4 Send Orders for Reprints to reprints@benthamscience.ae

Anti-Inflammatory & Anti-Allergy Agents in Medicinal Chemistry, 2019, 18, 4-25

RESEARCH ARTICLE
/I' Design and Development of Novel 2-(Morpholinyl)-N-substituted g
Phenylquinazolin-4-amines as Selective COX-II Inhibitor -
BENTHAM )
SCIENCE

Bhushan R. Dravyakara’b*, Pramod B. Khedekar®, Tabassum Khan®, Atul P. Sher;j e,
Kavit N. Patel® and Vasanti Suvarna®

“Sharad Pawar College of Pharmacy, Wanadongri, Hingna Road, Nagpur-441 110, India; "SVKM’s
Dr. Bhanuben Nanavati College of Pharmacy, Mumbai-400 0056, India; ‘Computer Aided Drug
Design Laboratory, Department of Pharmaceutical Sciences, Rashtrasant Tukadoji Maharaj
Nagpur University, Nagpur-440 033, India

Abstract: Background: A novel series of 2-(Morpholin-4-yl)-N-phenylquinazolin-4-
amine derivatives were synthesized and confirmed with spectral and elemental techniques.

Methods: The compounds were tested for analgesic and anti-inflammatory activity by var-
ious pain models in rodents whereas the selectivity towards COX-2 receptor is determined
by in vitro assay.
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Results: Screening results of compounds exhibited comparable biological activity with that
of standard compound Indomethacin used for study. Compound 5d was found to be signif-
icantly potent with respect to its anti-inflammatory and analgesic activity with substantial
COX-II selectivity.
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Conclusion: In silico analysis by molecular docking and 3D-QSAR studies justifies activi-
ty profile of compound 5d, suggesting that it may have potential for further evaluation and
development as lead molecule for therapy in pain management.
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1. INTRODUCTION

Prostaglandin-endoperoxide Synthase (PTGS)
or Cyclo-oxygenase (COX) is the enzyme respon-
sible for the formation of biological mediators
such as prostaglandins, prostacyclins and throm-
boxanes. COX-1 and COX-2 are the isoenzymes
that differ from each other at the catalytic site.
COX-1 has isoleucine whereas COX-2 has valine
at the position 523 in the catalytic site,

comparatively, valine is small amino acid and al-
lows for the access of molecules to the side pocket
in enzyme but isoleucine hinders this access owing
to its large size [1, 2]. The molecules from coxib
series bind to this alternative site, leading to inhi-
bition of enzyme activity and hence called as
COX-2 inhibitors [3, 4]. Diaryl heterocycles have
become the major class of selective COX-2 inhibi-
tors, such as Celecoxib, Rofecoxib, Parecoxib and
Valdecoxib, which display improved gastrointesti-
nal safety profile compared to the traditional
NSAIDs [5-7]. But the coxibs grieved from sharp
criticism due to certain vascular events such as
Myocardial Infarction (MI) and non-fatal stroke
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which may result in death. The other NSAID’s al-
so faced several clinical conditions like gastric irri-
tation, bleeding, nephrotoxicity, dizziness and
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Proposed Derivatives
2-(Morpholin-4-yl)-N-phenylquinazolin-4-amine
derivatives

Fig. (1). Proquazone and structurally analogous proposed.

nausea. The recent withdrawal of coxibs as selec-
tive COX-2 inhibitors from the market is due to
their adverse cardiovascular condition and also
gastric  side-effects similar to conventional
NSAIDs. There is considerable impetus to develop
alternative anti-inflammatory agents with reduced
gastric and cardiovascular side effects [8].

Quinazoline is a heteroatomic bicyclic nucleus
that occurs widely in nature, present in number of
natural molecules such as Samoquasine A, Neodi-
chroine, Glycosminine, etc. [9]. Quinazoline pos-
sesses diverse biological activities like antineo-
plastic [1-3], antihypertensive [4], cardiac stimu-
lant activity [5], antimalarial [6], anticonvulsant
[7-9] and antimicrobial [10-12]. Proquazone (1-
isopropyl-7-methyl-4-phenylquinazolin-2(1H)-one)
is a synthetic quinazoline derivative with recog-
nized anti-inflammatory and analgesic action (Fig.
1). Derivatives of quinazoline are gaining im-
portance in the development of potent, safe and
selective COX-II inhibitors [13]. It gives the
confidence to select such moiety with dual effect
along with aryl amine and morpholine group as a
major pharmacophoric substituent for the devel-
opment of expectedly potent agent.

The arylamine derivatives are choice of phar-
macophoric substituent as it is well reported for a
similar set of activities such as analgesic, anti-
inflammatory and anticonvulsant activity [14, 15]
thus selected for enhancing the affectivity, where-
as morpholine derivatives also possess canna-
binoid receptor enhancing [16], neuroleptic activi-
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Proquazone
4-phenyl-1-(propan-2-yl)quinazolin-2(1H)-one

ty [17] explaining its CNS activity. The result ob-
tained from our last investigation [12] encourages
making a sequel study explaining the significance
of the next series of probable pharmacophoric
groups on the various positions of quinazoline
moiety. We present the design and synthesis of
novel quinazoline derivatives, pharmacological
evaluation, molecular docking and 3D QSAR
study.

The synthesis of designed compounds includes
simple nucleophilic substitution reaction, which
starts with the addition of carboxamido group on
to the morpholine group under inert condition fol-
lowed by cyclization in between corresponding
morpholin-4-carboxamide and anthranilic acid un-
der acidic condition. The quinazolinones formed
further undergoes displacement of ketonic group
to arylamino group via chlorination gateway af-
fording the title compounds. The purity and ho-
mogeneity of synthesized derivatives were
checked by physical constant determination and
chromatographic technique. These structures (Fig. 2,
Table 1) were further confirmed by spectral and
elemental analysis. The confirmed structures were
further subjected to the extensive pharmacological
screening on both in vitro and in vivo scales. The
COX-II selectivity was ascertained by in vitro
COX-II inhibition assay. Then further proceeds for
in vivo by rat paw edema method induced by two
well-known irritants i.e., carrageenan and egg al-
bumin were employed to judge its ability to inhibit
inflammation whereas, hot plate and tail flick
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Fig. (2). Synthetic route for 2-(morpholin-4-yl)-N-phenylquinazolin-4-amine derivatives (5a-u).

Table 1. 2-(Morpholin-4-yl)-N-phenylquinazolin-4-amine derivatives (5a-u).

Comp. No. R R' Comp. No. R R'
5a H H 51 6,8-di Cl p-OCHj;
5b H p-Cl 5m 6,8-di Cl p-CH;
5¢ H p-Br 5n 6,8-di Cl o0, p-di CH;
5d H p-OH 50 6,8-di Br H
Se H p-OCHj; 5p 6,8-di Br p-Cl
5f H p-CH; 5q 6,8-di Br p-Br
S5g H o0, p-di CH; 5r 6,8-di Br p-OH
5h 6,8-di Cl H 5s 6,8-di Br p-OCHj;
5i 6,8-di Cl p-Cl 5t 6,8-di Br p-CH;
5j 6,8-di Cl p-Br 5u 6,8-di Br o0, p-di CH;
5k 6,8-di Cl p-OH - - -

methods discover the analgesic activity represent-
ing its capability to act on both central and periph-
eral system. To understand structure-activity rela-
tionship of synthesized compounds 3D QSAR
study was carried out to outline the relationship
between pharmacological activity and pharmaco-
phoric substitutions on the basic moiety [18, 19].

2. RESULTS AND DISCUSSION
2.1. Chemistry

In continuation of our previous work [12], an-
other set of simple chemical reactions was enroot-
ed to synthesize 2-(morpholin-4-yl)-N-phenylqui-
nazolin-4-amine derivatives (Fig. 2). The reaction
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starts with the substitution of urea on morpholine
hydrochloride in the presence of strong hydrochlo-
ric acid under inert atmosphere, leading to the
formation of the corresponding morpholine-4-
carboxamide with the liberation of ammonia. The
next step involves cyclization reaction between
substituted anthranillic acids and morpholine-4-
carboxamide to form a consequently 2-(mor-
pholin-4-yl)-3, 4-dihydroquinazoline-4(3H)-one (3
a-c). The third step involves its chlorination in the
presence of phosphorusoxytrichloride and N,N-
dimethylamine followed by extraction with ben-
zene, washed with 5% aqueous sodium bicar-
bonate solution and dried over magnesium sulfate
to afford light brown colored 4-chloro-2-(mor-
pholin-4-yl)quinazoline derivative (4 a-c), here
simple replacement of 4-ketonic group with chloro
group was carried out under the influence of N,N-
dimethylamine. The last step engaged with the
substitution of amino derivatives on to the 4- posi-
tion of quinazoline moiety is achieved by refluxing
the resulting chloro derivatives of quinazoline with
different substituted aniline to yield title com-
pounds (5a-u). All compounds synthesized were
collected with good practical yield. The purity and
homogeneity of compounds synthesized were de-
termined by sharp melting points and TLC meth-
od. The structures were confirmed by FTIR, NMR,
mass spectrum and C, H, N analysis. All deriva-
tives showed a broad to variable absorbed peaks at
1708-1580 cm™ showing the presence of C=C and
C=N of quinazoline ring, the medium to weak
peaks around 1370-1321 and 1147-1080 cm™" indi-
cates the attachment of morpholine ring. The sec-
ondary nitrogen of aniline group is confirmed by
peaks of N-H deformation exhibiting at 1563-1612
cm™. Moreover, the presence of halogens in the
compound is shown by different medium peaks
exhibited in between 700-550 for C-Cl (compound
5 h-n), 600-500 for C-Br (compounds 50-u). The-
se groups were further confirmed by NMR studies
showing a range of peaks in between 6.8-8.5 for
aromatic protons present on quinazoline and aryl
amines, it also exhibits variable peaks at 2.0-5.5
indicating the attachment of N-H group in aro-
matic condition, peaks at 2-3 also suggests for
OCH3; group as in compound 5e, 5/ and S5s, all
compounds showed peaks around 1.8-3.5 may
demonstrate the protons present on morpholine
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group. In MS spectra of the synthesized 2-(mor-
pholin-4-yl)-N-phenylquinazolin-4-amine molecu-
lar peaks are weak (less than 10%). Instead, peaks
M-1, M-2 and M-3 are intensive, the latter often
being main ones. The peaks mentioned probably
arise from a molecular radical cation by departures
of hydrogen atoms. It may leave from the positions
1, 2 or 3 of the hetero-ring. There were also ob-
served peaks probably identical with the molecular
peaks and fragmentation routes of the correspond-
ing title compounds. The values of elemental anal-
ysis are also within the range which gave further
confirmation of correct synthesis of title com-
pounds.

2.2. Pharmacology

The working protocol for animals in these stud-
ies was approved by Committee for the Purpose of
Control and Supervision of Experiments in Animal
(CPCSEA) Nagpur and experiments were con-
ducted in accordance with the standard guidelines.
Preliminary pharmacological screening includes
approximate toxicity testing (LDsp) on both rats
and mice as per the OECD guidelines for selecting
the dose. All the derivatives do not exhibit any
toxicity up to 200mg/kg. The EDs, of synthesized
compounds were determined by adopting the
standard procedure. Acute toxicity studies of syn-
thesized compounds were performed according to
OECD guidelines No. 423, which showed a
significant safety margin as indicated by a lack of
systemic and behavioral toxicity up to 200 mg/kg.
No adverse effects were observed at 200 mg/kg
during the first 30 min, 24 h and even up to 14
days after oral administration. Therefore, random
doses (10, 20, 50 and 100mg/Kg) were selected for
in vivo anti-inflammatory and analgesic studies out
of which best considerable results were obtained
with 50 mg/Kg and thus considered for further
study.

2.2.1. Anti-inflammatory Activity

The anti-inflammatory activity of test com-
pounds was performed on the Albino rats of SD
and Wistar strain. The anti-inflammatory activity
of compounds was done by using Carrageenan-
induced and egg albumin induce rat paw methods
respectively [20, 21]. Test compounds (5d, Se, 5f,
5h, 5i, Sk, 5n, Sm, 5p and 5t) showed better and
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Table 2. Anti-inflammatory activity of 2-(morpholin-4-yl)-N-phenyl-quinazolin-4-amine derivatives.

Dravyakar et al.

Carrageenan Induced Egg Albumin Induced
Ul
C;I:p' Swelling in Thickness [x 10°mm]" (% Inhibition) at Different Time Interval
TI 0.5h 1.5h 35h 30 min 60 min 90 min | 120 min | 150 min | 180 min
5 0.5240.1 3.240.2 5.6+0.5 12.5£1.0 | 1.2+0.8 | 2.3£0.5 | 4.6+0.5 | 5.8+0.2 | 7.1£0.2 | 11.5%£0.5
a ’ ’ (30.8) (21.1) (65.0) (3.91) (7.23) (11.08) (12.47) (13.76) (21.66)
Sb o 10.8140.1 3.6£1.5 6.8£0.4 19.9+0.9 | 2.0£0.1 3.840.2 | 6.1£0.5 | 8.6=0.2 | 14.5+0.5 | 18.5+0.1
' ’ (34.6) (25.7) (44.3) (6.51) (11.95) (14.70) (18.49) (28.10) (34.84)
Sc 048402 1.54£0.5 3.440.5 10.5£0.5 | 0.540.1 1.120.1 | 4.8£0.1 | 7.1+£0.8 | 10.240.9 | 12.9+0.1
' ’ (14.4) (12.8) (70.6) (1.63) (3.46) (11.57) (15.27) (19.77) (24.29)
sd 10.5040.1 6.9+0.5 14.440.9 | 13.5¢1.5 | 4.2+0.2 | 6.5£0.2 | 9.840.2 | 15.2+0.8 | 20.4+1.0 | 24.7+0.2
’ ’ (66.3) (45.7) (62.2) (13.68) (20.44) (23.61) (32.69) (39.53) (46.52)
5 0.36£0.2 4.8+0.6 6.1+0.2 21.6+0.2 | 2.6£0.6 | 5.1£0.1 | 5.8+0.8 | 6.5%0.1 8.5+1.5 | 10.2+0.7
¢ ’ ’ (46.2) (23.0) (39.5) (8.47) (16.04) (13.98) | 13.98() | (16.47) (19.21)
Sf0.5140.2 6.3+0.3 12.540.2 | 22.5+#0.2 | 4.5+0.8 | 6.5+0.4 | 7.8£0.5 | 8.2+0.5 | 10.5+0.8 | 14.8+1.0
’ ’ (60.6) (47.2) (37.0) (14.66) (20.44) (18.80) (17.63) (20.35) (27.87)
5 0.8840.5 4.6+0.5 14.240.6 | 18.6+0.8 | 6.8+0.6 | 8.1+0.5 | 9.5£0.8 | 10.3£0.5 | 12.9+0.7 | 18.6+0.5
g ’ ’ (44.2) (53.6) (47.9) (22.15) (25.47) (22.89) (22.15) (25.00) (35.03)
Sh 104502 7.5€1.2 9.5+0.5 30.2+0.5 | 3.4+0.2 | 4.240.1 | 6.8+0.4 | 9.1+0.8 | 11.4+1.5 | 19.5+0.3
’ ’ (72.1) (35.8) (15.4) (11.07) (13.21) (16.39) (19.57) (22.09) (36.72)
Si 10.69+0 1 7.1£0.6 10.6+0.2 | 26.6+£0.1 | 4.7+0.5 | 5.2+0.5 7.1+.5 9+0.5 13.440.1 | 17.6+0.1
’ ’ (68.3) (40.0) (25.5) (15.31) (16.35) (17.11) (19.35) (25.97) (33.15)
5i 108702 7.840.6 9.6+0.1 17.5£1.5 | 3.6£0.6 | 4.1£0.7 | 7.9£0.6 | 8.4+0.1 | 10.1£0.5 | 15.7+0.6
J ’ ’ (75.0) (36.2) (51.0) (11.73) (12.89) (19.04) (18.06) (19.57) (29.57)
Sk 104502 7.6£0.5 | 15.5(£0.5 | 22.9+0.2 | 4.1+0.5 | 6.4+0.2 | 7.1+0.8 | 8.5+0.5 | 10.5+0.6 | 18.1+0.1
’ ’ (73.1) 58.5) (35.9) (13.36) (20.13) (17.11) (18.28) (20.35) (34.09)
s 10.8940.1 8.2+1.0 13.7£0.2 | 20.4+0.6 | 2.7£0.5 | 3.0=0.9 | 3.8+0.8 | 8.1+£0.6 | 11.2£0.5 | 16.5£0.5
’ ’ (78.8) (51.7) (42.9) (8.79) (9.43) (10.83) (17.42) (21.71) (31.07)
Sm 078405 9.5+0.2 18.5+£0.6 | 28.6+0.8 | 4.9+0.2 | 5.7+0.5 | 7.240.5 | 10.5+£0.5 | 16.8+1.5 | 25.6+0.9
’ ’ (91.3) (69.8) (19.9) (15.96) (17.92) (20.51) (22.58) (32.56) (48.21)
Sn 07420 5 9.1+0.8 20.5¢1.0 | 25.1+0.1 | 5.5+0.3 | 6.2+0.1 | 8.5£0.4 | 13.1+0.8 | 19.5+0.1 | 24.8+1.0
' ’ (87.5) (77.4) (27.7) (17.92) (19.50) (24.22) (28.17) (37.79) (46.70)
50 1022401 4.5+0.5 9.34£0.2 17.5£0.5 | 1.9+0.2 | 3.5+0.5 | 6.8+0.1 | 7.5+0.8 8.9+0.5 | 17.4+0.5
’ ’ (43.3) (35.1) (51.0) (6.19) (11.01) (19.37) (16.13) (17.25) (32.77)
5 0.56£0.1 6.2+0.1 20.9+0.5 | 28.1+0.7 | 3.7+0.1 4.5£0.8 | 8.5£0.9 | 12.5+0.5 | 18.4+0.5 | 24.5+0.5
P ' ’ (59.6) (78.9) (21.3) (12.05) (14.15) (24.22) (26.88) (35.66) (46.14)
5 0.6940.1 8.2+0.2 12.8+1.5 | 17.8#0.1 | 3.8¢0.2 | 5.1+0.5 | 7.1+0.4 | 8.2+0.7 | 12.8+0.1 | 15.6+1.0
1 ' ’ (78.8) (48.3) (50.1) (12.38) (16.04) (20.23) (17.63) (24.81) (29.38)
sr 107240 1 7.5+0.5 10.0+£1.0 | 18.7+0.3 | 1.4+0.5 | 2.8¢0.1 | 3.5£0.5 | 5.7+0.4 10£0.8 | 16.2+0.2
' ' (72.1) (37.7) (47.6) (4.56) (8.81) (9.97) (12.26) (19.38) (30.51)
5s 1078405 7.5+0.6 11.5+0.3 | 22.5+¢0.5 | 2.7+0.8 | 3.6£0.4 | 4.5£0.5 | 6.4+0.2 | 11.5+0.5 | 18.5+0.5
' ' (72.1) (43.4) (37.0) (8.79) (11.32) (12.82) (13.76) (22.29) (34.84)

(Table 2) contd....
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Carrageenan Induced Egg Albumin Induced
C;I:-p' Ul Swelling in Thickness [x 10°mm]" (% Inhibition) at Different Time Interval

TI 0.5h 1.5h 35h 30 min 60 min 90 min | 120 min | 150 min | 180 min

st 024204 5.9+1.0 10.8£0.1 | 23.9+0.8 | 1.5£0.6 | 5.840.1 | 6.2+0.1 | 7.5+0.5 | 10.8£1.0 | 20.4+0.7

(56.7) (40.8) (33.1) (4.89) (18.24) | (17.66) | (16.13) (20.93) (38.42)

su 105601 5.4+0.3 12.5£0.7 | 20.2+0.6 | 1.2+0.8 | 3.6£0.4 | 5.840.5 | 9.2+0.9 | 11.5£0.4 | 17.3£0.5

(51.9) (47.2) (43.4) (3.91) (11.32) | (16.52) | (19.78) (22.29) (32.58)
Cntrl | 1.1+ 0.1| 10.4£0.96 | 26.5£0.96 | 35.7 + 1.1 |30.7£0.96|30.7+£0.96 | 31.8 +1.1 |30.7=0.96| 30.7+0.9 |31.8 £ 1.1
sar 24511 Sogg’ 162610 S0t UOS Tiesn | (164 | ax) | (559 | G0sh

*Indomethacin Number of animals used, n=6, Dose 50 mg/Kg body weight, Values are given in mean+SD (% inhibition). Percent inhibition is calculated using
formula: Paw edema volume control-sample/control. All the test compounds are significant at P < 0.001 from the control. (Two way ANOVA followed by

Bonferronipost test).

compounds (5b, 5g, 51, 5s and Su) possessed a
good reduction of rat paw edema in both tests
when compared with indomethacin as a standard
drug, Since the inflammation is peripheral phe-
nomena affected by synthesized compounds sug-
gests its peripheral utility. The data for anti-
inflammatory activity by both methods are summa-
rized in Table 2.

2.2.2. Analgesic Activity

The analgesic activity represents the effect of
compounds on CNS as well as peripheral system
were performed on Swiss Albino Mice by Eddy’s
Hot Plate and Wistar Albino rats by Tail Flick
Method. Indomethacin and Tramadol were used in
these methods for comparison. In the first method,
the jumping and paw licking was noted at regular
interval whereas the second one is about the meas-
urement of tail flicking latency followed by per-
centage inhibition in analgesic activity was calcu-
lated. Out of twenty-one compounds, eleven (5-a,
b c d f hl o p, qands) exhibited better activi-
ty and remaining derivatives showed good activity
except for compound 5-# when compared to stand-
ard drug using both methods, This exciting result
elicits the distribution and action of our com-
pounds on both systems. The results of analgesic
activity are given in Table 3.

2.2.3. COX-2 Inhibition Study

The compounds that displayed a better correla-
tion with in vivo activity were further studied for
in vitro selective COX-2 inhibition assay.
Celecoxib being a selective inhibitor was used as a

standard drug at a concentration of 1 uM. The re-
sults of the active compounds (Table 4) showed
moderate activity at a dose of 10, 20 and 50 pM.
COX-2 inhibition activity of compound 5d, 5k and
5m was found to be fairly high as compared to
others possibly through additional hydrogen bond-
ing which increases binding affinity towards the
isoenzyme.

2.3. Molecular Docking Studies
2.3.1. Docking Study

To study the interaction between ligands and
COX-II receptor molecular docking was studied,
the dock score was compared between various in-
teractions. Biopredicta provides with hydrogen
bonding, hydrophobic and Van der Wall interac-
tions, results of specific ligand-receptor interaction
are exhibited in Fig. (3 a-f) and Table 5. Com-
pound 5c¢ interacts with residues TYR359D,
GLN360C and PRO113C by forming and hydro-
gen bond and exhibits a dock score of -2.2741, 5d
interacts with SER527D with a score of -1.6743,
compound 5i showed similar interactions but with
SER327D at a score of -2.9175. The compound Sk
presented hydrogen bonding with GLN360D,
ARG362C, 5n forms a short distance hydrogen
bond with SER129C with a dock score of -2.4532.
Compound 50 and Sr interact with PRO113C and
SER129C with dock score of -2.5328 and -2.5349
respectively. Compound 5t exhibited only hydro-
gen bonding with ARG362 and a low dock score
of -0.0239 however it exhibits a number of hydro-
phobic and Van der Waals interactions.
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Table 3. Analgesic activity of 2-(morpholin-4-yl)-N-phenyl-quinazolin-4-amine derivatives.

Dravyakar et al.

Hot Plate Method Tail Flick Method
Comp. No.
Latency in Seconds [Mean + SE (% Inhibition of Analgesia)]
Time Interval 0.5h 1.5h 3.0h 0.5h 1.5h 3.0h

5 5.70+0.56 7.08+0.15 11.50+0.53 6.69+1.78 7.67+£1.98 10.22+1.57
a (35.44) (40.11) (46.26) (37.52) (40.29) (38.65)

sh 4.43+0.43 5.41+0.19 7.36+0.89 8.98+1.25 9.68+1.75 10.51+151
(16.93) (21.63) (16.03) (53.45) (52.69) (40.34)

5 5.11+0.28 6.57+0.23 9.95+0.19 7.67+1.23 8.76+1.47 9.68+1.03
¢ (27.98) (35.46) (37.89) (45.50) 47.72) (35.23)

sd 4.97+0.75 6.03+0.79 9.36+0.24 6.69+1.54 8.76+1.54 9.68+0.98
(25.96) (29.68) (33.97) (37.52) 47.72) (35.23)

5 7.08+0.36 8.76+0.83 9.95+0.51 6.81£1.78 7.67+£1.98 8.76%1.01
¢ (48.02) (51.60) (37.89) (38.62) (40.29) (28.42)

st 5.94+0.52 8.00+0.19 12.27+0.85(49. 8.98+1.45 10.22+1.22 11.87+1.50
(38.05) (47.00) 63) (53.45) (55.19) (47.18)

5 5.11+0.15 5.58+0.23 6.57+0.46 5.75+0.87 6.34+1.27 8.76+0.27
g (27.98) (24.01) (5.94) (27.30) (27.76) (28.42)

Sh 7.22+0.46 8.76+0.27 13.14+0.75(52. 7.67+1.54 9.20+0.50 10.82+1.04
(49.03) (51.60) 97) (45.50) (50.22) (42.05)

si 4.33+0.2 6.69+0.57 8.00+0.68 5.94+1.52 6.57+1.40 7.67£1.22
(15.01)4 (36.62) (22.75) (29.63) (30.29) (18.25)

5i 5.41+0.16 8.56+0.69 11.50+0.43(46. 6.69+1.23 7.08+1.00 8.36+1.98
J (31.98) (50.47) 26) (37.52) (35.31) (25.00)

sk 4.72+0.38 5.04+0.81 8.36+0.29 5.66£1.59 6.57+1.02 9.20+0.74
(22.03) (15.87) (26.08) (26.15) (30.29) (31.85)

51 6.13+0.84 7.67+0.74 16.00+0.47(61. 8.18+1.08 9.20+1.00 13.14+0.82
(39.97) (44.72) 38) (48.90) (50.22) (52.28)

Sm 4.91+0.56 5.58+0.15 7.08+0.53 7.08+1.42 8.00+1.42 9.60+1.62
(25.05) (24.01) (12.71) (40.96) (42.75) (34.69)

5 4.43+0.43 5.18+0.19 7.08+0.89 5.66+1.02 6.46£1.92 7.36+1.35
n (16.93) (18.15) (12.71) (26.15) (29.10) (14.81)

5 5.11+£0.28 8.18+0.23 9.20+0.19 5.75+1.05 6.46+0.50 8.36+1.75
0 (27.98) (48.17) (32.83) (27.30) (29.10) (25.00)

5 4.66+0.75 7.22+0.79 12.69+0.24 5.58+1.71 6.24+1.60 7.36£1.15
P (21.03) (41.27) (51.30) (25.09) (26.60) (14.81)

5 4.38+0.36 4.66+0.83 7.08+0.51 6.69+0.90 8.56+1.41 9.95+1.25
q (15.98) (9.01) (12.71) (37.52) (46.47) (36.98)

5 4.38+0.52 6.03+0.19 9.20+0.85 5.66+£0.94 6.69+25 9.20+0.50
r (15.98) (29.68) (32.83) (26.15) (31.54) (31.85)

5 5.11+0.1 7.83+0.23 14.72+0.46 6.34+0.13 7.08+0.75 9.68+1.29
s (27.98)5 (45.85) (58.02) (34.07) (35.31) (35.23)

(Table 3) contd....
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Hot Plate Method Tail Flick Method
Comp. No.
Latency in Seconds [Mean + SE (% Inhibition of Analgesia)]
Time Interval 0.5h 1.5h 3.0h 0.5h 1.5h 3.0h

st 4.28+0.46 5.26+0.27 6.81+0.75 5.84+1.65 6.69+1.87 8.84+1.20

(14.02) (19.39) (9.25) (28.42) (31.54) (29.07)
5 4.13£0.24 5.66+0.57 7.83+0.68 7.08+1.89 7.67+£1.25 10.51+1.24

u (10.90) (25.09) (21.07) (40.96) (40.29) (40.34)
Control 3.68+£0.21 4.24+0.98 6.18+£0.42 4.18+0.33 4.58+0.23 6.27+0.45
Standard 4.91+£0.93 8.76+0.34 10.22+0.25 7.08+1.23 7.67£1.06 9.20+1.64

andar (25.05) (51.60) (39.53) (40.96) (40.29) (31.85)

Note: Tramadol (30mg/Kg) used as a standard. Number of animals used, n=6, Dose 50 mg/Kg for test compounds. All the test compounds are significant at P <

0.001. (Two way ANOVA followed by Bonferroni post test).

Table 4. COX-2 inhibition study of selective synthesized compound from 5(a-u).

*CQOX-2 Inhibition + SD(%) at concentration of
Comp. No.
10pM 20pM 50pM
5d 52.2+0.5 68.2+0.8 72.2+1.2
Se 22.241.3 29.5+1.0 38.7+0.5
5f 16.2+0.6 28.8+0.2 42.24+0.8
5h 21.1+0.3 36.8+1.2 48.2+0.5
5i 18.2+0.9 29.3+1.6 41.2+0.9
5k 32.2+14 53.6+0.5 64+0.9
5n ns 13.1£1.1 19.1+0.5
Sm 36.2+0.7 41.7+1.4 69.5+0.7
5p 25.241.0 31.5+0.9 46.5+0.4
Ss 25.8+0.8 43.6+0.5 54+0.6
Celecoxib 80.1+2.7 at a concentration of 1 uM

*Inhibition values are mean (n=3) £ Standard Deviation, ns = not significant i.e., inhibition below 10%.

2.3.2. 3D-OSAR Study

The three-dimensional quantitative structure
activity relationship studies are useful in identify-
ing and understanding the positional importance
for the arrangement of pharmacophoric group in a
structure of synthesized compounds explaining its
behavior under in vivo or in vitro conditions. Thus,
it helps to obtain a thoughtful mechanism of action
of the title compound and can be useful in the
development of newer potent analogues. The 3D
QSAR study was done by obtained anti-
inflammatory data of title compounds using vari-
ous methods. The statistically significant results

are achieved by multiple linear and partial least
square regression methods and thus considered for
further discussion. The actual and predicted anti-
inflammatory data of the title compounds in the
form of EDs( values are represented in Table 6 and
the comparison between them is given in Table 7.

2.3.3. Linear Regression Analysis Models

The 3D-QSAR models were generated using
stepwise forward-backward multiple linear regres-
sions (MLR SWFB) (Model-1) and stepwise
forward backward partial least square regression
(PLSR_SWFB) (Model-2) methods:
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Fig. (3) contd...
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Fig. (3) contd...
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GLN360D

Fig. (3a-f). Molecular docking poses of synthesized compounds 5d, 5k, Sn, 50, 5r and 5t on the COX-II receptor.
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Table 5. V-life Sciences MDS: Biopredicta module generated, amino acid residues which form hydrogen bonds and
length of hydrogen bond (A) with ligand for compounds and receptor 3LNI1.

Amino Acid Residues which form Length of Hydrogen
S. No. Compound No. Dockscore Hydrogen Bonds with Ligand Bond (A)

1 5a -1.3464 PRO113C: 9710N- 30H 2.458
2 Sc -2.2741 TYR359D: 16210N- 31H 1.982
GLN360D: 16222N- 31H 2.524

3 Sd -1.6743 SER527D: 175710- 44H 2.487
4 5i -2.9175 GLN358C: 17340- 33H 2.130
TYR359D: 16210N- 33H 2.163

5 S5k -2.0034 ARG362C: 11774N- 32H 2.187
TYR359D: 16210-33H 2.149

6 51 -1.6756 SER112C: 97090- 33H 2.096
7 Sm -1.2398 PRO113C: 9710N- 33H 2.045
8 5n -2.4532 GLN358C: 117340-34H 1.966
TYR359D: 16210N- 34H 2.376

9 So -2.5328 PRO114C: 9717N- 30H 1.658
PHE128C: 98420- 29H 1.231

10 5q -2.1427 TYR359D: 162130- 31H 2.061
11 5r -2.5349 PRO113C: 9710N- 31H 2.241
ASN361C: 117630- 44H 2.567

12 5s -1.0241 SER112C: 97090- 31H 2.234
13 5t -0.0239 ARG362C: 11772N- 30H 1.992
ARG362C: 11775N- 30H 2.029

Table 6. The actual and predicted anti-inflammation data of 2-(morpholin-4-yl)-N-phenylquinazolin-4-amine deriva-

tives.
Predicted ED5,
Comp. No. R R1 Actual EDs,
MLR (SWFB) PLSR (SWFB)
Sa H H 0.6476 1.8984%** 1.8963
Sb H p-Cl 0.5727 1.7026 1.7060
Sc H p-Br 0.6810 1.8935 1.8915%**
5d H p-OH 0.5318 0.5600%*** 0.5510
Se H p-OCH; 0.5612 1.9020 1.8998
Sf H p-CH; 0.5557 1.8955 1.8935
Sg H o, p-di CH; 0.5825 1.7389 1.7412%**

(Table 6) contd...
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Predicted EDs,
Comp. No. R R1 Actual ED5,
MLR (SWFB) PLSR (SWFB)
Sh 6, 8-di Cl H 0.5189 1.8635 1.8623
5i 6, 8-di Cl p-Cl 0.5341 1.8986 1.8965
5j 6, 8-di Cl p-Br 0.5916 1.7016 1.7050%**
Sk 6, 8-di Cl p-OH 0.5534 2.0514 2.0498
51 6, 8-di Cl p-OCH; 0.5692 1.4424 1.4531%**
Sm 6, 8-di Cl p-CH; 0.5253 1.8944 1.8924
5n 6, 8-di Cl o, p-di CH; 0.5414 1.8931 1.8912
50 6, 8-di Br H 0.5916 1.9250 1.9231
5p 6, 8-di Br p-Cl 0.5274 1.8946 1.8926
5q 6, 8-di Br p-Br 0.5890 2.77655%** 1.7661
St 6, 8-di Br p-OH 0.5817 1.8934 1.8914
Ss 6, 8-di Br p-OCH; 0.5557 1.6473 1.6522
5t 6, 8-di Br p-CH; 0.5477 1.4434%** 1.4540
Su 6, 8-di Br o, p-di CH; 0.5706 1.8960 1.8940

***Test set molecules (using random selection method); MLR_SWFB: Stepwise forward-backward multiple linear regression method; PLSR_SWFB: Stepwise
forward-backward partial least square regression method.

Table 7. Comparative results of statistical analysis generated by 3D QSAR method.

Statistical Parameter Model 1 - MLR (SWFB) Model 2 - PLSR (SWFB) (4)
n (Training/Test) 17/4 17/4
D 13 16
r’ 0.9365 0.7910
q 0.7282 0.4885
F-test 67.40 38.18
r’se 0.7337 0.4694
q’se 0.6970 0.6926
Pred r* 0.7146 0.9694
“Pred r’se 0.8817 0.8255
S 484 (9.09)
S 261 (40.24)
- S 577 (36.68)
S 108 (-34.68) -
, - S 605 (23.64)
Descriptor S 510 (-3.76) -
S 596 (22.98)
E 355 (4.58) -
- E 190 (16.71)
S 264 (-4.15) -
S 550 (3.51)

MLR_SWEFB:= Stepwise forward-backward multiple linear regression method; PLSR_SWFB= Stepwise forward-backward partial least square; n= number of
training set molecules; D= degree of freedom; r* = correlation coefficient; q* = test set prediction (crossed validated r°); pred_r* = 1” for external test set; pred_r*
se = correlation coefficient of predicted data set.
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Fig. (4). 3D-QSAR study of 2-(Morpholin-4-yl)-N-phenylquinazolin-4-amine derivatives (5a-u).
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The most statistically significant MLR_SWFB
model exhibited correlation coefficient (r*) of
0.9365, cross validated correlation coefficient (q°)
of 0.7282, F test of 67.40, r* for external test
set(pred_r?) 0.7337, coefficient of correlation for
predicted data set (pred r* se) of 0.7146. The fit-
ness plot of actual vs predicted activity and the
plot of various contributing parameters is shown in
Fig. (4). PLSR_SWFB model showed correlation
coefficient (r*) of 0.7910, cross validated correla-
tion coefficient (q°) of 0.0.4885, F test of 67.40,
r’se 0.4694for external test set (pred r”) of 0.6926
and 0.8255 Pred r’se. Following are the models
generated found significant during 3D QSAR
study by using different methods.

2.3.4. Model-1

PEDsy = 0.9854 + 16.2030 (S_484) + 10.2030
(S 261) - 6.2030 (S_108) - 16.2030 (S_510)+
12.2030 (E_355) - 10.2030 (S_264) + 18.2030
(S_550)

2.3.5. Model-2

PEDsy = 10.8884 + 9.2030 (S_577) + 18.2565
(S_605) +12.5486 (S_596) + 8.2030 (E_190)

The Model-1 exhibited better internal and ex-
ternal predictions, so it was considered for further
discussions and explanations of SAR. The data set
was subjected under stepwise multiple linear re-
gression methods to generate selected model
which includes the contribution of six steric and
one electronic parameter. Its fitness plots of actual
versus predicted activities (pEDsg) for above men-
tioned model are shown in Fig. (4a). This model
highlighted the steric properties which usually ex-
plains the stability of molecule based on their spa-
tial arrangement of substituents as well as also
play an important role in receptors studies thus
found to be important structural property of inter-
est, this parameter in above said model was found
to be balancing the molecular structure of the
compound, such as S 484 and S 550 as in com-
pound 5a, 5S¢ and 5d suggest the substitution of
relatively smaller groups at second and fourth po-
sitions of phenyl group which are also adjacent to
the heteroatoms, S 261 suggests the substitution
of activating group to 6™ and 8" position of
quinazoline ring, bulkier as in compound SI, Sr
and S5s may also affect the activity. Seventh posi-

Dravyakar et al.

tion of quinazoline and third on of N-aryl group
are susceptible to bulkier group substitution sug-
gested by negative values of S 108 and S 510 re-
spectively. The nitrogen on fourth position of par-
ent moiety may be further substituted and convert-
ed from secondary to tertiary however attachment
of longer aliphatic group may produce the adverse
effect on anti-inflammatory activity. The Fig. (4b)
illustrates the contribution of various parameters in
elucidating anti-inflammatory activity. Com-
pounds Sa, 5d, 5h, Sm, 5p and 5s were found pos-
sess better analgesic and anti-inflammatory agent
when subjected to several couple of models for
both activities. Most active compound with respect
to various described parameters are depicted in
Fig. (3d).

3. EXPERIMENTAL PROCEDURES
3.1. Chemistry

The chemicals used in the present work were of
AR and LR grade, purchased from Loba, Merck
and Fisher scientific fine chemicals. Synthesized
compounds were scaled for good yield and puri-
fied by recrystallization with suitable solvent sys-
tem. Purified compounds were assigned for physi-
cal constant determination was carried out by open
capillary method using LABHOSP melting point
apparatus and recorded without correction. The
structures were further confirmed by elemental
(C,H,N) and spectral analysis like Infrared spec-
troscopy, Nuclear Magnetic Resonance Spectros-
copy and Mass Spectroscopy. The schematic rep-
resentation of preparation for title compound was
highlighted in Fig. (2) and general procedures are
as follows:

3.2. General Synthetic Procedure

3.2.1. Synthesis of 4-Morpholinyl Carboxamide
)

The mixture of morpholine (8.7g, 0.1 mol) and
urea (6.0g, 0.1 mol) was heated under nitrogen at-
mosphere for 1.5h. to yield a 4-morpholinyl car-
boxamide. It was further recrystallized with etha-
nol to remove the impurity or unreacted product
present. Yield (%):83; mp(°C): 184-185; R¢: 0.68,
IR (KBr)em™:1660(C=0), 3536 (N-H), 1104 (C-
0-C); '"HNMR (CDCls) dppm: 4.5 (s, 2H, NH,),
1.88-4.5(m, 8H, 1,4-oxazinane); MS (m/z): 130.1;
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Found(%): C 45.79, H 7.53, N 21.56, MF:
CsHoN,O,, Calculated(%): C 46.14, H 7.74, N
21.56.

3.2.2. Synthesis of 2-(Morpholin-4-yl)quinazolin-
4(3H)-one (3a-c)

A mixture of various derivatives of 2-
aminobenzoic acid (1 a-c¢) (13.7g, 0.1 mol) with
compound 2 (13.0g, 0.1 mol) was refluxed in eth-
anol for approx. 1.5 h and cooled. The resultant
mixture was treated with aqueous solution of sodi-
um bicarbonate in order to dissolve the unreacted
acid, which could be ensured by cessation of car-
bon dioxide effervescence. The solid separated
was washed with water, dried and recrystallized
with ethanol as a white crystalline mass. 3a: Yield
(%): 64; m.p. (°C): 204-206; Re: 0.77, IR (KBr)
em™:1600(C=C), 1632 (C=N),1730 (C=0), 1340
(tert. C-N), 1109 (C-O-C); 'HNMR (CDCl;)
dppm: 7.79-7.96(q, 4H Ar-H of quinazoline), 1.58-
3.92(m, 8H, 1,4-oxazinane); MS (m/z): 231.2;
Anal. Caled. C 62.33, H 5.67, N 18.17, O 13.84,
found. C 61.46, H 5.29, N 18.14, O 14.12.

3.2.2.1. 3b: 6, 7-dichloro-2-(morpholin-4-yl)
quinazolin-4(3H)-one

Yield (%): 52; m.p. (°C): 234-236; R¢: 0.80, IR
(KBr) cm™:1580(C=C), 1640 (C=N), 1705 (C=0),
1350 (tert. C-N), 639 (C-Cl), 1100 (C-O-C);
'HNMR (CDCls) 8ppm: 7.79-8.12(d, 2H Ar-H of
quinazoline, J=4.02), 1.88-4.50(m, 8H, 1,4-
oxazinane); MS (m/z): 300.1; Anal. Caled. C
48.20, H 3.69, C1 23.62, N 14.0, O 10.66, found. C
48.01, H 3.74, C123.22, N 13.98, O 10.52.

3.2.2.2. 3c: 6, 7-dibromo-2-(morpholin-4-yl)
quinazolin-4(3H)-one

Yield (%): 62; m.p. (°C): 204-206; R¢: 0.77, IR
(KBr) cm™:1600(C=C), 1659 (C=N),1710 (C=0),
1312 (tert. C-N), 516 (C-Br), 1121 (C-O-C);
'HNMR (CDCl;) 8ppm: 7.89-8.10(d, 2H Ar-H of
quinazoline, J=3.89), 1.90-5.20(m, 8H, 14-
oxazinane); MS (m/z): 389.0; Anal. Caled. C
37.05, H 2.85, Br 41.08, N 10.80, O 8.23, found. C
37.18, H 2.82, Br 40.85, N 10.50, O 8.35.

3.2.3. Synthesis of 4-chloro-2-(morpholin-4-yl)-
3,4-dihydroquinazoline(4a-c)

The equimolar quantity of 3a-c (0.0647 mol,
15.0g), N, N-dimethylaniline and phosphorous
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pentachloride were taken in dry benzene and re-
fluxed in for 3 h. The reaction mixture was then
cooled and filtered. The filtrate was diluted with
benzene(30ml) then washed with 20% sodium hy-
droxide solution finally with water and dried over
magnesium sulphate, the final organic layer get
evaporated. The final product was recrystallized in
heptane. 4a: Yield (%): 49; m.p. (°C): 222-224; R¢:
0.72, IR (KBr) cm™: 1625(C=C), 1602 (C=N), 619
(C-Cl), 1340 (tert. C-N), 1109 (C-O-C); 'HNMR
(CDCl3) oppm: 7.50-7.96(q, 4H Ar-H of quinazo-
line), 1.98-5.0(m, 8H, 1,4-oxazinane); MS (m/z):
251.7; Anal. Caled. C 57.26, H 5.61, Cl 14.08, N
16.69, O 6.36, found. C 57.20, H 5.60, C1 13.80, N
16.56, O 6.32.

3.2.3.1. 4b: 4,6,7-Trichloro-2-(morpholin-4-yl)-
3,4-dihydroquinazoline

Yield (%): 52; m.p. (°C): 248-250; R¢: 0.78, IR
(KBr) cm™:1630(C=C), 1570 (C=N), 1345 (tert.
C-N), 682 (C-Cl), 1121 (C-O-C); 'HNMR
(CDCl3) oppm: 7.46-7.86(d, 2H Ar-H of quinazo-
line, J=4.89), 1.88-4.50(m, 8H, 1,4-oxazinane);
MS (m/z): 320.6; Anal. Caled. C 44.96, H 3.77, Cl
33.17,N 13.11, 0 4.99, found. C 48.01, H 3.74, CI
33.50, N 13.23, O 5.20.

3.2.3.2. 4c: 6,7-Dibromo-4-chloro-2-(morpholin-
4-yl)-3,4-dihydroquinazoline

Yield (%): 64; m.p. (°C): 204-206; R¢: 0.77, IR
(KBr) cm™:1580(C=C), 1614 (C=N), 1320 (tert.
C-N), 604 (C-Br), 1132 (C-O-C); 'HNMR
(CDCl3) oppm: 7.80-8.15(d, 2H Ar-H of quinazo-
line, J=4.56), 1.65-4.55(m, 8H, 1,4-oxazinane);
MS (m/z): 409.5; Anal. Calcd. C 35.20, H 2.95, Br
39.02, C1 8.66, N 10.26, O 3.91, found. C 35.18, H
2.98, Br 39.10, C1 8.60, N 10.24, O 4.10.

3.2.4. Synthesis of N,2-Diphenylquinazolin-4-
amine Derivative (5a-u)

A mixture of 4a-c (12.0g, 0.05mol) and substi-
tuted anilines (0.05mol) was taken in 95% ethanol
and refluxed for approx. 1.5 to 3.0 h. The reaction
mixture was poured in a blend of 100 ml ice cold
water with 20 ml of concentrated hydrochloric ac-
id followed by vigorous continuous stirring gave
pale white colored precipitate. Solvent methanol
was used for recrystallization. The physical char-
acterization, elemental and spectral analysis data
of the synthesized compounds were given below.
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3.2.4.1. 5a: 2-(Morpholin-4-yl)-N-phenylquinazo-
lin-4-amine

Yield (%): 78; m.p. (°C): 188-190; R¢: 0.66, IR
(KBr) cm™:1610(C=C), 1640 (C=N), 3480 (N-H),
1324 (tert. C-N), 1245 (C-O-C); '"HNMR (CDCls)
oppm: 7.1(q, 4H Ar-H of quinazoline), 4.0(NH),
2.9-3.67(m, 8H, 1,4-oxazinane); MS (m/z):[M']
308.7; Anal. Calcd. C 70.11, H 6.54, N 18.17, O
5.19, found. C 70.30, H 6.58, N 18.14, O 5.25.

3.2.4.2. 5b: N-(4-Chlorophenyl)-2-(morpholin-4-
yl)-3,4-dihydroquinazolin-4-amine

Yield (%): 72; m.p. (°C): 220-222; R¢: 0.79, IR
(KBr) cm™:1590(C=C), 1660 (C=N), 3500 (N-H),
1340 (tert. C-N), 640 (C-Cl) 1230 (C-O-C);
'"HNMR (CDCl;) &ppm: 7.3(q, 4H Ar-H of
quinazoline), 4.0(NH), 6.37-7.05 (q, 4H, Ar-H),
2.5-3.5(m, 8H, 1,4-oxazinane); MS (m/z):[M']
342.8; Anal. Caled. C 63.6, H 5.59,Cl 10.34, N
16.34, O 4.67, found. C 63.56, H 5.52, C1 10.40, N
16.38, 0 5.02.

3.2.4.3. 5c: N-(4-Bromophenyl)-2-(morpholin-4-
yl)-3,4-dihydroquinazolin-4-amine

Yield(%):71; m.p. (°C): 188-190; Rg 0.74;
IR(KBr) cm™: 1459(C=C), 1614 (C=N), 1341 (C-
N tertiary), 1114 (C-0), 1612 (N-H), 541 (C-Br);
'HNMR (CDCL) &ppm: 7.1 (q.4H,Ar-H of
quinazoline), 2.1 (s, C-N), 4.0 (s, 1H,NH), 6.32-
7.21 (q, Ar-H), 2.9-3.67 (m, 8H 1,4-oxazinane);
Mass (m/z): 387.3; Anal. Calcd: C 65.82, H 4.5,
Br20.63, N 14.47, O 4.13, found: C 65.75, H 4.87,
Br20.56,N 14.47, O 4.12.

3.2.4.4. 5d: 4-{[2-(Morpholin-4-yl)-3,4-dihydro-
quinazolin-4-yllamino}phenol

Yield(%):59; m.p. (°C): 202-204; Rg 0.80;
IR(KBr) cm™: 1648 (heterocyclic-C=N), 1350 (C-
N tertiary), 1164 (C-O, cyclic ether), 1325(C-OH,
Ar); '"HNMR (CDCls) dppm: 5.41 - 6.93 (m, Ar-
H), 1.8 (s, NH,) 4.81 (s, Ar C-NH), 6.26-6.51 (q,
Ar-H), 2.96-3.67 (q,), 5.0 (s, OH); Mass (m/z):
352.16; Anal. Caled: C 64.76, H 5.72, N 15.90, O
13.62; found: C 64.12, H 5.96, N 15.23, O 14.01.

3.2.4.5. 5e:N-(4-Methoxyphenyl)-2-(morpholin-4-
yl)-3,4-dihydro-quinazolin-4-amine

Yield(%):64; m.p. (°C): 232-234; Rg 0.68;
IR(KBr) cm™: 1658(C=C), 1607 (C=N), 1382 (C-
N), 1115 (C-0), 1563 (N-H), 1248 (OCHs;);
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'HNMR (CDCls) 8ppm: 5.04 - 7.41 (q, 4H, Ar-H),
2.0 (s, 1H, C-N) 4.0 (s,1H, C-NH), 6.32-6.55 (q,
4H,Ar-H), 3.00 -3.59 (m, 8H 1,4-oxazinane), 3.73
(s, 3H,0CHj;).; Mass (m/z): 338.4; Anal. Calcd: C
67.44 H 6.55 N 16.56 O 9.46, found: C 66.84 H
6.75N 16.46 O 10.16.

3.2.4.6. 5f: N-(4-Methylphenyl)-2-(morpholin-4-
yl)-3,4-dihydroquinazolin-4-amine

Yield(%):71 m.p. (°C): 252-254; Ry 0.73;
IR(KBr) cm™: 1623(C=C), 1587 (C=N), 1342 (C-
N), 1095 (C-0), 1576 (N-H), 2950 (CH;); '"HNMR
(CDCls) éppm: 5.04 - 7.1 (q, 4H Ar-H), 2.0(s, 1H
C-N,) 4.0 (s, IH Ar C-NH), 6.31-6.84 (q, 4HAr-
H), 3.12 -3.50 (m, 8H 1,4-oxazinane), 2.35 (s,
CHs).; Mass (m/z): 322.40; Anal. Calcd: C 70.78,
H 6.88, N 17.38, O 4.96, found: C 70.64, H 5.01,
N 17.20, 0 5.41.

3.2.4.7. 5g: N-(2,4-Dimethylphenyl)-2-(morpho-
lin-4-yl)-3,4-dihydro-quinazolin-4-amine

Yield(%):58 m.p. (°C): 225-227; Rg 0.78;
IR(KBr) cm™: 1601(C=C), 1612 (C=N), 1355 (C-
N), 1100 (C-O,), 1576 (N-H), 2946 (CHs);
'"HNMR (CDCls) dppm: 5.04 - 7.1 (q,4H, Ar-H),
2.0 (s, 1H,C-N) 4.0 (s,1H, C-NH), 6.31-6.84 (q,
4H,Ar-H), 3.12 -3.50 (m, 8H 1,4-oxazinane), 2.35
(s, 3H,CH3).; Mass (m/z): 336.43 Anal. Calcd: C
71.40, H 7.19, N 16.65 O 4.76, found: C 71.83, H
7.20, N 16.70, O 4.80.

3.2.4.8. 5h: 6,7-Dibromo-2-(morpholin-4-yl)-N-
phenylquinazolin-4-amine

Yield(%):68; m.p. (°C): 204-206; Rg 0.64;
IR(KBr) cm™: 1568(C=C), 1651 (C=N), 1342 (C-
N tertiary), 1121 (C-0), 1610 (N-H), 565 (C-Br);
'HNMR (CDCl;) &ppm: 7.4-7.5 (d,2H,Ar-H,
J=3.89), 3.0 (s, C-N), 5.5 (s, 1H,NH), 6.20-7.50 (q,
Ar-H), 3.0-3.80 (m, 8H 1,4-oxazinane); Mass
(m/z): 468.12; Anal. Calcd: C 46.38, H 89, Br
34.28, N 12.02, O 3.43, found: C 46.30, H 4.10, Br
34.50, N 12.00, O 3.50.

3.2.4.9. 5i: 6,7-Dibromo-N-(4-chlorophenyl)-2-
(morpholin-4-yl)-3,4-dihydroquinazolin-4-amine

Yield(%):70; m.p. (°C): 210-212; Rg 0.78;
IR(KBr) cm™: 1565(C=C), 1610 (C=N), 1326 (C-
N tertiary), 1090 (C-O), 1640 (N-H), 570 (C-Br),
630 (C-Cl); 'HNMR (CDCl;) &ppm: 7.1-7.2
(d,2H,Ar-H, J=4.12), 3.0 (s, C-N), 5.5 (s, 1H,NH),
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6.20-7.50 (q, Ar-H), 3.0-3.80 (m, 8H 1,4-
oxazinane); Mass (m/z): 545.5; Anal. Calcd: C
43.19, H 3.42, Br31.92,CI 7.08 N 11.19, O 3.20,
found: C 43.30, H 3.40, Br 32.04,C1 7.10 N 11.20,
O 3.10.

3.2.4.10. 5j: 6,7-Dibromo-N-(4-bromophenyl)-2-
(morpholin--4-yl)-3,4-dihydroquinazolin-4-amine

Yield(%):70; m.p. (°C): 224-226; Rg 0.80;
IR(KBr) cm™: 1540(C=C), 1600 (C=N), 1350 (C-
N tertiary), 1120 (C-O), 1670 (N-H), 542 (C-Br);
'HNMR (CDCl;) &ppm: 7.1-7.2 (d,2H,Ar-H,
J=4.57), 3.2 (s, C-N), 5.0 (s, 1H,NH), 6.20-7.50 (q,
Ar-H), 3.0-3.80 (m, 8H 1,4-oxazinane); Mass
(m/z): 545.5; Anal. Calcd: C 39.66, H 3.14, Br
43.98, N 10.28, O 2.94, found: C 40.0, H 4.80, Br
4421, N 10.25, 0 2.98.

3.2.4.11. 5k: 4-{/6,7-Dibromo-2-(morpholin-4-
yl)-3,4-dihydroquinazolin-4-yllamino}phenol

Yield(%):58; m.p.(°C): 212-214; R 0.65;
IR(KBr) cm™: 1528(benzene-C=C), 1724 (hetero-
cyclic-C=N), 1361 (C-N tertiary), 1101 (C-O, cy-
clic ether), 1582 (N-H deformation), 541 (Ar -Br),
700 (Ar-OH); "HNMR (CDCls) 8ppm: 7.0-7.3 (d,
Ar-H of quinazoline, J=4.57), 2.0 (s, C-N,
quinazoline), 4.4 (s, Ar C-NH), 6.37-.7.05 (q, Ar-
H of aniline), 2.9-3.67 (m, 8H 1,4-oxazinane);
Mass (m/z): 482.2; Anal. Calcd: C 44.84, H 3.76,
Br 33.14 N 11.62, O 6.64 found: C 44.54, H 3.79,
Br33.10 N 11.63, O 6.10.

3.2.4.12. 51: 6,7-dibromo-N-(4-methoxyphenyl)-2-
(morpholin-4-yl)-3,4-dihydroquinazolin-4-amine

Yield(%):56; m.p. (°C): 234-236; Rg 0.73;
IR(KBr) cm™: 1478(C=C), 1754 (C=N), 1341 (C-
N), 1114 (C-0), 1612 (N-H), 1266(C-0O), 541 (Br);
'"HNMR (CDCl) éppm: 7.1-7.2 (d, 2H,Ar-H,
J=4.01), 2.0 (s,1H, C-N), 4.4 (s,1H,NH), 6.32-6.55
(q, 4H,Ar-H), 2.9-3.67 (m, 8H 1,4-oxazinane), 3.7-
3.9 (t, 3H,OCH;, J=2.41); Mass (m/z): 496.2;
Anal. Calcd C 45.99, H 4.06, Br 32.21, N 11.29, O
6.45, found: C 45.75, H 4.07, Br 32.24, N 11.34, O
6.34.

3.2.4.13. 5m: 6,7-Dibromo-N-(4-methylphenyl)-2-
(morpholin-4-yl)-3,4-dihydroquinazolin-4-amine

Yield(%):48; m.p. (°C): 236-238; Rg 0.66;
IR(KBr) em™: 1437(C=C), 1652 (C=N), 1336 (C-
N), 1112 (C-0,), 1623 (N-H), 1357 (Ar-OH), 557
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(C-Br); 'HNMR (CDCls) 8ppm: 5.68 - 7.5 (d, Ar-
H,J=3.59), 2.0 (s,1H, C-N), 4.0 (s, 1H,C-NH),
6.31-6.84 (q, Ar-H of aniline), 2.57-3..40 (m, 8H
1,4-oxazinane), 2.35 (s, Ar C-CHj3).; Mass (m/z):
480.20; Anal. Caled C 47.52 H 4.20 Br 33.28 N
11.67 O 3.33, Found: C 48.10, H 4.51, Br 33.08, N
11.45,0 3.52.

3.2.4.14. 5n:6,7-Dibromo-N-(2,4-dimethylphenyl)-
2-(morpholin-4-yl)-1,2-dihydroquinazolin-4-amine

Yield(%):50; m.p. (°C): 242-244; Rg 0.62;
IR(KBr) cm™: 1490(C=C), 1727 (C=N), 1331 (C-
N), 1147 (C-0), 1612 (N-H), 3054 (CH3), 557 (C-
Br); '"HNMR (CDCls) dppm: 6.5-8.02 (d, 2H, Ar-
H, J=4.01), 2.0 (s,1H C-N), 4.0 (s, IH,NH), 6.19-
6.65 (t, Ar-H, J=4.12 ), 2.57-3..40 (m, 8H 1,4-
oxazinane), 2.35 (s, 3H, CH;); Mass (m/z): 494.2;
Anal. Calcd.: C 48.60, H 4.49, Br32.34, N 11.34,
O 3.24, found: C 48.15, H 4.87, Br 32.34, N 11.74,
0 3.34.

3.2.4.15. 50:6,7-Dichloro-2-(morpholin-4-yl)-N-
phenylquinazolin-4-amine

Yield(%):58; m.p. (°C): 236-238; Rg 0.59;
IR(KBr) cm™: 1550(C=C), 1670 (C=N), 1340 (C-
N tertiary), 1120 (C-O), 1610 (N-H), 755 (C-Cl);
'HNMR (CDCl;) &ppm: 7.4-7.5 (d,2H,Ar-H,
J=4.56), 3.0 (s, C-N), 5.5 (s, 1H,NH), 6.20-7.50 (q,
Ar-H), 3.0-3.80 (m, 8H 1,4-oxazinane); Mass
(m/z): 377; Anal. Calcd: C 57.30, H 4.81, CI18.79,
N 14.85, O 4.24, found: C 57.50, H 4.50, CI117.89,
N 14.50, O 4.40.

3.2.4.16. 5p: 6,7-Dichloro-N-(4-chlorophenyl)-2-
(morpholin-4-yl)-3,4-dihydroquinazolin-4-amine

Yield(%):52; m.p. (°C): 246-248; Rg 0.68;
IR(KBr) cm™: 1525(C=C), 1640 (C=N), 1325 (C-
N tertiary), 1120 (C-O), 1665 (N-H), 680 (C-Cl);
'HNMR (CDCl;) &ppm: 7.0-7.4 (d,2H,Ar-H,
J=4.69), 3.6 (s, 1H, C-N), 5.0 (s, 1H,NH), 5.75-
6.95 (q4H, Ar-H), 29421 (m, 8H 14-
oxazinane); Mass (m/z): 411.71; Anal. Calcd: C
52.51,H4.16, C125.83, N 13.61, O 3.89, found: C
52.39,H4.02, C125.60, N 13.87, O 4.05.

3.2.4.17. 5q: N-(4-Bromophenyl)-6,7-dichloro-2-
(morpholin-4-yl)-3,4-dihydroquinazolin-4-amine

Yield(%):45; m.p. (°C): 266-268; Rg 0.56;
IR(KBr) cm™: 1521 -C=C), 1647(C=N), 1325 (C-
N), 1122 (C-0), 1550 (N-H), 700 (C-Cl), 560 (Br);
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'HNMR (CDCl;) dppm: 6.8-7.2 (d,2H,Ar-H,
J=3.89), 4.01 (s, 1H, C-N), 6.4 (s, 1H,NH), 6.0-
7.32 (q,4H, Ar-H), 2.87-3.41 (q, 8H morpholine);
Mass (m/z): 456.16; Anal. Calcd: C 47.39, H 3.76,
Br 17.52, C15.54, N 12.28, O 3.51 found: C 47.36,
H 3.80, Br 17.48, C1 15.60, N 12.32, O 3.85.

3.2.4.18. 5r: 4-{]6,7-Dichloro-2-(morpholin-4-yl)-
3,4-dihydroquinazolin-4-yvllamino}phenol

Yield(%):40; m.p. (°C): 228-230; Rg 0.59;
IR(KBr) cm™: 1510(C=C), 1687 (C=N), 1321 (C-
N), 1174 (C-0O), 1579 (N-H), 1357 (OH), 747 (Cl);
'HNMR (CDCls) dppm: 5.04 - 7.1 (d, Ar-H,
J=5.69), 1.8 (s,1H, C-N), 4.81 (s, IH,NH), 6.26-
6.51 (q, 4HAr-H), 2.86-3.57 (m, 8H,morpholine),
5.9 (s, 1H, OH); Mass (m/z): 392.1; Anal. Calcd C
54.97, H 4.61, CI 18.03, N 14.25, O 8.14, Found -
C55.17,H4.51,C117.83, N 14.45, O 8.44.

3.2.4.19. 5s: 6,7-Dichloro-N-(4-methoxyphenyl)-
2-(morpholin-4-yl)-3,4-dihydroquinazolin-4-amine

Yield(%):56; m.p. (°C): 280-282; Rg 0.78;
IR(KBr) cm™: 1561(C=C), 1754 (C=N), 1341 (C-
N), 1114 (C-0O,), 1612 (N-H), 1266(C-0O), 632
(Cl); '"HNMR (CDCls) 8ppm: 6.8-7.2 (d,2H, Ar-H,
J=4.01), 2.0 (s,1H, C-N), 4.4 (s,1H,NH), 6.32-6.55
(q,4H, Ar-H), 2.9-3.67 (m, 8H morpholine), 3.73
(s, 3H, OCH3); Mass (m/z): 407.3; Anal. Calcd C
56.03, H 4.95,C117.41, N 13.76, O 7.86, found: C
56.03, H4.97 C117.40, N 13.75, O 7.86.

3.2.4.20. 5t: 6,7-Dichloro-N-(4-methylphenyl)-2-
(morpholin-4-yl)-3,4-dihydroquinazolin-4-amine

Yield(%):52; m.p. (°C): 236-238; Rg 0.68;
IR(KBr) cm™: 1552(C=C), 1754 (C=N), 1341 (C-
N), 1114 (C-0), 1612 (N-H), 2952(CHs), 721 (Cl);
'HNMR (CDCl) éppm: 7.0-7.1 (d, 2H,Ar-H,
J=4.24), 2.0 (s,1H, C-N), 4.4 (s, 1H, NH), 6.31-.6.84
(q, 4H, Ar-H), 2.9-3.67 (m, 8H morpholine), 2.35
(s, 3H, CHj); Mass (m/z): 391.3; Anal. Calcd.: C
58.32, H5.15, C118.12, N 14.32, O 4.09, found: C
58.02, H 5.26, C1 18.15, N 14.42, O 4.12.

3.2.4.21. 5u: 6,7-Dichloro-N-(2,4-dimethylphenyl)-
2-(morpholin-4-yl)-3,4-dihydroquinazolin-4-amine

Yield(%):51; m.p. (°C): 226-228; Rg 0.74;
IR(KBr) cm™: 1578(C=C), 1754 (C=N), 1341 (C-
N), 1114 (C-0), 1612 (N-H), 2956 (CHs), 621
(Cl); '"HNMR (CDCls) 8ppm: 7.0-7.1 (d,2H, Ar-H,
J=3.51), 1.9 (s,1H, C-N), 4.0 (s,1H, NH), 6.32-
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.6.55 (q,4H Ar-H), 2.9-3.67 (m, 8H, morpholine),
2.54 (s,3H, CH;); Mass (m/z): 405.3; Anal. Calcd.:
C59.27,H5.47,C117.49, N 13.82, O 3.95, found:
C 58.96,H4.18,C1 17.41, N 13.84, O 3.94.

3.3. Pharmacological Studies

3.3.1. In vitro Studies: Cyclooxygenase-2 (COX-
2) Inhibition Assays

The selective compounds from 5 a-u was
screened according to the manufacturer’s instruc-
tions to inhibit the ability of COX-2 in catalysis of
arachidonic acid to prostaglandin H, (PGH,) con-
version using a COX inhibitor screening assay kit
(catalog No. 560131, Cayman Chemical Co.,
USA). Celecoxib was used as reference com-
pound. The test compounds were dissolved in
DMSO and added 20 pL to COX reaction tube to
get final concentration mentioned at Table 5.

3.3.2. In-vivo Studies

Local breed Albino mice and Wistar rats of ei-
ther sex weighing between 20 to 25g and 150-
200g respectively, obtained from Biological E.
limited, Hyderabad (India) were used in the pre-
sent studies. All animals were housed in wired
mesh cages under the laboratory conditions (23 +
2 C, 12 hr light and maintained on a standard pel-
let diet (Hindustan Lever Ltd., Mumbai, India) and
water ad libitum before the day of the experiment.
On the last day food was withdrawn and they were
given water only. During the course of experiment,
the general behavior of animals was normal. All
the experimental protocols were approved by the
institutional and local animal ethical committee.
The experiments were conducted in accordance
with standard guidelines. The animals were divid-
ed into three groups (control, standard test) and
each experimental group consisted of six animals
[19-21].

3.3.2.1. Acute Toxicity Study

The acute oral toxicity study was carried out on
synthesized compounds, as per the limit dose test
of up and down system mentioned in OECD test
guidelines No. 423 at a limit dose of 2 g/kg body
weight (p.o.). Three rats (one male and two fe-
male) were selected for each group, in such a way
that the weight differences were not exceeding
10% of the mean initial weight of the population.
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Rats were fasted for food but water was provided
ad libitum overnight prior to test compound ad-
ministration (200mg/kg, p.o.), suspended in 1.0%,
w/v, carboxymethyl cellulose (CMC) and the ac-
cess to food was reinstated after 3-4 h. After dos-
ing, individual rat was observed at least once dur-
ing the first 30 min, periodically during the initial
24 h, with special attention given during the first 4
h and daily thereafter, for a total of 14 days. The
systemic and behavioral toxicity patterns were
studied as described in OECD test guidelines [13].

3.3.2.2. Carrageenan Induced Rat Paw Edema
Method

Rats were divided in groups of six animals
each. A mark was made on both the hind paws just
below the tibio-tarsal junction so that each time
the paw could be dipped in the mercury column of
plethysmograph up to the mark to ensure constant
paw volume. To each group, except the control
group, test compounds were administered orally in
a dose level 50 mg/kg. The control group received
an equivalent amount of vehicle only. One group
received Diclofenac (50 mg/kg). After one hour,
carrageenan (0.1 mL, 1% w/v solution in saline)
was injected into the sub plantar tissue of the left
hind paw of control and Diclofenac-treated group
as well. The same volume of saline solution was
injected into that of the right hind paw to serve as
reference non-inflamed paw for comparison. The
initial paw volume was measured immediately af-
ter injection. The difference in paw volume was
measured in control, standard and treated group
after 3h of carrageenan injection. The percent re-
duction in paw volume was calculated from the
equation % anti-inflammatory = [(n - n’)/n]*100,
where n was the average difference in thickness
between the left and the right hind paw of control
group and n’ was that of the test group of rats [15].

3.3.2.3. Egg Albumin Induced Rat Paw Edema

Egg albumin is reported to induce inflammation
in the hind paw of rats and therefore, this model
was employed to evaluate the anti-inflammatory
activity of synthesized derivatives. Acute inflam-
mation was induced by injecting 0.1 mL/kg of
fresh egg albumin into the plantar region of the
hind paw of rats. Separate sets of rats (n = 6) were
employed for control, standard and treatment
groups as described in carrageenan induced in-
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flammation experiment. The change in paw vol-
ume (mm) was measured by digital Vernier Cali-
per up to 120 min, at 20 min intervals after egg
albumin injection [15].

3.3.2.4. Hot Plate Method

Swiss albino mice of either sex were divided in-
to twenty one different groups each containing six
animals, the animals were marked on tail individu-
ally. Food was withdrawn 12 h prior to drug ad-
ministration till completion of experiment. The
animals were weighed and numbered appropriate-
ly. To control group (0.3 mL) 2% v/v solution of
Tween 80 was given by oral route and after Omin
and 90 min behavioral changes count. Tramadol
was used as a standard drug. The jumping and paw
liking was noted 0 min, 90 min. The percentage
inhibition in analgesic activity was evaluated using
the following formula [15]:

% Inhibition = 1- [latency before treatment/latency
after treatment] x 100

3.3.2.5. Tail-flick Method

Swiss albino mice (25-30 g) of either sex (reac-
tion time: 3-4 sec) were divided into groups of six
each. Tramadol (50 mg/kg, p.o.) was used as a
standard. The tail-flick latency was assessed by the
analgesiometer (Techno, India). The magnitude of
the current which was passing through the naked
nichrome wire was kept constant at 6 ampere. The
tail skin was kept at a distance of 1.5 cm from the
heat source. The radiant heat (55°C+£2) in the tail
was applied and maintained at 2.5 cm measured
from the root of the tail. In order to avoid the tis-
sue damage, the cut of reaction time was kept at
10-13 sec. The mean scores in control, standard,
and test groups were recorded [15].

3.3.2.6. Ulceration Study

Groups of six male Wistar rats with a weight
between 150 and 200 g are used. They were
starved for 48 h (water ad libitum) prior to drug
administration. The test drugs are administered
orally in 10 ml/kg as aqueous solution or suspen-
sion. Doses are chosen which are highly active in
the anti-inflammatory tests in rats. The animals are
sacrificed 3, 5 or 7 h post drug. Control animals
are sacrificed after 7 h. Stomachs are removed and
placed on saline-soaked filter paper until inspec-
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tion. A longitudinal incision along the greater cur-
vature is made with fine scissors. The stomach is
inverted over the index finger and the presence or
absence of gastric irritation is determined. The
presence of a single or of multiple lesions (erosion,
ulcer or perforation) is considered to be positive.
The number of ulcers and the occurrence of hyper-
emia are noted [15].

3.4. Molecular Docking

To analyze the anti-inflammatory data of syn-
thesized compounds molecular docking studies
were carried out using Vlife Science MDS soft-
ware program with version 4.3 [21]. The dock
score functions and hydrogen bonds formed within
the reference cavity are used to predict their bind-
ing modes, affinities and orientation of synthesized
compounds within active site of the COX-2 en-
zyme. A homology modeling was run in the
Biopredicta module of Vlife Science program to
obtain COX-2 receptor. The receptor was opti-
mized and water molecules and hydrogen were
removed. Ligands were optimized from 2D to 3D
moiety and then optimized for further docking
process. The protein ligand complex was con-
structed based on the X ray crystal structure of
COX-2 (prostaglandin-endoperoxide synthase 2)
from the RCSB Protein Data Bank (PDB entry
3LNI1). A batch docking was run under Gasteiger-
Marseille algorithm with flexible molecules and
receptor, dock score function was calculated and
tabulated. The scoring functions were based on
minimized ligand protein complexes, results were
obtained in form of hydrogen bonding, hydropho-
bic and Van der Waal interactions which are men-
tioned in Table 5.

3.5.3D-QSAR
3.5.1. Chemical Data

A series of twenty one molecules belonging to
2-(morpholin-4-yl)-N-phenylquinazolin-4-amine
derivatives as an anti-inflammatory agents were
used to generate 3D QSAR using the Molecular
Design Suite (VLife MDS software package, ver-
sion 3; from VLife Sciences, Pune, India) [22].

The data set of 21 compounds were divided into
training and test set using random selection meth-
od with 80% as training and 20% as test set com-
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pounds and various methodologies were applied to
the descriptors generated over the grid. The linear
and non-linear regression analysis methods were
used to deduce the 3D-QSAR models. The 3D
pharmacophoric features were generated using
MolSign module of VLife with aligned compound
Sa.

3.5.2. Pharmacological Activities

The negative logarithm of the measured EDs
(uM) against inflammation as p EDsy [pEDs¢=-log
(EDsox10°)] was used as the dependent variable,
thus correlating the data linear to the free energy
change. Since some compound exhibited insignifi-
cant/no inhibition, such compounds were excluded
from the present study.

CONCLUSION

A series of 2-(Morpholin-4-yl)-N-phenylquina-
zolin-4-amine derivatives were synthesized and
tested for their analgesic and anti-inflammatory
activity with selectivity towards COX-2 receptor
by various pain models in rodents. Screening re-
sults of compounds exhibited comparable biologi-
cal activity with that of standard compounds used
for the study. Compound 5d was found to be sig-
nificantly potent with respect to its anti-
inflammatory and analgesic activity. In silico
analysis by molecular docking and QSAR studies
justifies activity profile of compound 5d, suggest-
ing that it may have the potential for further evalu-
ation and development as a lead molecule for ther-
apy in pain management.
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