
Abstract. – Objectives: A series of 3-
(benzylideneamino)-2-phenyl quinazoline-4(3H)-
ones was synthesized by reaction of 3-amino-2-
phenyl-3H-quinazoline-4-one with various car-
bonyl compounds. 

Materials and Methods: Chemical structures
of the synthesized compounds were confirmed
by IR, 1H-NMR and mass spectral analysis. Title
compounds were investigated for cytotoxicity and
antiviral activity against herpes simplex virus-1
(KOS), herpes simplex virus-2 (G), vaccinia virus,
vesicular stomatitis virus, herpes simplex virus-1
TK- KOS ACVr, para influenza-3 virus, reovirus-1,
Sindbis virus, Coxsackie virus B4, Punta Toro
virus, feline corona virus (FIPV), feline herpes
virus, respiratory syncytial virus, influenza A
H1N1 subtype, influenza A H3N2 subtype, influen-
za B and vesicular stomatitis virus.

Results and Conclusion: Compound 3d was
found inhibit viral replication of para influenza-
3virus, reovirus-1, Sindbis virus, Coxsackie virus
B4, Punta Toro virus in Vero cell cultures.

Key Words:

Antiviral activity, Quinazoline, Herpes simplex,
Vaccinia virus, Vesicular stomatitis virus and influen-
za virus.

Introduction

Quinazoline is an interesting molecule, and its
pharmacological activities are well documented.
It is known for its antiviral activity against select-
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ed viruses1-5, and some of its derivatives such as
2,3 disubstituted quinazoline derivatives also
show anti-HIV6-8, and anticancer activity9,10. Mil-
lions of people worldwide are affected by infec-
tious diseases caused by viruses. Further, wide-
spread viral resistance has renewed the interest in
the quest for new antiviral agents. A large num-
ber of quinazolines have been synthesized and
evaluated for various activities. However, their
antiviral activity has not been fully investigated.

The present study deals with the synthesis of
3-(benzylideneamino)-2-phenyl quinazoline-
4(3H)-ones and the evaluation of its cytotoxic
and antiviral activity. Anthranilic acid when re-
acted with benzoyl chloride forms 2-phenyl-1,3-
benzoxazin-4-one by N-acylation. When this
compound is subjected to dehydrative cyclisa-
tion, the ring oxygen is replaced with hydrazine
hydrate, leading to the formation of 3-amino-2-
phenyl-3H-quinazoline-4-one. This compound is
condensed with substituted aromatic carbonyl
compounds to yield 3-(benzylideneamino)-2-
phenyl quinazoline-4(3H)-ones. The synthesized
compounds are investigated for cytotoxicity and
antiviral activity against a group of human patho-
genic viruses.

Materials and Methods

The compounds were synthesized according to
the depicted scheme. The method reported by an
earlier one was used for the synthesis of 2-
phenyl-4H-3,1-benzoxazin-4-one11. Anthranilic
acid (0.02 mol) was dissolved in 30 ml of anhy-
drous pyridine by stirring slowly at room temper-
ature. The solution was cooled to 0°C and a solu-
tion of benzoyl chloride (0.02 mol) in anhydrous
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pyridine 30 ml was slowly added to this solution
with constant stirring. When the addition was
complete, the reaction mixture was stirred for
half an hour at room temperature using a me-
chanical stirrer and set aside for one hour. The
pasty mass obtained was diluted with water and
treated with aqueous sodium bicarbonate to re-
move the unreacted acid. When the effervescence
ceased, the residue was filtered off and washed
with water to remove the inorganic materials and
the adhered pyridine. The crude benzoxazine
thus obtained was dried and re-crystallized from
diluted ethanol. 

Subsequently, benzoxazine was converted to
2-phenyl-3-amino-3(H)-quinazoline-4-one2 by
stirring a cold solution of 2-phenyl-4H-3, 1-
benzoxazin-4-one (0.05mol) into anhydrous
pyridine (25 ml), with a solution of hydrazine
hydrate (0.1 mol) in anhydrous pyridine (25 ml)
being added by drop wise . When the addition
was complete, the resultant reaction mixture
was stirred vigorously for 30 min. at room tem-
perature and subsequently heated under reflux
for 6 h under anhydrous reaction conditions.
The reaction mixture was allowed to cool at
room temperature and then poured into ice cold
water containing dilute hydrochloric acid. On
standing for 1 h, solidification occurred, and the
solidified product was allowed to settle down.
The product was filtered off, washed repeatedly
with water, dried in vacuum and purified by
HPLC (Shimadzu Prominence LC20 AT with

PDA detector SPD M20A instrument with LC
solution software manufactured by Shimadzu
Corporation, Kyoto, Japan).

The title compounds were prepared through
Schiff’s reaction (Figure 1). An equimolar quan-
tity of 2-phenyl 3-amino-3(H)-quinazoline-4-one
and an aldehyde/ketone were dissolved in
ethanol and the pH of the resultant solution was
adjusted to 4.0-4.5 using glacial acetic acid. The
mixture was refluxed for 30-150 min and poured
into ice cooled water. The solid thus obtained
was filtered and purified by HPLC. The struc-
tures of the synthesised compounds are in agree-
ment with elemental and spectral data. The yield
and the melting points of the compounds are giv-
en in Table I.

The melting points of the synthesized com-
pounds were determined by open capillary tube
method and were uncorrected. Microanalyses
were carried out on a Carlo Erba 1106 elemen-
tal analyzer (Carlo Erba, Milan, Italy). The re-
sults of elemental analysis were within ± 0.3%
and ± 0.1% of the theoretical value for C and
for H and N, respectively. The 1H NMR spectra
were performed on a Varian Gemini 200 (200
MHz) spectrometer (Varian, Palo Alto, CA,
USA) using tetramethylsilane (TMS) as an in-
ternal standard. The IR spectra were recorded
on an FTIR-JASCO 4100 spectrophotometer
(Jasco FT/IR-4100 manufactured by JASCO
Corporarion, 2967-5, Ishikawa-cho, Hachioji,
Tokyo, Japan). The GC–MS spectra were per-
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Figure 1. Steps involved in synthesis of 3-(benzylideneamino)-2-phenyl quinazolin-4(3H)-ones. Reagents and conditions: (a)
pyridine, rt, (b), NH2-NH2 H2O-pyridine, 30 nin rt, reflex 6 h, (c) RCHO/RCOR’/EtOH reflex 0.5-1.5 h.
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3-[(4-Nitro-Benzylidene)-Amino]-2-Phenyl-
3H-Quinazolin-4-One 

IR (cm–1): 3442 (Ar–NH), 1620 (C=N ), 1450
(C=C); MS (m/z): (M+1) 370; 1H-NMR: 7.36
(H-3’), 7.39 (H-4’), 7.48 (H-6), 7.50 (H-8), 7.80
(H-2’), 7.91 (H-7), 8.06 (H-2’’), 8.30 (H-5), 8.36
(H-3’’), 9.10 (s, 1H, H–C=N).

2-Phenyl-3-(Phenyl-Allylideneamino)-3H-
Quinazolin-4-one

IR (cm–1): 3415.31 (Ar–NH), 2924 (
–CH=CH–),1618 (C=N), 1446 (C=C); MS (m/z):
351(M+1); 1H-NMR: 3.74 (6H, –OCH3), 6.10
(–CH=), 7.13 (=CH–Ar), 7.20 (H-4’’), 7.26 (H-
3’’), 7.33 (H-2’’), 7.35 (H-3’), 7.39 (H-4’), 7.46

formed with HP 6890-5973. The GC parameters
were an injector temperature of 2500C; a capil-
lary column HP5 poly (methylphenylsiloxane)
30 m, 0.35 mm, and 0.25 mm; and a tempera-
ture program: from 1000 C to 3000 C at 10
0C/min. The MS parameters included a mode
SCAN 40-600 amu.

3-[(Furan-2-Ylmethylene)-Amino]-2-
Phenyl-3H-Quinazolin-4-One

IR (cm-1): 3442 (Ar–NH ),1635 (C=N), 1530
(C=C); MS (m/z): (M+1) 315; 1H-NMR: 6. 32
(H-3’’), 6.40 (H-4’’), 7.38 (H-3’), 7.43 (H-4’),
7.48 (H-6), 7.52 (H-8), 7.56 (H-5”), 7.81 (H-2’),
7.90 (H-7), 8.32 (H-5), 9.12 (s, 1H, H–C=N).

Compound 3a-3e Compound 3f-3h

Compound R MF MW MP (0C) % yield log P

3a C19H13N3O2 315.30 180–182 65 3.91

3b C21H14N4O3 370.11 160–162 58 4.16

3c C23H17N3O 351.38 155–157 78 5.18

3d C23H19N3O3 385.40 175–177 60 5.04

3e C21H14ClN3O 359.81 116–118 68 5.85

3f C16H10N4O2 290.28 166–169 72 1.84

3g C16H9BrN4O2 369.15 159–161 75 2.67

3h C20H19N3O 317.38 150–152 64 4.94

Table I. Physical data of synthesized compounds.

Elemental analysis was within ±0.35 for C and ±0.15 for H and N of the theoretical values.
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(H-6), 7.53 (H-8), 7.78 (H-2’), 7.90 (H-7), 8.34
(H-5), 8.98 (H–C=N).

3-[(3,4 Dimethoxy-Benzylidene)Amino)-
2-phenyl-3H-Quinazolin-4-one

IR (cm–1): 3440 (Ar-NH ),1645 (C=N), 1552
(C=C); MS (m/z): (M+1) 385; 1H-NMR: 6.90
(H-5’’), 7.14 (H-2’’), 7.18 (H-6’’), 7.30 (H-3’),
7.40 (H-4’), 7.45 (H-6), 7.54 (H-8), 7.76 (H-2’),
7.92 (H-7), 8.30 (H-5), 9.08 (H-C=N).

3-{[(4-Chloroyphenyl) Methylene]amino}-
3H-2-Phenylquinazolin-4-One 

IR (cm–1): 3442 (Ar–NH ),1679.9 (C=N),
1554.5 (C=C); MS (m/z): 360(M+1); 1H-NMR:
7.37 (H-3’), 7.42 (H-4’), 7.49 (H-6), 7.53 (H-8),
7.54 (H-3”), 7.68 (H-2”), 7.80 (H-7), 7.82 (H-
2’), 8.36 (H-5), 9.10 (s, 1H, H–C=N).

3-(2-oxo-1,2-Dihydro-Indol-3ylideneamino)-
3H-Quinazolin-4-One

IR (cm–1): 3415 (Ar–NH),1694 (C=O), 1645
(C=N), 1540 (C=C); MS (m/z): (M+1) 290; 1H-
NMR: 7.28 (H-3’), 7.36 (H-6’’), 7.39 (H-4’),
7.43 (H-6), 7.58 (H-8), 7.74 (H-5’’), 7.77 (H-2’),
7.84 (H-7’’), 7.90 (H-7), 7.96 (H-4’’), 8.35 (H-5),
9.02 (-CO-NH).

3-(5-Bromo-2-Oxo-1,2-Dihydro-Indol-
3ylideneamino)-3H-Quinazolin-4-One

IR (cm–1): 3415.31 (Ar–NH), 1754 (C=O),
1644 (C=N), 1446 (C=C); MS (m/z): 369(M+1);
1H-NMR: 1H-NMR: 7.30 (H-3’), 7.41 (H-4’),
7.45 (H-6), 7.54 (H-8), 7.78 (H-2’), 7.80 (H-5’’),
7.92 (H-7), 7.95 (H-4’’), 7.98 (H-7’’), 8.33 (H-5),
9.03 (–CO–NH).

3-Cyclohexylideneamino-2-Phenyl-3H-
Quinazolin-4-One 

IR (cm-1): 3446.17 (Ar–NH), 1660.41 (C=N),
1562.06 (C=C); MS (m/z): (M+1) 317 1H-NMR:
6.90 (H-5’’), 1.43 (H-4’’), 1.52 (H-3’’), 1.60 (H-
2’’), 7.26 (H-3’), 7.40 (H-4’), 7.45 (H-6), 7.54
(H-8), 7.76 (H-2’), 7.92 (H-7), 8.30 (H-5), 9.08
(H-C=N).

Antiviral Activity
The compounds were evaluated for antiviral

activity following established procedures by Eric
De Clercq12. Antiviral study was done on Rega
Institute for Medical Research, Katholieke Uni-
versiteit Leuven, B-3000 Leuven, Belgium, head-
ed by Dr. Jan Balzarini. The following viruses
were used for antiviral studies: feline corona
virus (FIPV) and feline herpes virus (Table II);
vesicular stomatitis virus, coxsackie virus B4 and
respiratory syncytial virus (Table III); herpes
simplex virus-1 (KOS), herpes simplex virus-2

S.K. Krishnan, S. Ganguly, R. Veerasamy, B. Jan

EC50
b (µg/ml)

CC50
a Feline coronavirus Feline herpes

Compound (µg/ml) (FIPV) SI virus SI

3a 14.1 ± 2.3 4 ± 0.5 2 > 4 > 2
3b 13.8 ± 1.8 4 ± 0.3 3 > 4 > 3
3c 2.8 ± 0.7 0.8 ± 0.2 4 > 0.8 > 4
3d 13.8 ± 0.5 4 ± 0.2 3 > 4 3
3e 42.2 ± 4.7 > 20 > 2 > 20 > 2
3f > 100 > 100 0 > 100 0
3g 16.2 ± 0.8 > 4 4 > 4 4
3h > 100 > 100 0 > 100 0
HHA > 100 2.6 ± 0.8 38 1.6 ± 0.8 63
UDA > 100 11.7 ± 1.3 9 53.1 ± 1.2 2
Ganciclovir (µM) > 100 > 100 0 0.8 ± 0.1 0

Table II. Anti-feline coronavirus (FIPV) and anti-feline herpes virus activity.

a50% cytotoxic concentration, as determined by measuring the cell viability with the colorimetric formazan-based MTS assay.
b50% effective concentration, or concentration producing 50% inhibition of virus-induced cytopathic effect, as determined by
measuring the cell viability with the colorimetric formazan-based MTS assay. CRFK cells: Crandell-Rees Feline Kidney cells.



(G), vaccinia virus, vesicular stomatitis virus and
herpes simplex virus-1 TK- KOS ACVr (Table
IV); influenza A H1N1 subtype, influenza A
H3N2 subtype and influenza B (Table V); and
parainfluenza-3 virus, reovirus-1, sindbis virus,
coxsackie virus B4 and Punta Toro virus (Table
VI).

Antiviral assays were carried out in Crandell-
Rees Feline Kidney (CRFK) cells (feline corona
virus, [FIPV] and feline herpes virus), HeLa cell
cultures (vesicular stomatitis virus, coxsackie
virus B4, and respiratory syncytial virus), human
embryonic lung (HEL) cell cultures (herpes sim-
plex virus-1 (KOS), herpes simplex virus-2 (G),
vaccinia virus, vesicular stomatitis virus and her-
pes simplex virus-1 TK- KOS ACVr), Madin
Darby canine kidney (MDCK) cells (influenza A
H1N1 subtype, influenza A H3N2 subtype and
influenzaB) and Vero cell cultures (parainfluen-
za-3 virus, reovirus-1, sindbis virus, coxsackie
virusB4, and Punta Toro virus. 

The HEL, Vero and HeLa cell lines used in
this study were monitored for mycoplasma cont-
amination and were found to be mycoplasma
free.

Inhibition of Virus-Induced 
Cytopathogenicity In Vitro

Confluent cell cultures in microtiter trays were
inoculated with 100 CCID50 (1CCID50 corre-
sponding to the virus stock dilution that proved

infective for 50% of the cell cultures). After 1 h
of virus adsorption by the cells, the residual virus
was removed and replaced with a cell culture
medium (Eagle’s minimal essential medium)
containing 3% fetal calf serum and various con-
centrations of the test compounds. Viral cy-
topathogenicity was recorded as soon as the ad-
sorption in the untreated virus-infected cell cul-
tures was complete;, that is, 1 to 2 days for vesic-
ular stomatitis virus; 2 days forcoxsackie virus; 2
to 3 days for vaccinia virus, herpes simplex virus
types 1 and 2, and sindbis virus; and 6 to 7 days
for reovirus and parainfluenza virus. The antivi-
ral activity of the compound is expressed as the
concentration required to inhibit viral cytopatho-
genicity by 50%.

Cytotoxicity measurements were based on an
alteration of normal cell morphology. To evaluate
cell morphology, confluent cell cultures that
were infected were treated with various concen-
trations of the test compounds. The cultures were
then incubated in parallel with the virus-infected
cell cultures and examined microscopically. The
viral cytopathogenicity was recorded in compari-
son with the virus-infected cell cultures. A dis-
ruption of the cell monolayer (e.g., rounding up
or detachment of the cells) was considered as ev-
idence for cytotoxicity. Cytotoxicity of the com-
pounds was determined as the minimum concen-
tration required to cause a microscopically de-
tectable alteration of normal cell morphology. 
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EC50
b (µg/ml)

Minimum
cytotoxic Vesicular Respiratory

concentrationa stomatitis Coxsackie syncytial
Compound (µg/ml) virus SI virus B4 SI virus SI

3a 100 ± 5.4 4 ± 0.7 25 4 ± 1.6 25 4 ± 0.8 25
3b 20 ± 1.4 > 4 5 > 4 5 > 4 5
3c ≥ 4 > 4 0 > 4 0 > 4 0
3d 20 ± 0.9 > 4 5 > 4 5 > 4 5
3g 100 ± 3.8 > 20 5 > 20 5 > 20 5
3f 20 ± 1.1 > 4 5 > 4 5 > 4 5
3e 20 ± 0.8 > 4 5 > 4 5 > 4 5
3h ≥ 100 > 100 0 > 100 0 > 100 0
DS-5000 > 100 > 100 0 7 ± 1.2 14 0.8 ± 0.2 125
(S)-DHPA > 250 > 250 0 > 250 0 > 250 0
Ribavirin > 250 22 ± 1.5 11 146 ± 3.3 2 22 ± 1.2 11

Table III. Cytotoxicity and antiviral activity of compounds in HeLa cell cultures.

aRequired to cause a microscopically detectable alteration of normal cell morphology. bRequired to reduce virus-induced cy-
topathogenicity by 50%.
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The 50% effective concentration (or concen-
tration producing 50% inhibition of virus-in-
duced cytopathic effect) and 50% cytotoxic con-
centration were determined by measuring the cell
viability using the colorimetric formazan-based
MTS assay [(3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium), in the presence of phenazine
methosulfate (PMS), produces a formazan prod-
uct that has an absorbance maximum at 490-500
nm in phosphate-buffered saline]. Antiviral and
cytotoxicity data are presented in Table II, III, IV,
V and VI.

Statistical Analysis
The values given in the parenthesis (in tables)

are Standard Error of two determinations. These
values are within 90% confidence interval.

Results 

Numerous 2,3 disubstituted quinazoline deriv-
atives were synthesized and evaluated against
various stains of viruses in the earlier study3. The
N-3 position of the quinazoline nucleus was di-
rectly linked with various aromatic compounds
in earlier studies1,3 and the resultant compounds

were evaluated for their cytotoxicity and antiviral
activities. The present work was designed to in-
crease length of the chain at the N-3 position of
quinazoline through Schiff base formation C=N
(3a–3e) or through the carbonyl group of the
compounds that directly attach with quinazoline
at the 3rd position (3d-3h), and the synthesized
compounds were evaluated for their influence on
its antiviral activity. Literatures also revealed that
most of the isatin analogues have shown antiviral
activity13-15. Thus isatin and 5-bromoisatin were
incorporated into quinazoline (3f and 3g) and the
role of non-aromatic nucleus was also studied by
inclusion of cyclohexyl group at N-3 position. In
view of the above consideration, we synthesized
eight compounds and evaluated them for antiviral
activity against a panel of human pathogenic
viruses.

Compound 3d had the highest selectivity index
(SI) value of 25 against para influenza-3 virus,
reovirus-1, sindbis virus, coxsackie virus B4 and
Punta Toro virus in Vero cell cultures as com-
pared with the standard. Likewise, compound 3g
exhibited a SI of 13 against herpes simplex virus-
1 (KOS), herpes simplex virus-2 (G) and herpes
simplex virus-1 TK- KOS ACVr in comparison
with standard ribavirin. However, it was not su-
perior to brivudin in its activity against herpes
simplex virus-1 (KOS). Compound 3c was not

679

Synthesis, antiviral and cytotoxic investigation of 2-phenyl-3-substituted quinazolin-4(3H)-ones

Cytotoxicity Antiviral EC50
c

Influenza A Influenza A
H1N1subtype H3N2 subtype Influenza B

Minimum
CC50

a cytotoxic Visual CPE Visual CPE Visual CPE
Compound µg/ml concentrationb score MTS score MTS score MTS

3a 8.9 ± 0.6 20 ± 0.8 N.A. N.A. N.A. N.A. N.A. N.A.
3b > 100 20 ± 0.8 N.A. N.A. N.A. N.A. N.A. N.A.
3c 10.5 ± 0.8 ≥ 4 N.A. N.A. N.A. N.A. N.A. N.A.
3d 15.0 ± 0.6 20 ± 1.1 N.A. N.A. N.A. N.A. N.A. N.A.
3e 76.4 ± 8.7 20 ± 0.8 N.A. N.A. N.A. N.A. N.A. N.A.
3f > 100 ≥ 20 N.A. N.A. N.A. N.A. N.A. N.A.
3g 66.1 ± 6.5 20 ± 0.9 N.A. N.A. N.A. N.A. N.A. N.A.
3h > 100 ≥ 100 N.A. N.A. N.A. N.A. N.A. N.A.
Oseltamivir (µM) > 100 > 100 0.2 ± 0.0 0.1 ± 0.0 4 ± 0.4 3.8 ± 0.3 2 ± 0.2 1.5 ± 0.2

Table V. Anti-influenza virus activity and cytotoxicity in MDCK cell cultures.

a50% Cytotoxic concentration, as determined by measuring the cell viability with the colorimetric formazan-based MTS assay.
bMinimum compound concentration that causes a microscopically detectable alteration of normal cell morphology. c50% Ef-
fective concentration, or concentration producing 50% inhibition of virus-induced cytopathic effect, as determined by visual
scoring of the CPE, or by measuring the cell viability with the colorimetric formazan-based MTS assay. MDCK cells: Madin
Darby canine kidney cells. N.A.: not active at the highest concentration tested, or at subtoxic concentration.
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active against vesicular stomatitis virus, coxsack-
ie virus B4, respiratory syncytial virus, para in-
fluenza-3virus, reovirus-1 and Punta Toro virus.
Surprisingly, it inhibited the viral replication of
herpes simplex virus-1 (KOS), herpes simplex
virus-2 (G), herpes simplex virus-1 TK- KOS
ACVr, vaccinia virus and vesicular stomatitis
virus with an SI of 5-11 as compared to standard
ribovirin. 

The synthesised quinazolines were further
evaluated against influenza A H1N1 subtype, in-
fluenza A H3N2 subtype and influenza B (Table
V) using visual CPE score and MTS assays in
Madin Darby canine kidney cells but none of the
compounds showed any inhibition. Compound
3d, with a 3, 4 dimethoxy group being substitut-
ed on the aromatic nucleus at N-3, influenced the
activity against para influenza-3 virus, reovirus-
1, sindbis virus, coxsackie virus B4 and Punta
Toro virus. 5-Bromo isatin substituted compound
3 g inhibited the replication of herpes simplex
virus-2 (G) and, herpes simplex virus-1 TK-
KOS ACVr but the un-substituted isatin deriva-
tive 3f was less potent. This may be due to the
higher lipophilicity of Compound 3 g.

Discussion

Increasing the length of carbon between N-3
and aromatic nucleus was not probably beneficial
for most of the tested viruses (3c). The SI of

Compound 3h was found to be 0 against most of
the tested virus including feline corona virus
(FIPV), feline herpes virus, vesicular stomatitis
virus, coxsackievirus B4, respiratory syncytial
virus, herpes simplex virus-2 (G), herpes simplex
virus-1 TK-KOS ACVr and influenza viruses.
This may attributed to the non-aromatic nucleus
at the N-3 position of quinazoline. However, it
shows some inhibition of replications of parain-
fluenza-3 virus, reovirus-1, sindbis virus, cox-
sackie virus B4 and Punta Toro virus with an SI
>5. The compounds were found to inhibit virus
replication by interfering with virus adsorption.

Further modification of 3d and 3 g could result
in a successful molecule for herpes simplex, para
influenza-3 virus, reovirus-1, sindbis virus, cox-
sackie virus B4 and Punta Toro virus. This will
be a useful molecule for further development as
most of the viral replications would be inhibited
by the compound.
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EC50
b (µg/ml)

Para Coxsackie- Punta
CC50

a influenza Reovirus- Sindbis virus Toro
Compound virus -3 SI 1 SI virus SI B4 SI virus SI

3a 100 ± 5.2 > 20 > 5 > 20 > 5 > 20 > 5 > 20 > 5 > 20 > 5
3b 20 > 4 > 5 > 4 > 5 > 4 > 5 > 4 > 5 > 4 > 5
3c ≥ 20 > 20 0 > 20 0 > 20 0 > 20 0 > 20 0
3d 100 ± 6.7 4 ± 0.8 25 4 ± 0.9 25 4 ± 0.7 25 4 25 4 25
3e 20 ± 1.0 > 4 > 5 > 4 > 5 > 4 > 5 > 4 > 5 > 4 > 5
3f 20 ± 0.9 > 4 > 5 > 4 >5 >  4 > 5 > 4 > 5 > 4 > 5
3g 100 ± 3.8 > 20 > 5 > 20 > 5 > 20 > 5 > 20 > 5 > 20 > 5
3h 100 ± 4.4 > 20 > 5 > 20 > 5 > 20 > 5 > 20 > 5 > 20 > 5
DS-5000 > 100 > 100 0 > 100 0 20 ± 1.1 5 20 ± 0.6 > 5 20 ± 0.9 > 5
(S)DHPA (µM) > 250 > 250 0 > 250 0 > 250 0 > 250 0 > 250 0

Table VI. Cytotoxicity and antiviral activity of compounds in Vero cell cultures.

aRequired to cause a microscopically detectable alteration of normal cell morphology. bRequired to reduce virus-induced cy-
topathogenicity by 50%.
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