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Abstract: The synthesis and hepatoprotective activity of imidazolidine (3a), hexa-
hydropyrimidine (3b), imidazo[3,2-clpyrimidine (5), tetraazaacenaphthene (4a-d) and
tetraazaphenalene (4e) derivatives are described. Some of the screened compounds have
shown a very significant activity.

The liver plays a pivotal role in the maintenance of metabolic homeostasis and
its perpetual exposure to exogenous toxins and therapeutic agents leads to metabolic
derangements. In addition to its role in metabolism of therapeutic agents, it is also
responsible for inactivation or modification of several endogenous hormones whose
imbalance impair the hepatic secretory activity. However, a minor impairment mani-
fests variety of defects and its severity depends upon the extent of initial insult.

Except herbal preparations, no synthetic drug is so far designed and available
for the treatment of hepatic damage. However, immunosuppressant and corticosteroids
are in clinical use for the treatment of hepatic damage but they only provide sympto-
matic relief with severe side effects and chances of relapse. In presence of excessive
amount of free radicals, the glutathione levels of hepatocytes are readily depleted
leading inactivation of cellular proteins and wide spread hepatocellular necrosis.
Hence, the importance of radical quencher as chemotherapeutic agents was realised.
The property of nitrogen and sulfur compounds as radical quencher aroused considera-
ble interest to design and synthesize N,S-heterocycles as potential hepatoprotectanfs.

The radical scavenging propertyl—B of oxo and thio imidazole and fused pyrimidine
derivatives aroused considerable interest to synthesize ethyl (imidazolidin-2-ylidene)
cyanoacetate (2a), dimethyl (imidazolidin-2-ylidene) malonate (2c), ethyl (hexahydropy-
rimidin-2-ylidene) cyanoacetate (2b) and dimethyl (hexahydropyrimidin-2-ylidene) malo-

nate (2d) by the reaction4'5 of ketene dithioacetal (la,b) with 1,2-diaminoethane and

6,7 separately. The acid catalysed cyclization of 2a,b with

1,3-diaminopropane
thiosemicarbazide by exploiting cyano function yielded imidazolidine derivatives (3a,b).
Heataing of 2a-d with neat alkyl/aryl isocyanate or isothiocyanate separately pro-
vided te'cx'aaz.'r.xacexmphthene8 (4a-d) and tetraazaphenalene (4e) derivatives. In case
of reaction of 2a with ethyl isothiocyanate an uncyclized product 5 was also isola-
ted. All the compounds (Scheme 1) were characterized9 by elemental and spectro-
scopic analyses. Only compounds of the prototypes 3-5 were evaluated for hepatopro-

tective activity against thioacetamide-induced hepatic damage as reported ea.rlierlo—lz.
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The activity of the compounds was assessed on the basis of % protection afforded
in various levels of serum enzyme parameters such as glutamate pyruvate transaminase
(GPT), glutamate oxaloacetate transaminase (GOT), alkaline phosphatase (ALP) and

bilirubin. The screening results are presented in Table 1.

Scheme 1

XI COOR , X~_~-COOR
. ' X
HN”SNH

CH3S SCH3
Cera)
1 (CHIn
2
a) X =
b) X = 2 o X R
a 2 CN CZHS
b 3 CN C2H5
c 2 COOCH3 CH3
d 3 COOCH3 CH3
0

N—~N Z 0 NC N—CoH
b BRAL)

I +  CHNHC-NT N
Y)\N N-Y 255 L

HN NH

((CHzln) (CHz)n)

3 4 5
a) n = 2
by n =3

0 C,H

a 2 S oHg
b 2 S O C()HS
c 2 0 O 2--CH3C6H4
d 2 S NH CZPL5
e 3 S NH CZH'
5
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Table 1: Hepatoprotective activity of compounds of prototypes 3a,b, 4a-e and 5 against
thioacetamide-induced toxicity in rats at 6 mg/kg dose (P.O. x 7 days).
Values are the % protection afforded by the compounds in serum enzyme
parameters.

Prototype GOT GPT ALP Bilirubin

3a 33 51 19 53

3b 26 50 38 22

4a 20 34 22 31

4b 27 18 20 25

4c 18 15 16 18

4d 50 87 17 57

de 40 50 48 50

5 31 70 56 60
Silymarin 50 47 47 61

(standard drug)

A comparative study of serum enzyme parameters and bilirubin for the compounds
3a,b, 4a—e and 5 to the standard drug revealed that among all the screened com-
pounds 4d and 5 were found more effective than silymarin in most of the parameters.
In general compounds possessing imino functionality (4d,e) and uncyclized product
(5) displayed better efficacy than corresponding oxo analogs (4a,b). The protective
property of 3,5,6,8-tetraoxo analog (4c) was considerably attenuated. This study
provided new prototype structures displaying significant hepatoprotective activity

and opens a new avenue for further exploration.
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Spectroscopic data for the representative compounds: 3a: yield 73%; m.p. 245°C;
MS m/z 255 (M'), 210 (M+—0C2H ), 182 (M*-cooczus); IR(KBr) 1680 (CO), 3110
(NH) 3320 (NH), 3440 (NH,) cm ; 4 nMR (DMSO-d,) § 1.24 (t, 3H), 3:6 (¢,
4H), 4.22 (q, 2H), 7.8 (s, 2H). 3b: yield 79%; m.p. 180°C; MS m/z 269 (M+),
196 (M'-COOC,H); IR(KBr) 1650 (CO), 3180 (NH), 3400 (NH,) em '; 'H NMR
(CDCL;) & 1.35 (t, 3H), 1.98 (m, 2H), 3.4 (m, 4H), 4.22 (q, 2H). 4a: yield
87.6%; m.p. > 260%; MS m/z 310 (M'); IR(KBr) 1660 (CO) cm '; 'H NMR (DMSO-
d6)+6 1.28 (t, 6H), 4.46-4.521 (m, 8H). 4b: yield 78%; m.p.>260°C; MS m/z 406
(M"); IR(KBr) 1650 (CO) em !; 'H NMR (DMSO-d,) 34.4 (s, 4H), 7.20 (d, :T=8.84
Hz, 4H), 7.4-7.5 (m, 6H). 4c: yield 72.5%; m.p. 245°C; MS m/z 402 (M ); IR
(KBr) 1660 (CO), 1710 (CO) em '; 'H NMR (DMSO-d,) $ 2.28 (s, 6H), 3.4 (s,
4H), 7.0-7.16 (m, 4H), 7.8 (d, J=8.16 Hz, 2H), 8.22 (d, J=8.2Hz, 2H). 4d:
yield 51%; m.p. 218°C; MS m/z 309 (M'), 281 (M+-C2H4); IR(KBr) 1670 (CO),
3260 (NH) em '; 'H NMR (DMSO-d,) §1.18 (t, 6H), 4.25 (s, 4H), 4.35 (q, 2H),
4.52 (q, 2H). 4e: yield 63%; m.p. 210°C; MS m/z 323 (M'); IR(KBr) 1650 (CO),
3240 (NH) em™'; 'H NMR (CDCly) 81.3 (t, 6H), 1.98 (m, 2H), 4.0-4.2 (q. 4H),
4.5 (t, 2H), 4.7 (t, 2H). 5: yield 43%; m.p. >280°C; MS m/z 309 (M'), 280
(M'-C,H.); IR(KBr) 1664 (CO), 2282 (CN), 3288 (NH) cm '; 'H NMR (DMSO-d()
§1.2 (t, 6H), 3.86 (t, 2H), 4.3 (t, 2H), 4.42 (q, 2H), 4.58 (q, 2H).
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