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Synthesis of 5-(4-hydroxy-3-methylphenyl)-5-(substituted phenyl)-4,
5-dihydro-1H-1-pyrazolyl-4-pyridylmethanone derivatives with
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Abstract

A series of N'-nicotinoyl-3- (4-hydroxy-3-methyl phenyl)-5-(substituted phenyl)-2-pyrazolines were synthesized by the
reaction between isoniazid (INH) and chalcones and were tested for their iz vitro anti-viral activity. Among the compounds,
the electron withdrawing group substituted analogues 5-(4-chlorophenyl)-3-(4-hydroxy-3-methylphenyl)-4, 5-dihydro-1H-1-
pyrazolyl-4-pyridylmethanone (4b), 5-(2-chlorophenyl)-3-(4-hydroxy-3-methylphenyl)-4,5-dihydro-1H-1-pyrazolyl-4-pyri-
dylmethanone (4i), 5-(4-fluorophenyl)-3-(4-hydroxy-3-methylphenyl)-4,5-dihydro-1H-1-pyrazolyl-4-pyridylmethanone
(4h) and 5-(2,6-dichlorophenyl)-3-(4-hydroxy-3-methylphenyl)-4,5-dihydro-1H-1-pyrazolyl-4-pyridyl methanone (4j)

were the most promising and the halogeno function appeared to be essential for antiviral activity.

Keywords: Pyrazoline, anti-viral, herpes simplex

Introduction

The incidence of viral infections have been constantly
emerging and re-emerging on a global scale. Research on
viral diseases of medical and public health importance
could greatly contribute to the quality of human lives.
Effective antiviral drugs have been developed much
more slowly than other types of anti-infective
chemotherapy. One of the major limitations has been
the absence of specific viral ‘targets’, because host cell
pathways are used predominantly for viral replication.
However, improved understanding of viral replication
has led to rapid advances in antiviral therapy, and
important new drugs are being developed annually,
more than half of the currently available antiviral
drugs having been introduced into therapy since
1990.The most common mechanism of action of the
antiviral drugs involves inhibition of viral nucleic acid
synthesis. Agents that have been developed may be
active against both DNA and RNA viruses, depending
on the viral enzyme (s) affected by the drug. Recently
we reported that pyrazoline derivatives possess

antituberclosis activity[1-2]. Also, 1,3, 5 trisubsti-
tuted pyrazoline derivatives have been evaluated for
their antiproliferative activity against human lung
cancer A549(3]. Pyrazoline derivatives are incorpor-
ated into a wide variety of therapeutically important
compounds possessing a broad spectrum of biological
activities[4—10]. In view of these findings and in
continuation of our previous work on the synthesis of
pyrazoline derivatives we report here the synthesis and
evaluation of antiviral activity of novel isoniazid (INH)
substituted pyrazoline derivatives.

Materials

All the chemicals were supplied by E.Merck
(Germany) and S.D Fine Chemicals (India). Melting
points were determined by the open tube capillary
method and are uncorrected. Purity of the compounds
was checked on thin layer chromatography (TLC)
plates (silica gel G) in the solvent system toluene-ethyl
formate- formic acid (5:4:1) and benzene (CARE-
CARCINOGENIC)-methanol (8:2), the spots being
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located under iodine vapors or UV light. IR spectra
were obtained on a Perkin-Elmer 1720 FT-IR
spectrometer (KBr Pellets). '"H NMR spectra were
recorded or a Bruker AC 300 MHz, spectrometer
using TMS as internal standard in DMSO-d.

Methods
Chemistry

General method for the preparation of compounds 1-(4-
hydroxy-3-methylphenyl) -3-[(sub) phenyl]-2-propen-1-
ones (3a—k). 1-(4-hydroxy-3-methylphenyl)-3-
[(substituted) phenyl]-2-propen-1-one derivatives
were synthesized by condensing 4-hydroxy-
3methylacetophenone with the appropriate aromatic
aldehydes according to the Claisen-Schmidt
condensation.

1-(4'-hydroxy-3'-methyl phenyl-3-(4" -methoxy phenyl) -
2-propen-1-one (3a). IR: (KBr) c¢cm~': 3200 (OH),
3042 (CH), 1686 (C=0). ’H NMR (DMSO-dg ppm):
2.2(3H,s,CH3), 3.9 (3H,s, OCH3), 6.8—-6.9(1H X 2,d
¥=7.5Hz, 8.5Hz, CH=CH), 7.2-7.9 (7H,s, aro-
matic), 9.2 (1H,s, OH).

1-(4'-hydroxy-3'-methylphenyl) -3- (4" -chlorophenyl) -
2-propen-1-one (3b). IR: (KBr) e¢m~': 3210 (OH),
3030 (CH), 1676 (C=0). "H NMR (DMSO-dg ppm):
2.2(3H,s, CHj3), 6.7-6.8(1H X 2,d ¥ = 8.34 Hz,
6.79Hz, CH=—CH), 7.7-8.0(7H,m, aromatic),
9.2(1H,s,0OH).

1-(4'-hydroxy-3-methylphenyl) -3- (4" -dimethylamino
phenyl)-2-propen-1-one (3c). IR: (KBr) ¢cm ~1: 3200
(OH), 3040 (CH), 1680 (C=0). ’TH NMR (DMSO-dg
ppm): 2.2(3H,s,CH3), 2.83(6H,s, N (CHj3 X 2), 6.8—
6.9(1H X 2,d ¥=7.61Hz, 7.63 Hz, CH=CH), 7.6—
8.1(7H,m, aromatic), 9.2 (1H,s, OH).

1-(4'-hydroxy-3'-methylphenyl) -3-phenyl-2-propen-1-
one (3d). IR: (KBr) cm ~*: 3210 (OH), 1680 (C=0),
3042 (CH). 'H NMR (DMSO-ds ppm):
2.2(3H,s,CH;), 6.8-7.4(1Hx2,d ¥=8.28Hz,
6.70 Hz, CH=CH), 7.7-8.2(8H,m, aromatic), 9.2
(1H,s, OH).

1-(4'-hydroxy-3'-methylphenyl)-3-(3" ,4" -dimethoxy-
phenyl)-2-propen-1-one (3e). IR: (KBr) cm ~': 3232
(OH), 3046 (CH), 1680 (C—=0). 'H NMR (DMSO-
de6) ppm: 2.2(3H,s, CHs), 3.9(6H,s, OCH; X 2),
6.9-7.3(1H x 2,d ¥=7.45Hz, 7.29Hz, CH—CH),
7.6—8.1(6H,m, aromatic), 9.2 (1H,s, OH).

1-(4'-hydroxy-3'-methylphenyl)-3- (3",4",5'-tri-meth-
oxyphenyl)-2-propen-1-one (3f). IR: (KBr) cm ~!:
3220(0H), 3036 (CH), 1686 (C=0). 'H NMR
(DMSO-dg ppm): 2.2(3H,s,CH3), 3.9 (9H,s,
OCH; X 3), 6.9-7.5(1H X 2,d ¥= 7.55Hz, 7.27 Hz,
CH=—CH), 7.7-8.1 (5H,m, aromatic), 9.2 (1H,s,
OH).
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1-(4'-hydroxy-3'-methylphenyl) -3-furfuryl-2-propen-1-
one (3g). IR: (KBr) ¢m~': 3200(0H), 3040(CH),
1680(C=0). '"H NMR (DMSO-d, ppm): 2.2 (3H,s,
CH,), 7.7-8.2 (6H,m, aromatic), 6.4-7.4 (3H,m,
furan), 6.8-6.9 (IHXx2,d ¥=3.0Hz, 8.36Hz,
CH=CH), 9.2 (1H,s, OH).

1-(4'-hydroxy-3'-methylphenyl) -3- (4" -fluorophenyl) -2-
propen-1-one (3h). IR: (KBr) cm ~1:3200 (OH), 3040
(CH), 1680 (C=0). 'H NMR (DMSO-ds ppm): 2.2
(3H,s,CH3), 7.7-8.2(7H,m, aromatic), 6.9-7.5
(1Hx 2,d ¥=7.24Hz, 7.290Hz, —~CH=CH), 9.2
(1H,s, OH).

1-(4"-hydroxy-3"-methylphenyl) -3- (2" -chlorophenyl) -
2-propen-1-one (3i). IR: (KBr) cm ~1:3200 (OH),
3042(CH), 1684 (C=0). '"H NMR (DMSO-dg
ppm): 2.2 (3H,s, CHs), 7.6—-8.0(7H,m, aromatic),
6.9-7.5 (1H X 2,d ¥= 8.35Hz, 3.63 Hz, -CH=CH),
9.2 (1H,s, OH).

1-(4'-hydroxy-3'-methylphenyl)-3- (2", 6" -dichlorophe-
nyl)-2-propen-1-one (3j). IR: (KBr) cm ~*:3210 (OH),
3040 (CH), 1670 (C=0). ’H NMR (DMSO-dg ppm):
2.2 (3H,s, CH3), 7.7-8.0 (6H,m, aromatic), 6.9
—7.5(1H X 2,d ¥ = 5.41 Hz, 15.68 Hz, CH=CH), 9.2
(1H,s, OH).

1-(4'-hydroxy-3'-methylphenyl) -3-(3'-nitrophenyl) -2-
propen-1-one (3k). IR: (KBr) cm ~1:3200 (OH), 3040
(CH), 1680(C=0). '"H NMR (DMSO-dg ppm): 2.2
(3H,s, CH3), 2 7.7-8.2 (7TH,m, aromatic), 6.9-7.5
(IHx 2,d ¥=5.46Hz, 16.3Hz, CH=CH), 9.2
(1H,s, OH).

General method for the preparation of compounds (4a—R)

Synthesis of 5-(4'-hydroxy-3'-methylphenyl)-5-(substi-
tuted phenyl)-4, S-dihydro-1H-I1-pyrazolyl-4-pyridyl-
methanone derivatives (4a—R). To a solution of
0.002mol of the appropriate (4a-Kk) derivatives in
15mL of glacial acetic acid, 0.002 mol isoniazid was
added and the reaction mixture was refluxed for 12 h and
cooled. Excess of solvent was removed under reduced
pressure and the reaction mixture was cooled, and
poured onto crushed ice (20gm). The product was
filtered, washed with water and recrystallized from
methanol.

5-(4'-hydroxy-3'-methylphenyl)-5- (4" -methoxyphe-
nyl)-4,5-dihydro-1H-1-pyrazolyl-4-pyridylmethanone
(4a). IR: (KBr) cm ~':3210(0OH), 3034(CH), 1682
(C=0); 'TH NMR(DMSO-dg)ppm: 1.4 (3H,s, CH;),
2.3(2H,s, CH,), 3.7(3H,s, OCH3), 5.78(1H,s, CH),
6.6—7.3(7TH,m, aromatic), 7.98—-8.1(4H,m, pyridine),
9.2 (1H,s, OH); EISMS: m/z: 388(M™"); Cal/Ana[C
(71.30) 71.31,H (5.46) 5.41,N (10.85) 10.82]

5-(4'-chlorophenyl)-3-(4"-hydroxy-3"-methylphenyl) -
4,5-dihydro-1H-1-pyrazolyl-4-pyridyl methanone (4b).
IR: (KBr) c¢cm~': 3200(0H), 3040(CH), 1680
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(C=0), 780(C-Cl); H NMR(DMSO-dg)ppm:
2.2 (3H,s, CH;), 2.3(2H,s, CH,), 4.1(1H,s,CH),
6.5-7.3(7TH,m, aromatic), 7.9-8.9(4H,m,pyridine),
11.49 (1H,s, OH) EISMS: m/z: 392(M™!); Cal/Ana[C
(67.43) 67.51,H (4.63) 4.67,N (10.72) 10.72]

5-(4'-dimethylaminophenyl)-3-(4'-hydroxy-3'-methyl-
phenyl)-4,5-dihydro-1H-1-pyrazolyl-4-pyridylmethanone
(4c). IR: (KBr) cm ~!: 3230(0OH), 3020(CH), 1676
(C=0); 'H NMR(DMSO-dg)ppm: 2.1(3H,s,CHs),
2.6(2H,s,CH,), 2.9(6H,s,N-(CHs),), 4.1(1H,s,CH),
6.5—-7.5(7TH,m, aromatic), 7.6—8.6(4H,m, pyridine),
11.2 (1H,s, OH); EISMS: m/z: 400(M™); Cal/Ana[C
(71.98) 71.96,H (6.04) 6.08,N (13.99) 13.93].

3-(4'-hydroxy-3'-methylphenyl) -5-phenyl-4, 5-dihydro-
1H-1-pyrazolyl-4-pyridylmethanone (4d). IR: (KBr)
em ~1: 3200(0H), 3040(CH), 1680(C=0); 'TH NMR
(DMSO-dg)ppm: 2.1(3H,s, CHs), 2.5(2H,s, CH,),
4.1(1H,s, CH), 6.5-7.8(8H,m, aromatic), 7.9—
8.9(4H,m, pyridine), 11.49 (1H,s, OH); EISMS:
m/z: 357(M1); Cal/Ana[C (73.53) 73.50,H (5.36)
5.41,N (11.76) 11.72].

5-(3',4'-dimethoxyphenyl) -3-(4"-hydroxy-3"-methyl-
phenyl)-4,5-dihydro-1H-1-pyrazolyl-4-pyridylmethanone
(4e). IR: (KBr)em ~!: 3220(0H), 3044(CH), 1686
(C=0); 'H NMR(DMSO-dg)ppm:2.2(3H,s, CHs),
2.4 (2H, s,CH,),3.8(6H,s,2 X OCH3),4.1(1H,s,CH),
6.7—7.3(6H,m,aromatic),7.6—-7.9 (4H,m, pyridine),
11.90 (1H,s, OH); EISMS: m/z: 418(M*'); Cal/Ana[C
(69.05) 69.08,H (5.55) 5.41,N (10.07) 10.02].

3-(4'-hydroxy-3'-methylphenyl)-5-(3" ,4" , 5'-trimethoxy
phenyl)-4,5-dihydro-1H-1-pyrazolyl-4-pyridylmethanone
(4). IR:(KBr)em ~':3200(0OH),3040(CH),1680
(C=0);"HNMR (DMSO-dg)ppm: 2.2(3H,s,CHs),
2.4(2H,s, CH,),3.8(9H,s,3 X OCHs5),4.1(1H,s,CH),
6.7—-7.5(5H,m,aromatic),7.6—7.9(4H,m,pyridine),
11.84 (1H, s,OH); EISMS: m/z: 448(M'!); Cal/
Ana[C (67.10) 67.51,H (5.63) 5.61,N (9.39) 9.36].

5-(2'-furyl) -3-(4" -hydroxy-3" -methylphenyl) -4, 5-dihy-
dro-1H-1-pyrazolyl-4-pyridylmethanone (4g). IR:(KBr)
em ~1:3200(0H),3040(CH),1680(C=0);"H NMR
(DMSO-dg) ppm:2.0(3H,s,CH5), 2.7(2H, s,CH,),
5.8(1H,s,CH),6.3—-6.9(3H,m,aromatic),7.4—7.7(3H,
m,furan),8.7-9.0(4H,m, pyridine), 10.38 (1H,s,OH);
EISMS: m/z: 348(M™); Cal/Ana[C (69.15) 69.21,H
(4.93) 4.86,N (12.10) 12.12]

5-(4"-fluorophenyl) -3- (4" -hydroxy-3"-methylphenyl) -
4,5-dihydro-1H-1-pyrazolyl-4-pyridylmethanone (4h).
IR: (KBr) c¢m~':3200(0H), 3040(CH), 1680
(C=0); ‘H NMR(DMSO-dg)ppm: 2.2(3H,s, CHs),
2.3(2H,s, CH,), 4.1(1H,s, CH), 6.5-7.3(7H,m, aro-
matic), 7.9-8.9(4H,m, pyridine), 11.49 (1H,s, OH);
EISMS: m/z: 376(M™!); Cal/Ana[C (70.39) 70.41,H
(4.83) 4.81,N (11.19) 11.72]

5-(2'-chlorophenyl)-3-(4"-hydroxy-3"-methylphenyl) -
4,5-dihydro-1H-1-pyrazolyl-4-pyridyl methanone (41).
IR: (KBr) cm~':3200(0H), 3040(CH), 1680
(C=0); ‘H NMR(DMSO-dg)ppm: 2.2(3H,s, CHs),
2.9(2H,s,CH,),4.0(1H,s,CH),6.9-7.3(7TH,m, aro-
matic),7.5-8.2(4H,m,pyridine),8.8(1H,s,OH); EIS
MS: m/z: 392(M*"); Cal/Ana[C (67.43) 67.51,H
(4.63) 4.61,N (10.72) 10.73]

5-(2",6'-dichlorophenyl) -3- (4" -hydroxy-3"-methylphe-
nyl)-4,5-dihydro- 1 H-1-pyrazolyl-4-pyridyl methanone
(4). IR: (KBr) ¢cm ~1:3200(0H), 3040(CH), 1680
(C=0); '"H NMR(DMSO-dg)ppm: 2.2 (3H,s,CH3),
2.5(2H,s, CH,), 4.4(1H,s, CH), 6.5-7.3(6H,m, aro-
matic), 7.9-8.4(4H,m, pyridine), 11.49 (1H,s, OH);
EISMS: m/z: 427(M*Y); Cal/Ana[C (61.98) 61.96,H
(4.02) 4.08,N (9.86) 9.84]

3-(4'-hydroxy-3'-methylphenyl) -5- (3" -nitrophenyl) -4,
S-dihydro-1H-1-pyrazolyl-4-pyridyl methanone (4R). IR:
(KBr) cm ~1:32740(OH), 3042(CH), 1678(C=0);
'H NMR(DMSO-dg) ppm: 2.2(3H,s,CH3), 2.5 (2H,s,
CH,), 4.4(1H,s, CH), 6.5-7.3(6H,m, aromatic), 7.9—
8.4(4H,m, pyridine), 10.49 (1H,s, OH); EISMS: m/z:
402(M™); Cal/Ana[C (65.67) 65.69,H (4.51) 4.53,N
(13.92) 13.82]

Antiviral activity assay

MDBK cells were seeded at a density of 5 X 0° per well
in 96-well cell culture plates in MEM-FCS. Following
24 h incubation at 37°C under 5% CO,, the medium
was removed and 5-fold serial dilutions of the test
compounds were added in a total volume of 100 pL,
after which the virus inoculum [100 CCID50 (50% cell
culture infective dose) in 100 pL] was added to each
well. This inoculum resulted in a greater than 90%
destruction of the cell monolayer after 4—5 days of
incubation at 37°C. Uninfected cells and cells receiving
virus without compound were included in each assay
plate. After 5 days, the medium was removed, and 90 pLL
of MEM-FCS supplemented with 10 wLL. of MTS/PMS
solution (Promega, Leiden, and The Netherlands) was
added to each well. Following a 2 h incubation period at
37°C, the absorbance of each well was read at 498 nm in
a microplate reader. The 50% effective concentration
(ECs5p) was defined as the concentration at compound
of which 50% cell viability was protected from the virus-
induced cytopathogenic effect (CPE).

Cyrtostatic assay

MDBK cells were seeded at a density of 5 X 03 cells
per well of a 96-well plate in MEM-FCS. 24 h later,
serial dilutions of the test compounds were added.
Cells were allowed to proliferate for 3 days at 37°C,
after which the cell number was determined by means
of the MTS/PMS method (Promega). The 50%
cytotoxic concentration (CCsq) was defined as the
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Anti-virals based on 4, S-dihydropyrazole 705

Table I. Physical constants of the synthesized compounds.
N
$
= CHs3
= N
07 NN OH
R
4a-k
Compound R Yield (%) M.P (°C) Mol. Formula Mol. Wt
4a 4-Methoxy phenyl- 72 119 Cy3H,1N303 387.4
4b 4-Chloro phenyl- 78 166 C,,H,;5CIN30, 391.8
4c 4-Dimethylamino phenyl- 66 110 C,,H,4N,O, 400.47
4d Phenyl- 80 140 C,,HoN50, 357.4
4e 3,4-Dimethoxy phenyl- 82 138 C,4H»3N30, 417.4
4f 3,4,5-Trimethoxy phenyl- 86 186 C,5H,5N305 447 .4
4g Furfuryl- 94 152 C,0H7N505 347.3
4h 4-Fluoro phenyl- 86 146 C,,HsFN50, 375.3
4i 2-Chloro phenyl- 80 194 C,,H,5CIN;0, 3901.8
4j 2,6-Dichloro phenyl- 78 212 C,,H,;7,CI,N50, 426.2
4k 3-Nitro phenyl- 65 112 C,H sN,Oy 402.4

Recrystalization: Methanol
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Table II.  Cytotoxicity and antiviral activity of synthesized compounds in HeL cell cultures.
N
$
Z CHgy
= N
o N~ N OH
R
4a-k
Minimum inhibitory
concentration °
(pg/mL)
Minimum cytotoxic Herpes simplex Herpes simplex Vesicular Herpes simplex
concentration * virus-1 virus-2 Vaccinia stomatitis virus-1
Compound (ng/mL) (KOS) (G) virus virus TK-KOS ACV*
4a 40 >8 >8 8 >8 >8
4b 200 >8 40 8 >8 >8
4c 200 >40 >40 >40 >40 >40
4d 40 >8 >8 >8 >8 >8
4e = 1.6 8 >40 >40 >40 >40
4f =1.6 >200 >200 >200 >200 >200
4g 40 = 1.6 = 1.6 >1.6 >1.6 >1.6
4h 200 40 >8 8 26 8
4 200 8 8 8 >8 8
4j 200 >8 24 40 40 >8
4k 40 8 8 8 >8 8
Brivudin >200 0.064 40 4 >200 >200
Ribavirin >200 89 >200 120 120 >200
Acyclovir >200 0.72 0.32 24 >200 89
Ganciclovir >100 0.08 0.016 100 >100 22

2 Required to cause a microscopically detectable alteration of normal cell morphology; ® Required to reduce virus-induced cytopathogenicity

by 50%.
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concentration that inhibited the proliferation of
exponentially growing cells by 50%.

Results and discusion
Chemistry

The physical constants and anti-vival testing results
for the N'-nicotinoyl-3-(4-hydroxy-3-methylphenyl)-
5-(substituted phenyl)-2-pyrazolines 4a—=k described
in this study are shown in Tables I-IV, and a reaction
sequence for the preparation is outlined in Scheme 1.
The required chalcones were prepared by reacting 4-
hydroxy-3-methylacetophenone with the appropriate
aldehyde in presence of base by a conventional
Claisen-Schmidt condensation. Reaction between
the chalcones and isonicotinyl hydrazide in ethanolic
solution in the presence glacial acetic acid, reaction
time varied from 8-14 hours, afforded the titled
pyrazolines 4a-Kk in 65-94% yield after recrystalliza-
tion from methanol. The purity of the compounds was
confirmed by TLC and elemental analyses. Both
analytical and spectral data (‘H NMR, IR) of all the
synthesized compounds were in full agreement with
the proposed structures. In general, the IR Spectra
revealed OH, C=0, C=N, and C—N peaks at 3307,
1640, 1590 and 1320cm™ ! respectively. In the 'H

NMR spectra the signals of the respective protons of
the compounds were verified on the basis of their
chemical shifts, multiplicities and coupling constants.
The spectra showed a singlet at 8 2.2 ppm
corresponding to the methyl group, a singlet at &
2.57 ppm corresponding to the C4-methylene group,
a singlet at & 5.78 ppm corresponding to the C5
proton[17] and a multiplet at 8 8.22—8.5 ppm for the
pyridyl protons. The elemental analysis results were
within *0.4% of the theoretical values.

Antiviral activiry

Antiviral activity was tested against Herpes simplex
virus-1 (KOS), Herpes simplex virus-2 (G), Vaccinia
virus, Vesicular stomatitis virus, Herpes simplex virus-
1 TK- KOS ACV"' (in HeL cell culture), Vesicular
stomatitis virus, Coxsackie virusB4, Respiratory
syncytial virus (in HeLa cell culture), Para-influenza-
3 virus, Reovirus-1, Sindbis virus, Coxsackie virusB4,
Punta Toro virus (in Vero cell culture). For each
compound, the 50% Minimum Cytotoxic Concen-
tration (MCC) and the Minimum Inhibitory Con-
centration (MIC) were obtained. Ribavirin, Brivudin,
Acyclovir, Ganciclovir and (S)-DHPA were used as
the standards in the study. Both antiviral activity and

Table III. Cytotoxicity and antiviral activity of synthesized compounds in HeL.a cell cultures.
N
= CHa
= N
(0] = N - \ OH
R
4a-k
Minimum inhibitory concentration ° (pg/mL)

Compound  Minimum cytotoxic concentration® (ug/mL)  Vesicular stomatitis virus ~ Coxsackie virus B4  Respiratory syncytial virus
4a 100 >8 >8 >8
4b 8 >40 8 >40
4c 200 >8 >8 >8
4d 8 >40 >40 >40
de 200 >40 >40 >40
4f 8 >200 >40 >200
4g >200 200 >200 >200
4h 40 >8 >8 >8
4i 8 >1.6 >40 >40
4 40 >8 >40 >8
4k 100 >8 >8 >8
Brivudin >200 >200 >200 >200
(S)-DHPA >200 120 >200 >200
Ribavirin >200 8 120 8

2Required to cause a microscopically detectable alteration of normal cell morphology; ® Required to reduce virus-induced cytopathogenicity

by 50%.
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Table IV. Cytotoxicity and antiviral activity of synthesized compounds in Vero cell cultures.

N
= CHj
0P >N AN OH

R

4a-k

Minimum inhibitory concentration ® (ug/mL)

Minimum cytotoxic

Compound  concentration® (ug/mL)  Para-influenza-3 virus  Reovirus-1  Sindbis virus ~ Coxsackie virus B4  Punta Toro virus
4a 40 >8 >8 >8 >8 >8
4b 40 >8 >8 8 >8 >8
4c 200 >40 >40 40 >40 >40
4d 40 >8 >8 >8 >8 >8
4e =1.6 >40 >40 >40 >40 >40
4f =1.6 >200 >200 >200 >200 >200
4g 40 = 1.6 =1.6 >1.6 >1.6 >1.6
4h 200 >40 40 24 >8 >8
4i 40 8 8 8 >8 8
4j 40 >8 >8 >8 >8 >8
4k 40 8 8 8 >8 8
Brivudin >200 >200 >200 >200 >200 >200
(S)-DHPA >200 120 >200 >200 120 >200
Ribavirin >200 8 120 8 >200 89

2 Required to cause a microscopically detectable alteration of normal cell morphology; ® Required to reduce virus-induced cytopathogenicity
by 50%.
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cytotoxicity were determined by means of the MTS
method. The results of the antiviral assay revealed that
of the compounds tested specific antiviral activity was
exhibited only by the derivatives bearing an INH
substituted pyrazoline moiety. The results of the
antiviral assays are shown in Table II, III and IV.
Cytotoxicity towards uninfected host cells was
determined under the same conditions as antiviral

activity i.e. microscopic evaluation of the cell
morphology of the confluent cell monolayer which
either had or had not been inoculated with virus.
The criterion of specific antiviral activity was taken as
the inhibition of virus induced cytopathogenicity at a
concentration that was at least 5- fold lower than the
concentration required to alter the morphology of
uninfected host cells [11-16].

CHg CHa
R OH
OH
NaOH INH
+ R-CHO —> =
HsC gk C2HsOH CH3COOH
O 3a-
o 1 N 3a-k
| A
= CH,
N
07 NN OH
R
4a-k

Scheme 1. Synthesis of 5-(4-hydroxy-3-methylphenyl)-5-(substituted phenyl)-4,5-dihydro-1H-1-pyrazolyl-4-pyridylmethanone derivatives.
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According to this criterion, derivatives 4b, 4i, 4h
and 4j were active against Herpes simplex virus-1,
Herpes simplex virus-2 (G), Vaccinia virus,Vesicular
stomatitis virus and TK KOS ACVr (in HeL cells), 4c
against Vesicular stomatitis virus, Coxsackie virus B4
and Respiratory syncytial virus (in HeLa cells) and 4c
against sindbis virus, 4h against Reovirus-1, sindbis
virus, Coxsackie virus B4 and Punta Toro virus (in
Vero cells) could be considered as an indication of
antiviral specificity. This data clearly shows that
electron withdrawing group in the substituted
analogues 4b, 4i , 4h and 4 appears to be essential
for antiviral activity. However the nitro-, methoxy
phenyl and furfuryl substituted analogues were less
active (Vero, HeLa, HeL cells) at a concentration
below their toxicity threshold.

Among the newer derivatives compounds 4b, 4i , 4h
and 4j showed a promising in vitro antiviral activity
and it is conceived that these derivatives can be further
modified to improve their potential as anti-viral
chemotherapeutic agents. Further studies to acquire
more QSAR information are in progress in our
laboratory.
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