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ABSTRACT

An efficient synthesis of 2-Cyanoimino-4-aryl-6-(1,1’-biphenyl-4-yl)-3,4-dihydro-1H-pyrimidines
from stryl-4-biphenylketones and cyanoguanidine in presence of  sodium  hydroxide has been
described. Cyanoguanidine serves as N-C≡N source for the construction of desired
cyanoiminopyrimidines. The structural assignments of the titled products were done accordingly
to their spectra like Mass, FT-IR, Proton and Carbon- 13NMR spectroscopy. The more stable
tautomeric form was ascertained using computational frequency analysis. The tested microorganism
profile of compounds exhibits significant antimicrobial activity.

Keywords: Synthesis, 1-(1,1'-Biphenyl-4-yl)ethanone, Chalcone, Cyanoguanidine
Cyanoiminopyrimidine, Microbial screening.

INTRODUCTION

Pyrimidines are very potent biological
motifs among nitrogen containing heterocycles
performs a unique function in cell metabolism and
are the constituents of various types of alkaloids,
antibiotics, vitamins etc1. They are exhibiting
distinguished biological activities based on the
functionalities present in their structures like
Antimicrobial2, Antiplateletal3, Anti-plasmodial4 etc.
Aminopyrimidines are an important class of
pyrimidine derivatives present in a number of

naturally occurring compounds and are biologically
active especially in DNA and RNA5. The properly
substituted 2-aminopyrimidine derivatives
have extensive applications in the medicinal
field eg. drugs Meridianins (Antitumor) 6,
Diaveridine (Antimicrobial)7, and Peroly-L-glutanin
(Anemia-treatment)8. Although large number
of functionalities with different position
in 2-aminopyrimidines were reported, the
N-substitution in amino moiety possess a divergent
pharmacological activities like Rosuvastatin
(Reduce cholesterol level) 9, tyrosine kinease
inhibitor Gleevec10 etc.
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The presence of flexible N-C-N
connectivity in Cyanamides they are acting as useful
intermediate, precursor etc. in the field of organic
synthesis to produce pharmacologically important
molecules. Cyanamides are interrelated to
guanidines and are easily transformed or converted
into one another11. Accordingly many cyanamide
functionalized aromatics or heteroaromatics shows
variety of biological activities such as anti-cathepsins
K and L12, Inhibition of spontaneous myogenic13,
peptide activators14 etc. The reported pharmacological
importance of heterocyclic cyanamides emerged
us to produce a simultaneous path way to synthesize
these types of compounds and here by reporting
the synthesis of cyanoimino pyrimidine with
biphenyl moiety.

MATERIALS AND METHODS

Chemicals used for the experiments were
purchased from E-Merck and purified by standard
procedures. Digital Melting point apparatus and
silica coated aluminium TLC plates were used to
confirm the melting points and purity of compounds
in all stages. The instruments used for recording the
spectra are Brucker AMX-400 MHz (NMR, Solvent
CDCl3 and Tetra Methyl Silane reference ), Nicolet
AVATAR-360 (FT-IR, sample, prepared with KBr as
pellets)  and CLASS-5000 ( Mass ) respectively.

Acetylation of biphenyl (1)
4-Phenylacetophenone (2) was obtained

by the addition of acetyl chloride to the reaction
mixture containing dry AlCl3 and biphenyl in
nitrobenzene with constant stirring15.

Synthesis of styryl-4-biphenylketones (3a-g)
The round bottomed flask containing

quantitative amounts of substituted benzaldehyde
(20 mM) and 4-Phenylacetophenone (20 mM) in
60 ml of ethanol was heated to reflux and about 5
ml of sodium hydroxide solution (30%) was added
slowly during 15 minutes. The heating was
continued till the completion of the reaction (nearly
another 15 minutes). After cooling, the reaction mass
was filtered and solid product was recrystalized
using ethanol.

Synthesis of 2-Cyanoimino-4-aryl-6-(1,1'-
biphenyl-4-yl)-3, 4-dihydro-1H-pyrimidines (4a-g).
An ethanolic solution (60 mL) containing substituted

Styryl-4-biphenyketone(3a-g) (10 mM), cyanoguanidine
(10 mM) and aqueous sodium hydroxide (5 mL,
30%) was refluxed for nearly three hours and the
completion of reaction was confirmed using  TLC.
About 60% of the solvent was recovered from the
reaction mass under vacuum and slowly added to
ice water and filtered the solid product. Column
chromatography was used to isolate the pure
products (mobile phase: ethyl acetate-benzene
mixture).

Physical data and spectral assignments
2-Cyanoimino-6-(1,1'-biphenyl-4-yl)-4-phenyl-3,
4-dihydro-1H-pyrimidine (4a)

M.f: C
23H18N3, Yield % : 80, Melting Point °C

: 98; IR (cm-1): 3437 ( N-H), 2185 (N≡C), 1617 (N=C),
1515 (C=C); 1H NMR (λ, ppm): 5.36
(4-H and 5-H, s),  6.37 (NH, s), 7.24-7.62( NH and
Aromatic, m) ; 13C NMR ( λ, ppm): 117.0 (N oC),
141.66 (6-C ), 100.69 (5-C ), 56.33(4-C ),  155.87
(2-C) and 125.54-139.85 (Aromatic-C).Mass :
Molecular ion (M+) peak m/z  350

2-Cyanoimino-6-(1,1'-biphenyl-4-yl)-4-(o-chloro
phenyl)-3, 4-dihydro-1H-pyrimidine (4b).

M.f: C23H17N3Cl, Yield % : 76 , Melting Point
°C: 94; IR (cm-1): 3209 (N-H), 2176 (N≡C), 1624
(N=C), 1521 (C=C), 757 (C-Cl); 1H NMR
(λ, ppm): 5.33 (4-H, d, J1,2= 4.2 Hz), 5.82(5-H, d,
J1,2=4.2 Hz ), 6.42 (NH, br. s), 7.25-7.70 (NH and
Aromatic, m); 13C NMR (λ, ppm): 116.99 (Na oC),
141.68 (6-C), 98.26 (5-C), 52.22 (4-C), 156.22
(2-C) and 125.62-140.48 (Aromatic-C).

2-Cyanoimino-6-(1,1'-biphenyl-4-yl)-4-(p-chloro
phenyl)-3, 4-dihydro-1H-pyrimidine (4c).

M.f: C23H17N3Cl, Yield % : 78, Melting Point
°C: 125; IR ( cm-1): 3187 (N-H), 2174 ( N≡C ), 1622
( N=C ), 1519 (C=C)), 759 (C-Cl); 1H NMR(λ, ppm):
5.25 ( 4-H,d, J1,2= 3.6 Hz ), 5.36 (5-H,d, J1,2=3.6 Hz ),
6.54 (NH ,s ), 7.25-7.64 (NH and Aromatic ,m) ; 13C
NMR  (λ, ppm): 117.02 (N≡C) , 141.78 (6-C), 100.78
(5-C), 56.15 (4-C), 156.00 (2-C), and 125.60-139.91
(Aromatic-C)

2-Cyanoimino-6-(1,1'-biphenyl-4-yl)-4-(p-methyl
phenyl)-3,4-dihydro-1H-pyrimidine (4d).

M.f: C24H20N3, Yield %: 70, Melting Point °C:
103; IR ( cm-1): 3205 (N-H), 2175 ( N≡C ), 1620
(N=C), 1514 (C=C); 1H NMR (λ, ppm): 5.19
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(4-H, s ), 5.27 ( 5-H, s), 6.45 (NH , s ), 7.03-7.64
( NH and Aromatic, m), 2.16 ( CH3, s ); 13C NMR
(λ, ppm): 21.21 (CH3),117.18 (N≡C) , 142.42 (6-C),
101.02 (5-C), 55.79 (4-C), 156.05 (2-C), and
126.22-139.97 (Aromatic-C).

2-Cyanoimino-6-(1,1'-biphenyl-4-yl)-4-(p-methoxy
phenyl)-3,4-dihydro-1H-pyrimidine (4e).

M.f: C24H20N3O, Yield %: 69, Melting Point
°C: 99; IR ( cm-1): 3314 (N-H), 2230 ( N≡C ), 1657
(N=C ), 1508 (C=C); 1H NMR (λ, ppm): 5.21
(4-H, s ), 5.28 ( 5-H, s ), 6.29 (NH,  s ), 7.22-7.52 (NH
and Aromatic, m), 3.81 (OCH3, s ); 13C NMR
(λ, ppm): 55.57-55.40 (O-CH3), 114.58 (N≡C),
142.52 (6-C), 101.01 (5-C), 56.29 (4-C) , 155.85
(2-C) and 125.57-139.92 (Aromatic-C)

2-Cyanoimino-6-(1,1'-biphenyl-4-yl)-4-( p -bromo
phenyl)-3,4-dihydro-1H-pyrimidine (4f).

M.f: C23H17N3Br, Yield %: 73, Melting Point
°C: 72 ; IR (cm-1): 3390 (N-H), 2183 ( N≡C ), 1620
(N=C ), 1510 (C=C), 754 (C-Br); 1H NMR (λ, ppm):
5.34 (4-H and 5-H, dis.d ), 6.93( NH, s ), 7.30-7.92
(NH and Aromatic, m); 13C NMR (λ, ppm): 115.02
(N≡C), 140.24 (6-C), 102.09 (5-C), 55.86 (4-C),
156.41 (2-C) and 123.12-134.56 (Aromatic-C)

2-Cyanoimino-6-(1,1'-biphenyl-4-yl)-4-( p-fluro
phenyl)-3,4-dihydro-1H-pyrimidine (4g).

M.f: C23H17N3F, Yield % : 67, Melting Point
°C: 88; IR ( cm-1): 3450 (N-H), 2184 ( N≡C ), 1659
(N=C), 1526 (C=C); 1H NMR   (λ, ppm): 5.37 ( 4-H,d,
J1,2=4.0 Hz ), 5.77 (5-H, d, J1,2=4.0 Hz ), 6.59  (NH, s ),
7.24-7.90 (NH and Aromatic, m); 13C NMR (λ, ppm):

117.83 (N≡C), 144.61 (6-C), 99.42 (5-C), 53.27 (4-C),
157.03 (2-C) and 123.29-139.41 ( Aromatic-C ).

RESULTS AND DISCUSSION

Synthetic investigation of 2-Aminopyrimidines
and their derivatives has received a considerable
attention in the field of synthetic as well as
medicinal chemistry. In this connection, cyanamides
are well documented and are especially embedded
in heterocyclic framework are an important
structural unit of valuable synthetic intermediates
for many medicinally relevant drugs such as
diazepam, cyanoquanidine etc. Cyanamino
pyrimidine contains N-cyanoguanidyl moiety in its
structure and the cyanoguanidine moiety in organic
cyanamides found in wide range of biological
activities and chemical applications such as
neuronal Na+ and Ca2+ channel blockers, glutamate
release inhibitors, HIV-1 protease inhibitors,
histamine H3 receptor antagonists etc16. Here we
have constructed the cyanoimino pyrimidine moiety
by using Cyano guanidine as the novel reagent via
the following route.

Friedel-Crafts acylation of biphenyl (1)
using acetyl chloride and dry AlCl3 gives 4-phenyl
acetophenone (2). The reaction of (2) with
substituted  benzaldehydes in the presence
of sodium hydroxide afford corresponding
Styryl-4-biphenyketones (3a-g) and on further
treatment with cyanoguanidine using sodium
hydroxide in ethanol gives 2-Cyanoimino-4-aryl-
6-(1,1'-biphenyl-4-yl)-3,4-dihydro-1H-pyrimidines
(4a-g) (scheme-1).
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The reaction of chalcone (3a-g) with
cyanoguanidine in presence of base yields dihydro

cyanoimino pyrimidine. The formation of this product
might proceed either by route (i) 1, 4-addition or (ii)

1,2-addition of cyanoguanidine to the chalcone
followed by the cyclisation of the intermediates

(scheme-2) like the mechanism proposed for
2-aminopyrimidines17.
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The synthesized cyanamides (4a-g) are

structurally conformed by analyzing their Mass, Infra
red and Nuclear Magnetic Resonance spectral data.
The IR spectral data’s are consistent with (stretching
frequency, cm-1) NH (3180-3450), C=N (1610-1660),
C=C (1515-1520) and C≡N(2175-2230) respectively
for the synthesized cyanoiminopyrimidines. The proton
NMR spectra of compounds 4a-4g reveals the
presence of two D2O exchangeable NH protons in
their structure, one in the region with chemical shift
value around 6.3-6.9 ppm and another signal
resonate in the aromatic region as merged signal.
The benzylic (H-4) and ethylenic (H-5) protons

present in the dihydropyrimidine moiety showed

their respective signals at around 5.20-5.80

ppm.The protons H-4 and H-5 for compounds with

electronegative substituent’s in the phenyl side

chain like 4-fluoro, 2-chloro and 4-chloro showed
two separate doublets with coupling constant

J1,2=3.6-4.2 Hz. The compounds with phenyl and
4-bromophenyl rings give a single doublet for both
H-4 and H-5 protons at around 5.35 ppm. But for

the presence of electron rich methyl and methoxy

groups as the substituent’s (4d and 4e) showed
two separate singlets for protons at C-4 and C-5

position with same chemical shift region of other

compounds.
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The 13C NMR spectra of synthesized
cyanoiminopyrimidines form an additional support

for 1H and IR spectral assignments. The quaternary

carbon between two nitrogen atoms at 2-C position

resonates in the deshield region at 155-157 ppm

and the Nitrile carbon (C≡N) appears at 115-118

ppm. The remaining pyrimidine ring carbon signals

appeared at 53-56 ppm (4-C), 98-102 ppm (5-C)
and 140-144 ppm (6-C) respectively.
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Accordingly the spectral evidence suggest
the formation of 2-cyanoiminopyrimidine in the
following tautomeric structures T-1, T-2 and T-3.
From that the more stable tautomeric form is
ascertained using quantum mechanical calculation,
[DFT-B3LYP/6-31g(d)] method.In this method the
molecular geometrics of the tautomers were
optimized and the stationary points are
characterized as minima by computation frequency
analysis and thus to find the position of NH protons.

The dipole moments, absolute and relative
energies of possible tautomers T-1, T-2 and T-3

are displayed in Table-1. Among the tautomers,
T-3 is more stable and T-1 is least stable.

Table 1: Calculated Thermodynamic parameters of T-1, T-2 and T-3

Tautomer µ(Debey) E (a. u) ΔE  kcal/mol

      A 7.03 -1106.259089 18.29
      B 2.15 -1106.29737 11.60

      C 8.51 -1106.2882228 0.0

As a result of theoretical DFT calculation
about the energies of tautomers indicates that the
presence of NH protons as in the pyrimidine ring is
more favored for cyanoiminopyrimidine and not for
other tautomers T-1 and T-2. The possibilities of
tautomers with more stable form of synthesized
cyanoiminopyrimidines were reported in earlier
findings as same18,19.

Antimicrobial activity
Compounds 4a-4g were evaluated for

their antimicrobial activity against two fungal and
four bacterial strains. As shown in the Table 2, for
the phenyl ring attached to the 4th-position of the

pyrimidine ring with bromo/fluro groups (4f and 4g),
the best activities were obtained for both bacterial

and fungal profiles. Between these two, the
compound 4g exhibit more activity. Among the
synthesized cyanoiminopyrimidines, except

compounds 4a and 4b, all other shows moderate
to better activity compared to the standard
Moxifloxacin and Amphotericin B. The antifungal
activity of compounds 4a-4g showed the best

results as compared to antibacterial activity. In
addition, the compounds 4c and 4g are best active
and comparable with standard against Escherichia
Coli and Bacillus Subtilis.
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Table 2: Antimicrobial Activity of compounds 4a-4g

S. No. Microorganism      Inhibition zone in mm
Bacterial strains DMSO(control) Reference* 4a 4b 4c 4d 4e 4f 4g

1 Escherichia coli - 28 - - 28 19 20 20 21
2 Klebsiella pneumonia - 26 - - - 14 16 16 18
3 Bacillus subtilis - 28 - - 18 - 24 26 22
4 Staphylococcus aureus - 32 12 15 16 16 18 20 22
      Fungal strains
5 Aspergillus flavus - 08 07 07 08 09 10 10 10
6 Aspergillus niger - 12 07 07 10 - - 12 12

*Moxifloxacin (Bacteria) *Amphotericin B (Fungi)
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CONCLUSION

The synthesis of 2-Cyanoimino-4-aryl-6-

(1,1'-biphenyl-4-yl)-3,4-dihydro-1H-pyrimidines
from α, β-unsaturated ketone and cyanoguanidine
in basic condition was successfully carried out and

the prepared cyanamides were characterised with
the help of NMR,IR and MASS spectral techniques.
Among three tautomers the more stable one is

assigned using theoretical DFT calculation and
In vitro antimicrobial evaluation indicates most of
the compounds are good active against tested

microorganism
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