone of inhibition against E. coli.

Table 3 Paw thickness at different time intervals of the different test

compounds 3a–3j (50 mg/kg), ibuprofen (30 mg/kg) and an untreated

control in mice carrying FCA-induced paw edema in comparison to

untreated control

Treatment

group

Time/

h

Paw edema Increase in

paw thickness

from 0 h

Percentage

increase/decrease

in paw thickness

Control 0 3.08 ± 0.07 0.00 0.00

1 3.27 ± 0.28 0.19 6.17

3 3.42 ± 0.29 0.34 11.04

24 3.69 ± 0.27 0.61 19.81

Ibuprofen 0 3.97 ± 0.06 0.00 0.00

1 3.97 ± 0.06 0.00 0.00

3 3.13 ± 0.12 -0.84 -21.16

24 3.80 ± 0.17 -0.17 -4.28

3a 0 4.00 ± 0.00 0.00 0.00

1 3.93 ± 0.12 -0.07 -1.75

3 3.47 ± 0.29 -0.53 -13.25

24 3.93 ± 0.12 -0.07 -1.75

3b 0 4.00 ± 0.00 0.00 0.00

1 4.00 ± 0.00 0.00 0.00

3 3.60 ± 0.17 -0.40 -10.00

24 3.77 ± 0.25 -0.23 -5.75

3c 0 4.00 ± 0.00 0.00 0.00

1 3.83 ± 0.06 -0.17 -4.25

3 3.50 ± 0.00 -0.50 -12.50

24 3.83 ± 0.21 -0.17 -4.25

3d 0 4.00 ± 0.00 0.00 0.00

1 3.97 ± 0.06 -0.03 -0.75

3 3.23 ± 0.25 -0.77 -19.25

24 3.70 ± 0.17 -0.30 -7.50

3e 0 4.00 ± 0.00 0.00 0.00

1 3.83 ± 0.06 -0.17 -4.25

3 3.57 ± 0.12 -0.43 -10.75

24 3.70 ± 0.17 -0.30 -7.50

3f 0 4.00 ± 0.00 0.00 0.00

1 4.00 ± 0.00 0.00 0.00

3 3.70 ± 0.17 -0.30 -7.50

24 3.90 ± 0.10 -0.10 -2.50

3g 0 4.00 ± 0.00 0.00 0.00

1 3.83 ± 0.29 -0.17 -4.25

3 3.20 ± 0.17 -0.80 -20.00

24 3.90 ± 0.10 -0.10 -2.50

3h 0 4.00 ± 0.00 0.00 0.00

1 4.00 ± 0.00 0.00 0.00

3 3.50 ± 0.30 -0.50 -12.50

24 3.80 ± 0.00 -0.20 5.00

3i 0 4.00 ± 0.00 0.00 0.00

1 3.87 ± 0.12 -0.13 -3.25

3 3.30 ± 0.00 -0.70 -17.50

24 3.50 ± 0.00 -0.50 -12.50

Table 3 continued

Treatment

group

Time/

h

Paw edema Increase in

paw thickness

from 0 h

Percentage

increase/decrease

in paw thickness

3j 0 4.00 ± 0.00 0.00 0.00

1 3.93 ± 0.12 -0.07 -1.75

3 3.43 ± 0.32 -0.57 -14.25

24 3.87 ± 0.12 -0.13 -3.25
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The test compounds 3a–3j did not possess any antimi-

crobial activity. However, compounds 5a, 5d, and 5h

showed clear antibacterial activity. Compound 5h had a

potent antibacterial activity against the highly infectious

Salmonella and E. coli (Gram-negative bacteria) and

against Staphylococcus (Gram-positive bacteria). These

test compounds might have several invasive targets that

could lead to the inhibition of the bacteria. However, B.

subtilis was found to be resistant, as it did not show any

zone of inhibition against the test compounds. Thus,

compounds 5a, 5d, and 5h may have therapeutic value as

an antibacterial agent against pathogenic bacteria.

Experimental

Melting points were recorded by the open capillary

method. The IR spectra were recorded on a Perkin-Elmer

983 spectrometer (Perkin-Elmer). The 1H and 13C NMR

spectra were recorded on a JEOL JNM-ECS 400 taking

Me4Si as the internal standard in CDCl3. In the NMR

spectral data, the abbreviations d, dd, s, m, and t, stand for

doublet, double doublet, singlet, multiplet, and triplet,

respectively. The X-ray diffraction data were collected at

296 K with Mo Ka radiation (k = 0.71073 Å) using a

Bruker Nonius SMART APEX II CCD diffractometer

equipped with a graphite monochromator. The structures

were solved by direct methods (SHELXS97) and refined by

full-matrix least squares based on F2. All calculations were

carried out using WinGX system version 1.80.05. All the

non-H atoms were refined in the anisotropic approxima-

tion: the H atoms were located at calculated positions. The

electron spray mass spectra were recorded on a Waters ZQ-

4000 mass spectrometer. Elemental analysis was per-

formed on a Vario-EL III instrument. Microwave

irradiation was carried out in a CEM Discover Benchmate

microwave digester at 850 W for 5 min in an open reaction

vessel. Formylated product 2 was synthesized by our pre-

viously reported procedure [18] and experimental data for

compounds 3a and 3h have been previously described in

the literature [18].

Table 4 Paw thickness at different time intervals of the different test

compounds 5a–5j (50 mg/kg), ibuprofen (30 mg/kg) and an untreated

control in mice carrying FCA-induced paw edema in comparison to

untreated control

Treatment

groups

Time/

h

Paw edema Increase in

paw thickness

from 0 h

Percentage

increase/decrease

in paw thickness

Control 0 3.08 ± 0.07 0.00 0.00

1 3.27 ± 0.28 0.21 6.82

3 3.42 ± 0.29 0.34 11.04

24 3.69 ± 0.27 0.61 19.81

Ibuprofen 0 3.97 ± 0.06 0.00 0.00

1 3.97 ± 0.06 0.00 0.00

3 3.13 ± 0.12 -0.84 -21.16

24 3.80 ± 0.17 -0.17 -4.28

5a 0 4.00 ± 0.00 0.00 0.00

1 4.00 ± 0.00 0.00 0.00

3 3.80 ± 0.00 -0.20 -5.00

24 3.77 ± 0.25 -0.23 -5.75

5b 0 4.00 ± 0.00 0.00 0.00

1 4.00 ± 0.00 0.00 0.00

3 3.60 ± 0.17 -0.40 -10.00

24 3.60 ± 0.17 -0.40 -10.00

5c 0 4.00 ± 0.00 0.00 0.00

1 3.97 ± 0.06 -0.03 -0.75

3 3.33 ± 0.42 -0.67 -16.75

24 3.60 ± 0.17 -0.40 -10.00

5d 0 4.00 ± 0.00 0.00 0.00

1 4.00 ± 0.00 0.00 0.00

3 3.60 ± 0.10 -0.40 -10.00

24 3.93 ± 0.17 -0.07 1.75

5e 0 4.00 ± 0.12 0.00 0.00

1 4.00 ± 0.00 0.00 0.00

3 3.00 ± 0.00 -1.00 -2.50

24 4.00 ± 0.00 0.00 0.00

5f 0 4.00 ± 0.00 0.00 0.00

1 3.90 ± 0.00 -0.10 -2.50

3 3.13 ± 0.12 -0.87 -21.75

24 3.70 ± 0.17 -0.30 -7.50

5g 0 4.00 ± 0.00 0.00 0.00

1 3.87 ± 0.06 -0.13 -3.25

3 3.00 ± 0.00 -1.00 -25.00

24 3.87 ± 0.12 -0.13 -3.25

5h 0 3.97 ± 0.06 -0.03 -0.75

1 3.80 ± 0.00 -0.20 -5.00

3 3.30 ± 0.00 -0.70 -17.50

24 3.83 ± 0.29 -0.17 -4.50

5i 0 3.90 ± 0.10 -0.10 -2.50

1 3.60 ± 0.17 -0.40 -2.50

3 3.50 ± 0.00 -0.50 -12.50

24 3.80 ± 0.00 -0.20 -5.00

Table 4 continued

Treatment

groups

Time/

h

Paw edema Increase in

paw thickness

from 0 h

Percentage

increase/decrease

in paw thickness

5j 0 4.00 ± 0.00 0.00 0.00

1 4.00 ± 0.00 0.00 0.00

3 3.43 ± 0.12 -0.57 -14.25

24 3.63 ± 0.23 -0.37 -9.25
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General procedure for the synthesis of (Z)-1-(pyridin-4-yl)-

3-(p-arylamino)prop-2-en-1-ones 3a–3g

To a solution of 2 (1 mmol) in 2 cm3 acetic acid,

aromatic amine (1 mmol) was added and the resulting

mixture was stirred at room temperature for 44–65 h

(takes 5 h in case of 3f) when a solid product

precipitated. After completion of the reaction (monitored

by thin-layer chromatography), the mixture was poured

over chilled water and the precipitated product was

collected by filtration, washed repeatedly by water to

ensure complete removal of acid, and dried to give

practically pure product 3a–3g in 81–96% overall yields.

Further purification was achieved by column chromatog-

raphy (silica gel, 20% EtOAc–hexane).

Fig. 3 Concentration of nitric oxide (in lM) in paw exudates of

different treatment groups. Mice from different groups (3 mice each)

were killed after 24 h from FCA injection, and the hind paw was

excised and homogenized in 1 cm3 normal saline. NO level was

measured using Griess reaction with standard nitrite reference curve.

Each group represents the mean ± SEM (n = 3). *P\ 0.05 statis-

tical significance compared to control (unpaired Student’s t test)

Fig. 2 Concentration of nitric oxide (in lM) in paw exudates of

different treatment groups. Mice from different groups (3 mice each)

were killed after 24 h from FCA injection, and the hind paw was

excised and homogenized in 1 cm3 normal saline. The NO level was

measured using Griess reaction with standard nitrite reference curve.

Each group represents the mean ± SEM (n = 3). *P\ 0.05 statis-

tical significance compared to the control (unpaired Student’s t test)
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Fig. 4 Concentration of nitric oxide (in lM) in whole blood of

different treatment groups. Paw edema was induced by injecting FCA

and 1 h later mice were given intra-peritoneal injections of test

compounds (50 mg/kg bw) and for ibuprofen 30 mg/kg bw. Blood

was collected by retro-orbital bleeding from mice of different groups

(3 mice each) and the whole blood was used to measure the level of

NO. Each group represents the mean ± SEM (n = 3). *P\ 0.05

statistical significance compared to the control (unpaired Student’s

t test)

Fig. 5 Concentration of nitric oxide (in lM) in whole blood of

different treatment groups. Paw edema was induced by injecting FCA

and 1 h later mice were given intra-peritoneal injections of test

compounds (50 mg/kg bw) and ibuprofen 30 mg/kg bw. Blood was

collected by retro-orbital bleeding from mice of different groups (3

mice each) and the whole blood was used to measure the level of NO.

Each group represents the mean ± SEM (n = 3). *P\ 0.05 statis-

tical significance compared to the control (unpaired Student’s t test)
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(Z)-1-(Pyridin-4-yl)-3-(p-tolylamino)prop-2-en-1-one

(3b, C15H14N2O)

Yellow solid; yield: 193 mg (81%); m.p.: 131–133 �C; 1H

NMR (400 MHz, CDCl3): d = 2.33 (s, 3H, CH3), 5.96 (d,

1H, J = 7.8 Hz, Ha), 7.03 (d, 2H, J = 8 Hz, ArH), 7.17 (d,

2H, J = 8 Hz, ArH), 7.57 (dd, 1H, CH, J = 7.8, 12.4 Hz,

Hb), 7.71 (d, 2H, J = 6 Hz, 4-pyridyl-H), 8.74 (d, 2H,

J = 6 Hz, 4-pyridyl-H), 12.25 (d, 1H, J = 12.4 Hz, NH)

ppm; 13C NMR (100 MHz, CDCl3): d = 20.8 (CH3), 92.8

(CH-a), 116.7 (2, CH-phenyl), 120.7 (2, CH-phenyl), 130.3

(2, CH-4-pyridyl), 134.3 (Cq), 137.2 (Cq), 145.7 (Cq),

146.8 (CH-b), 150.5 (2, CH-4-pyridyl), 188.4 (CO) ppm;

IR (KBr): �m = 1299 (C–N), 1535 (C=N), 1645 (C=O),

3349 (NH) cm-1; MS (ESI): m/z = 239 ([MH]?).

Fig. 6 Percentage counts of different types of leukocytes in mice

treated with test compounds and ibuprofen in comparison to untreated

control. Mice were killed 24 h after FCA injection. Blood smear was

prepared and the slides were stained with Wright’s stain and cells

were counted under a microscope
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(Z)-3-[(4-Methoxyphenyl)amino]-1-(pyridin-4-yl)prop-2-

en-1-one (3c, C15H14N2O2)

Yellow solid; yield: 211 mg (83%); m.p.: 115–116 �C; 1H

NMR (400 MHz, CDCl3): d = 3.81 (s, 3H, OCH3), 5.95

(d, 1H, J = 7.76 Hz, Ha), 6.91 (d, 2H, J = 8 Hz, ArH),

7.09 (d, 2H, J = 8 Hz, ArH), 7.52 (dd, 1H, J = 7.76,

12.8 Hz, Hb), 7.73 (d, 2H, J = 6 Hz, 4-pyridyl-H), 8.74 (d,

2H, J = 6 Hz, 4-pyridyl-H), 12.34 (d, 1H, J = 12.8 Hz,

NH) ppm; 13C NMR (100 MHz, CDCl3): d = 55.5

(OCH3), 92.5 (CH-a), 115.0 (2, CH-phenyl), 118.3 (2,

CH-phenyl), 120.8 (2, CH-4-pyridyl), 133.0 (Cq), 145.9

(Cq), 147.3 (Cq), 150.2 (2, CH-4-pyridyl), 156.8 (CH-b),

187.9 (CO) ppm; IR (KBr): �m = 1299 (C–N), 1535 (C=N),

Fig. 7 Percentage counts of different types of leukocytes in mice

treated with test compounds and ibuprofen in comparison to untreated

control. Mice were killed 24 h after FCA injection. Blood smear was

prepared and the slides were stained with Wright’s stain and cells

were counted under a microscope
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1645 (C=O), 3346 (NH) cm-1; MS (ESI): m/z = 255

([MH]?).

(Z)-3-[(4-Chlorophenyl)amino]-1-(pyridin-4-yl)prop-2-en-

1-one (3d, C14H11ClN2O)

Yellow solid; yield: 245 mg (95%); m.p.: 122–123 �C; 1H

NMR (400 MHz, CDCl3): d = 6.01 (d, 1H, J = 7.8 Hz,

Ha), 7.07 (d, 2H, J = 8 Hz, ArH), 7.33 (d, 2H, J = 8 Hz,

ArH), 7.54 (dd, 1H, CH, J = 7.8, 12.4 Hz, Hb), 7.74 (d,

2H, J = 6 Hz, 4-pyridyl-H), 8.76 (d, 2H, J = 6 Hz, 4-

pyridyl-H), 12.23 (d, 1H, J = 12.4 Hz, NH) ppm; 13C

NMR (100 MHz, CDCl3): d = 93.7 (CH-a), 117.9 (2, CH-

phenyl), 121.0 (2, CH-phenyl), 129.6 (2, CH-4-pyridyl),

129.9 (2, CH-4-pyridyl), 138.3 (Cq), 145.7 (Cq), 146.2

(Cq), 150.0 (CH-b), 188.7 (CO) ppm; IR (KBr): �m = 1299

(C–N), 1535 (C=N), 1645 (C=O), 3353 (NH) cm-1; MS

(ESI): m/z = 259 ([MH]?).

(Z)-3-[(4-Bromophenyl)amino]-1-(pyridin-4-yl)prop-2-en-

1-one (3e, C14H11BrN2O)

Yellow solid; yield: 291 mg (96%); m.p.: 140–141 �C; 1H

NMR (400 MHz, CDCl3): d = 6.02 (d, 1H, J = 7.8 Hz,

Ha), 7.01 (d, 2H, J = 8 Hz, ArH), 7.48 (d, 2H, J = 8 Hz,

ArH), 7.53 (dd, 1H, J = 7.8,12.4 Hz, Hb), 7.71 (d, 2H,

J = 6 Hz, 4-pyridyl-H), 8.76 (d, 2H, J = 6 Hz, 4-pyridyl-

H), 12.21 (d, 1H, J = 12.4 Hz, NH) ppm; 13C NMR

(100 MHz, CDCl3): d = 93.8 (CH-a), 117.0 (Cq), 118.2

(2, CH-phenyl), 120.7 (2, CH-phenyl), 132.8 (2, CH-4-

pyridyl), 138.8 (Cq), 145.3 (Cq), 145.9 (CH-b), 150.5 (2,

CH-4-pyridyl), 189.0 (CO) ppm; IR (KBr): �m = 1291 (C–

N), 1568 (C=N), 1630 (C=O), 3347 (NH) cm-1; MS (ESI):

m/z = 303 (M?).

(Z)-3-[(3-Hydroxyphenyl)amino]-1-(pyridin-4-yl)prop-2-

en-1-one (3f, C14H12N2O2)

Yellow solid; yield: 226 mg (94%); m.p.: 217–218 �C; 1H

NMR (400 MHz, CDCl3): d = 6.12 (d, 1H, J = 7.8 Hz,

Ha), 6.45 (d, 1H, J = 9.6 Hz, ArH), 6.60 (d, 1H,

J = 8.2 Hz, ArH), 6.71 (s, br, 1H, OH), 6.78 (s, 1H,

ArH), 7.08–7.12 (m, 1H, ArH), 7.69 (d, 2H, J = 6 Hz, 4-

pyridyl-H), 7.81 (d, 2H, J = 6 Hz, 4-pyridyl-H), 7.95 (dd,

1H, J = 7.8, 12.8 Hz, Hb), 12.03 (d, 1H, J = 12.8 Hz,

NH) ppm; 13C NMR (100 MHz, CDCl3): d = 93.3 (CH-a),

104.1 (CH-phenyl), 108.0 (CH-phenyl), 111.9 (CH-phe-

nyl), 131.1 (2, CH-4-pyridyl), 141.2 (CH-phenyl), 145.4

(Cq), 146.4 (Cq), 148.0 (CH-b), 150.9 (2, CH-4-pyridyl),

159.1 (Cq), 187.9 (CO) ppm; IR (KBr): �m = 1273 (C–N),

1528 (C=N), 1630 (C=O), 3382 (NH) cm-1.

(Z)-3-[(4-Nitrophenyl)amino]-1-(pyridin-4-yl)prop-2-en-1-

one (3g, C14H11N3O3)

Yellow solid; yield: 227 mg (85%); m.p.: [280 �C; 1H

NMR (400 MHz, CDCl3): d = 6.30 (d, 1H, J = 7.8 Hz,

Ha), 7.34 (d, 2H, J = 8 Hz, ArH), 7.70 (d, 2H, J = 8 Hz,

ArH), 7.84 (d, 2H, J = 6 Hz, 4-pyridyl-H), 8.18 (dd, 1H,

J = 7.8, 12.8 Hz, Hb), 8.73 (d, 2H, J = 6 Hz, 4-pyridyl-

H), 12.0 (d, 1H, J = 12.8 Hz, NH) ppm; 13C NMR

(100 MHz, CDCl3): d = 101.5 (CH-a), 116.0 (2, CH-

phenyl), 117.0 (Cq), 121.5 (2, CH-phenyl), 126.3 (2, CH-4-

pyridyl), 144.6 (Cq), 145.6 (Cq), 147.3 (CH-b), 151.1 (2,

CH-4-pyridyl), 187.6 (CO) ppm; IR (KBr): �m = 1243 (C–

N), 1584 (C=N), 1645 (C=O), 3367 (NH) cm-1.

General procedure for the synthesis of (Z)-3-(aralky-

lamino)-1-(pyridin-4-yl)prop-2-en-1-ones 3h–3j

To a solution of 2 (1 mmol) in 3 cm3 ethanol, aliphatic

amines (1.5 mmol in case of phenylethyl amine and

3 mmol in case of methyl and ethyl amine) was added

and the resulting mixture was refluxed for 50–68 h. After

completion of the reaction (monitored by thin-layer

chromatography), ethanol was distilled off to give a gum,

which was dissolved in 3 cm3 chloroform. This solution

was washed with water (2 9 2 cm3), dried over anhydrous

sodium sulfate and, after removal of chloroform, the

Table 5 Zone of inhibition

(mm) of test compounds against

different bacteria, ±mean,

n = 3

Test compounds Salmonella enterica Escherichia

coli

Bacillus subtilis Staphylococcus

aureus

5a – – – 11

5b – – – –

5c – – – –

5d 14 – – –

5e – – – –

5f – – – –

5g – – – –

5h 22 16 – 14

5i – – – –

5j – – – –

Ampicillin antibiotic (4 mg/cm3) 25 22 25 26

DMSO – – – –
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practically pure products 3h and 3j (gum) were obtained in

81–92% overall yields. These were further purified by

column chromatography (silica gel, 20% EtOAc–hexane).

In case of 3i, the gum on trituration with hexane gave a

practically pure solid mass in 91% yield which was further

purified by column chromatography (silica gel, 20%

EtOAc–hexane).

(Z)-3-(Ethylamino)-1-(pyridin-4-yl)prop-2-en-1-one

(3i, C10H12N2O)

Yellow solid; yield: 160 mg (91%); m.p.: 66–67 �C; 1H

NMR (400 MHz, CDCl3): d = 1.25–1.32 (t, 3H, CH3),

3.36–3.41 (m, 2H, CH2), 5.67 (d, 1H, J = 7.4 Hz, Ha),

7.06 (dd, 1H, J = 7.4, 13.2 Hz, Hb), 7.67 (d, 2H,

J = 6 Hz, 4-pyridyl-H), 8.67 (d, 2H, J = 6 Hz, 4-pyri-

dyl-H), 10.55 (s, brd, NH) ppm; 13C NMR (100 MHz,

CDCl3): d = 16.2 (CH3), 44.1 (CH2), 89.9 (CH-a), 120.9

(2, CH-4-pyridyl), 146.7 (Cq), 149.7 (2, CH-4-pyridyl),

155.2 (CH-b), 186.9 (CO) ppm; IR (KBr): �m = 1289 (C–

N), 1562 (C=N), 1630 (C=O), 3436 (NH) cm-1; MS (ESI):

m/z = 177 ([MH]?).

(Z)-3-(Phenethylamino)-1-(pyridin-4-yl)prop-2-en-1-one

(3j, C16H16N2O)

Yellow gum; yield: 237 mg (94%); 1H NMR (400 MHz,

CDCl3): d = 2.90–2.93 (t, 2H, CH2), 3.54–3.58 (t, 2H,

CH2), 5.61 (d, 1H, J = 6.9 Hz, Ha), 6.87 (dd, 1H, J = 6.9,

13.2 Hz, Hb), 7.19 (d, 2H, J = 8 Hz, ArH), 7.25–7.27 (m,

1H, ArH), 7.30–7.32 (m, 2H, ArH), 7.67 (d, 2H, J = 6 Hz,

4-pyridyl-H), 8.68 (d, 2H, J = 6 Hz, 4-pyridyl-H), 10.58

(s, brd, NH2) ppm; 13C NMR (100 MHz, CDCl3): d = 37.6

(CH2), 51.1 (CH2), 90.1 (CH-a), 121.1 (2, CH-phenyl),

126.9 (2, CH-phenyl), 128.8 (CH-phenyl), 128.9 (2, CH-4-

pyridyl), 137.8 (Cq), 146.8 (Cq), 149.7 (2, CH-4-pyridyl),

155.6 (CH-b), 187.1 (CO) ppm; IR (KBr): �m = 1284 (C–

N), 1571 (C=N), 1632 (C=O), 3456 (NH) cm-1; MS (ESI):

m/z = 252 (M?).

General procedure for the synthesis of [3-(adamantan-1-

yl)-1-alkyl/aralkyl/aryl-1,2,3,4-tetrahydropyrimidin-5-

yl](pyridin-4-yl)methanones 5a–5j

A mixture of 1-adamantanamine (4, 1 mmol) and

formaldehyde (2 mmol) in 1 cm3 of methanol was stirred

at room temperature for 5–10 min. To this was added a

solution of the enaminone 3 (1 mmol) in 4 cm3 of

methanol and the resulting solution was refluxed for

2–10 h. On completion of the reaction (monitored by

thin-layer chromatography, TLC), methanol was distilled

off to give a gum, which was dissolved in dichloromethane,

dried over sodium sulfate and then the solvent was

removed again to give a gum. This gum, on trituration

with hexane, gave a solid which was collected by filtration.

A practically pure product was thus obtained in 91–98%

overall yields. It was further purified using column

chromatography (silica gel, 20% EtOAc–hexane).

[3-(Adamantan-1-yl)-1-phenyl-1,2,3,4-tetrahydropyrim-

idin-5-yl](pyridin-4-yl)methanone (5a, C26H29N3O)

Yellow solid; yield: 391 mg (98%); m.p.: 118–120 �C; 1H

NMR (400 MHz, CDCl3): d = 1.58–1.65 (m, 6H, adam),

1.68–1.80 (m, 6H, adam), 2.18 (s, 3H, adam), 3.92 (s, 2H,

CH2), 4.66 (s, 2H, CH2), 6.95 (d, 2H, J = 8 Hz, ArH),

7.12–7.16 (t, 1H, ArH), 7.33(d, 2H, J = 6 Hz, 4-pyridyl-

H), 7.36–7.40 (m, 3H, 2H-ArH, 1H-C6H), 8.68 (d, 2H,

J = 6 Hz, 4-pyridyl-H) ppm; 13C NMR (100 MHz,

CDCl3): d = 29.7 (3, CH, adam), 36.5 (3, CH, adam),

40.1 (3, CH, adam), 41.0 (Cq, adam), 54.9 (CH2), 62.5

(CH2), 113.3 (Cq), 118.6 (2, CH-phenyl), 122.4 (2, CH-

phenyl), 124.7 (CH-phenyl), 129.8 (2, CH-4-pyridyl),

134.5 (Cq), 143.6 (Cq), 147.3 (CH-tetrahydropyrimidine),

149.9 (2, CH-4-pyridyl), 190.5 (CO) ppm; IR (KBr):

�m = 1276 (C–N), 1498 (C=N), 1574 (CO), 2849 (adam),

2906 (adam) cm-1; MS (ESI): m/z = 399 (M?).

[3-(Adamantan-1-yl)-1-(4-methoxyphenyl)-1,2,3,4-tetrahy-

dropyrimidin-5-yl](pyridin-4-yl)methanone

(5b, C27H31N3O2)

Pale yellow solid; yield: 420 mg (98%); m.p.: 112–113 �C;
1H NMR (400 MHz, CDCl3): d = 1.58–1.68 (m, 6H,

adam), 1.80–1.89 (m, 6H, adam), 2.10 (s, 3H, adam), 3.78

(s, 3H, OCH3), 3.91 (s, 2H, CH2), 4.60 (s, 2H, CH2), 6.87

(d, 2H, J = 8 Hz, ArH), 6.91 (d, 2H, J = 8 Hz, ArH), 7.28

(s, 1H, C6H), 7.38 (d, 2H, J = 6 Hz, 4-pyridyl-H), 8.65 (d,

2H, J = 6 Hz, 4-pyridyl-H) ppm; 13C NMR (100 MHz,

CDCl3): d = 29.6 (3, CH, adam), 36.5 (3, CH, adam), 40.0

(3, CH, adam), 40.8 (Cq, adam), 55.0 (OCH3), 55.6 (CH2),

63.1 (CH2), 114.6 (Cq), 115.0 (2, CH-phenyl), 120.9 (2,

CH-phenyl), 121.4 (Cq), 122.4 (2, CH-4-pyridyl), 137.2

(Cq), 147.5 (Cq), 148.2 (CH-tetrahydropyrimidine), 149.9

(2, CH-4-pyridyl), 190.1 (CO) ppm; IR (KBr): �m = 1271

(C–N), 1511 (C=N), 1574 (CO, 2849 (adam), 2906 (adam)

cm-1; MS (ESI): m/z = 429 (M?).

[3-(Adamantan-1-yl)-1-(4-chlorophenyl)-1,2,3,4-tetrahy-

dropyrimidin-5-yl](pyridin-4-yl)methanone

(5c, C26H28ClN3O)

Pale yellow solid; yield: 416 mg (96%); m.p.: 165–166 �C;
1H NMR (400 MHz, CDCl3): d = 1.60–1.68 (m, 6H,

adam), 1.77–1.78 (m, 6H, adam), 2.10 (s, 3H, adam), 3.91

(s, 2H, CH2), 4.63 (s, 2H, CH2), 6.86 (d, 2H, J = 8 Hz,

ArH), 7.28–7.31 (m, 3H, 2H-ArH, 1H-C6H), 7.38 (d, 2H,

J = 6 Hz, 4-pyridyl-H), 8.68 (d, 2H, J = 6 Hz, 4-pyridyl-

H) ppm; 13C NMR (100 MHz, CDCl3): d = 29.6 (3, CH,

adam), 36.5 (3, CH, adam), 40.2 (3, CH, adam), 40.9 (Cq,

adam), 54.9 (CH2), 62.6 (CH2), 114.0 (Cq), 119.6 (2, CH-

phenyl), 122.3 (2, CH-phenyl), 129.9 (Cq), 130.0 (2, CH-4-

pyridyl), 142.2 (Cq), 146.6 (CH-tetrahydropyrimidine),
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147.1 (Cq), 150.0 (2, CH-4-pyridyl), 190.6 (CO) ppm; IR

(KBr): �m = 1271 (C-N), 1496 (C=N), 1580 (CO), 2849

(adam), 2906 (adam) cm-1; MS (ESI): m/z = 433 (M?).

[3-(Adamantan-1-yl)-1-(4-bromophenyl)-1,2,3,4-tetrahy-

dropyrimidin-5-yl](pyridin-4-yl)methanone

(5d, C26H28 BrN3O)

Pale yellow solid; yield: 459 mg (96%); m.p.: 170 �C; 1H

NMR (400 MHz, CDCl3): d = 1.58–1.65 (m, 6H, adam),

1.69–1.79 (m, 6H, adam), 2.11 (s, 3H, adam), 3.92 (s, 2H,

CH2), 4.64 (s, 2H, CH2), 6.82 (d, 2H, J = 8 Hz, ArH), 7.31

(s, 1H, C6H), 7.38 (d, 2H, J = 6 Hz, 4-pyridyl-H), 7.45 (d,

2H, J = 8 Hz), 8.68 (d, 2H, J = 6 Hz, 4-pyridyl-H) ppm;
13C NMR (100 MHz, CDCl3): d = 29.6 (3, CH, adam),

36.4 (3, CH, adam), 40.1 (3, CH, adam), 41.0 (Cq, adam),

54.7 (CH2), 62.4 (CH2), 114.1 (Cq), 118.0 (Cq), 120.1 (2,

CH-phenyl), 122.3 (2, CH-phenyl), 132.9 (2, CH-4-

pyridyl), 142.6 (Cq), 146.4 (CH-tetrahydropyrimidine),

146.9 (Cq), 150.0 (2, CH-4-pyridyl), 190.7 (CO) ppm; IR

(KBr): �m = 1272 (C–N), 1493 (C=N), 1578 (CO), 2848

(adam), 2907 (adam) cm-1; MS (ESI): m/z = 478 (M?).

[3-(Adamantan-1-yl)-1-(p-tolyl)-1,2,3,4-tetrahydropyr-

imidin-5-yl](pyridin-4-yl)methanone (5e, C27H31N3O)

Yellow solid; yield: 401 mg (97%); m.p.: 150–151 �C; 1H

NMR (400 MHz, CDCl3): d = 1.53–1.65 (m, 6H, adam),

1.68–1.81 (m, 6H, adam), 2.10 (s, 3H, adam), 2.31 (s, 3H,

CH3), 3.92 (s, 2H, CH2), 4.64 (s, 2H, CH2), 6.83 (d, 2H,

J = 8 Hz, ArH), 7.12 (d, 2H, J = 8 Hz, ArH), 7.32 (s, 1H,

C6H), 7.36 (d, 2H, J = 6 Hz, 4-pyridyl-H), 8.66 (d, 2H,

J = 6 Hz, 4-pyridyl-H) ppm; 13C NMR (100 MHz,

CDCl3): d = 20.8 (CH3), 29.7 (3, CH, adam), 36.5 (3,

CH, adam), 40.1 (3, CH, adam), 40.9 (Cq, adam), 55.0

(CH2), 62.7 (CH2), 112.6 (Cq), 118.8 (2, CH-phenyl),

122.4 (2, CH-phenyl), 130.3 (2, CH-4-pyridyl), 134.7 (Cq),

141.3 (Cq), 147.3 (Cq), 147.6 (CH-tetrahydropyrimidine),

149.9 (2, CH-4-pyridyl), 190.3 (CO) ppm; IR (KBr):

�m = 1268 (C–N), 1513 (C=N), 1571 (CO), 2850 (adam),

2902 (adam) cm-1; MS (ESI): m/z = 413 (M?).

[3-(Adamantan-1-yl)-1-(4-nitrophenyl)-1,2,3,4-tetrahy-

dropyrimidin-5-yl](pyridin-4-yl)methanone

(5f, C26H28N4O3)

Yellow solid; yield: 400 mg (90%); m.p.: 205–207 �C; 1H

NMR (400 MHz, CDCl3): d = 1.49–1.53 (m, 6H, adam),

1.64 (s, 6H, adam), 1.98 (s, 3H, adam), 3.72 (s, 2H, CH2),

4.70 (s, 2H, CH2), 7.32 (d, 2H, J = 8 Hz, ArH), 7.47 (d,

2H, J = 6 Hz, 4-pyridyl-H), 7.51 (s, 1H, C6H), 8.14 (d,

2H, J = 8, ArH), 8.65 (d, 2H, J = 6 Hz, 4-pyridyl-H)

ppm; 13C NMR (100 MHz, CDCl3): d = 29.6 (3, CH,

adam), 36.5 (3, CH, adam), 39.8 (3, CH, adam), 40.4 (Cq,

adam), 52.3 (CH2), 64.6 (CH2), 115.2 (Cq), 118.0 (Cq),

122.9 (2, CH-phenyl), 124.7 (2, CH-phenyl), 136.2 (2, CH-

4-pyridyl), 141.6 (Cq), 144.5 (Cq), 148.0 (CH-

tetrahydropyrimidine), 150.5 (2, CH-4-pyridyl), 190.5

(CO) ppm; IR (KBr): �m = 1257 (C–N), 1497 (C=N),

1580 (CO), 2852 (adam), 2906 (adam) cm-1; MS (ESI):

m/z = 444 (M?).

[3-(Adamantan-1-yl)-1-methyl-1,2,3,4-tetrahydropyrim-

idin-5-yl](pyridin-4-yl)methanone (5g, C21H27N3O)

Light brown solid; yield: 307 mg (91%); m.p.: 136–

137 �C; 1H NMR (400 MHz, CDCl3): d = 1.65–1.68 (m,

6H, adam), 1.82–1.83 (m, 6H, adam), 2.13 (s, 3H, adam),

2.96 (s, 3H, CH3), 3.75 (s, 2H, CH2), 4.06 (s, 2H, CH2),

6.88 (s, 1H, C6H), 7.32 (d, 2H, J = 6 Hz, 4-pyridyl-H),

8.64 (d, 2H, J = 6 Hz, 4-pyridyl-H) ppm; 13C NMR

(100 MHz, CDCl3): d = 29.7 (3, CH, adam), 36.6 (3, CH,

adam), 39.6 (CH3), 39.9 (3, CH, adam), 40.8 (Cq, adam),

54.6 (CH2), 62.7 (CH2), 108.6 (Cq), 122.4 (2, CH-4-

pyridyl), 148.0 (Cq), 149.7 (CH-tetrahydropyrimidine),

152.1 (2, CH-4-pyridyl), 188.6 (CO) ppm; IR (KBr):

�m = 1284 (C–N), 1559 (C=N), 1622 (CO), 2851 (adam),

2909 (adam) cm-1; MS (ESI): m/z = 337 (M?).

[3-(Adamantan-1-yl)-1-ethyl-1,2,3,4-tetrahydropyrimidin-

5-yl](pyridin-4-yl)methanone (5h, C22H29N3O)

Light brown solid; yield: 337 mg (96%); m.p.: 112–

114 �C; 1H NMR (400 MHz, CDCl3): d = 1.18–1.25 (t,

3H, CH3), 1.66–1.72 (m, 6H, adam), 1.85–2.02 (m, 6H,

adam), 2.14 (s, 3H, adam), 3.20–3.26 (q, 2H, CH2), 3.77 (s,

2H, CH2), 4.11 (s, 2H, CH2), 6.96 (s, 1H, C6H), 7.33 (d,

2H, J = 6 Hz, 4-pyridyl-H), 8.66 (d, 2H, J = 6 Hz, 4-

pyridyl-H) ppm; 13C NMR (100 MHz, CDCl3): d = 14.1

(CH3), 29.6 (3, CH, adam), 35.4 (3, CH, adam), 36.5 (3,

CH, adam), 39.3 (Cq, adam), 49.1 (CH2), 54.7 (CH2), 62.8

(CH2), 122.5 (Cq), 123.3 (2, CH-4-pyridyl), 141.3 (Cq),

149.5 (CH-tetrahydropyrimidine), 152.6 (2, CH-4-pyridyl),

190.7 (CO) ppm; IR (KBr): �m = 1261 (C–N), 1559 (C=N),

1638 (CO), 2851 (adam), 2911 (adam) cm-1; MS (ESI):

m/z = 351 (M?).

[3-(Adamantan-1-yl)-1-phenethyl-1,2,3,4-tetrahydropyrim-

idin-5-yl](pyridin-4-yl)methanone (5i, C28H33N3O)

White solid; yield: 397 mg (93%); m.p.: 187–188 �C; 1H

NMR (400 MHz, CDCl3): d = 1.62–1.68 (m, 6H, adam),

1.71–1.82 (m, 6H, adam), 2.13 (s, 3H, adam), 2.81–2.85 (t,

2H, CH2), 3.42–3.45 (t, 2H, CH2), 3.70 (s, 2H, CH2), 4.11

(s, 2H, CH2), 6.58 (s, 1H, C6H), 7.01 (d, 2H, J = 6 Hz, 4-

pyridyl-H), 7.16 (d, 2H, J = 8 Hz, ArH), 7.32–7.34 (m,

3H, ArH), 8.54 (d, 2H, J = 6 Hz, 4-pyridyl-H) ppm; 13C

NMR (100 MHz, CDCl3): d = 21.9 (CH2), 29.4 (CH2),

29.6 (3, CH, adam), 36.1 (3, CH, adam), 43.4 (3, CH,

adam), 53.5 (Cq, adam), 55.3 (CH2), 62.4 (CH2), 92.7 (CH-

phenyl), 108.5 (Cq), 113.3 (2, CH-phenyl), 118.7 (2, CH-

phenyl), 128.6 (2, CH-4-pyridyl), 133.3 (Cq), 149.6 (2,

CH-4-pyridyl), 161.4 (Cq), 164.3 (CH-tetrahydropyrim-

idine), 186.2 (CO) ppm; IR (KBr): �m = 1224 (C–N), 1557
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(C=N), 1618 (CO), 2852 (adam), 2901 (adam) cm-1; MS

(ESI): m/z = 427 (M?).

[3-(Adamantan-1-yl)-1-(3-hydroxyphenyl)-1,2,3,4-tetrahy-

dropyrimidin-5-yl](pyridin-4-yl)methanone

(5j, C26H29N3O2)

Yellow solid; yield: 390 mg (94%); m.p.: 116–118 �C; 1H

NMR (400 MHz, CDCl3): d = 1.60–1.67 (m, 6H, adam),

1.78–2.02 (m, 6H, adam), 2.17 (s, 3H, adam), 3.89 (s, 2H,

CH2), 4.19 (s, 1H, OH), 4.62 (s, 2H, CH2), 6.45 (d, 1H,

J = 8, ArH), 6.52 (s, 1H, C6–H), 6.63 (d, 1H, J = 8 Hz,

ArH), 7.12–7.18 (m, 1H, ArH), 7.34 (s, 1H, ArH), 7.40 (d,

2H, J = 6 Hz, 4-pyridyl-H), 8.61 (d, 2H, J = 6 Hz, 4-

pyridyl-H) ppm; 13C NMR (100 MHz, CDCl3): d = 29.5

(3, CH, adam), 36.4 (3, CH, adam), 39.9 (3, CH, adam),

40.8 (Cq, adam), 54.8 (CH2), 62.4 (CH2), 105.9 (CH-

phenyl), 108.4 (CH-phenyl), 112.0 (CH-phenyl), 113.3

(Cq), 122.7 (2, CH-4-pyridyl), 130.6 (Cq), 144.2 (CH-

phenyl), 147.6 (Cq), 147.7 (CH-tetrahydropyrimidine),

149.3 (2, CH-4-pyridyl), 158.3 (Cq, C–OH), 190.5 (CO)

ppm; IR (KBr): �m = 1296 (C–N), 1542 (C=N), 1574 (CO),

2851 (adam), 2911 (adam) cm-1; MS (ESI): m/z = 415

(M?).

Anti-inflammatory assay

Materials

Griess reagent system was procured from Promega (USA);

Wright stain, anhydrous potassium dihydrogen phosphate,

potassium chloride, disodium hydrogen phosphate,

sodium-EDTA, and dimethyl sulfoxide (DMSO) were

purchased from Hi-MEDIA. Methanol was purchased from

Merck and Freund’s Complete Adjuvant (FCA) from

Genei.

Methodology

Anti-inflammatory activities of the test compounds were

studied by measuring paw diameter, NO assay in blood and

in paw exudates and by performing a differential WBC

count in mice carrying FCA-induced paw edema and

subsequently treating with test compounds.

1. Induction of paw edema The anti-inflammatory activ-

ities of the test compounds were determined by

following the method of Lai et al. [50] with little

modification. Swiss Albino mice aged between 8 and

10 weeks of either sex (3 per group) maintained at

controlled temperature with 12 h light/12 h dark condi-

tions, provided with standard mice feed and common

tap drinking water, were used in all experiments. About

50 mm3 of the Fruend’s Complete Adjuvant (FCA) was

injected into the plantar side of the left hind paws of the

mice [51].

The paw diameter of the FCA-induced edema of mice

was measured at 0, 1, 3, and 24 h after the administration

of the FCA using calipers. Test compounds (dissolved in

10% DMSO) were administered 1 h after FCA injection.

The percentage increase/decrease of the paw edema is

calculated by the formula b�a
a

� 100; where ‘a’ is the paw

diameter at 0 h and ‘b’ is the paw diameter at different time

intervals.

After 24 h, blood was collected by retro-orbital bleeding

and used for estimating NO and preparing blood smear. Mice

were then killed by cervical dislocation. The left hind paw

tissue was excised, rinsed with ice-cold normal saline and

homogenized in 1 cm3 of cold normal saline. The homo-

genate was then centrifuged at 12,000 rpm for 5 min and the

supernatant thus obtained was used for NO assay. Same

protocol was followed for positive control (ibuprofen).

2. NO assay NO2- was measured by using the Griess

reaction. The assay of NO2- was performed according

to the manufacturer’s instruction. Three columns in the

96-well plate were designated for the nitrite standard

reference curve. Six serial twofold dilution of 100 lM

nitrite solution (50 mm3/well) in triplicate was per-

formed to generate the nitrite standard reference curve.

50 mm3 of the experimental sample was taken in trip-

licate in test wells. To all wells, 50 mm3 of sulfanilamide

solution was added and incubated for 5–10 min at room

temperature protected from light. Thereafter, 50 mm3 of

the N-1 naphthyl ethylenediamine dihydrochloride (NED)

solution was dispensed to all wells. The plate was incu-

bated at room temperature for 5–10 min, protected from

light. A purple/magenta color began to form immediately.

The absorbance was measured within 30 min in a plate

reader at 520 nm.

The concentration of NO in experimental samples was

calculated from the standard curve obtained from above.

3. Differential WBC count The differential WBC count

was performed according to the method described by

Houwen [52]. The blood film was prepared on glass

slides by the wedge method and air dried. The blood

films were fixed for 30 s in absolute methanol. Slides

were stained for 2 min with Wright’s stain and an

aliquot of Sorensen’s buffer was added, mixed and

allowed to stand for 3 min. Slides were rinsed with

distilled water and air dried. The prepared slides were

viewed under a microscope and WBCs were counted.

Antibacterial assay

Materials

Four strains of bacteria (B. subtilis MTCC Code-121, S.

aureus MTCC Code-9886, E. coli MTCC Code-1302) and
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S. enterica MTCC Code-3232) were obtained from the

Institute of Microbial Type Culture (IMTECH), Chandi-

garh, India. Muellar Hinton Agar, Nutrient Broth,

HiAntibiotic ZoneScaleTM, and Agar–Agar were purchased

from Hi-Media and ampicillin was obtained from an

indigenous source.

Methodology

The antibacterial activities of the tested compounds 3a–3j

and 5a–5j were determined against four clinical strains

such as B. subtilis (MTCC Code-121), S. aureus (MTCC

Code-9886), E. coli (MTCC Code-1302), and S. enterica

(MTCC Code-3232). The lyophilized cultures were

obtained from the Institute of Microbial Type Culture

(IMTECH). A loopful of each of the lyophilized strains

was inoculated in 50 cm3 Nutrient Broth in a conical flask

and incubated on a rotatory shaker for 24 h to activate

them. The test was performed using the cup and saucer

method [53]. Muellar Hinton Agar was prepared and ster-

ilized for the study. The experiment was performed under

strict aseptic conditions. The sterilized media was poured

into Petri dishes (Hi-Media) and allowed to solidify. The

agar solution (0.7%) was prepared and sterilized, and the

test strains were inoculated into the agar solution at around

40 �C. Care was taken to ensure proper homogenization.

The suspension was poured over the solidified media. Once

this layer solidified, wells were punched with the help of a

gel puncher (0.6 cm). The test compounds were diluted to

4 mg/cm3 in filter-sterilized 10% dimethyl sulfoxide

(DMSO). The diluted test compounds were introduced into

the wells and the Petri dishes were incubated overnight in

an upright position at 37 �C. The antibiotic ampicillin was

used as a positive control in the concentration of 4 mg/cm3

in 10% DMSO. As a negative control, 10% DMSO was

also used. The inhibition zone was measured by using

HiAntibiotic ZoneScale and the mean value was

calculated.

Acknowledgements The authors wish to thank Rev. Fr. Dr. Stephen

Mavely, Vice Chancellor, Assam Don Bosco University for providing

infrastructure for the execution of this work. The authors also wish to

express their gratitude to IIT, Guwahati, Tezpur University, Tezpur,

SAIF-NEHU, Shillong and SAIF-CDRI, Lucknow, for providing

spectral and analytical data. The authors also wish to thank the

Institutional Biotech Hub, St. Anthony’s College, Shillong, for pro-

viding the facilities to carry out the biological tests. Our thanks are

also due to the Department of Biotechnology (DBT), Government of

India, for a research grant. UK, SK and RN thank DBT-GOI for

research fellowships.

References

1. Ibrahim HM, Behbehani H (2014) Molecules 19:2637

2. Zhmurenko LA, Molodavkin GM, Voronina TA, Lezina VP

(2012) Pharm Chem J 46:15

3. Smyth LA, Matthews TP, Horton PN, Hursthouse MB, Collins I

(2010) Tetrahedron 66:2843

4. Suksrichavalit T, Prachayasittikul S, Nantasenamat C, Isar-

ankura-Na-Ayudhya C, Prachayasittikul V (2009) Eur J Med

Chem 44:3259

5. Tsafack A, Loyevsky M, Ponka P, Cabantchik ZI (1996) J Lab

Clin Med 127:574

6. Vitolo LMW, Hefter GT, Clare BW, Webb J (1990) Inorg Chim

Acta 170:171

7. Buss JL, Arduini E, Shephard KC, Ponka P (2003) Biochem

Pharmacol 65:349

8. Ponka P, Borova J, Neuwirt J, Fuchs O (1979) FEBS Lett 97:317

9. Edward JT, Ponka P, Richardson DR (1995) Biometals 8:209

10. Richardson DR, Vitolo LMW, Hefter GT, May PM, Clare BW,

Webb J, Wilairat P (1990) Inorg Chim Acta 170:165

11. Ponka P, Richardson D, Baker E, Schulman HM, Edward JT

(1988) Biochim Biophys Acta 967:122

12. Edward JT, Chubb FL, Sangster J (1997) Can J Physiol Phar-

macol 75:1362

13. Richardson DR, Tran EH, Ponka P (1995) Blood 86:4295

14. Buss JL, Neuzil J, Gellert N, Weber C, Ponka P (2003) Biochem

Pharmacol 65:161

15. McNeill L, Allen M, Estrada C, Cook P (2003) Chest 123:102

16. Jasmer RM, Sankonnen JJ, Blumberg HM, Daley CL, Bernerdo J,

Vittinaghoff E, King MD, Dawamura LM, Hopewell PC (2002)

Ann Intern Med 137:640

17. Ojha S, Bapna A, Talesara GL (2008) Arkivoc 2008:112

18. Vishwakarma JN, Dutta MC, Chanda K, Das B, Laskar MA,

Nongkhlaw RL (2009) Arkivoc 2009:131

19. Riyadh SM (2011) Molecules 16:1834

20. Foster JE, Nicholson JM, Butcher R, Stables JP, Edafiogho IO,

Goodwin AM, Henson MC, Smith CA, Scott KR (1999) Bioorg

Med Chem 7:2415

21. El-Sehemi AG, Bondock S, Ammar YA (2014) Med Chem Res

23:827

22. Dannhardt G, Bauer A, Nowe U (1997) Arch Pharm 330:74

23. Patel VS, Nandre KP, Ghosh S, Rao VJ, Chopade BA, Sridhar B,

Bhosale SV, Bhosale SV (2013) Eur J Med Chem 59:304

24. Vincent Chen HS, Lipton SA (2006) J Neurochem 97:1611

25. Fytas C, Zoidis G, Tzoutzas N, Taylor MC, Fytas G, Kelly JM

(2011) J Med Chem 54:5250

26. Lipson VV, Zamigajlo LL, Petrova ON (2011) Ukr Bioorg Acta

2:3

27. Spano R, Linari G, Marri R (1970) J Med Chem 13:554

28. El-Sherbeny MA (2000) Arch Pharm 333:323

29. Wang JJ, Lee JY, Chen YC, Chern YT, Chi CW (2006) Int J

Oncol 28:1003

30. Hareng L, Lasek W, Switaj T, Sienko J, Jakubowska AB, Now-

aczyk M, Kazimierczuk Z (2006) Anticancer Res 26:1209

31. El-Emam AA, Al-Tamimi AS, Al-Omar MA, Alrashood KA,

Habib EE (2013) Eur J Med Chem 68:96

32. Davies WL, Grunnert RR, Haff RF, McGrahen JW, Neumeyer

EM, Paulshock M, Watts JC, Wood TR, Hermann EC, Hoffman

CE (1964) Science 144:862

33. Gondkar AS, Deshmukh VK, Chaudhari SR (2013) Drug Invent

Today 5:175

34. Kadi AA, El-Brollosy NR, Al-Deeb OA, Habib EE, Ibrahim TM,

El-Emam AA (2007) Eur J Med Chem 42:235

35. Kalita U, Kaping S, Nongkynrih R, Sunn M, Boiss I, Singha LI,

Vishwakarma JN (2015) Med Chem Res 24:32

36. Bosquesi PL, Melo TRF, Vizioli EO, dos Santos JL, Chung MC

(2011) Pharmaceuticals 4:1450

37. Meunier B (2008) Acc Chem Res 41:69

38. Sashidhara KV, Palnati GR, Dodda RP, Avula SR, Swami P

(2013) Synlett 24:105

U. Kalita et al.

123



39. Hyodo S, Fujita K, Kasuya O, Takahashi I, Uzawa J, Koshino H

(1995) Tetrahedron 51:6717

40. Oaksmith JM, Ganem B (2009) Tetrahedron Lett 50:3497

41. Kortylewicz ZP, Nearman J, Baranowska-Kortylewicz J (2009) J

Med Chem 52:5124

42. Vasilevsky SF, Govdi AI, Sorokina IV, Tolstikova TG, Baev DS,

Tolstikov GA, Mamatuyk VI, Alabugin IV (2011) Bioorg Med

Chem Lett 21:62

43. Breiner B, Schlatterer JC, Alabugin IV, Kovalenko SV, Green-

baum NL (2007) Proc Natl Acad Sci USA 104:13016

44. Kalita U, Kaping S, Nongkynrih R, Singha LI, Vishwakarma JN

(2015) Med Chem Res 24:2742

45. Salvemini D, Misko TP, Masferrer JL, Seibert K, Currie MG,

Needleman P (1993) Proc Natl Acad Sci USA 90:7240

46. Busse R, Mulsch A (1990) FEBS Lett 275:87

47. Rees DD, Palmer RMJ, Moncada S (1989) Proc Natl Acad Sci

USA 86:3375

48. Weinberg JB, Misukonis MA, Shami PJ, Mason SN, Sauls DL,

Dittman WA, Wood ER, Smith GK, Mcdonald B, Bachus KE,

Haney AF, Granger DL (1995) Blood 86:1184

49. Mantovani A, Cassatella MA, Costantini C, Jaillon S (2011) Nat

Rev Immunol 11:519

50. Lai S-C, Peng W-H, Huang S-C, Ho Y-L, Huang T-H, Lai Z-R,

Chang Y-S (2009) Am J Chin Med 37:573

51. Winter CA, Risley EA, Nuss GW (1962) Proc Soc Exp Biol Med

111:544

52. Houwen B (2000) Lab Hematol 6:1
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