CHAPTER-1V

Section A

Green Synthesis of 3,4-dihydropyrimidine-2-(1H)-ones (DHPMs) using Iron
Borate as an Efficient Catalyst

4.A.1 Background of the present investigation

In synthetic organic chemistry, it is becoming increasingly important to
develop clean and environmentally sound chemical processes that use less
hazardous reaction conditions and covers the essential prospects of green
chemistry principle. Solvent free reaction on one hand provides avenues for the
requirement of green chemical condition as this reaction condition are highly
significant from both the economic and environmental point of view!. Now a days,
one-pot Multicomponent Reactions are gaining lot of interest for the synthesis of
wide range of biologically active heterocyclic compounds®. Thus, the combination
of solvent free reaction condition and one-pot Multicomponent reaction could
serve as an optimal and efficient method for the synthesis of diverse class of
heterocyclic compounds under green chemical conditions. Since this type of
combination has many added advantages such as short reaction time, economical,
environmentally benign, elimination of hazardous solvents and easy work up
procedure over the classical synthetic methods®. Among the numerous
Multicomponent reactions, Bigenelli reaction is used for the direct synthesis of 3,4-
dihydropyrimidine-2-(1H)-one derivatives. The Bigenelli Reaction coined by
Italian Chemist Pietro Bigenelli in 1893 is one of the most important and useful
multicomponent condensation reaction involving an aldehyde, urea and f-
dicarbonyl compounds to yield 3,4-dihydropyrimidine-2-(1H)-ones (Fig. 4.A.1a).
These compounds are somewhat similar to dihydropyridines also known as
Hantzsch pyridines as the preparation of these compounds also requires the same
reactants as required for preparation of Bigenelli compounds*. The reaction can also
be carried out by using thiourea in place of urea to yield 3,4-dihydropyrimidine-2-
(1H)-thione (Fig. 4. A.1b)°. In recent times, DHPMs have gained a lot of attention
of chemists because of their biological and therapeutic uses® These compounds are
one among the five classes of Calcium Channel blocking drugs’®. They also have
anti-viral®, anti-inflammatory, anti-bacterial'’, o-la-adrenergic antagonist!!, anti-

12 anti-cancer'?, anti-HIV'#, anti-inflammatory'> properties. Apart from these
£16,

tumor
properties, DHPMs also have shown other significant properties like anti-oxidan
antimuscarinic!’, antithyroid'®, antiparasitic'®, antidiabetic?®, Urease Inhibition?!,
Carbonic anhydrase inhibition®?, cardiac effects?>. DHPMs are also present in some
polyguanidine alkaloids like batzelladine that have found been found to be HIV
gp-120-CD-4 inhibitors?*. Few important drugs that contain the DHPM moiety are
monastrol (99), riboflavin (100), 5-Fluoro uracil (101), aminophylline (102),
idoxuridine (103) Fig.4. A.2.
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Fig. 4.A.1a-1b. 1a) Structure of yield 3,4-dihydropyrimidine-2-(1H)-one and 1b)
3,4-dihydropyrimidine-2-(1H)-thione
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Fig. 4.A.2. Structures of few drugs that contain the DHPM moiety

In view of the diverse pharmacological, medicinal, biological and industrial
properties associated with 3, 4-dihydropyrimidine derivatives, numerous synthetic
methodologies have been developed during the past few decades under both
classical and green chemical conditions®>2®. However, these reported synthetic
procedures found to contain one or more serious drawbacks such as use of
expensive catalyst, non-recyclable catalyst, moisture sensitive metal salts, long

reaction time, low yield, large amount of catalyst loading, use of hazardous

solvent, tedious work-up procedure and environmental

pollution?’. Thus, the

development of a clean, environmentally benign and economically cost-effective
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protocol for the synthesis of 3, 4-dihydropyrimidine-2-(1H)-one derivatives is
highly demanding and, in this context, synthetic chemists are devoting time to
develop a protocol for solvent free synthesis, solid phase synthesis and even
reaction in water medium. The prominent advantages of solvent free, solid phase
or reaction in water medium is that it omits the use of the environmentally
hazardous solvents which definitely reduce chemical pollution and at the same
time reduce the cost of the work?®. Therefore, in order to overcome these
shortcomings and fulfilling the criteria of green chemistry principle and sustainable
chemistry, in this chapter, we are reporting the synthesis of 3, 4-
dihydropyrimidine-2-(1H)-one derivatives using inexpensive iron borate as a
catalyst under solvent free condition.

4.A.2. Results and Discussions

The classical method for the synthesis of 3,4-dihydropyrimidine-2-ones (4)
involves a one pot condensation of B-keto ester (1), aldehyde (2) and urea (3) under
harsh acidic conditions with low yield of the products®.Thus, it has become
inevitable that the synthesis of 3, 4-dihydropyrimidine-2-ones to be pursued in an
environmentally friendly manner for its use in different fields*°. Although a large
variety of new catalytic / modified synthetic protocols such as microwave assisted,
Ultrasound irradiation, use of ionic liquid, solvent free synthesis has been
developed for the synthesis of 3, 4-dihydropyrimidine-2-one derivatives in an
elegant manner during the past few decades yet these reported protocols encounter
some serious limitations as discussed above!**’. These factors prompted us to find
a new catalyst for the synthesis of Bigenelli derivatives under solvent free
condition. A number of reports are available for the synthesis of 3, 4-
dihydropyrimidine-2-one derivatives using different iron salts as a catalyst under
different reaction condition but there is not a single report for the synthesis of the
above mention derivatives using iron borate as a catalyst. Therefore, it was thought
worthwhile to explore the catalytic efficacy of iron borate for the synthesis of 3, 4-
dihydropyrimidine-2-one derivatives (4) by one-pot cyclo-condensation of B-
dicarbonyl compound (1), Aldehyde (2) and Urea (3) under solvent free reaction
condition following the green chemistry protocol (Scheme 4.A.1).
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Scheme. 4.A.1. Schematic representation of Bigenelli reaction catalyzed by Fe-
borate catalyst

Initially, for the synthesis 3, 4-dihydropyrimidine-2-ones (4), we choose
ethylacetoacetate (1), 2-nitrobenzaldehyde (2) and urea (3) as model compounds
under different environmentally friendly reaction conditions at 80 °C for 3 hours
using different mol% (0.5 to 4) of the catalyst iron borate. We choose the different
solvent systems as well for screening the catalytic efficiency of the catalyst with
model reactants under different conditions and the results are summarized in Table
4.A.1

Table. 4.A.1. Screening of the solvent for control reaction

Entry Solvent? Time (hours) Yield®
1 Ethanol 3 86
2 Methanol 3 82
3 DMF 3 90
4 DMSO 3 80
5 Water 3 40
6 Silica Gel 1 86
7 Neat 8 (mins) 97

The reaction was performed with Ethylacetoacetate 1(1 mmol), 2-nitro-
Benzaldehyde 2 (1 mmol), and Urea 3 (1 mmol) with the catalyst using different

solvents. Tsolated Yields.

We observed that the Biginelli reaction proceed well in more polar solvent
like alcohol, DMF and DMSO (Table 4.A.1, entry 1, 2, 3, 4) but we observed that
under this condition, the reaction needed more time to go for completion.
Therefore, we focused our study towards the green protocol employing solid phase
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synthesis using silica gel as a reaction medium but in this case also we found that
under this condition, the work-up of the desired product needs more attention and
rigorous techniques such as column chromatography to recover the final product
(Table 4.A.1, entry 6).

Therefore, these limitations prompted us to investigate more suitable and
environmentally friendly reaction condition for the synthesis of 3, 4-
dihydropyrimidine-2-ones (4). As a part of the green chemical methodology, we
were interested to carry out the above reaction under solvent free condition and
encouragingly we encountered that the desired product formed with good yield and
less reaction time (6-8 minutes) (Table 4.A.1, entry 7). The results of the model
reaction for different mol% of the catalyst loading under optimized condition are
listed in Table 4.A.2.

Table. 4.A.2. Screening of the amount of the catalyst for the model reaction

Entry Catalyst mol Temperature Time Yield®
%? (°C) (Minutes) (%)
1 0 80 8 15
2 0.5 80 8 65
3 1.0 80 8 70
4 1.5 80 8 73
5 2.0 80 8 80
6 2.5 80 8 91
7 3.0 80 8 97
8 3.5 80 8 94
9 4.0 80 8 94

®The reaction was performed withEthyl acetoacetate 1 (I mmol) 2-nitro-
benzaldehyde 2 (1 mmol), and Urea 3 (1 mmol) with the catalyst under solvent free

condition. PIsolated Yields.

Interestingly, we observed that the reaction proceeds in much faster rate
under solvent free condition in short reaction time (8 minutes) when the amount of
catalyst loading is 3 mol% (Table 4.A.2, entry 7). A controlled reaction without
catalyst leads to the formation of the product in negligible amount (Table 4.A.2,
entry 1). Having recognized the optimal reaction condition, we subsequently
examined the catalytic efficiency and applicability of this protocol by extending
this protocol with differently substituted aldehydes (2) and keeping the component
(1) and (3) fixed (Fig. tt). We examined that all the reactions proceeded well and
smoothly in very short reaction time to afford the desired products, 3,4-
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dihydropyrimidine-2-ones (4a-r) in good to excellent yields (90-98%) (Fig 4.A.3
and Table 4.A.3).

; ,
I.I_."' i 4 ,-"II:H 1‘\ qu\m I"-'l'..
Jr/ 4 e 5“‘{’"“u o :
W M ; U1 S y
,.'"l - oo Ghy T " H'LE H'I.
/ ¢ ug fﬂn‘*[ " . R |
i s HC ﬂ L ey 1
| - s b HL{'H ; Ij}"
(, Lo, L. oo % Mo % i U‘I-] o f
! i A —CHO li:?’"' } S
o il G B
|| Gy TR ¢ 0 ) " iy |
.o fil []A"] )I\/I\_;’“‘u_ . :
i i 25 | 4 el
E 1
¥ o
ok, Cifg
Hyl (H, {\_1:'* i )Lm U" HH o0 h
B .t 3 | - H":‘fifml; II
| oy %o Y kg | ROVBORATE ol e
: “‘JI r e H Caty L Wy / o
| Ty Hﬂailuﬂ " '-“-r"ﬁ}‘fm. /
. i - o

Fig. 4.A.3. Pictorial representation of the Biginelli products (4a-4q).
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Table. 4.A.3. Iron Borate catalyzed solvent free neat synthesis of 3.4-

dihydropyrimidine-2-one derivatives (4a-4q)

Entry B-keto ester Aldehyde substrate Product Yield®
(%)
1 Ethylacetoacetate Benzaldehyde 4a 97
2 Ethylacetoacetate 2-nitrobenzaldehyde 4b 98
3 Ethylacetoacetate 3-nitrobenzaldehyde 4c 97
4 Ethylacetoacetate 4-nitrobenzaldehyde 4d 96
5 Ethylacetoacetate 3-bromobenzaldehyde 4e 96
6 Ethylacetoacetate 2-chlorobenzaldehyde Af 97
7 Ethylacetoacetate 4-fluorobenzaldehyde 4g 97
8 Ethylacetoacetate 2,4-dimethylbenzaldehyde 4h 93
9 Ethylacetoacetate 2,4-dihydroxybenzaldehyde 4i 92
10 Ethylacetoacetate 2-hydroxybenzaldehyde 4 95
11 Ethylacetoacetate 5-chloro-2-hydroxybenzaldehyde 4k 96
12 Ethylacetoacetate 5-nitro-2-hydroxybenzaldehyde 41 95
13 Ethylacetoacetate 4-hydroxy-3-methoxybenzaldehyde 4m 88
14 Ethylacetoacetate 3-hydroxybenzaldedhyde 4n 90
15 Ethylacetoacetate 3,4,5-trimethoxybenzaldehyde 40 88
16 Ethylacetoacetate 4-hydroxy-3, 5-dimethoxybenzaldehyde 4p 88
16 Ethylacetoacetate Indole-3-carboxaldehyde 4q 90
bIsolated yields

Moreover, it is interesting to note that para-substituted benzaldehyde with
electron withdrawing group successfully afforded the corresponding product in
excellent yield under optimized condition as compared to the electron releasing
group present at the same position. Ortho and meta-substituted aldehydes also
afforded the desired products in good yields but they required more time for
reaction to complete.

We then compared the catalytic efficacy of the iron borate with different
catalyst reported in the literature documented elsewhere and we found that iron
borate has high catalytic efficiency and recyclability as compared to other catalyst
and needs only few minutes for the completion of the reaction. Surprisingly, we
could recover the catalyst after 4™ run also and we observed that the catalyst lost its
efficiency partially after 5™ run of the reaction (Table 4.A.4).
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Entry No. of runs Isolated yields (%)
1 1 97
2 2 95
3 3 92
4 4 88
5 5 75
6 6 71
132
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Fig. 4.A.4. Recyclability of the catalyst

It was observed during the reaction that a variety of functional groups like
acidic, nitro, methoxy, etc. remains un-affected during the reaction. Substituted
benzaldehydes with either electron donating or electron withdrawing groups
afforded good yield of the products, however it was also found that benzaldehyde
with electron releasing groups gave a slight less yield of the products. We also
compared the catalytic efficiency of Iron borate with other previously reported
catalysts and found that Iron Borate has high catalytic efficiency and required less
reaction time to go for completion Table 4.A.5.
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Table. 4.A.5. Comparison of Catalytic efficiency of Iron Borate with other
reported catalysts for the synthesis of 3,4-dihydropyrimidine-2-one derivatives (4a-

4q).

Entry Catalyst Solvent® Temperature Time Yield
(%)°
1 IL-OPPh; Neat 100 °C 2.5hours 91[lit*]
2 TSIL Water Room 10 94[1it*]
Temperature  minutes
3 [Btto][p-TSA] Neat 90 °C 30 96[1it**]
minutes
4 L-Proline nitrate MeCN Room 50 92[1it*]
Temperature  minutes
5 Co-functionalised Na* Neat 100 °C 10 92[1it*]
montmocillonite minutes
6 BF;.0Et,/CuCl THF Reflux 18 hours  71[lit*]
7 Cu(Otf), EtOH M.W 1 hour  95[1it*]
8 Chiral-phosphoric acid DCM 25°C 4 days  77[lit*7]
9 SnCl,-nano SiO> EtOH Reflux 40 92[1it*]
minutes
10 CD-SOsH Neat 80 °C 2 hours  89[lit*]
11 Sulfated-Tungstate Neat 80°C 1 hour  92[lit*]
12 IRMOF-3 Neat Reflux 5hours  89[lit*']
13 CsF-Celite Neat 80 °C 1 hour  95[lit%]
14 Cuttlebone Neat 90 °C 10 92[1it>]
minutes
15 Co(NO3)2.6H20 Neat 80 °C 40 90[lit>*]
minutes
16 Iron Borate Neat 80°C 8 97

minutes [This

work]

dComparision of catalytic efficiency of Iron Borate with other reported catalyst for
the synthesis of 3,4-dihydropyrimidine-2-one derivatives using benzaldehyde,

ethyl acetoacetate and Urea under different reaction conditions. ®Isolated Yields.
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4.A.3 Plausible Mechanism

The Biginelli reaction may proceed through acylimine intermediate (5) which is
formed by the imine reaction between an aldehyde (2) and urea (3) catalyzed by
iron borate. Further, addition of enolate of [ keto-ester (1) to acylimine
intermediate followed by dehydration and cyclization leads to the formation of
corresponding dihydropyrimidinone derivative (4). A proposed mechanism for the
synthesis of 3, 4-dihydropyrimidine-2-one catalyzed by Fe-borate is depicted
below in Scheme 4.A.2.
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Scheme. 4.A.2. Proposed mechanism for the synthesis of 3, 4-dihydropyrimidine-
2-one catalyzed by Fe-borate
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4.A.4 Experimental Section
4.A.4.1 Materials

All starting materials of high purity for the described synthesis were
purchased commercially as received. The FT-IR spectra of the prepared
compounds were recorded in Bruker Alpha III spectrophotometer operating in the
wave number region 4000 to 400 cm™ in dry KBr. The melting points of the
synthesized compounds were determined by open capillary method. 'H-NMR
spectra of the synthesized 3,4-dihydropyrimidine-2-one derivatives (4a-4u) were
recorded at room temperature on a FT-NMR (Bruker Advance-II 400 MHz)
spectrometer by using DMSO-ds as solvents and chemical shifts are quoted in ppm
downfield of internal standard tetramethylsilane(TMS).
4.A.4.2 General procedure for the synthesis of 3,4-dihydropyrimidine-2-ones:

In a typical procedure, a mixture of substituted benzaldehyde (1.0 mmol),
ethylacetoacetate (1.0 mmol), urea (1.0 mmol) and Iron borate (3 mol %)
thoroughly ground and mixed in a mortar and pestle to make a homogenous
mixture. The mixture was then transferred to a test tube. The reaction was heated at
80°C for 8 minutes. The progress of the reaction was monitored by TLC using
hexane/ethyl acetate (80:20) solvent. After completion of the reaction, the reaction
mixture was dissolved in methanol and filtered. The filtrate was evaporated under
vacuum and subsequently dried to afford desired product. All the synthesized
compounds (4a-4q) were recrystallized from ethanol and have been characterized
by their analytical (yield and melting point value) and spectroscopic data (FT-IR
and "THNMR) and compared with the literature value.

4.A.5. Conclusion

In this chapter, we described a simple, green and efficient procedure for the
synthesis of 3.4- dihydropyrimidine-2-one derivatives using an unconventional
Iron borate catalyst under solvent free condition. The reaction provides a method
for the synthesis of a variety of 3, 4-dihydropyrimidine-2-ones with good to
excellent yields and the catalyst has been versatile for a wide range of aromatic
aldehydes.
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4.A.6. Analytical and Spectroscopic data

4.A.6.1 Ethyl 1,2,3,4-tetrahydro-6-methyl-2-o0xo0-4-phenylpyrimidine-5-
carboxylate (4a): white solid, yield= 97 %, melting point found (°C) = 202-205,
IR (cm™) vmax: IR (cm™) vmax:3442, 3298, 3190, 2981, (N-H), 1685,1651 (C=0),
"HNMR (400 MHz, DMSO d¢): ppm = 9.36 (S, 1H, NH), 7.54 (S, 1H, NH), 7.31-
7.43 (m, 3H, Ar-H), 5.66 (d, 1H), 3.46 (m, 2H, CH>), 2.50 (S, 3H, CH3), 1.07 (t,
3H, CH3).

4.A.6.2 Ethyl 1,2,3,4-tetrahydro-6-methyl-4-(2-nitrophenyl)-2-oxopyrimidine-
S-carboxylate (4b): yellow powder, yield= 98 %, melting point found (°C) = 219-
221, IR (KBr, cm™) vmax: 3443, 3369, 3235 (NH), 1685, 1636 cm’'( C=0), 'H
NMR (400 MHz, DMSO-d6): dppm= 9.92 (s, 1H, NH), 8.32 (s, 1H, NH), 7.51 (d,
1H, Ar-H), 7.23-7.27(m, 3H, Ar-H), 5.41 (s, 1H, CH), 4.51(q, 2H, CH: of ethyl),
2.49(s, 3H, CHs), 1.31(t, 3H, CH3).

4.A.6.3 Ethyl 1,2,3,4-tetrahydro-6-methyl-4-(3-nitrophenyl)-2-oxopyrimidine-
5-carboxylate (4¢): yellow solid, yield= 97 %, melting point found (°C) = 226-
229, IR (cm™) vimax: 3444,3100, 2985 (NH), 1655,1532 ( C=0), "HNMR (400
MHz, DMSO ds): dppm = 9.39 (S,1H, NH), 8.38 (S, 1H, NH), 7.17-7.19 (m, 2H,
Ar-H), 7.75-7.82 (m, 2H, Ar-H), 5.78 (S, 1H, CH), 4.25 (q, 2H, CH>»), 2.84 (S, 3H,
CHs), 1.18 (t, 3H, CHs).

4.A.6.4 Ethyl 1,2,3,4-tetrahydro-6-methyl-4-(4-nitrophenyl)-2-oxopyrimidine-
5-carboxylate (4d): pale yellow solid, yield= 97 %, melting point found (°C) =
208-210, IR (cm™) vmax:3455 cm™!, 2966 cm’!( N-H), 1659 cm™'( C=0), 'HNMR
(400 MHz, DMSO dg): dppm = 9.29 (S, 1H, NH), 8.23 (d, 2H, Ar-H), 7.58 (d, 2H,
Ar-H), 6.96 (s, 1H, Ar-H), 6.17(S, 1H, NH), 5.78 (d, 1H, CH), 3.38 (q, 2H, CH>),
2.50 (S, 3H, CH3), 1.08 (t, 3H, CH3).

4.A.6.5 Ethyl 4-(3-bromophenyl)-1,2,3,4-tetrahydro-6-methyl-2-
oxopyrimidine-5-carboxylate (4e): White Crystals, yield= 96 %, melting point
found (°C) = 189-191, , IR (cm™") vmax: 3448, 3240, 3112 (NH), 1672, 1621 (C=0),
'HNMR (400 MHz, DMSO de): dppm = 9.98 (s, 1H, NH), 7.95 (S, 1H, NH), 7.30-
7.73 (m, 4H, Ar-H), 5.43 (d, 1H, CH), 4.24 (q, 2H, CH>»), 2.27 (S, 3H, CH3), 1.23
(t, 3H, CH3).

4.A.6.6 Ethyl 4-(2-chlorophenyl)-1,2,3,4-tetrahydro-6-methyl-2-
oxopyrimidine-5-carboxylate (4f): White solid, yield= 97 %, melting point found
(°C) = 221-225, IR (cm™) vmax: 3354 ecm’!, 3235, 3111 ( N-H), 1662, 1640 cm™(
C=0), 'THNMR (400 MHz, DMSO de): Sppm = 9.32 (s, 1H, NH), 7.70(s, 1H, NH),
7.21-7.40(m, 4H, Ar-H), 5.59 (s, 1H, C-H), 4.11 (q, 2H, CH2), 2.28 (s, 3H, CH3),
1.08(t, 3H, CH3).
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4.A.6.7 Ethyl 4-(4-fluorophenyl)-1,2,3,4-tetrahydro-6-methyl-2-
oxopyrimidine-5-carboxylate (4g): White Crystals, yield= 97 %, melting point
found (°C) = 208-212, IR (cm™) vmax: 3326, 3200 cm™'( N-H), 1695, 1625 cm™(
C=0),'H NMR (400 MHz, DMSO-d6): ppm= 9.32(s, 1H, NH), 7.62(s, 1H, NH),
7.21-7.42(m, 4H, Ar-H), 5.22 (s, 1H, C-H), 3.85 (q, 2H, CH: of ethyl), 2.24 (s, 3H,
CH3), 1.12(t, 3H, CH3).

4.A.6.8. Ethyl 1,2,3,4-tetrahydro-6-methyl-4-(2,4-dimethylphenyl)-2-
oxopyrimidine-5-carboxylate (4h): White Crystals, yield= 93 %, melting point
found (°C) = 199-202, IR (cm™") vmax: 3234, 3313, 3171, 2933 ( N-H), 1700, 1648 (
C=0), '"H NMR (400 MHz, DMSO-d6): dppm=9.24 (s, 1H, NH), 7.58 (s, 1H,
NH), 6.68-6.78(m, 3H, Ar-H), 5.18 (s, 1H, C-H), 4.08(q, 2H, CH>), 2.38(s, 3H,
CH3), 1.05(t, 3H, CHs).

4.A.6.9 Ethyl 1,2,3,4-tetrahydro-4-(2,4-dihydroxyphenyl)-6-methyl-2-
oxopyrimidine-5-carboxylate (4i): Pale brown Crystals, yield= 92 %, IR (cm™)
Vmax: 3449, 3234( N-H), 1664, 1626( C=0), IHNMR (400 MHz, DMSO-d6): dppm
= 12.97(s, 1H, OH), 11.79(s, 1H, OH),10.18(s, 1H, NH),8.51(s, 1H, NH), 6.79-
7.18(m, 3H, Ar-H), 5.42 (d, 1H, C-H), 4.02(q, 2H, CH>), 2.49 (s, 3H, CH3), 1.25(t,
3H, CHz).

4. A.6.10 Ethyl 1,2,3,4-tetrahydro-4-(2-hydroxyphenyl)-6-methyl-2-
oxopyrimidine-5-carboxylate (4j): White solid, yield= 93 %, melting point found
(°C) = 203-206, IR (KBr, cm™) vimax:3348 ( O-H), 3244, 3082( N-H), 1686, 1638
(C=0), 'HNMR (400 MHz, DMSO-d6): dppm= 13.34(s, 1H, OH), 8.94(s, 1H,
NH),8.93(s, 1H, NH), 6.84-7.38 (m, 3H, Ar-H), 6.82 (s, 1H, C-H), 3.38 (q, 2H,
CHy), 2.55(s, 3H, CH3), 1.913(t, 3H, CH3).

4.A.6.11 Ethyl 4-(5-chloro-2-hydroxyphenyl)-1,2,3,4-tetrahydro-6-methyl-2-
oxopyrimidine-5-carboxylate (4k): Dirty white sloid, melting point found (°C) =
208-211, IR (KBr, cm™) vmax: 3443 (OH), 3298, 2955 (NH), 1666, 1625 (C=0),
"HNMR (400 MHz, DMSO-d6): dppm = 9.36 (s, 1H, OH), 7.54(s, 1H, NH),
7.52(s, 1H, NH), 7.30-7.43(m, 3H, Ar-H), 5.48 (d, 1H, C-H), 3.45 (q, 2H, CH>»),
2.45(s, 3H, CH3), 1.29(t, 3H, CH3).

4. A.6.12 Ethyl 1,2,3,4-tetrahydro-4-(2-hydroxy-5-nitrophenyl)-6-methyl-
2-oxopyrimidine-5-carboxylate (51): yellow solid, IR (KBr, cm™) vmax: 3442
(OH), 3125, 2954, 2924 (NH), 1731, 1681 (C=0), 'THNMR (400 MHz, DMSO-d6):
oppm = 9.91(s, 1H, OH), 8.53(s, 1H, NH), 8.40(s, 1H, NH), 7.48-7.82(m, 2H, Ar-
H), 6.91-6.89 (d, 1H, Ar-H), 5.43(d, 1H, CH), 3.40(m, 2H, CH»), 2.25(s, 3H, CH3),
2.51(t, 3H, CH3).

4. A.6.13 Ethyl 1,2,3,4-tetrahydro-4-(4-hydroxy-3-methoxyphenyl)-6-
methyl-2-oxopyrimidine-5-carboxylate (4m): yellow solid, IR (KBr, cm™) Vmax:
3425 (OH), 3348 3125, 2974, 2924 (NH), 1731, 1681 (C=0), 'HNMR (400 MHz,
DMSO-d6): 6= 9.12(s, 1H, OH), 8.51(s, 1H, NH), 7.63(s, 1H, NH), 6.51-6.79(m,
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3H, Ar-H), 5.42(d, 1H, CH), 4.00 (s, 3H, OCHs), 3.72(m, 2H, CH,), 2.47(s, 3H,
CHs), 1.16(t, 3H, CHs).

4.A.6.14 Ethyl 1,2,3,4-tetrahydro-4-(3-hydroxyphenyl)-6-methyl-2-
oxopyrimidine-5-carboxylate (4n): Dirty white powder, yield= 88 %, melting
point found (°C) = 258-261. IR (KBr, cm™') vmax:3443 (O-H), 3244, 3110,
2950(N-H), 1647, 1578(C=0), 'HNMR (400 MHz, DMSO-d6): dppm=9.97(s,
1H, OH), 9.35(s, 1H, NH),7.66(s, 1H, NH), 6.50-6.74(m, 3H, Ar-H), 5.62(s, 1H, -
C-H), 3.37 (q, 2H, CH>»), 2.22(s, 3H, CH3), 1.10 (t, 3H, CH3).

4.A.6.15 Ethyl 1,2,3,4-tetrahydro-4-(3.4,5-trimethoxyphenyl)-6-methyl-2-
oxopyrimidine-5-carboxylate (40): White solid , yield= 88 %, melting point
found (°C) =202-206, IR (KBr, cm™) vmax: 3443 (O-H), 3364, 3302, 2971(N-H),
1660, 1595(C=0), 'HNMR (400 MHz, DMSO-d6): dppm= 9.80(s, 1H, OH),
9.20(s, 1H, NH),7.25(s, 1H, NH), 6.87(s, 1H, Ar-H), 6.64 (s, 1H, Ar-H), 5.40(s,
1H, C-H), 3.85(q, 2H, CH>»), 3.71(s, 3H, O-CH3),3.67(s, 3H, O-CH3), 3.62(s, 3H,
0-CHa), 3.37(s, 3H, CHs), 1.27 (t, 3H, CHs).

4.A.6.16 Ethyl 1,2,3,4-tetrahydro-4-(4-hydroxy-3,5-dimethoxyphenyl)-6-
methyl-2-oxopyrimidine-5-carboxylate (4p): Dirty white solid, yield=88 %, IR
(KBr, cm™) vmax: 3433 (0-H), 3302, 2970, 2926(N-H), 1665, 1627 (C=0), "HNMR
(400 MHz, DMSO-d6): éppm= 11.40 (s, 1H, OH), 9.77(s, 1H, NH), 8.31(s, 1H,
NH), 7.20(s, 1H, Ar-H), 6.92 (s, 1H, Ar-H), 5.39(s, 1H, C-H), 3.88 (s, 6H, OCH3),
3.31(q, 2H, CH>), 2.49(s, 3H, CH3), 1.21 (t, 3H, CH3).

4.A.6.17 Ethyl 1,2,3,4-tetrahydro-4-(1H-indol-3-yl)-6-methyl-2-oxopyrimidine-
5-carboxylate (4q): brown solid, IR (KBr, cm™) vmax: 3445, 2932 (N-H), 1662,
1632 (C=0), 'HNMR (400 MHz, DMSO-d6): dppm= 12.14 (s, 1H, NH indole),
9.92(s, 1H, NH), 8.32(s, 1H, NH), 8.27 (m, 1H Ar-H indole), 7.18-7.51(m, 4H, Ar-
H), 5.41(s, 1H, C-H), 3.33(q, 2H, CH»), 2.49(s, 3H, CHs), 1.81 (t, 3H, CHs).
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4.A.7 Supporting spectra:

Fig. 4.A.7.1. 'H NMR spectra of Ethyl 1,2,3,4-tetrahydro-6-methyl-2-oxo-
4-phenylpyrimidine-5-carboxylate (4a)

W arerirniser o

Fig. 4.A.7.2. FT-IR spectra of Ethyl 1,2,3 4-tetrahydro-6-methyl-2-oxo0-4-
phenylpyrimidine-5-carboxylate (4a)
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Fig. 4.A.7.3. '"H NMR spectra of Ethyl 1,2,3,4-tetrahydro-6-methyl-4-(2-

nitrophenyl)-2-oxopyrimidine-5-carboxylate (4b)
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Fig. 4.A.7.4. FT-IR spectra of Ethyl 1,2,3 4-tetrahydro-6-methyl-4-(2-

nitrophenyl)-2-oxopyrimidine-5-carboxylate (4b)
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Fig. 4.A.7.5. 'H NMR spectra of Ethyl

1,2,3,4-tetrahydro-6-methyl-4-(3-

nitrophenyl)-2-oxopyrimidine-5-carboxylate (4c).
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Fig. 4.A.7.6. FT-IR spectra of Ethyl 1,2,3,4-tetrahydro-6-methyl-4-(3-

nitrophenyl)-2-oxopyrimidine-5-carboxylate (4c)
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Fig. 4.A.7.7. 'H NMR spectra of Ethyl
nitrophenyl)-2-oxopyrimidine-5-carboxylate (4d).
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Fig. 4.A.7.8. FT-IR spectra of Ethyl 1,2,3,4-tetrahydro-6-methyl-4-(4-

nitrophenyl)-2-oxopyrimidine-5-carboxylate (4d)

221 |Page



Chapter-1V A

Fig.4. A.7.9. '"H NMR spectra of Ethyl 4-(3-bromophenyl)-1,2,3,4-tetrahydro-6-
methyl-2-oxopyrimidine-5-carboxylate (4e).
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Fig. 4.A.7.10. FT-IR spectra of Ethyl 4-(3-bromophenyl)-1,2,3,4-tetrahydro-6-
methyl-2-oxopyrimidine-5-carboxylate (4e).
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OH

Fig. 4.A.7.11. 'H NMR spectra of Ethyl
dihydroxyphenyl)-6-methyl-2-oxopyrimidine-5-carboxylate (41).
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Fig. 4.A.7.12. FT-IR spectra of Ethyl 1,2,3,4-tetrahydro-4-(2,4-dihydroxyphenyl)-

6-methyl-2-oxopyrimidine-5-carboxylate (41).
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Fig. 4.A.7.13. '"H NMR spectra of Ethyl 4-(5-chloro-2-hydroxyphenyl)-1,2,3,4-
tetrahydro-6-methyl-2-oxopyrimidine-5-carboxylate (4k).
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Fig. 4.A.7.14. FT-IR spectra of Ethyl 4-(5-chloro-2-hydroxyphenyl)-1,2,3,4-
tetrahydro-6-methyl-2-oxopyrimidine-5-carboxylate (4k).
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Fig. 4.A.7.15. 'H NMR spectra of Ethyl 1,2,3,4-tetrahydro-4-(2-hydroxy-5-

nitrophenyl)-6-methyl-2-oxopyrimidine-5-carboxylate (41).
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Fig. 4.A.7.16. FT-IR spectra of Ethyl
nitrophenyl)-6-methyl-2-oxopyrimidine-5-carboxylate (41).
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Fig. 4.A.7.17. '"H NMR spectra of Ethyl 1,2,3 4-tetrahydro-4-(4-hydroxy-3-
methoxyphenyl)-6-methyl-2-oxopyrimidine-5-carboxylate (4m).
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Fig. 4.A.7.18. FT-IR spectra of Ethyl 1,2,3,4-tetrahydro-4-(4-hydroxy-3-
methoxyphenyl)-6-methyl-2-oxopyrimidine-5-carboxylate (4m).
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Fig. 4.A.7.19. '"H NMR spectra of Ethyl 1,2,3,4-tetrahydro-4-(3-hydroxyphenyl)-6-

methyl-2-oxopyrimidine-5-carboxylate (4n)
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Fig. 4.A.7.20. FT-IR spectra of Ethyl 1,2,3,4-tetrahydro-4-(3-hydroxyphenyl)-6-

methyl-2-oxopyrimidine-5-carboxylate (4n)
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Fig. 4.A.7.21. '"H NMR spectra of Ethyl 1,2,3 4-tetrahydro-4-(3,4,5-
trimethoxyphenyl)-6-methyl-2-oxopyrimidine-5-carboxylate (40).
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Fig. 4.A.7.22. FT-IR spectra of Ethyl 1,2,3,4-tetrahydro-4-(3.,4,5-
trimethoxyphenyl)-6-methyl-2-oxopyrimidine-5-carboxylate.
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Fig. 4.A.7.23. 'H NMR spectra of Ethyl 1,23 4-tetrahydro-4-(4-hydroxy-3,5-

dimethoxyphenyl)-6-methyl-2-oxopyrimidine-5-carboxylate (4p)
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Fig. 4.A.7.24. FT-IR spectra of Ethyl 1,23 4-tetrahydro-4-(4-hydroxy-3,5-

dimethoxyphenyl)-6-methyl-2-oxopyrimidine-5-carboxylate (4p)
229 |Page



Chapter-1V A

- - w e T e e v
ooy £ b Lok L Lok | -

ko e e I e -
L P WL L SO E

—t L 4 4

e ey | +

Fig. 4.A.7.25. 'H NMR spectra of Ethyl 1,2,3,4-tetrahydro-4-(1H-indol-3-y1)-6-
methyl-2-oxopyrimidine-5-carboxylate (4q)

= 1 i
J |
EE | '. g | [
i = | ..' =
g | | iy s
£ ' - |
"] - . '-n-“u,n L
- k { i
|I. lr.'
i b=
FHE e ] 2D L] ol W

W umibes G-

Fig. 4.A.7.26. FT-IR spectra of Ethyl 1,2,3,4-tetrahydro-4-(1H-indol-3-yl)-6-
methyl-2-oxopyrimidine-5-carboxylate (4q)
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CHAPTER-IV

Section-B

DFT, Molecular Docking and Pharmacokinetic study of some selected 3, 4-
dihydropyrimidin-2(1H)-one (DHPM) derivatives

4.B.1 Background of the present investigation

Dihydropyrimidin-2(1H)-ones are a class of organic compounds which are
synthesized using Bigenelli reaction and have significant biological activity'.
Dihydropyrimidinones also called as Bigenelli compounds were first prepared by
Pietro Bigenelli in the year 1893!. These classes of compounds have shown
promising biological activities like calcium channel anragonists®*, anti-cancer*>,
anti-hypertensive®, anti-bacterial’, anti-inflammatory®, oi.adrenergic antagonists’
and HIV-gp-120-CD4 inhibitors'®. Apart from biological activities, DHPMs are
also used as essential building blocks for a variety of other heterocyclic
compounds'!"'7(Fig.4.B.1). Computational chemistry and theoretical calculations
based on physicochemical and quantum mechanics involving organic molecules
are gaining a lot interest these days as it helps in understanding the geometrical
properties, reaction pathways and chemical mechanisms'®!. Also, these
theoretical techniques provide information about the electronic properties of the
reactants, intermediates and products which helps in inculcating new ideas for
planning an organic synthesis?*?!. Recently, Density Functional Theory (DFT) is
mostly used for exploring the geometry and electronic properties of organic
molecules along with some important properties like dipole moments, optical
properties, vibration frequencies and thermodynamic properties®*?*. The
information obtained from theoretical calculations can be compared with the
experimental finding which helps to gain a deep insight into the various properties
of the compounds under study. With the advancement in computational chemistry,
Computer Aided Drug Design (CADD) is an emerging field of research?and it
helps to predict the different types of interaction prevailing between the ligand and
active site of the protein®®. Usually, the development of a new drug for a particular
disease is a very long tedious and also a costly process?’ and therefore, CADD
method is widely used for drug designing as it efficiently reduces the time and cost
for drug discovery®®.
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Fig. 4.B.1. DHPMs as essential building blocks.

Type 2 diabetes mellitus is a condition where regulation and use of glucose
by the body is impaired leading to the increase of circulating blood sugar (when in
the chronic stages). Eventually, disorders of the circulatory, immune and nervous
systems. Type 2 diabetes is primarily the result of two correlated problems namely
insulin resistance in cells in muscles, fat and liver causing reduced storage of
glucose as glycogen, and the pancreas beta cells are unable to produce enough
insulin to keep blood sugar levels in check®.It is mostly characterized by
hyperglycemia, insulin resistance and relative insulin deficiency’.In the 2010s,
inhibition of sodium-dependent glucose transporters (SGLTs) have been proposed
as a new therapy for the treatment of type 2 diabetes mellitus®'.SGLT2, the most
prominent among all of the SGLTs, is expressed mainly in the kidney and is
responsible for the reabsorption of a vast amount of the filtered glucose. Thus,
SGLT2 plays a key role in the blood-glucose homeostasis and as such is a
prominent target which has been clear from the results of pre-clinical and clinical
studies. Any drug discovery project that focuses on promising SGLT2 inhibitors
also has to factor in any significant selectivity towards SGLT1%. This is because
though there are many therapeutic goals of SGLT2 inhibition like weight loss and
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reduced plasma glucose levels, a few side effects may exist due to co-inhibition of
SGLT1. SGLT1 being expressed in the intestine is responsible for glucose and
galactose absorption from food sources, therefore, leading to galactose- and
glucose malabsorption, diarrthoea and dehydration. This can be mediated through
lack of selectivity towards SGLT1.

Selectivity of any drug or ligands towards SGLT2 thus needs to be offset
by its lack of selectivity towards SGLT1. So, to describe selectivity with respect to
structure, extensive use of molecular modelling techniques has been utilized as no
x-ray structural data was available for either SGLT1 or SGLT2. Faham S. et al.,
thus, generated homology models for both transporters using the published x-ray
structure from vSGLT (PDB 3DH4)%. Although there are numerous drugs
available for the treatment of type-2 diabetes mellitus still these drugs have several
side effects®®. So, it is worthwhile to find an efficient drug for this disease with
minimum or no side effect.

With the improvements in the field of drug designing, Molecular Docking
studies are very popular in studying the different types of interactions between
ligand and the receptor>-°,

Molecular docking is a virtual procedure which helps to find a ligand that
fits exactly and efficiently in the binding site of the protein and is an important tool
for accurate drug discovery>’-8.

Furthermore, a variety of 2,4-dihydropyrimidin-2(1H)-ones using solvent
free, green methodology have been prepared in excellent yields and its synthetic
procedure, spectroscopic and analytical investigations have been discussed in
section-A of chapter 4. In this chapter we are presenting the theoretical aspects of
some selected Bigenelli compounds wherein HOMO-LUMO energies, bond
lengths, bond angles, dihedral angles, global chemical descriptors and Molecular
Electrostatic Potential (MEP) have been studied in detail using DFT. The
inhibitory potential of these selected derivatives against the protein 3DH4 which is
used in homology studies for the inhibition of Sodium-Dependent Glucose
Transporters (SGLTs) have also been reported.
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Fig. 4.B.2. Molecular Structures of selected 3, 4-dihydropyrimidin-(2H)-one
derivatives (DP-1 to DP-3)
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4.B.2 Results and Discussions
4.B.2.1 Computational Study

The molecular geometry, molecular orbital (HOMO,LUMO), Nonlinear
Optical property (NLO), Global chemical descriptors and Molecular Electrostatic
Potential (MEP) of the selected 3,4-dihydropyrimidin-(2H)-one derivatives
namely, Ethyl 4-(2-hydroxyphenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-
5-carboxylate (DP-1), Ethyl 4-(5-chloro-2-hydroxyphenyl)-6-methyl-2-oxo-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (DP-2) and Ethyl 4-(5-bromo-2-
hydroxyphenyl)-6-methyl-2-o0xo0-1,2,3,4-tetrahydropyrimidine-5-carboxylate (DP-
3) have been optimized by Density Functional Theory (DFT) using Becke’s three-
parameter hybrid method (B3) with Lee, Yang and Parr correlation functional
methods (LYP) with B3LYP/631G+(d,2p) level of basis set®4°. All the
computational calculations were calculated by Gaussian 16, Revision
A.03programme package*'and the results were visualized using GAUSSVIEW 6.0
software*? on ahp-Z640 desktop P.C. with an Intel Xeon processor (Specifications:
E5-2630 V4 @ 220GHz).

4.B.2.1.1 Optimization of Molecular Geometry

To the best of our knowledge, the X-Ray single crystal structure of the
selected compounds (DP-1 to DP-3) have not been reported till now, therefore,
structure optimization using DFT method serves as a good alternative to ascertain
the different geometrical parameters. The geometrical parameters of the studied
compounds (DP-1 to DP-3) were calculated by DFT assay using
B3LYP/631G+(d,2p) level of basis set. The optimized gas phase molecular
geometry of the compounds (DP-1 to DP-3) with atom labelling scheme is shown
in Fig.4.B.3 and 4.B.4 and the structural parameters like bond lengths, bond angles
and dihedral angles are listed in Table 4.B.1.

From the analysis of the dihedral angles as given in Table 4.B.1, it can be
infered that the phenyl ring is not in plane with the DHPM nucleus as the dihedral
angles are nowhere close to 0° or 180°. The dihedral angle between the phenyl
ring (2) and the DHPM nucleus (1) depends on the type of substituent present in
the phenyl ring as evident from the fact that in DP-1, the dihedral angle between
C17-C12-C6-C5 and between C17-C12-C6-C1 is 34.148° and -138.05°
respectively whereas in DP-2 it is -146.31° and 26.00° respectively and in DP-3 it
is found to be 147.425° and -26.54° respectively. From Table 4.B.1, it is clearly
seen that the C-N bond lengths in the DHPM nucleus (1) of all the studied
compounds (DP-1 to DP-3) are in the range C6-N5 =1.407A - 1.413 A, C4-N5 =
1.370 A - 1.377 A, C4-N3 = 1.382 A - 1.392 A, C2-N3 = 1.393 A -1.401 A
respectively. The C4-N5 and C4-N3 are shorter than C6-N5 and C2-N3 a bond
length which suggests that the lone pairs on nitrogen are delocalized on atom C4
which is double bonded with oxygen atom O19. Also, from the optimized
geometry, it was found that C=0 bond length in all the studied compounds (DP-1
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to DP-4) fall in the range C7=08 = 1.210-1.219 A, C4=019 = 1.224-1.225 A
respectively. The C-O bond lengths in these compounds (DP-1 to DP-3) are found
to be in the range C7-09 = 1.348-1.358 A, C10-09 = 1.450-1.455 A respectively.

Fig. 4.B.3. Atom labelling of the DHPM nucleus (1) and the phenyl ring (2) in the
studied compounds.

The C-C bond lengths of all the aryl groups present in the compounds (DP-
1 to DP-3) are in the range 1.386 to 1.417 A which suggests that the carbon atoms
are highly conjugated and electrons are involved in resonance*.Again, from the
table 4.B.1, it is clearly seen that the N-H bond length of the DHPM nucleus (1) in
all the studied compounds are almost equal and falls in the range of 1.010-1.012 A.
The aromatic C-H, aliphatic C-H, O-H, and C-halogen bond distances of the
studied compounds (DP-1 to DP-3) are in the range 1.392-1.417 A, 1.086-1.094 A,
0.963-0.966 A, 1.761-1.909 A respectively.
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Fig. 4.B.4. Optimized gas phase molecular geometry of the compounds (DP-1 to
DP-3) with atom labelling scheme.
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Table. 4.B.1. Structural parameters (bond lengths, bond angles and dihedral

angles) of the studied compounds (DP-1 to DP-3)

C-C bond length (A)

DP-1 DP-2 DP-3
C2-C1 1.387 C2-C1 1.382 C2-C1 1.382
Co6-Cl1 1.419 C6-Cl 1.435 Co-Cl1 1.435
Co6-C12 1.461 C6-C12 1.452 C6-C12 1.452
C7-Cl1 1.508 C7-Cl 1.498 C7-Cl 1.497
C11-C10 1.518 CI11-C10 1.520 Cl11-C10 1.520
C12-C13 1.415 C12-C13 1.422 C12-C13 1.421
C12-C17 1.416 C12-C17 1.417 C12-C17 1.417
C13-C14 1.394 C13-C14 1.392 C13-C14 1.392
C14-C15 1.396 C14-C15 1.397 C14-C15 1.396
C15-C16 1.397 C15-C16 1.395 C15-C16 1.394
Cle6-C17 1.392 Cl16-C17 1.388 Cl16-C17 1.386
C2-C21 1.499 C2-C21 1.499 C2-C21 1.499
C-H, C-0, N-H, C-Cl, C-Br and O-H bond distances (A)
DP-1 DP-2 DP-3
C10-H31 1.094 C10-H26 1.091 C10-H31 1.091
C10-H32 1.091 C10-H27 1.091 C10-H32 1.091
C11-H29 1.093 C11-H29 1.092 C11-H33 1.093
CI11-H30 1.093 C11-H30 1.095 Cl11-H34 1.093
CI11-H28 1.094 C11-H28 1.092 C11-H35 1.095
Cl14-H22 1.087 Cl14-H24 1.087 Cl14-H24 1.087
C15-H23 1.084 C15-H23 1.083 C15-H23 1.082
Cl16-H24 1.084 C17-H25 1.082 C17-H25 1.082
C17-H25 1.085 C21-H34 1.086 C21-H29 1.097
C21-H34 1.089 C21-H33 1.097 C21-H28 1.086
C21-H33 1.089 C31-H35 1.097 C21-H30 1.097
C21-H35 1.089 C4-019 1.224 C7-08 1.219
C7-08 1.210 C7-08 1.219 C7-09 1.348
C10-09 1.450 C10-09 1.455 C10-09 1.454
C7-09 1.358 C7-09 1.348 C4-019 1.224
C13-018 1.373 C13-018 1.380 C13-018 1.380
N3-H20 1.010 Cl16-Cl22 1.761 C16-Br22 1.909
N5-H27 1.010 N3-H20 1.010 N3-H20 1.010
N5-H31 1.012 N5-H27 1.012
O18-H26 0.965
Bond Angle (°)
N3-C2-C1 118.536 N3-C2-Cl1 118.149 N3-C2-Cl1 118.168
C4-N3-C2 124964 C4-N3-C2 124.805 C4-N3-C2 124.900
N5-C4-N3 113.609 N5-C4-N3 113.679 N5-C4-N3 113.724
C6-N5-C4 126.458 C6-N5-C4 125.653 C6-N5-C4 125.751
C7-C1-C2 117.987 C7-C1-C2 118.097 C7-C1-C2 118.307
08-C7-Cl1 122.513 08-C7-Cl1 124954 08-C7-Cl1 124.905
09-C7-Cl1 118.270 09-C7-C1 111.433 09-C7-Cl1 111.501
C10-09-C7 121.837 C10-09-C7 117.416 C10-09-C7 117.653
C11-C10-09 107.199 C11-C10-0O9 111.996 C11-C10-0O9 110.810
C12-C6-N5 114.758 C12-C6-N5 118.386 C12-C6-N5 118.573
C13-C12-Cé6 123.601 C13-C12-C6 123437 C13-C12-C6 123.612
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C14-C13- 121.313 C14-C13-C12 121406 C14-C13-C12 121.315
C12
C15-C14- 120.635 CI15-C14-C13  121.179 C15-C14-C13 121.185
C13
Cl16-C15- 119.435 Cl16-C15-C14 118.164 Cl16-C15-Cl14 118.156
Cl4
C17-C16- 119.776  C17-C16-C15 121.348 C17-C16-C15 121.344
C15
018-C13- 117.560 O18-C13-C12 117.857 0O18-C13-C12 117.950
C12
019-C4-N3 122986 019-C4-N3 122.276  O19-C4-N3 122.260
H20-N3-C2 120.311  H20-N3-C2 119.635 H20-N3-C2 119.706
C21-C2-C1 127.084 C21-C2-C1 127.928 C21-C2-C10 127.915
H22-C14- 119.084 CI22-Cl6- 119.316  Br22-C16-Cl 119.423
C13 C15
H23-C15- 119.845 H23-C15-C14 120.889 H23-C15-C14 120.630
Cl4
H24-C16- 120.450 H24-C14-C13 119.264 H24-C14-C13 119.247
C15
H25-C17- 118.907 H25-C17-C16 118.859 H25-C17-C16 119.070
Clé6
H26-018- 109.471 H26-C10-09  103.562 H26-O18-C13  109.820
C13
H27-N5-C4 113.965 H27-C10-09 108.559 H27-N5-C4 115.438
H28-C11- 109.660 H28-C11-C10 111.349 H28-C21-C2 111.974
C10
H29-C11- 110.966 H29-C11-C10 111.087 H29-C21-C2 109.832
C10
H30-C11- 110.980 H30-C11-C10 109.146 H30-C21-C2 110.311
C10
H31-C10-09  109.302 H31-N5-C4 115.525 H31-C10-09 104.054
H32-C10-09  109.177 H32-018-C13 109.866 H32-C10-09 108.843
H33-C21-C2  111.242 H33-C21-C2  109.785 H33-C11-C10 110.970
H34-C21-C2  112.093 H34-C21-C2  111.958 H34-C11-C10 110.911
H35-C21-C2  110.254 H35-C21-C2  110.351 H35-C11-C10 109.565
Selected dihedral angles (°)
C17-C12-C6-  34.140 C17-C12-C6- -146.301 C17-C12-Cé6- 147.420
C5 C5 C5
C13-C12-C6-  45.550 C13-C12-C6- -156.009 C13-C12-Cé6- 154.530
Cl1 Cl1 Cl1
C13-C12-C6- -144.240 C13-C12-C6- 31.570 C13-C12-Cé6- -31.500
C5 C5 C5
C1-C6-C12-  -138.050 C1-C6-Cl12- 26.000 C1-C6-C12- -26.540
C17 C17 C17
08-C7-Cl1- 60.470  O8-C7-C1-C6 -138.601 O8-C7-C1-C6  138.760
C6
C2-C1-C7-  -109.610 C2-C1-C7-O8 48.060 C2-C1-C7-08  -46.580
08
H31-C10- 179.310 H27-C10- 177.980 H32-C10-C11- 56.640
C11-H29 C11-H29 H33
H31-C10- -60.200 H27-C10- -62.680  H31-C10-C11- 179.400
C11-H30 C11-H30 H33
09-C10-C11- 58910 09-C10-C11- 175450 09-C10-C11- -65.160
H30 H30 H33
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09-C10-C11-  -61.510 0O9-C10-C11- 56.130 09-C10-C11- 179.500

H29 H29 H35
C2-C1-C7- 66.010 C2-C1-C7-09 -128.907 C2-C1-C7-09  131.950
09

4.B.2.1.2 Frontier Molecular Orbitals

The Highest occupied molecular orbital (HOMO) and the Lowest
Unoccupied Molecular orbital (LUMO) constitutes the frontier molecular orbitals
and they are very important in predicting the molecular reactivity. The electron
donor ability of a molecule is determined by the energy of HOMO while the
electron acceptor ability is determined by the energy of LUMO*. Several
important properties like kinetic stability, reactivity and the polarizability of a
molecule can be determined by analyzing the energy gap (AE= ErLumo-Enomo)
between the HOMO and the LUMO*. Also, a large and positive AE value
indicates that the molecule is less polarizable and is chemically stable*. In order to
get into a deep insight into the electronic behavior of the studied compounds, the
HOMO-LUMO energies have been calculated using B3LYP/631G+(d,2p) basis set
and its pictorial representation is shown in Fig.4.B.5. and the energies of the
HOMO-LUMO of the studied compounds are shown in Table 4.B.2.
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Fig. 4.B.5. Pictorial representation of the HOMO-LUMO of selected compounds
(DP-1 to DP-3)
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From the Table 4.B.2., It is evident that the energy of HOMO and LUMO
orbitals are negative and this shows that the compounds under study (DP1 to DP-3)
are relatively stable®® and the energy of HOMO and LUMO orbitals of the
compounds are -4.20 eV (DP-1), -4.31 eV (DP-2), -4.30 eV (DP-3) and -1.09 eV
(DP-1), -1.36 eV (DP-2), -1.41 eV (DP-3) respectively. With the help of the
energies of the HOMO and LUMO, global chemical descriptors like chemical
potential, global hardness and global electrophilicity can be determined which is
helpful for understanding the reactivity and the structure of the molecule which in
turn is essential for determination of the various pharmacological properties of the
molecule for the process of drug design*®. The ionization energy (I) and electron
affinity (A) can be expressed in terms of HOMO and LUMO orbital energies as
follows

I =-Enomo and A = -Erumo

The chemical reactivity descriptors such as chemical potential (p),
Electronegativity (y), Global hardness (1) and global electrophilicity power () can
be calculated with the help of following relation;

Chemical potential (1) = (Enomo+ ELumo)/2 = -(I-A)/2

Electronegativity (y) = (I+A)/2
Global Hardness (n) = (-Ezomot ELumo)/2 = (I-A)/2
Electrophilicity power () = p%/2 1

Where I and A are the first ionization potential and electron affinity of the
chemical species*’ .

The ionization energy (I), electron affinity (A), Chemical potential (p),
Electronegativity (), Global hardness (#) and Global electrophilicity power (@) of
the studied compounds (DP-1 to DP-3) are listed in Table 4.B.3.
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Table. 4.B.2. Energies of HOMO and LUMO orbitals, ionization energy (I),
electron affinity (A), Chemical potential (i), Electronegativity (), Global hardness
(n) and Global electrophilicity power () of the studied compounds (DP-1 to DP-
3)

Parameters (eV) DP-1 DP-2 DP-3
Enomo -4.20 -4.31 -4.30

Erumo -1.09 -1.36 -1.41

AE 3.10 2.94 2.89

Ionization Energy (I) 4.20 431 4.30
Electron Affinity (A) 1.09 1.36 1.41
Chemical potential (p) -2.64 -2.83 -2.85
Electronegativity () 2.64 2.83 2.85
Global hardness(7) 1.55 1.47 1.44
Electrophilicity power(w) 2.25 2.72 3.81

It is seen that the chemical potential of all the studied molecules are
negative and this suggests that the compounds under investigation do not
decompose spontaneously into its elements they are made up of.

Apparently, it is seen that the hard molecule has large HOMO-LUMO gap
and soft molecule has small HOMO-LUMO gap>’. Thus, from the Table 4.B.3, it is
evident that the hardness of the studied molecule follows the order DP-1 > DP-2 >
DP-3. Moreover, the hardness signifies the resistance towards the deformation of
electron cloud of chemical systems under small perturbation that occur during the
chemical reaction. Thus, hard system is less polarizable than soft system’!. Again,
a large value of electrophilicity is assigned for good electrophile whereas
nucleophile is described by low value of nucleophilicity>>.

4.B.2.1.3 FT-IR analysis

Study of the molecular vibrations of organic compounds is an important
area of research as it is possible to correlate the theoretical and experimental FT-IR
spectra of the studied compounds to figure out the different structural features in
the molecules.

The theoretical vibrational spectra of the studied compounds (DP-1 to DP-
3) was calculated using B3LYP/631G+(d,2p) basis set on the optimized geometry
of the molecules in the gas phase. The experimental and theoretical vibrational
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frequencies of the studied compounds (DP-1 to DP-3) are given in Table 4.B.3
with proper assignment of the observed peaks.

Table. 4.B.3. FT-IR analysis of studied compounds DP-1 to DP-3

DP-1
Unscaled frequency IR; R(A) IR Frequency  Assignments
(cm-1) (cm-1)
(theoretical) Experimental
3821.74 69.7539 96.4066 3444 vOH stretch
3639.2 96.5826 232.3846 3009 VNH stretch
3626.02 40.3333 94.4064 VNH stretch
3209.13 14.3066 301.7885 v(s)Ar-H
stretch
3195.6 9.456 75.1909 v(as)Ar-H
stretch
3183.72 2.6979 58.8911 v(as)Ar-H
stretch
3162.77 12.7405 107.6511 v(as)Ar-H
stretch
3155.52 2.4726 43.1897 v(as)CH3
3133.24 25.3587 5.5061 v(as)C2Hs
3115.21 23.2341 65.8397 v(as)C2HS5
3110.33 1.6272 86.7641 v(as)C2H5
3058.58 22.7075 88.3833 v(as)C2H5
3045.41 7.9017 262.1293 2988 vC2H5,v(as)CH
3
3045.06 32.4389 163.6919 vC2HS5,v(as)CH
3
3006.11 87.5886 680.6065 vCH3
1637 14.539 1000.461 vAr C=C
1 stretch,
1615.03 31.014 67.1562 1629 vAr C=C
stretch
1555.13 59.3641 259.6895 1531 vArC=C stretch
1790.21 1074.1713  36.4448 1666 v(C=0) stretch
DP-2
3826.93 89.3908 147.631 vOH
3632.99 116.8733  247.8722 3444 vNH
3595.47 87.0333 115.2456 VvNH
3223.96 0.1725 113.6372 vAr-H
3220.11 0.1289 14.8199 v(as)Ar-H
3188.08 0.7012 37.0334 v(as)CH3
3164.66 16.1413 162.2694 v(as)Ar-H
3145.92 17.4996 4.2482 v(as)C2H5
3124.08 3.3019 72.0917 v(as)C2HS
3114.24 31.4035 80.5211 v(as)C2H5
3079.04 29.1354 115.075 v(as)C2HS
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3061.2 12.2927 219.1467 v(as)CH3
3047.06 14.3386 183.7124 vC2HS5
3017.79 73.4512 739.7649 3004 vCH3
1622.84 1070.0928 1178.464 vArC=C stretch
9
1601.41 50.1923 258.3946 1625 vAr C=C
stretch
1587.72 123.0225  301.1709 vAr C=C
stretch
1790.76 1013.8192  42.7887 1667 vC=0 stretch
DP-3
3826.49 90.5042 152.7938 3473 vOH
3633.14 120.0181 261.1812 3455 vNH
3596.46 86.4332 124.2294 vNH
3223.38 0.6732 98.986 vAr-H
3220.45 0.3245 10.9341 v(as)Ar-H
3188.57 0.6232 37.27 v(as)CH3
3163.85 16.7887 168.0818 v(as)Ar-H
3144.92 13.6097 6.3731 v(as)C2H5
3119.59 9.7442 56.2076 v(as)C2H5
3111.15 20.7016 85.4523 v(as)C2H5
3060.74 12.4734 222.5195 v(as)CH3
3043.58 20.9182 168.1723 vC2HS5
3017.63 74.5452 745.067 2969 vCH3
1621.72 106.7411 1271.234 vArC=C stretch
5
1599.92 61.0917 271.8334 vAr C=C
stretch
1586.55 113.1961 310.4236 1474 vAr C=C
1791.55 1035.7274 1791.55 1635 stretch

v(C=0) stretch

4.B.2.1.3.1 C-H stretching vibration

For the studied compounds (DP-1 to DP-3), C-H functional group is
present at various positions. The characteristic C-H stretching vibration of the
aromatic ring falls in the range 3100-3000 cm™ *3. In the present investigation,
theoretically calculated bands in the range of 3209-3162 cm', 3223-3164 cm™! and
3220-3163 cm'were assigned to aromatic C-H stretching vibrations for the
compounds DP-1, DP-2 and DP-3 respectively. Pure symmetric bands were
calculated at 3209 cm™ in DP-1, 3223cm™ in DP-2 and 3223 c¢cm™ in DP-3
respectively. Asymmetric vibrational bands were calculated with stretching
frequencies 3195 cm!, 3183 ¢cm-! and 3162 cm™ for DP-1, 3220 cm!, 3220 cm!,
3164 cm™ for DP-2 and 3220 cm™, 3163 cm™ for DP-3 respectively. Because of
the integration of several bands in the molecules, it is very difficult to detect the
aromatic C-H stretching in this type of systems.
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The characteristic C-H stretching vibration for aliphatic systems like the C-
H symmetric stretching vibration for CHs group is found at 3006 cm™ for DP-1,
3017 cm™ for DP-2 and 3017 cm™ for DP-3 respectively. The experimentally
observed values for C-H symmetric stretching vibrations for CHj3 group lies in the
range 2988 cm! for DP-1, 3004 cm™' for DP-2 and 2969 cm™ for DP-3
respectively. Another important C-H stretching vibration found in BHPMs is the
C-H symmetric stretching vibration for C;Hsgroup. Theoretically, the C-H
symmetric stretching vibration for C2Hs group is found at 3045 cm™ for DP-1,
3047 cm™! for DP-2 and 3043 cm™! for DP-3 respectively.
4.B.2.1.3.2 C-O stretching vibration

For the studied compounds, the C=O stretching frequency is an important
stretching vibration. The C=0 stretching vibration for the studied compounds were
found at 1790.21 cm™! for DP-1, 1790.76 cm™ for DP-2 and 1791.55 cm™ for DP-3
respectively. The experimental C=0 stretching vibration for these compounds were
found at 1666 cm™ for DP-1, 1667 cm™ for DP-2 and 1635 ¢cm™' for DP-3.
4.B.2.1.3.3. N-H stretching vibration

N-H stretching vibration is an important stretching vibration for the studied
compounds (DP-1 to DP-3). For the compound DP-1, the theoretical N-H
stretching vibration was found at 3639 cm™!, for DP-2 it was found at 3632 cm™!
and for DP-3 it was found at 3633 cm™. The experimentally determined N-H
stretching vibration for DP-1 was assigned at 3009 cm™!, for DP-2 it was found at
3444 ¢cm! and for DP-3 the N-H stretching vibration was found at 3455 cm!
respectively.
4.B.2.1.3.4. Aromatic C-C stretching vibration

Generally, the bands observed in the range 1650-1400 cm™ are assigned to
C-C stretching mode of aromatic derivatives>. In our present study, the range for
theoretically calculated C-C stretching vibrational mode showing sharp bands are
in the range 1637-1555 cm™!, 1622-1587cm™ and 1621-1586 cm™! for DP-1, DP-2
and DP-3 respectively (Table 4.B.3). Experimentally, the aromatic C-C stretching
frequencies for the studied compounds observed in the range 1629-1531 cm™! in
DP-1, 1625 cm™ in DP-2, and 1474 cm™! for DP-3 respectively.

Thus, from the above discussions, it is evident that the theoretically
calculated vibrational frequency matched well with the experimental results for the
studied compounds (Fig. 4.B.6).
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Fig. 4.B.6. Theoretical and experimental FTIR spectra of DP-1 to DP-3

4. B.2.1.4 Molecular Electrostatic Potential (MEP)

In chemical systems, the electrostatic potential around molecules is an
important parameter for assessing and correlating the molecular structure and their
physicochemical properties®. Moreover, MEP helps in understanding the sites of
electrophilic and nucleophilic reactions, along with hydrogen bonding
interactions®. To analyze the reactive sites of electrophilic and nucleophilic attack
for the compounds under study (DP-1 to DP-3), Molecular Electrostatic Potentials
at B3LYP/631G+ (d, 2p) was calculated. The electrostatic potentials at the MEP
surfaces are given by different colors like red, blue and green. Red, blue and green
colour represents the region of most negative, most positive and zero electrostatic
potential respectively. Thus, the electrostatic potential increases in the order blue >
green > yellow > orange > red.The most negative electrostatic potential (red,
orange and yellow region) in the MEP surface is assigned for the electrophilic
reaction sites and the positive (blue) region corresponds to nucleophilic reaction
site®”>8 The MEP surface of the studied compounds (DP-1 to DP-3) is depicted in
Fig.4.B.7. A detailed description of the MEP surface indicating the region of
negative/ electrophilic reaction sites and positive/nucleophilic reaction site for the
studied compounds (DP-1 to DP-3) are listed in Table 4.B.4.
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Fig. 4.B.7. MEP plots of studied compounds (DP-1 to DP-3)
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Table. 4.B.4. Detailed description of MEP surface for compounds DP-1 to DP-3

Entry Negative region Positive region (blue)/
(red, orange, Nucleophilic reaction site
yellow)/Electrophilic

reaction site

DP-1 -OH group of 2-phenyl N5-H27(1), N3-H20(1), H26
ring and 019,08,09 (2) and C21-H34,H35,H33 of the
of the DHPM nucleus DHPM nucleus (1) and H26 of
1 the phenyl ring 2

019, 08 of DHPM NS5-H31(1), N3-H20(1), H32 of
nucleusl the O18-H32 group and C21-
H34, H35,H33 of the DHPM

nucleus (1)

DP-3 019, 08 of DHPM N3-H20, C21-H28,H29,H30, of
nucleusl DHPM nucleusl and -O18H25
group of phenyl ring2

4.B.2.1.2.5 NLO properties

Nonlinear optical phenomenon is generally caused by the interaction of
materials with electromagnetic fields, resulting in altered wave numbers, phases, or
other physical properties of the electromagnetic field>®. Organic molecules having
extended m- conjugation with delocalized electrons and intra molecular charge
transfer from donor to acceptor orbital through m-spacer generally show a rapid
response to light and have strong NLO properties®’. Organic molecules having
good non-linear properties are widely used in the field of organic light emitting
diodes, transistors and dye sensitized solar cells®!

Theoretically, the NLO properties of the given compound is
calculated by determining the parameters such as magnitude of dipole moment (u),
polarizability (a), anisotropy of polarizability (Aa), first hyperpolarizability () and
second order hyperpolarizability (y). The polarizability tensors are calculated using
the following relations®?
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Dipole moment = (P—XZ + uyz + u22)1/2 ..................................... (1)

a(totalor < a > = % (axx + ayy + QZZ)..oeveeennne. (2)

Aa= 1\2[(axx — ()Lyy)2 +(ayy — crzz)2 +(azz — axx)2 + 6(axy2 + axz2 + cryz2

)]1/2 ........ 3)
Bx = BxxX + BXYY + BXZZ.eeoeeeiieiieeeene 4)
By = Byyy + BYzZzZ + BYXX..evreroeerireeienieennnn &)
Bz = Bzzz + BzXX + BYYZ.errooievieeieeieenn, (6)

Btotal = (Bx2 + By + Bz) wereeeee (7)

<y > orytotal = 1/5 (yxxxx + yyyyy + yzzzz + 2(yxxyy + yyyzz +

The nonlinear optical properties such as dipole moments, dipole
polarizabilities, first- and second order hyperpolarizabilities of the studied
compounds (DP-1 to DP-3) were calculated by B3LYP/ 6-31G + (d, 2p) basis set
and the computed results are listed in Table 4.B.5.
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Table. 4.B.5. Computed Dipole moments, dipole polarizabilities and anisotropic

Polarizabilities and first-order hyperpolarizabilitiues of compounds DP-1 to DP-3

Dipole moments, dipole polarizabilities and anisotropic polarizabilities

Entry DP-1 DP-2 DP-3 Ref.
Px -1.1327 -3.0611 0.2975 0

Ly -2.6007 0.1471 2.6826 -4.06

Mz -2.1905 -0.3033 -0.3464 0.0018
n 3.5840 3.0796 2.7212 4.06

Olxx -94.9715 -149.803 -159.27 -16.62

Oyy -126.959 -106.795 -109.169 -24.64

Olzz -127.257 -134.888 -140.665 -27.03

Olxy -1.4797 18.461 15.8639 -0.0003
Olxz -1.4248 0.4048 -0.0525 -0.07
Olyz 15.2026 -1.4331 -1.5948 0.01
atot X 10-24(esu) -17.249 -19.266 -20.209 -3.37
Ao x 1024 (esu) 6.179 7.350 7.681 1.39

First order hyperpolarizabilities

Bxxx -26.36 -68.10 -157.70 -0.002

Bxyy 25.66 -42.54 -48.73 -0.0004
Bxzz -16.98 3.72 -28.344 0.001

Byyy -125.62 -77.15 -51.36 -16.94
Bxxy 3.44 73.77 98.76 -0.63
Byzz 2.49 8.88 12.02 2.05
Bzzz -14.93 -1.43 -4.43 -0.01
Bxxz 8.75 -4.99 -4.12 -0.09
Byyz 7.03 -1.69 -1.51 -0.03
Bxyz -10.75 4.48 297 0.05
Btotal x 103° 1.045 0.927 2.094 0.13

(esu)
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A comparative study of the dipole moment in the studied system indicates
that they have different charge distributions for different directions. The
theoretically calculated dipole moments of the studied compounds are 3.58D (DP-
1), 3.079D (DP-2), 2.721D (DP-3) respectively and the dipole moment follows the
order DP-1 > DP-2 > DP-3.

The compounds DP-1, DP-2 and DP-3 have dipole moment value less than
the dipole moment value of urea (4.06 D) reference. Also, the total dipole
polarizabilities value of the studied compounds along all three directions is listed
in Table 4.B.5. From the Table 4.B.5, it is evident that the dipole polarizability of
the studied compounds follows the order DP-3(-20.209 x 102%) > DP-2(-19.266 x
102%) > DP-1(-17.249 x 10%).

The theoretically computed first-order hyperpolarizabilities and their
individual components for the studied compounds (DP-1 to DP-3) are listed in
Table 4.B.6. From the Table 4.B.5, it is evident that the first-order
hyperpolarizability of the studied compounds are 1.045 x 107° esu, 0.927x 107°
esu and 2.094 x 107%° esu for compounds DP-1, DP-2 and DP-3 respectively. A
comparison of the first-order hyperpolarizability value of the studied compounds
with the standard reference urea (0.13 x 10~° esu) have shown that the studied
compounds have far greater value of first-order hyperpolarizability value than urea.
Thus, the order for the first-order hyperpolarizability of the studied compounds are
DP-3 > DP-1 > DP-2.

The second order hyperpolarizabilities of the compounds DP-1 to DP-3 are
given in Table 4.B.6. The second order hyperpolarizability of the studied
compounds are - 0.877 x107¢ esu, -1.129 x 107%¢ esu and -1.670 x 10¢ esu for DP-
1, DP-2 and DP-3 respectively.

Table. 4.B.6. Second order hyperpolarizabilities of studied compounds DP-1 to
DP-3

Second order hyperpolarizabilities

Entry Yxxxx Yyyyy Yzzzz Yxxyy Yyyzz Yxxzz Ytotal
(x 10
36) esu

DP-1 -3558.66  -3133.59 -635.75 -86.88 174.92 -779.3  -0.87

DP-2  -5633.49  -3064.38 -191.64 443.58 -680.33 -9245  -1.12
DP-3  -6568.69  -3064.22 -201.93 -1639.22 -683.36 -1050  -1.67
Urea -120.66 -117.90 -29.39 -44.02 -28.01 -39.86 -0.04

The order of second-hyperpolarizability of the studied compounds is given
by DP-3> DP-2> DP-1 and from the Table 4.B.6, it is evident that the second-order
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hyperpolarizability of the studied compounds are much greater than the reference
NLO material urea.

From the above discussion, it is evident that the studied molecule DP-1 to
DP-3 have shown greater value of nonlinear optical parameters than the reference
urea molecule and we may infer that this set of molecules could act as a better
nonlinear optical material.

4.B.2.2 Molecular Docking Study

Type-2 diabetes mellitus is a condition where there is an elevation of
glucose level in the blood (hyperglycemia) or an elevation in the insulin levels in
the blood (hyperinsulinemia)®®. Among various available therapies for type-2
diabetes mellitus, Sodium glucose co-transporter 2 (SGLT2) inhibitors are very
popular class of drugs which is used to control hyperglycemia®

Molecular Docking studies now days have become an essential tool for

drug design and provides helpful information about various interactions between
the ligand and the protein in a faster and cost-effective way®>®°. In this chapter, we
have reported the molecular docking study of the selected 3,4 Dihydropyrimidine-
2-[1H]-one derivatives against the protein 3DH4.
The protein 3DH4 structure has often been used in homology studies for the
inhibition of sodium-dependent glucose transporters (SGLTs). The protein has an
approximately 3.0 A structure that contains 14 transmembrane helices in an inward
facing conformation with a core structure of inverted repeats of 5 TM helices
(TM2 — TM6 and TM7 — TM11). Galactose can be found bound to the center of
the core, kept in place away from the outside by hydrophobic residues.

4.B.2.2.1 Visualization of the Docking Result

Molecular docking study of the compounds (DP-1 to DP-3) against
the protein 3DH4 has been carried out using GUI interface programme of
Autodock Tools (MGL tool or Molecular Graphics Laboratory tool developed by
Scripps research Institute®®. The docking results have been visualized with the help
of Biovia Discovery Studio 2020 (DS), version 21.1.0.20298 and Edu Pymol
version 2.5.2.

After successful docking of the compounds (DP-1 to DP-3) with the protein 3DH4,
the docking result showed different types of protein-ligand interactions with
particular binding energies. For better understanding of fitting of the ligand into the
binding pocket of the protein, ligands are shown as blue green stick. The hydrogen
bonding interactions between ligands and protein are shown by green dash line, the
n-sulfur interaction as yellow dash line, m-anion/m-cation interactions as orange
dash line, m-sigma interactions as purple dash line, n-n stacking/ n-m T-shaped
interactions as dark pink dash line and m-alkyl interactions as light pink dash line
respectively. The binding energy (AG) and the predicted inhibitory constant (pKj)
of the studied compounds (DP-1 to DP-3) are found to be -6.9 Kcal/mole (DP-1), -
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7.9 Kcal/mole (DP-2), -6.1 Kcal/mole (DP-3) respectively and 6.85 uM, 1.23 uM,
and 27.22 uM respectively (Table 4.B.7)

Table. 4.B.7. Summary of docking of the compound (IM-1 to IM-6) against
insulin receptor protein 1IR3 with corresponding binding energy (AG), predicted

inhibitory constant (pKj), interacting amino acid residues and type of interactions.

Ligands Binding Predicted Amino Acid Types of interactions
Energy inhibitory residues
(kcal/mol)  constant
(pKi) uM
DP-1 -6.9 6.85 Phe133, Tyr430, n- © T-shaped,
Leu433, Ile464, Alkyl, n- Alkyl
Val434 n-Sigma
DP-2 -7.9 1.23 Phe479, Met244, Conventional H-
Met477, Lys471 bonding,
Unfavorable Acceptor-
Acceptor,

n-Donor Hydrogen
Bond, Carbon H-bond

DP-3 -6.1 27.22 Glu68, GIn69, Conventional H-
Asnl42, Asn267, bonding
Leul37, Tyr263 Alkyl, n- Alkyl,

Halogen (CI, Br)

The visualization of the docking result of compound DP-1 with the protein
3DH4 showed that the ligand fits into a pocket region present in the outer regions
of the protein surface (Fig. 4.B.7). A close analysis of the docking result revealed
that the ligand interacts with the protein with binding energy (AG) value of -6.9
Kcal/mole and predicted inhibitory constant (pKi) 6.85uM. The main interactions
between the ligand DP1 and the protein were characterized by different
interactions between m — electron of the ligand and different amino acid residues. A
n-n T-shaped interaction is observed between the phenyl ring of the amino acid
residue Phe133 and the phenyl ring of the ligand DP-1 at a distance of 5.00 A. A n-
sigma interaction occurs between the sigma electron of isopropyl group of amino
acid residue Val434 and m-electron of the phenyl ring of the ligand DP-1 at a
distance 3.80 A. In addition, there are three m-alkyl interactions also observed
between the ligand DP-1 and the protein. The first and second m-alkyl interactions
exist between the m-electron of the phenyl ring of ligand DP-1 and alkyl group of
amino acid residue Ile464 and Leu433 at 5.09 A and 5.32 A respectively. The third
n-alkyl interaction was observed between the CHs (6) group of the ligand DP-1 and
the m-electron of phenyl ring of amino acid residue Tyr430 at 4.72 A.
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Fig 4.B.8. Visualisation of docking results of ligand DP-1 within a receptor site in
the protein 3DH4: (A) Optimal binding mode of the protein with DP-1 ligand
(Ligand DP-1 shown as blue and green stick model). (B) Amino acid residues
involved in different interactions (purple dash lines shown-sigma interactions, dark
pink lines show n-m T-shaped interaction, and light pink dash lines show alkyl and
n-alkyl interactions). (C) 2D representation of binding interaction of ligand DP-1
with different amino acid residues of the protein 3DH4.

Visualization of the docking results of the ligand DP-2 with the protein
receptor 3DH4 revealed that the ligand fits into a pocket region present in the core
region of the protein with the highest binding energy (AG) value of -7.9 kcal/mol
and the predicted inhibitory constant (pKi) value of 1.23uM. The major
interactions between the ligand DP-2 and the protein receptor are characterized by
four major conventional hydrogen bonding. These hydrogen bonding are i)
between C=0 group of the amino residue Glu68 and the -NH group of the ligand
DP-2 at a distance of 2.37 A, ii) between the -NH» group present in the amino acid
GIn68 and the C=0 group of the of the DHPM nucleus of the ligand at a distance
of 2.46A, iii) between the -NH, group of the amino acid Asn142 and the carbonyl
oxygen atom of the -COOEt group present on the DHPM nucleus at a distance of
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2.80 A, and iv) between the -NHa group of the residue Asn267 and the ethereal
oxygen of the -COOEt group present on the DHPM nucleus at a distance of 2.95 A
respectively (Fig.4.B.8). IT-alkyl interaction was observed between the phenyl ring
of the amino acid residue Leul37 and the methyl group (6) of the DHPM nucleus
at a distance of 4.57 A. A halogen induced interaction between the C=0 group of
the residue Tyr263 and the Cl atom of the ligand DP-2 was observed at a distance
of 3.15 A.
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Fig. 4.B.9. Visualisation of docking results of ligand DP-2 with receptor protein
3DH4: (A) Optimal binding mode of the protein with DP-2 ligand (Ligand DP-2
shown as blue and green stick model). (B) Amino acid residues involved in
different interactions (green dash lines show conventional hydrogen bonding
interactions, light blue dash lines show halogen induced interactions, and light pink
dash lines show alky and m-alkyl interactions). (C) 2D representation of binding
interaction of ligand DP-2 with different amino acid residues of the protein 3DH4.

Analysis of the docking results of the ligand DP-3 with the protein receptor
3DH4 showed high interaction affinity whereby the ligand fits into a pocket region
of the protein present in the outer regions of protein with a binding energy (AG)
value of -6.1 kcal/mole and predicted inhibitory constant (pK;) of 27.22 uM. The
main interactions between the ligand DP-3 and the protein have been characterized
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by two conventional hydrogen bonding between the -NH group of the residue
Phe479 and the carbonyl group of the DHPM nucleus of the ligand at a distance of
2.21A, and between the C=0 group of the residue Met477 and the NH group of the
ligand DP-3 at a distance of 2.25A respectively (Fig.4.B.9). Two unfavorable
acceptor-acceptor interaction was encountered between the C=0O group of the
residue Met244 and the carbonyl group of the ligand DP-3 at a distance of 3.00A
and between the C=0 group of the residue Lys471 with the oxygen atom present in
the phenyl ring of the ligand DP-3 at a distance of 2.89A. In addition, a n-donor
hydrogen bonding interaction was also observed between the -NH group of the
residue Met477 and the m-electron of phenyl ring of the ligand DP-3 at a distance
of 2.99A.

& it " . 3,74
FHEST : ' a5
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Fig. 4.B.10. Visualisation of docking results of ligand DP-3 within a receptor site
in the protein 3DH4: (A) Optimal binding mode of the protein with DP-3 ligand
(Ligand DP-3 shown as blue and green stick model). (B) Amino acid residues
involved in different interactions (green dash lines show conventional hydrogen
bonding interactions, light green dash lines depict carbon hydrogen bonding and =-
donor hydrogen bonding interactions, and red dash lines show unfavourable
acceptor-acceptor interactions). (C) 2D representation of binding interaction of
ligand DP-3 with different amino acid residues of the protein 3DH4.

259 |Page



Chapter-1V B

4.B.2.3 In silico Pharmacokinetic analysis of DP-1 to DP-3

The pharmacokinetic properties like absorption, distribution, metabolism,
excretion and toxicity (ADMET) are fundamental properties in determining the
drug likeness of any compounds prior to its clinical and animal studies. Therefore,
ADMET property of the studied compounds plays an important role in
categorizing them as a drug candidate as well as their activity inside the body®’.
The ADMET parameters provide useful information about the concentrations of
the drug in the different parts of the body with respect to time®. ADMET
properties such as gastrointestinal absorption (GI), water solule capability (Log s),
lipophilicity (Log Po/W), CYP1A2 inhibitor and Blood-Brain Barrier (BBB) are
fundamentally important for any studied compounds to be considered them as a
drug candidate®®. Therefore, the pharmacokinetic properties of the selected 2, 4, 5-
triarylimidazole derivatives (IM-1 to IM-6) have been computed with the help of
computer aided online SwissADME database (http://www.swissadme.ch) and the
result of the pharmacokinetic properties along with the Lipinski’s property are
listed in Table 4.B.8

From the table it is evident that all the studied compounds (DP-1 to DP-3)
with bioavailability score in the range of 55% have lipophilicity value (Log Po/W)
in the range 1.14-1.79 and has good gastrointestinal absorption. The high and
positive value of lipophilicity (LogPo/w) for the studied compounds indicated that
the compounds are more lipophilic and these compounds could easily pass through
the lipid bilayer of most cellular membrane. From the solubility (Log S) values of
the studied compounds which falls in the range of -2.15 to -3.07 it can be said that
all the studied compounds are soluble in water. However, the studied compounds
do not have any BBB and CYP1A2 properties. It can also be clearly seen that all
these compounds have no violations of Lipinski’s rule and can be qualified as a
potential candidate for a drug.
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Table. 4.B.8. Lipinski’s properties and pharmacokinetic properties (ADME) of
studied compounds DP-1 to DP-3

COMPOUNDS
Properties DP-1 DP-2 DP-3
Molecular weight (gm/mole) 276.29 310.73 355.18
Rotatable bonds 4 4 4
H-bond acceptor 4 4 4
H-bond donor 3 3 3
Violations 0 0 0
Log Po/W 1.14 1.71 1.79
Log S -2.15(S) -2.75(S) -3.07
GI High High High
BBB No No No
CYP1A2 No No No
Bioavailability Score 0.55 0.55 0.55
Topological Surface Area 87.66 87.66 87.66

(A™)

*MS: Moderately soluble, PS: Partially soluble, BBB: Blood-Brain Barrier, CYP:
Cytochrome P450, GI: Gastrointestinal absorption

4. B.2.4 Computational details
4.B.2.4.1 DFT study

All Quantum Mechanical calculations were carried out on a hp-Z640
desktop P.C. with an Intel Xeon processor (Specifications: ES5-2630 V4 @
220GHz) using Gaussian 16 W package. Density functional theory (DFT) with
Becke’s (B)three parameter hybrid model, Lee, Yang and Parr’s (LYP) using
631G+(d,2p) basis set has been employed to optimize the geometry of the 3.,4-
dihydropyrimidin-(2H)-one derivatives (DP-1 to DP-3).

A set of theoretical calculations of selected compounds (DP-1 to DP-3)
were performed with Gaussian 16W, Revision A.03 programme package using
B3LYP/631G+(d,2p) basis sets to optimize geometry and minimize energy for
faster and accurate calculations. With the optimized geometry, theoretical Raman
and IR spectra were also calculated from the so chosen basis set. From the
optimized geometry, the energy of HOMO and LUMO molecular orbitals along
with the energy of HOMO-LUMO gap has also been measured. For analyzing the
result of the theoretical calculations, a visual representation was obtained by Gauss
View program6 and it has been used to construct the molecular electrostatic
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potential surface (MESP) as well as the shape of HOMO and LUMO molecular
orbitals. Also, nonlinear Optical property (NLO) of the selected 3,4-
dihydropyrimidin-(2H)-one derivatives have also been calculated taking urea as a
reference NLO material.

4.B.2.4.2 Preparation of Protein and ligand for docking Study

The X-ray crystallographic structures of phosphorylated insulin receptor tyrosine
kinase protein (PDB 3DH4) has been downloaded from the Protein Data Bank
(PDB) (http: //www.pdb.org.) database. Graphical User Interface program “Auto
Dock Tools (ADT) 1.5.6” from Molecular Graphics Laboratory (MGL) developed
by Scripps Research Institute has been used for the preparation of protein for
docking study®. Input file of receptor protein for the blind docking study were
created by taking specific chain (Chain A) of the protein (3DH4). In a typical
receptor protein preparation, water molecules and hetero atoms along with the co-
crystallized ligands in PDB crystal structure was removed and subsequently, the
receptor. pdbqt file has been prepared by adding polar hydrogen atoms and
Kollman united atom charges®>®. The three-dimensional (3D) structures of
ligands (DP-1 to DP-3) were drawn using Chemsketch (ACD/Structure Elucidator,
version 12.01, Advanced Chemistry Development, Inc., Toronto, Canada, 2014,
http://www.acdlabs .com.) and geometry optimization of the ligands (DP-1 to DP-
3) were carried out using MM2 program incorporated in Chem. Draw Ultra 8.0 and
further optimization of geometry of each molecule were carried out with the
MOPAC 6 package using the semi-empirical AM1 Hamiltonian®. The input .pdbqt
file of the ligands was generated using Auto Dock Tools (ADT). As the ligand
molecules (DP-1 to DP-3) were non peptides, therefore, Gasteiger charge was
assigned and then non-polar hydrogen was merged.

4.B.2.4.3 Molecular docking study using Autodock vina

All molecular docking calculations of the studied ligands (DP-1 to DP-3)
with protein 3DH4 were carried out in the AutoDock Vina programe 1.1.2
developed by Scripps Research institute’!"”> and the results of the docking study
and the intermolecular interactions between receptors protein and the ligand
molecules were analyzed using BIOVIA Discovery Studio 2020 (DS), version
20.1.0.0 (Dassault Systemes BIOVIA, Discovery Studio Modeling Environment,
Release 2017, San Diego: Dassault Systémes, 2016) and Edu pymol version
1.7.4.47. The three-dimensional (3D) affinity (grid) maps and electrostatic a grid
boxes of 80x80x80 A grid points and grid centre (X, Y, Z) of 28.108, -43.008,
59.313 with a spacing of 1.00 A generated by AutoGrid auxiliary program for each
of the receptor protein for blind docking were generated to cover the entire active
site of the receptor protein in order to eliminate biasness arising during the docking
simulation’. Lamarckian genetic algorithm and a standard protocol with default
setting of other run parameters were used for docking simulation. For each docking
experiments, several runs were performed by the program with one predicted
binding mode with each run. All the torsions were allowed to rotate. The predicted
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inhibitory constant (pKi) has been calculated using the following standardized

equation’
Binding Energy Score

pK; = 10 1336

4.B.2.4.4 Pharmacokinetic study

The pharmacokinetic properties like like absorption, distribution,
metabolism, excretion and toxicity (ADMET) of the compounds (IM-1 to IM-6)
have been studied using the computer aided online SwissADME database
(http://www.swissadme.ch)
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