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Abstract: A series of novel urea and thiourea derivatives of valacyclovir were
efficiently synthesized in high yields and evaluated their antiviral activity. 2-
((6-Amino-4-oxo0-4,5-dihydro-1H-imidazo[4,5-c]pyridin-1-yl)methoxy)ethyI-
2-amino-3-ethylbutanoate (valacyclovir) 1 is reacted with various aromatic
isocyanates/thiocyanates 2 in the presence of N, N- dimethyl piperazine as a
base in THF: pyridine (4:1) to obtain valacyclovir urea/thiourea derivatives
3(a-j). The structures of the title compounds 3(a-j) were confirmed by IR,
NMR (*H, °C), mass spectral and elemental analysis. The newly synthesized
compounds were screened for their antiviral activity against Tobacco mosaic
virus (TMV) and antioxidant activity was evaluated by DPPH, SOD and GST
methods. The title compounds exhibited potent antiviral and good antioxidant
activities.

Keywords: isocyanate; isothiocyanate; N, N- dimethyl piperazine; tobacco
mosaic virus; antiviral; anti-oxidant activity.

INTRODUCTION

Urea and thiourea are important functional groups in numerous natural
products, drug intermediates and are being used as neutral receptor for various
anions (anion complexation)®, and building blocks for various heterocycles. Urea
and thiourea derivatives have been found to possess many promising biological
activities such as herbicidal activity?, antimicrobial®, antioxidant®, anti-viral®,
anti-HIV®, antitumor’, urea derivatives exhibited anti-inflammatory®, anti-
malarial® and antidiabetic activity’®. Thiourea and urea have been used as
purification agents for the effluent of organic and inorganic, industrial,
agricultural and mining wastes''. These compounds are useful in agriculture,
spinning mixtures, paper and paints and as wrinkle proofing agents for cotton and
cotton polyester fabrics®>®®. These compounds also could be used for
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detoxification of super antigens from body fluids'* and for the treatment of
haemoglobinopathies in the cases of sickle cell anemia and Beta (B) thalassemia®
and thiourea derivatives were reported to be non-nucleoside inhibitors (NNIs) of
the reverse transcriptase (RT) enzyme of the human immunodeficiency virus
(HIV)*®. Thiocarlide is a pharmacologically important thiourea drug used as
therapeutic agent in the treatment of tuberculosis®’. Thiourea inhibitors of plant
viruses have also arisen widespread interest in both biological and chemical
sectors'®. Valacyclovir is a prodrug which is used for viral infection and an
esterified version of acyclovir that has greater oral bioavailability (about 55%)
than acyclovir (10-20%). Specific antivirals are used for specific viruses. Unlike
most antibiotics, antiviral drugs do not destroy their target pathogen; instead they
inhibit their development. So, designing of safe and effective drug is needful to
that acquired extended knowledge on genetic and molecular functions of
organisms. Hence, the researcher have been focusing to develop effective
antiviral drugs by embedding effective pharmocophores to origin drug or to
understand the structure and function of viruses to find new drug. Plant virus is a
type of plant disease, known as “plants cancer”. In recent years, the impact of
climate anomalies and the areas of crops affected by plant virus disease are on
the rise resulting in tremendous economic losses in the world. Tobacco mosaic
virus (TMV) disease is an important class of common disease occurring in
tobacco plants growing all over the world. In continuation of our research work,
we have designed and synthesized novel urea and thiourea derivatives of
valacyclovir and tested against Tobacco mosaic virus and evaluated their
antioxidant activities.

EXPERIMENTAL

Sigma-Aldrich, Merck and Lancaster Chemicals were used as such without further
purification. Solvents used for spectroscopic and other physical studies were reagent grade
and were further purified by literature methods'®. Melting points were determined by Guna
Digital Melting Point apparatus using a calibrated centigrade thermometer and are
uncorrected. IR spectra were obtained in KBr optics on a Perkin-Elmer Model 281-B
spectrophotometer and expressed in wave numbers (cm™). *H and **C NMR spectra were
recorded in DMSO-dg on a Bruker AVANCE |1l 500 MHz spectrometer operating at 500
MHz for H, 125 MHz for *C NMR. The *H and **C chemical shifts were expressed in ppm
with reference to tetramethylsilane. ESI mass spectra were recorded on a Finnigan MAT 1020
mass spectrometer. Elemental analyses were performed at University of Hyderabad, India.
General Procedure for synthesis of title compounds 3(a-j)

2-((6-Amino-4-oxo-4, 5-dihydro-1H-imidazo [4,5-c] pyridin-1-yl) methoxy) ethyl-2-
amino-3-ethylbutanoate (valacyclovir) 1 (0.001 mol), various aromatic isocyanates/
thiocyanates (2) (0.001 mol) were dissolved in dry THF:py (20 mL) and refluxed with
stirring for 3-5 h at about 60 °C. Identification of the product and completion of the reaction
was monitored by TLC using ethyl acetate: hexane (4:1). After completion of the reaction, the
mixture was concentrated in a rota-evaporator and the residue was purified by column
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chromatography on silica gel (100-200 mesh) using petroleum ether-ethyl acetate (2:3) as
eluent. The structures of the title compounds 3(a-j) were established by spectral and elemental
analysis. The obtained yields of 3(a-j) are in the range of 72-82%.
2-((2-Amino-6-oxo0-1H-purine-9(6H)-yl)methoxy)ethyl-3-methyl-2-(3-phenylthioureido)
butanoate (3a): Yield: 82%; m.p. 144-146 °C; Anal. Calcd. for C,H»sN;O,S: C, 52.27; H,
5.48; N, 21.34. Found C, 52.29, H, 5.42; N, 21.25; IR (KBr, cm™): 3412 (N-H), 3138 (NH,),
1183 (C=S), 724 (C-S); "H-NMR (300 MHz, DMSO-ds, 5/ppm): 10.8 (1H, s, N-H), 8.21 (1H,
s, Ar-H), 7.86 (2H, s, NH,), 7.68-6.94 (m, 5H, Ar-H), 5.24 (2H, t, CH,), 5.18 (2H, t, CH,),
4.58 (2H, s, CH,), 4.20 (1H, s, NH-Ar), 3.41 (1H, s, NH-C=S), 2.84 (1H, d, H-ipr, J = 5.2
Hz), 1.64-1.48 (1H, m, (CH-(CH,),), 1.24 (6H, d, (CH-(CHa),, J = 5.6 Hz); *C-NMR (300
MHz, DMSO-ds 6/ppm): 166.8 (Cy of C=S), 159.8 (C;s of C=0), 158.2 (C, of HN-C=0),
152.4 (Cs of NH,), 146.2, 142.4, 136.2, 128.2, 126.8, 126.4, 124.6, 126.2, 118.6, 67.4, 65.2
(Ci6 of NH), 64.2, 61.2, 32.4, 19.4, 18.5; MS (m/z): 459 M".
2-((2-Amino-6-ox0-1H-purin-9(6H)-yl)methoxy)ethyl2-(3-(4-fluorophenyl)thioureido)-3-
methylbutanoate (3b): Yield: 80%; m.p. 150-152 °C; Anal. Caled. for CyH,N;0,S: C, 50.31;
H, 5.07; N, 20.53. Found C, 50.25, H, 5.01; N, 20.48; IR (KBr, cm™): 3416 (N-H), 3118
(NH,), 1188 (C=S), 728 (C-S); *H-NMR (300 MHz, DMSO-dg &/ppm): 11.2 (1H, s, N-H),
8.12 (1H, s, Ar-H), 8.02 (2H, s, NH,), 7.62-6.92 (m, 4H, Ar-H), 5.12 (2H, t, CH,), 4.96 (2H, t,
CH,), 4.32 (2H, s, CH,), 4.16 (1H, s, NH-Ar), 3.21 (1H, s, NH-C=S), 2.04 (1H, d, H-ip", J =
4.6 Hz), 1.92-1.82 (1H, m, (CH-(CHj),). 1.12 (6H, d, (CH-(CHs),, J = 5.2 Hz). ®C-NMR (300
MHz, DMSO-dg, 8/ppm): 168.2 (C, of C=S), 159.2 (C;s of C=0), 156.2 (C, of HN-C=0),
153.8 (C¢ of NH,), 144.2, 139.6, 135.4, 129.2, 128.6, 127.5, 127.2, 125.4, 116.4, 66.8, 65.7,
65.4(Cys of NH), 60.6, 33.6, 19.6,19.2; MS (m/z): 477 M".
2-((2-Amino-6-oxo-1H-purin-9(6H)-yl)methoxy)ethyl2-(3-(4-chlorophenyl)thioureido)-3-
methylbutanoate (3c): Yield: 79%; m.p. 148-150 °C; Anal. Caled. for C,0H24CIN,O,S: C,
48.63; H, 4.90; N, 19.85, Found C, 48.71, H, 4.83; N, 19.68; IR (KBr, cm™): 3422 (N-H),
3130 (NH,), 1194 (C=S), 732 (C-S); 'H-NMR (300 MHz DMSO-ds 5/ppm): 11.6 (1H, s, N-
H), 8.32 (1H, s, Ar-H), 7.64-6.82 (m, 4H, Ar-H), 7.54 (2H, s, NH,), 5.24 (2H, t, CH,), 4.82
(2H, t, CH,), 4.32 (1H, s, NH-Ar), 4.28 (2H, s, CH,), 4.2 (1H, s, NH-C=S), 2.42 (1H, d, H-ip"
, J =4.6 Hz), 1.42-1.34 (1H, (CH-(CH,),) 1.22 (6H, d, (CH-(CH,),, J = 5.4 Hz); *C NMR
(300 MHz DMSO-ds, 8/ppm): 174.6 (Cy of C=S), 171.6 (Ci5 of C=0), 154.2 (Cs of NH,),
152.5 (C4 of HN-C=0), 145.6, 141.5, 135.4, 129.2, 128.6, 127.5, 127.2, 125.4, 118.2, 69.2,
67.2 (Cy Of NH), 66.4, 61.5, 31.4, 19.7, 19.4; MS (m/z): 493 M".
2-((2-Amino-6-oxo-1H-purin-9(6H)-yl)methoxy)ethyl3-methyl-2-(3-(4-
nitrophenyl)thioureido) butanoate (3d): Yield: 78%; m.p. 128-130 °C; Anal. Calcd. for
CyH2NgO6S: C, 47.61; H, 4.79; N, 22.21, Found C, 47.56, H, 4.75; N, 22.17; IR (KBr, cm'l):
3428 (N-H), 3116 (NH,), 1206 (C=S), 738 (C-S); 'H-NMR (300 MHz, DMSO-ds &/ppm):
11.4 (1H, s, N-H), 8.42 (1H, s, Ar-H), 7.72 (2H, s, NH,), 7.52-6.88 (m, 4H, Ar-H), 5.18 (2H,
t, CH,), 4.64 (2H, t, CH,), 4.62 (1H, s, NH-C=S), 4.56 (1H, s, NH-Ar), 4.32 (2H, s, CH,), 2.26
(1H, d, H-ip", J = 4.6 Hz), 1.42-1.26 (1H, m, (CH-(CH,),) 1.08 (6H, d, (CH-(CH5), J = 5.2
Hz). *C-NMR (300 MHz DMSO-dg 8/ppm): 182.4 (Cy of C=S), 172.4 (Cy5 of C=0), 155.4
(Cs of NH,), 151.6 (C, of HN-C=0), 146.2, 140.4, 136.2, 128.7, 128.4, 128.2, 128.0, 127.4,
117.4, 68.6, 67.2, 66.2 (C5 of NH), 63.7, 30.6, 19.5, 19.2; MS (m/z): 504 M".
2-((2-Amino-6-oxo-1H-purin-9(6H)-yl)methoxy)ethyl2-(3-(3-bromophenyl)thioureido)-3-
methyl butanoate (3e): Yield: 76%; m.p. 110-112 °C; Anal. Calcd. for CyoH24NgOgS: C,
44.61; H, 4.49; N, 18.21, Found C, 44.51, H, 4.36; N, 18.32; IR (KBr, cm™): 3426 (N-H),
3112 (NH,), 1198 (C=S), 720 (C-S); *H-NMR (300 MHz DMSO-ds, 8/ppm): 10.9 (1H, s, N-
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H), 8.28 (1H, s, Ar-H), 7.84 (2H, s, NH,), 7.32-6.94 (m, 4H, Ar-H), 5.24 (2H, t, CH,), 4.82
(1H, s, NH-C=S), 4.46 (2H, t, CH,), 4.32 (1H, s, NH-Ar), 4.12 (2H, s, CH,), 2.12 (1H, d, H-
ip’, J =5.8 Hz), 1.42-1.24 (1H, m, (CH-(CHs),) 1.14 (6H, d, (CH-(CH,),, J = 6.4 Hz). *C-
NMR (300 MHz DMSO-dg, 8/ppm): 172.8 (Cy of C=S), 171.6 (C;s of C=0), 157.2 (C; of
NH,), 152.4 (C, of HN-C=0), 147.6, 138.6, 137.4, 127.6, 127.2, 126.8, 126.4, 124.6, 116.8,
69.2, 68.4, 65.4 (C,6 of NH), 65.2, 31.2, 18.9, 18.6; MS (m/z): 537 M".
2-((2-Amino-6-oxo-1H-purin-9(6H)-yl)methoxy)ethyl2-(3-(4-bromophenyl)ureido)-3-
methyl butanoate (3f): Yield: 77%; m.p. 118-120 °C; Anal. Calcd. for CyH2BrN;Os: C,
45.99; H, 4.63; N, 15.30, Found C, 45.86, H, 4.52; N, 15.26; IR (KBr, cm™); 3432 (N-H),
3109 (NH,), 1656 (C=0), 1070 (C-O); "H-NMR (300 MHz, DMSO0-d, 8/ppm): 11.2 (1H, s,
N-H), 8.36 (1H, s, Ar-H), 7.62 (2H, s, NH,), 7.46-6.87 (m, 4H, Ar-H), 5.12 (2H, t, CH,), 4.64
(1H, NH-C=S), 4.32 (2H, t, CH,), 4.26 (1H, s, NH-Ar), 4.06 (2H, s, CH,), 2.24 (1H, d, H-ip",
J = 6.4 Hz), 1.36- 1.24 (1H, m, (CH-(CHj3),), 1.22 (6H, d, (CH-(CHj),, J = 4.6 Hz). ®*C-NMR
(300 MHz, DMSO-dg, 6/ppm): 169.2 (C;5 of C=0), 158.4 (C; of NH,), 151.6 (C, of HN-
C=0), 148.4 (C, of C=0), 145.8, 137.5, 136.2, 128.2, 127.9, 127.6, 126.8, 123.8, 118.2, 69.5,
68.4, 66.5 (Cy5 of NH), 64.8, 30.6, 19.4, 18.8; MS (m/z): 522 M".
2-((2-Amino-6-oxo-1H-purin-9(6H)-yl)methoxy)ethyl2-(3-(4-fluorophenyl)ureido)-3-
methyl butanoate (3g): Yield: 81%; m.p. 106-108 °C; Anal. Calcd. for CyH2BrN;Os: C,
52.06; H, 5.24; N, 21.25, Found C, 52.01, H, 5.17; N, 21.18; IR (KBr, cm'l): 3440 (N-H),
3152 (NH,), 1648 (C=0), 1035 (C-O); "H-NMR (300 MHz, DMSO-ds &/ppm): 12.4 (1H, s,
N-H), 8.02 (1H, s, Ar-H), 7.92-6.74 (m, 4H, Ar-H), 7.76 (2H, s, NH,), 5.64 (2H, t, CH,), 4.86
(1H, NH-C=S), 4.36 (1H, NH-Ar),) 4.28 (2H, t, CH,), 4.12 (2H, s, CH,), 2.12 (1H, d, H-ip', J
= 5.6 Hz), 1.82-1.64 (1H, m, (CH-(CHs),), 1.38 (6H, d, (CH-(CH3),, J = 6.8). *C-NMR (300
MHz, DMSO-dgs 8/ppm): 170.4 (Cy5 of C=0), 157.2 (Cs of NH,), 153.4 (C4 of HN-C=0),
152.6 (Cy of C=0), 146.4, 139.8, 139.4, 127.2, 126.6, 125.8,125.2, 124.6, 117.5, 68.2, 67.6,
67.2, 65.2, (Ci 0f NH), 31.6, 19.8, 19.4; MS (m/z) : 461 M".
2-((2-Amino-6-oxo-1H-purin-9(6H)-yl)methoxy)ethyl2-(3-(3,4-dichlorophenyl)ureido)-3-
methylbutanoate (3h): Yield: 75%; m.p. 102-104 °C; Anal. Calcd. For CyH,3CI,N;Os: C,
46.89; H, 4.52; N, 19.14, Found C, 46.80, H, 4.46; N, 19.10; IR (KBr, cm'l): 3438 (N-H),
3112 (NH,), 1652 (C=0), 1074 (C-O); 'H-NMR (300 MHz, DMSO-ds, 8/ppm): 12.2 (1H, s,
N-H), 8.12 (1H, s, Ar-H), 7.94-6.84 (m, 3H, Ar-H), 7.62 (2H, s, NH,), 5.52 (2H, t, CH,), 4.74
(1H, s, NH-C=S), 4.32 (2H, t, CH,), 4.28 (1H, s, NH-Ar), 4.14 (2H, s, CH,), 2.22 (1H, d, H-
ip’, J = 5.6 Hz), 1.86-1.64 (1H, m, (CH-(CHs),). 1.26 (6H, d, (CH-(CHs),, J = 6.2 Hz). *C-
NMR (300 MHz, DMSO-dg, 8/ppm): 171.5 (C;s of C=0), 158.4 (Cs of NH,), 155.6 (C, of
C=0), 150.8 (C,, of C=0), 148.2, 138.2, 136.8, 127.4, 126.8, 126.6, 126.2, 125.8, 118.2, 69.2,
67.4, 66.4 (Cys of NH), 62.6, 19.6, 32.4, 19.2; MS (m/z): 512 M".
2-((2-Amino-6-oxo-1H-purin-9(6H)-yl)methoxy)ethyl2-(3-(3-chloro-4-
fluorophenyl)ureido)-3-methylbutanoate (3i): Yield: 72%; m.p. 100-102 °C; Anal. Calcd. For
CyH2CIFN;Os: C, 48.44; H, 4.67; N, 19.77, Found C, 48.39, H, 4.58; N, 19.72; IR (KBr, cm’
1): 3442 (N-H), 3132 (NH,), 1668 (C=0), 1035 (C-0); 'H-NMR (300 MHz, DMSO-dg
8/ppm): 11.9 (1H, s, N-H), 8.24 (1H, s, Ar-H), 7.86-6.92 (m, 3H, Ar-H), 7.74 (2H, s, NH,),
5.42 (2H, t, CH,), 4.62 (1H, s, NH-C=S), 4.46 (2H, t, CH,), 4.16 (1H, s, NH-Ar), 4.24 (2H, s,
CH,), 2.34 (1H, d, H-ip', J = 5.7 Hz), 1.91-1.74 (1H, (CH-(CHs),). 1.34 (6H, d, (CH-(CH),, J
= 5.2 Hz). ®C-NMR (DMSO-ds, 8/ppm): 172.4 (C,5 of C=0), 159.6 (Cs of NH,), 156.2 (C, of
HN-C=0), 152.6 (Cy, of C=0), 149.5, 139.7, 139.2, 128.5, 127.7, 126.8, 126.2, 125.2, 119.4,
69.6, 68.2, 67.6 (C15 of NH ), 63.7, 31.8, 20.2, 19.8; MS (m/z): 496 M".
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2-((2-Amino-6-o0xo-1H-purin-9(6H)-yl)methoxy)ethyl2-(3-(4-chloro-3-(trifluoromethyl)
phenyl) ureido)-3-methylbutanoate (3j): Yield: 74%; m.p. 122-124 °C; Anal. Calcd. For
C,HxCIFN;Os: C, 46.20; H, 4.25; N, 17.96, Found C, 46.14, H, 4.18; N, 17.89; IR (KBr,
cm™): 3448 (N-H), 3142 (NH,), 1672 (C=0), 1053 (C-0); 'H-NMR (300 MHz, DMSO-dg
8/ppm): 12.2 (1H, s, N-H), 8.22 (1H, s, Ar-H), 7.92-6.74 (m, 3H, Ar-H), 7.58 (2H, s, NH,),
5.32 (2H, t, CH,), 4.56 (1H, s, NH-C=S), 4.54 (2H, t, CH,), 4.36 (2H, s, CH,), 4.28 (1H, s,
NH-Ar), 2.28 (1H, d, H-ip', J = 4.4Hz), 1.84-1.62 (1H, m, (CH-(CH,),) 1.26 (6H, d, (CH-
(CHs),, J = 6.6 Hz). *C-NMR (300 MHz, DMSO-ds, 8/ppm): 171.6 (Cy5 of C=0), 157.6 (C, of
HNC=0), 156.4 (Cs of NH,), 151.2 (C,, of C=0), 148.8, 140.8, 139.4, 128.2, 127.9, 126.5,
125.8, 124.8, 118.2, 68.6, 67.4, 66.4 (C1c of NH), 62.6, 30.4, 19.8, 19.2; MS (m/z): 545 M".

Antiviral bioassay

Purification of Tobacco mosaic virus (TMV). Using Gooding’s method®, upper leaves of
Nicotiana tobacum L inoculated with TMV were selected and ground in phosphate buffer,
then filtered through a double layer pledget. The filtrate was centrifuged at 10,000 g, treated
twice with PEG 400 and centrifuged again. The whole experiment was carried out at 4 °C.
Absorbance values were estimated at 260 nm using an ultraviolet spectrophotometer.

A260 X dilution ratio y
Elcm (01%, 260 nm)

Curative effect of compounds against TMV in vivo

Growing leaves of Nicotiana tobacum L of the same ages were selected. TMV
(concentration of 6 x 10~ mg/mL) was dipped and inoculated on the whole leaves, then the
leaves were washed with water and dried. The compound solution was smeared on the left
side and the solvent was smeared on the right side for control. The local lesion numbers were
then counted and recorded 3-4 days after inoculation®. For each compound, three repetitions
were measured. The inhibition rate of the compound was then calculated according to the
appropriate formula (‘av’ means average).

Antioxidant activity

Antioxidant activity was evaluated by three methods, DPPH, Super Oxide radical
scavenging activities and GST method. Scavenging capacity was measured
spectrophotometrically by monitoring the decrease in absorbance at 517 nm.

DPPH radical-scavenging activity

The DPPH radical scavenging activity was measured in a reaction mixture containing 1
mM DPPH radical solution 0.1 mL, 99% ethanol 0.8 mL and 0.1 mL of each one of the title
compounds prepared by dissolving the compound in methanol. The solution was rapidly
mixed and scavenging capacity was measured spectrophotometrically by monitoring the
decrease in absorbance at 517 nm?. The antioxidant activity of test compounds was expressed
as 1Cso, which was defined as the concentrations of test compounds required for inhibition of
the formation of DPPH radicals by 50 %.

Virus Concentration =

Absorbance of sampleat517 nm N

DPPH radical scavenging activity (%) =1—
Absorbance of controlat517nm

Superoxide radical scavenging activity

Superoxide radicals were identified by spectrophotometric method to study the effect of
various concentrations of test compounds on the reduction of nitroblue tetrazolium (NBT),
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according to a previously described procedure®. Superoxide radicals were generated in a non-
enzymatic phenazine methosulfate—nicotinamide adenine dinucleotide (PMS/NADH) system.
The non-enzymatic generation of superoxide radicals was measured in reaction mixtures
containing various concentrations of test compounds, PMS (15 pM), NADH (73 pM), and
NBT (50 pM) in phosphate buffer (20 mM, pH 7.4). After incubation for 5 min at ambient
temperature, the color was read at 560 nm against blank samples. The superoxide radical-
scavenging activity was expressed as the 1Cs, value.

Reactive oxygen species (ROS), such as superoxide anion radical (O,), hydroxyl
radicals (HO') and peroxy radicals (ROO") are produced as a part of normal metabolic process.
The compounds 3(a-j) showed high antioxidant activity by scavenging the free radicals and
superoxide radicals and the data are given in Table II.

GST method

Glutathione-S-transferases (GSTs,” EC 2.5.1.18) are a group of multifunctional
proteins that exist in complicated but distinct isozyme forms in various plant tissues.
Different isozymes from a given tissue can be distinguished by their catalytic and
immunological properties and by their primary structure. The GSTs are well known for
their role in the first step of mercapturic acid formation. They catalyze the nucleophilic
attack of GSH on electrophilic centers in a wide variety of organic compounds.
However, in recent years, the glutathione (GSH) peroxidase activity associated with
certain forms of GSTs has attracted greater attention.

GST activity in fresh leaves (control) extract was assessed spectrophotometrically
according to the method of Habig and others®® using GSH (2.4 mmol/L) and CDNB
(1Immol/L) as substrate. Assay was initiated with 50 pL enzyme in 0.5 mL phosphate buffer
(0.1 mol/L), pH 6.5, at 25°C. One unit of enzyme activity is defined as the amount of enzyme
catalyzing the oxidation of 1pmol of substrate (CDNB)/ mL /min at 25°C. The above method
is followed to estimate GST activity in viral affected tobacco leaves and to estimate the GSH
level, homogenate was prepared from tobacco leaves and centrifuged at 9,615 g for 30
minutes. An equal volume of 5% perchloric acid was mixed with supernatant extract and
centrifuged at 805 g for 10 minutes at 4°C. The reaction mixture (2 mL), 100 pL supernatant,
1.88 mL of 0.1 mol/L potassium phosphate buffer, pH 8.0 and 0.02 mL 4% DTNB were
mixed. Incubation of the reaction mixture was carried out at room temperature for 3 minutes,
and absorbance of the developed color was recorded at 517 nm?. Distilled water was used as
a blank. A standard graph was prepared using GSH. All experiments were set up in duplicate
and the results were expressed as the mean of two independent trials. Each treatment group
consisted of 5 leaves, and the mean value of each data was compared with the mean value of a
control group of equal size. The significant values were calculated using the student t- test.

RESULTS AND DISCUSSION

Chemistry

The synthesis of title compounds was accomplished by reacting 2-((6-amino-
4-0x0-4,  5-dihydro-1H-imidazo[4,5-c]pyridin-1-yl)methoxy)ethyl-2-amino-3-
ethylbutanoate (valacyclovir) (1) with various isocynates/isothiocynates 2(a-j)
and N, N- dimethyl piperazine as a base in THF:py solvent (20 mL) at 60 °C. The
progress of the reaction was monitored by TLC. The resulting 3(a-j) title
compounds were obtained in high yields in 3-5 hrs (Scheme 1). The chemical
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structures of the title compounds 3(a-j) were deduced by IR, NMR (*H, *C),
mass spectral and elemental analysis. IR absorptions were observed in the
regions 1183-1206, 1648-1672 and 3412-3448 cm?, C=S, C=0, and N-H
respectively for 3(a-j). The *H NMR spectra exhibited broad signals for NH
protons at 10.8-12.4 ppm. *C NMR chemical shifts were observed in the regions,
0 166.8-182.4 for C=S and ¢ 148.4-152.6 for C=0.

Antiviral activity

The newly synthesized derivatives 3(a-j) were screened for their antiviral
activity against Tobacco mosaic virus (TMV) by the Goodings method®. The
bioassay results obtained at 50 pg/mL using valacyclovir as the control are
presented in Table I. It is clear that the title compounds 3(a-j) showed high
antiviral activities against Tobacco mosaic virus. Among the compounds, 3a and
3e derivatives bearing thiourea group exhibited high TMV inhibition.

Antioxidant activity

The title compounds exhibited good anti-oxidant activity as it was performed
by using three methods DPPH, SOD and GST. The antioxidant activity of title
compounds (3a-j) exhibited high results in DPPH method and reliable results
were observed in SOD and GST methods. Among the title compounds 3(a-j), the
3e, 3a exhibited high antioxidant values in the three methods, 81.68+1.12
(DPPH), 76.19+1.37 (SOD), 76.02+1.95 (GST) and  79.47+1.34
(DPPH),75.07+1.73 (SOD) and 74.08+1.13 (GST) respectively, when compared
to Ascorbic acid. The compounds 3f, 3i exhibited next higher antioxidant values,
78.02+1.45 (DPPH), 73.15+1.15 (SOD), 74.64+1.09 (GST) and 76.84+1.08
(DPPH), 72.07+£1.24 (SOD), 70.82+1.73 (GST) when compared to standard. The
title compounds (3a, 3e) and (3f, 3i) derivatives bearing thiourea and urea groups
respectively exhibited high antioxidant activity and remaining title compounds
showed good to moderate results. The antioxidant activity of the title compounds
was compared to the standard reference ascorbate.

CONCLUSION

Synthesis of valacyclovir 2-((6-amino-4-oxo-4,5-dihydro-1H-imidazo[4,5-
c]pyridin-1-yl)methoxy)ethyl-2-amino-3-ethylbutanoate 1 derivatives of thiourea
and urea was accomplished by reacting  various  aromatic
isocyanates/thiocyanates 2 in the presence of N,N-dimethyl piperazine as a base
in high yields (72-82%) and in short reaction times. The title compounds 3(a-j)
exhibited good antiviral and promising antioxidant activities.

Acknowledgement: The authors express their grateful thanks to DST-PURSE

Programme, S. V. University, Tirupati for giving financial assistance through DST-PURSE,
JRF- Fellowship.
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HU3BO[J

CHUHTE3A U BMOJIOIIKA AKTUBHOCT YPEA U TUOYPEA JEPUBATA
BAJTAITMUK/IOBHUPA

VENKATA RAMANA KATLA1, RASHEED SYED1, MADHAVA GOLLA1, ADAM SHAIK® u NAGA RAJU CHAMARTHI'

1Department of Chemistry, Sri Venkateswara University, Tirupati - 517 502, India u ZDepartmcnt of
Biochemistry, Sree Vidyaniketan P.G College, Tirupati - 517 502, India

CunretncaHa je ceprja ypea U THOypea AepuBaTa BAIAIMKIOBHpPA U UCIIUTHUBAHA j€ HHXOBA
axtuBHOCT. 2-((6-amunO0-4-0KC0-4,5-nuxunpo-1H-umunazo[4,5-clnupuaun-1-nir)MEeTOKCH ) e THI-2-
amMuHO-3-eTuOyTaHoaT  (BaJaUUKIOBHD) je  pearoBao ca  pasiUYUTUM  apOMaTHYHAM
H30oLMjaHaTUMa/THoNMjaHaTiMa y npucyctBy H,H-aumerun nunepasuna najyhm ypea/Tnoypea
JepuBare BajanukoigoBupa. CTpyKType H0OHjeHHX jenumbema cy yTBphene merogama IR, NMR
(*H, 13C), MS 1 eneMeHTATHOM aHATH30M. 32 HOBOCHHTETHCAHA jeHEbCH:A MCIIITAHA j¢ AKTHBHOCT
cnpam Bupyca Tobacco mosaic (TMV), ka0 U aHTHOKCHIATHBHA aKTUBHOCT MeTomama DPPH,
SOD u GST. CBa jequmemna Cy UCTIOJbIIA 3HAYAJHY aHTHBHPYCHY U aHTHOKCHUIATHBHY aKTHBHOCT.

(ITpumsseHo 16. jyna, pesugupaHo 4. centembpa 2012)

REFERENCES

Y. Tobe, S. I. Sasaki, M. Mizuno, K. Hirose, K. Neamura, J. Org Chem. 63 (1998) 7481

P. A. Yonova, G. M. Stoilkova, J. Plant Growth Regul. 23 (2004) 280

H. M. Abdel-Rahman, M. A. Morsy, J. Enz. Inhib. Med. Chem. 22 (2007) 57

O. Adeoye, A. A. Ayandele, O. A. Odunola, J. Agric. Biol. Sci. 2 (2007) 4

J. D. Bloom, R. G. Dushin, K. J. Curran, F. Donahue, E. B. Norton, E. Terefenko, T. R.

Jonas, A. A. Ross, B. Feld, S. A. Lang, M. Di-Grandi, J. Bioorg. Med. Chem. 14 (2004)

3401

6. T.K. Venkatachalam, E. A. Sudbeck, C. Mao, F. M. Uckun, Bioorg. Med. Chem. 11
(2001) 523

7. Z.Shusheng, Z. Tianrong, C. Kun, X. Youfeng, Y. Bo, Eur. J. Med. Chem. 43 (2008)
2778

8. J.N. Dominguéz, C. Leén, J. Rodrigues, N. Gamboa de Dominguez, J. Gut, P. J.
Rosenthal, J. Med. Chem. 48 (2005) 3654.

9. J.E. Audia, D. A. Evrard, G. R. Murdoch, J. J. Droste, J. S. Nissen, K. W. Schenck, P.
Fludzin” ski, V. L. Lucaites, D. L. Nelson, M. L. Cohen, J. Med. Chem. 39 (1996) 2773

10. H. Pluempe, W. Pulls, Chem. Abstr. 74 (1971) 1251

11. D. W. Ludovici, M. J. Kukla, P. G. Grous, S. Krishnan, K. Andries, M. P. DeBethune, H.
Azijn, R. Pauwels, E. De Clercq, E. Arnold, P. A. Janssen, Bioorg.Med. Chem.Lett. 11
(2001) 2225

12. W. Paulus, H. Chienpflug, H. Genth, Chem. Abstr. 84 (1976) 1733

13. C.J. Martin, H. R. Meen, H. M. Lewis, Chem. Abstr. 84 (1976) 46003

14. J. Smith, L. J. Liras, S. E. Schneider, E. V. Anslys, J. Org. Chem. 61 (1996) 8811

15. L. D. Longo, Environ. Health Perspect. 74 (1987) 93

16. A. Liav, S. K. Angala, P. J Brennan, M. Jackson, Bioorg Med Chem Let., 8 (2008) 2649

17. X.J. Zou, G. Y. Jin, Z. Yang, Chem. J. Chinese Univ. 23 (2002) 403

18. H. Nakano, H. Haroda, T. Funaoka, K. Akashi, Chem. Abstr. 78 (1973) 43086

19. W. L. F. Armarego, D. D. Perrin, Purification of Laboratory Chemicals, fourth ed.;

Butterworth, Heinemann, Oxford, 1997, OX2 8DP

apwdPE



20.

21.

22.
23.

24
25

UREA AND THIOUREA DERIVATIVES OF VALACYCLOVIR

G. V. Goading, T. T. Hebert, A simple Technique for Purification of Tabacco mosaic
virus in large Quantities. Phytopathol. 57 (1967) 1285

B. A. Song, H. P. Zhang, H. Wang, S. Yang, L. H. Jin, D. Y. Hu, L. L. Pang, W. Xue, J.
Agric. Food Chem. 53 (2005) 7886

G. Allen, M. Tresini, Free Radic.Biol.Med. 28 (2000) 463

M. V. Ramirez-Mares, E. G. De mejia, Food Chem.Toxicol. 41 (2003) 1527

. W. H. Habig, M. J. Pabst, W. B. Jakoby, J. Biol. Chem. 249 (1974) 7130

. G. L. Ellman, Arch.Biochem. Biophys. 82 (1959) 70.



10 KATLA et al.

Table I: Viral inhibitory activity of title compounds 3(a-j) against TMV.

Compound No.  Concentration (pg/mL) Inhibition rate
3a 0.5 87.25+ 0.06
3b 0.5 84.42+0.12
3C 0.5 82.31+0.14
3d 0.5 79.11+0.17
3e 0.5 89.24+0.05
3f 0.5 83.25+0.08
3g 0.5 80.36+0.13
3h 0.5 78.12+0.09
3i 0.5 85.42+0.07
3] 0.5 77.21£0.015

Valacyclovir 0.5 91.32+0.05

(positive control)
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Table I1: Antioxidant activities of the title compounds 3(a-j).

Entry DPPH GST SOD
3a 79.47+1.34  74.08+1.13 75.07£1.73
3b 72.34+1.36  70.03%+1.08 71.12+1.55
3c 73.13+1.21  71.05+1.14 70.54+1.57
3d 75.48+1.84  72.06+1.03 71.02+1.86
3e 81.68+t1.12  76.02+1.95 76.19+1.37
3f 78.02+1.45  73.15+1.15 74.64+1.09
39 74.87+1.15 69.14+1.16 72.45+1.64
3h 71.94+1.73  68.07£1.07 69.08+1.88
3i 76.84+1.08  72.07+1.24 70.82+1.73
3j 70.69+1.58  67.08+1.09 68.56+1.01
Ascorbicacid 83.42+1.65 77.05£1.05  78.51+ 1.43

11
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Scheme 1: Synthesis of urea and thiourea derivatives of valacyclovir 3(a-
)2
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Graph 1: The potent antioxidant activity of the compounds 3a, 3e, 3f and 3i

with standard deviation.
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Caption for Tables
Table I: Viral inhibitory activity of title compounds 3(a-j) against TMV.

Table I1: Antioxidant activities of the title compounds 3(a-j).

Caption for Scheme

Scheme 1: Synthesis of urea and thiourea derivatives of valacyclovir 3(a-j).

Caption for graph

Graph 1: The potent antioxidant activity of the compounds 3a, 3e, 3f and 3i

with standard deviation.





