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Synthesis of 2-[{Bis-(chhlomethyl)aminu}methyﬂ«-6,8-dmitm-
1-(4-substituted phenyl)-1H-quinazolin-4-one Derivatives as
Possible Antineoplastic Agents
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Synthesis of six 2-{ [bis-(2-chloroethyl)amino)methy!}-6,8-dinitro-1-(4-
substituted)- 1 H-quinazoline-4-one derivatives is reported. The compounds
contain nitro groups at positions 6 and 8 of quinazolinone moiety and a
pheny! group at position 1. All the six compounds were incorporated with
nitrogen mustard moiety. The synthesized compounds were screened for
their anticancerous activity by short-term in vitro antitumor activity and
in vivo anticancer activity by body weight analysis, mean survival ume
and percentage increase in life span methods in Swiss albino mice bearing
DLA 1x10° cells/mL. Out of six compounds studied, compound IIlc
(nitro-derivatives) showed significant anticancer activity.

Key Words: 2-{{bis-(Z-Chlomethyl)amin@}methyl}-ﬁ,&-djinitro—1-(4—
substituted phenyl)-1H-quinazoline-4-one derivatives, Antineoplastic.

INTRODUCTION

Alkylating agents have been found as potent anticancer agents. Nitrogen mus-
tards are still playing a major role in the chemotherapy of cancer in spite of newer
chemotherapeutic agents. The capacity of these drugs to interfere with DNA
integrity and function in rapidly proliferating tissues provides the basis for their
therapeutic application.

Quinazolinone derivatives exhibit a wide range of biological properties such as
antibacterial', anthelmintic?, CNS dcpx‘essant3, antitubular”, analgesics and fungi-;
cidal activities®. Recently, anticancer and cytotoxic activities of 2-substituted
quinazoline-4(3H)-ones were reported7. In addition, some 2-alkyl-3-aryl quinazo-
line-4(3H)-ones were prepared and screened for their in vitro cytotoxic activity and
in vive anticancer activityg.

In continuation of these works, 1,6,8-trisubstituted quinazolinones with a nitro-
gen mustard moiety connected through a methylene group at position 2 have been
synthesized in order to get better anticancer activity. All the synthesized compounds
were screened for their anticancer activity.

Synthesis

Here, we describe the synthesis of six derivatives of 2-{[bis-(2-
chloroethyl)amino]methyl }-6,8-dinitro-1-(4-substituted phenyl)-1H-quinazoline-

+Department of Pharmacology, J.S.S. College of Pharmacy, Rocklands, P.B. 20, Ootacamund-
643 001, India.

tDepartment of Pharmaceutical Chemistry, Kakathiya University, Warangal-506 009, India.



Vol. 18, No. 2 (2006) Swnthesis of 1,6.8-Trisubstuituted Quinazolinone Dertvaiives 901

4-one (Scheme-1). 2-Chloro-6.8-dinitrobenzoic acid and substituted aniline were
refluxed with anhydrous potassium carbonate and copper oxide to form N-substi-
tuted phenyl anthranilic acid. It was then reacted with thionyl chloride and concen-
trated ammonia to form N-substituted phenyl anthranilamide. This was cyclized
with triethylamine in the presence of chloroacetyl chloride. which ‘was further
refluxed  with diethanolamine in pyridine to form 2-[{bis-(2-hydroxy-
ethyhamino }methyl]-6 8-dinitro- 1-(4-substituted  phenyl)-1H-quinazolin-4-one
derivative. The latter was treated with phosphorous oxychloride in presence of
phosphorous pentachloride to form 2-[{bis-(2-chloroethyl)amino }methyl]-6.8-
dinitro- 1-(4-substituted phenvl)-1H-quinazoline-4-one derivative (Table- ).

R R
Hiia-n 5 1i{a-f)

Scheme-|

Anticancer Screening :
Short-term in vitro Antitumour Activity in DLA Cells’

Requirements: Dalton’s lymphoma ascites (DLA) cells. drug dilutions,
phosphate buffer saline solutions, haemocytometer and tryphan blue (0.4%).

Method: The DLA cells were collected, counted and adjusted to 1 x 10°
cells/ml.. The drug dilutions were made with phosphate buffer saline and were
further adjusted to concentrations ranging from 31.25-500 Hg/mL. The drug
dilutions were then added to the DLA cells and incubated at 37°C for 3 h. At the end
of 3 h, tryphan blue dye exclusion test was performed, cells were counted using
Olympus 1 x 70 inverted microscope, using hacmocytometer.

The percentage cytotoxicity was calculated using the formula:

Percentage cytotoxicity = 100 ~ Toual c’eifs‘ - chd cells x 100
; Total cells

Perusal of Table-2 reveals that compound HIb followed by compounds Hl¢ and
111d had shown very good cytotoxic activity with their CTCsq values 51,61 and 65
pe/mL respectively. The compounds that are cytotoxic at low dose level are
effective as cytotoxic agents.
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TABLE-I
[{BIS-(2-CHLOROETHYL) AMINQO} METHYL]-6, 8-DINITRO-1-(4-SUBSTITUTED
PHENYL)-1H-QUINAZOLINE-4-ONE DERIVATIVES

0
O,N :
CH,CH.CI
N/kg-N< 2wy
CH
ON 2 LH,CI

l

R
Compound Subf;;t)ucm m.w. \Zj;l)d Ry Value ;Sg) p—;tsi:n ((;:;ilg)
Ilia —H 466 76 0.45 260-262 1:2
Hib —Cl 500 80 0.67 220-223 f:2
Iiic NGO, 512 65 0.34 210-213 1.4
Hid —OC Hy 496 74 0.24 200-202 1:3
Iile —QC;3Hs S10 71 0.34 205-207 2:5
e ~CHj 480 54 0.82 206-209 1:4

*Mobile phase used: ethyl acetate : methanol

TABLE-2
SHORT TERM /N VITRO ANTITUMOUR SCREENING IN DLA CELLS (1 x 10%

% Cytlotoxicity of drug at various concentrations on

Comp. Suh:;{* l)ucm D 1;,/\ cells (jig/ml.) {“:;; ';f))
500 250 125 62.5 31.25
Ma  —H 65.33 55.13 48.33 45.16 38.51 201
b -l 79.14 71.12 68.20 62.70 45.32 5
e —NO, 90.01 81.12 75.31 52.12 48.13 61
Hid  —-OCH; 76,10 65.20 5340  49.13 41.02 65
IMle  —OC,Hs 5910 5003 41.20 3841 3110 250
Imf —CH; 49.20 45.00 34.10 28.51 2111 560

*Cytotoxic concentration.

Acute Toxicity and Gross Behavioural Studies'?

The acute oral toxicity study for the test compounds was carried out by
following the OECD guidelines No. 420. Swiss albino female mice weighing
25-30 g were used for the evaluation. Each group consisting of 3 female mice
(overnight fasted) was kept in the colony cage at 25+ 2°C with 55% relative
humidity and 12 h lightvdark cycle was maintained. A specified fixed dose of
1000 mg/kg was selected and administered orally as a single dose as fine
suspension prepared in 0.3% w/v carboxy methylcellulose (CMC). The acute
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toxic symptoms and the behavioral changes produced by the test compounds were
observed continuously for 4 h and at the 8th, 12th and 24th h onset of toxic
symptoms and gross behavioural changes were also recorded.

TABLE-3
EFFECT OF TEST COMPOUNDS ON % DECREASE IN BODY WEIGHT, MEAN
SURVIVAL TIME (MST) AND % INCREASE IN LIFE SPAN (% ILS) OF MICE
INOCULATED WITH DLA CELLS

Group Compound Dose  © Decrca‘se TOMST'+ SEM® % ILCS
body weight

I Carboxy methyi cellulose 100 — 24+036 —
I Cyclophosphamide 27.3 16.32* 29 £ 0.36% 20.83
] IHa 100 13.18* 2432036 1.25
Y THb 100 13.88* 28 £0.36% 16.66
v ¢ 100 1121 28 £ 0.36% 4.16
Vi 1ild 100 12.10* 254+0.36 2.08
Vil Ile 100 7.63* 24.5+0.76

Staustics: t-test: T=p<0.01, *=p<0.05.
"Mean survival Time,  "Standard ervor mean, Percentage increasc in life span.

The experimental studies revealed that all the categories of synthesized
quinazolinone derivatives are quite safe up 1o 1000 mg/kg and no death of animals
was recorded. Further, no significant gross behavioural changes were observed
in experimental animals except in the compound I11d, which showed depression
on the first day and recovered on second day.

. s ~ . 2
In vivo Anticancer Screening''- '*

Synthesized quinazolinones were evaluated for their anticancerous activity by
body weight analysis. mean survival time and percentage increase in life span at
a dose of 100 mg/kg body weight in Swiss albino mice inoculated with DLA cells
(1 x 10%.

EXPERIMENTAL

Animals:  Swiss albino mice, 7-9 weeks of age, weighing 20-30 g of either
sex were used. They were housed in polypropylene cages and were given standard
mouse pellet and water ad libitum.

Tumour cells: Dalton’s lymphoma ascites cells were supplied by the Depart-
ment of Pharmaceutical Biotechnology, J.S.S. College of Pharmacy, Ootacamund.
Tumer cells were maintained and propagated intra-peritoneally by serial trans-
plantation in adult Swiss albino mice.

Preparation of drug solution: The synthesized compounds (Illa—e) were
made into a suspension using 0.3% w/v carboxymethyl cellulose to get final
concentration of 100 mg/ml..

Experimental design: The antitumour activity of the test compounds was
determined by an ascites tumour model in mice. Dalton’s lymphoma Ascites cells
were propagated in Swiss albino mice by injecting | x 10° cells intraperitoneally.
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The cells were aspirated aseptically from the developed tumour during the log
phase of the I1th day of tumour transplantation by withdrawing the fluid from
intraperitoneal cavity. The ascitic fluid was washed 3 times with phosphate buffer
saline by centrifugation at 300400 rpm. The supematant liquid was discarded
and cells were diluted with normal saline and the tumour cell count was done
using tryphan blue dye exclusion method using a haemocytometer. The cell
suspension was diluted to get 1 x 10° cells in 0.1 mL of phosphate buffer saline.
The tumour cells were injected into the peritoneal cavity of all the animals and
treatment was started 24 h after the tumour inoculation (once daily) for 10 days
as described below.

Control group mice bearing DLA administered with 0.3% carboxymethyl
cellulose suspension.

Standard group mice bearing DLA treated with cyclophosphamide, 27.3 mg/kg
body weight, once daily.

Number of animal in each group: five.

Route of Administration: oral.

Mode of treatment: Treatment started 24 h afier inoculation of the tumour.
Mice were treated with test compounds (I11a—e) as a single dose 100 mg/kg body
weight by oral route, once daily for 10 days.

Body weight analysis:  After tumor inoculation, all the mice were welghed
datly up to 10 days. Average gain in body weight was determined. By treating
the mice with test compounds. decreasce in body weight was calculated by the
formula:

Decrease in body weight

Gain inbody weight of control group — Gain in body weight of treated group 100
- ; £ £ ) .

Gain in body weight of control group

Mean survival time: The survival times of DLA tumour-bearing mice
were noted and mean survival time (MST) was calculated.
Percentage increase in life span (% ILS): Using mean survival time,
percentage increase in life span was calculated by the formula:
MST of treated group — MST of control group

9 1L.S = s 100
‘ MST of control group <10

Chemistry ,

‘The melting points were recorded on the conventional melting point apparatus.
Purity of the compounds was checked by TLC on ready made precoated TLC
plates having silica gel F28 as adsorbent using methanol and ethyl acetate as
mobile phase. IR spectra were recorded in KBr on a Perkin-Elmer Infrared-283
spectrophotometer as nujol and are expressed in cm™. '"H NMR spectra were
obtained on the AMX-400 liquid state spectrometer at 440 MHz in DMSO. Mass
spectfa were measured with an FARB mass spectrometer (LSIMS).

Synthesis of N-substituted phenyl anthranilic acid (General procedure)'?:
A mixture of 2-chloro-3 5-dinitrobenzoic acid (12.3 £.0.05 M), aniline/substituted
aniline (5 g. 0.05 M), anhydrous potassium carbonate (7 ¢) and copper oxide (0.5
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g), was refluxed for 2 h using an oil bath. The excess of aniline was removed by
distillation. Decolorizing carbon and water were added to the residual solution.

The mixture was boiled and filtered by suction. The fil‘rate was added with
stirring to dilute HCI solution (10 mL). The precipitated product was filtered with
suction when cold. The product was dried in air and recrystallized from acetone.

Synthesis of N-substituted phenyl anthranilamides (General procedure);
A mixture of N-substituted phenyl anthranilic acid (0.28 M) and thionyl chloride
(3.6 g, 0.03 M) was refluxed gently for 30 min. Excess of thionyl chloride was
distilled off. The residue of acid chloride was treated with concentrated ammonia
solution (25 mL) and warmed. The residue obtained was cooled and dried. The
compound was recrystallized from acetone.

Synthesis of 2-chloromethyl-6,8-dinitro-1-substituted phenyl-4-(1H)-
quinazolinones (General procedure)’®: A mixture of N-phenyl anthranilamide
(0.018 M), chloroacetyl chloride (2.3 g 0.02 M), triethylamine (2 mL) in
methanol (15 mL) was stirred for | h in ice bath. The mixture was then refluxed
for 3 h and cooled. The crystals obtained were recrystallized from acetone. IR
(cm™"): 1644 v(C==0), 1610 W(C==N), 1515 v(C==C, aromatic), 1458 V(C—
NO,), 726 v(C—Cl). MS for compound le: m/z = 438 (M*).

Synthesis of 2-{{bis-(2-hydroxyethyl)amino}methyl]-6,8-dinitro-1-(4-sub-
stituted phenyl)-1H-quinazoline-4-ones (General procedure)*®: A mixture of
I-substituted-phenyl-2-chioromethyl-6,8-dinitro-4-(1 H)-quinazolinones (0.1 M)
and diethanolamine (0.15 M) in pyridine (20 mL) was refluxed for 3 h over a
gentle flame. Pyridine was distilled off as far as possible and the residue was
poured into a little crushed ice containing a few drops of dilute HC1 with stirring,
It was kept aside for overnight and the product resulted was filtered and washed
with small portions of cold water. It was then recrystallized from a suitable solvent
to get a pure compound. IR (cm™): 3310 v(OH), 1644 v(C==0). 1610 v(C=N),
1592 v(C==C), 1514 V(C-—NO,). '"H NMR: 7.02-9.15 § (m, 6H. of Ar—H), 3.63
o {m, 4H, of (CH,OH),], 2.55 & [br, s, 4H, of (C—N-—CH,—CH,),], 2.4 & (s.
2H, of C—CH,) and 2.00 6 [s. 2H, of CH,OH),]. MS for compound Ilc:
m/z =475 (M + 1), |

Synthesis of 2-[{Bis-(2-chloroethyl)amino}methyl]}-6,8-dinitro-1-(4-subs-
tituted phenyl)-1H-quinazolin-4-ones (General procedure)'’: Phosphorous
oxychloride (5 mL) and a pinch of phosphorous pentachloride were added to
2-[{bis-(2-hydroxyethyl)amino }methyl}- | -substituted-6,8-dinitro quinazolinone
(26 mM), while being cooled in ice and the mixture was allowed to warm slowly
to room temperature. It was then heated under reflux for 1 h. Excess of
phosphorous oxychloride was evaporated in vacuum and the viscous residue
decomposed by addition of crushed ice. The product was then filtered and was
finally purified by recrystallization using a suitable solvent. IR (cm™): 1644
v(C=0), 1609 v(C==N), 1543 v(C==C, aromatic), 1462 v(C—NO,), 720
v(C—C1). '"H NMR: 7.02-9.15 & (m, 6H, of Ar—H), 3.44 & {br, m, of 4H,
(CH,CHCl)ol 2.64 & [br, m, 4H, of (CH,CH,Cl),] and 2.4 8 (s, 2H, of
C—CH,). MS for compound Ile: m/z = 512 (M™).
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RESULTS AND DISCUSSION

In comparison with cyclophosphamide, employed as the reference standard in
this investigation, the compound IIIb considerably favoured the percentage
decrease in body weight of the carcinoma-induced mice. Compounds I1Ib and
ITIc showed significant increase in the MST and also good % I1.S when compared
-with the control, i.e., mice treated with CMC.

Conclusion

We hereby conclude that the 1,6,8-trisubstituted quinazolinones with a nitrogen
mustard moiety connected through a methylene group at position 2 are effective
in mice bearing Dalton’s ﬂymphoma ascites. Further, it is concluded from the
present mvestnganon that mc qumazohnon -2~ methyl mtmgen mustard with either
a nitro or a chloro group at para-phenyl position is a most potent anticancer
compound, which can be further developed.
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