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Abstract
The chemo- as well as regioselective imino DielseAlder reactions of 5-dienyl pyrimidinones with N-aryl as well as N-naphthyl imines in the
presence of a different Lewis acid catalysts resulting in novel quinoline and benzoquinoline derivatives are reported.
� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

The imino DielseAlder reaction (IDA) provides an effi-
cient route for the construction of nitrogen containing func-
tionalized as well as fused ring heterocycles.1,2 In recent
years, this reaction is attracting an increasing attention and
special efforts are directed towards activating imine systems
for cycloadditions by increasing their electron-deficient char-
acter.3 Also, the transition metal catalysed IDA reactions
have been explored as convenient routes for the formation of
a wide variety of heterocycles.4 Earlier reports in this direction
described the participation of unhindered activated alkenes,
cyclopentadiene or symmetrical activated butadienes in IDA
cycloaddition reactions with simple N-aryl imines leading to
the synthesis of tetrahydro/dihydroquinoline and di/tetrahy-
dropyridine derivatives, respectively.5 However, such reactions
suffered from lack of chemoselectivity.6 There are numerous
reports on the biological importance of functionalized
pyrimidinone derivatives for their antitumour,7 antiviral,8

antitubercular,9 antifungal,10 molluscicidal11and larvacidal11

activity and activity against positive strand (vesicular
stomatitis virus) RNA virus.12 Further, the quinoline and
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[3H]benzo(g)quinoline ring and its derivatives are known for
their diverse biological activities and its analogues behaved
as agonist at this D2-site in schizophrenia13 and several have
been evaluated for their antimicrobial activity.14

In a recent communication, we have reported the Lewis
acid catalysed IDA reactions of 1-substituted unactivated buta-
dienes with N-aryl imines.15,16 The reactions were shown to
result in the chemo- as well as regioselective formation of
5-vinyl quinoline substituted pyrimidinone derivatives in
good yields. Herein, we report a detailed account of chemo-
as well as regioselective transition metal salt catalysed IDA
cycloaddition reactions of 5-dienyl pyrimidinone derivatives
with N-aryl and previously unexplored N-naphthyl imines in
the presence of the different Lewis acids.

Lewis acids such as magnesium(II) bromide, zinc(II) chlo-
ride, indium(III) chloride, yttrium triflate and scandium triflate
were selected and examined for their effects on the chemo- and
regioselectivities of the reactions. The treatment of 1aec in the
presence of different Lewis acids resulted in the chemo- as
well as regioselective formation of fluorescent 5-vinyl quino-
line ring substituted pyrimidinone derivatives 4aeo in good
yields. The formation of such pyrimidinone derivatives in
these reactions is presumably the result of usual oxidative ar-
omatisation of the imino DA adducts 3, as intermediate ini-
tially formed via participation of N-aryl imines and dienyl
pyrimidinones as 4p and 2p components, respectively
(Scheme 1). Interestingly, the use of all these Lewis acids

mailto:mahajanmohinderp@yahoo.co.in
http://www.elsevier.com/locate/tet


N

H

R3

R5

+

2a, R3 =OMe, R4= H, R5=H
2b, R3=OMe, R4= H, R5=OMe
2c, R3=OMe, R4=H, R5=Cl
2d, R3=H, R4=OMe, R5=H
2e, R3=H, R4=H, R5=H

R4

Lewis acid
2 2 3CH Cl or CH CN

N

NPh O

R2

N

R3

H

H R4

R5

R1

N

NPh O

R2

R1

1a, R1 =H, R2= H,
1b, R1=H, R2= CH3, 
1c, R1=H, R2=

O
N

4a, R1 =H, R2= H, R3 =OMe, R4= H, R5=H
4b, R1=H, R2= H,  R3=OMe, R4= H, R5=OMe
4c, R1 =H, R2= H,  R3=OMe, R4=H, R5=Cl
4d, R1 =H, R2= H,  R3=H, R4=OMe, R5=H
4e, R1=H, R2= CH3,  R3 =OMe, R4= H, R5=H
4f, R1=H, R2= CH3, R3=OMe, R4= H, R5=OMe
4g, R1=H, R2= CH3, R3=OMe, R4=H, R5=Cl
4h, R1=H, R2= CH3 ,R3=H, R4=OMe, R5=H
4i, R1=H, R2=        , R3 =OMe, R4= H, R5=H

4j, R1=H, R2=        , R3 =OMe, R4= H, R5=OMe

4k, R1=H, R2=         , R3 =OMe, R4= H, R5=Cl

4l, R1=H, R2=        , R3 =H, R4=OMe, R5=H

4m, R1 =H, R2= H, R3 =H, R4= H, R5=H
4n, R1 =H, R2= CH3, R3 =H, R4= H, R5=H
4o, R1 =H, R2=         , R3 =H, R4= H, R5=H

O
N

O
N

O
N

O
N

N

NPh O

R2

N

R3

H

H R4

R5

R1

O
N

H

HH

H

H

aromatisation

3

Scheme 1.

3018 G. Bhargava et al. / Tetrahedron 64 (2008) 3017e3024
promoted remarkably high chemo- as well as regioselectivity
and high resolution 1H NMR spectra (300 MHz) of even crude
reaction mixtures of the adducts did not show the presence of
detectable amount of any other isomer (Scheme 1).

The reactions of 1aec with 2aed in the presence of yttrium
triflate (Table 1; entries 4, 9, 14, 19) and indium(III) chloride
(Table 1; entries 3, 8, 13, 18) in dry acetonitrile resulted in
the formation of corresponding 5-quinoline substituted pyrimi-
dinones derivatives 4ael in comparatively lower yields. The
comparative increase in the yields of the corresponding 5-vinyl
quinoline substituted pyrimidinone derivatives 4ael was no-
ticed when scandium triflate was used as catalyst (Table 1;
entries 5, 10, 15, 20). The reactions of 1aec with 2aed in
the presence of zinc(II) chloride resulted in the poor to moder-
ate yields of the products 4ael (Table 1; entries 2, 7, 12, 17).

Best results in terms of yields and selectivity were obtained
with the use of magnesium(II) bromide as catalyst (Table 1;
entries 1, 6, 11, 16). The reactions of 1aec with anisidine de-
rived imines 2aed, in the presence of magnesium(II) bromide
resulted in the exclusive formation of 5-vinyl quinoline
substituted pyrimidinone derivatives 4aen in good yields.
The overall comparative increase in yields was also noticed
when 6-morpholine substituted 5-dienyl pyrimidinone 1c,
was used as a dienophile (Table 1; entries 1e20).



Table 1

Lewis acid catalysed reactions of 1aec with different imines 2aed17

Entry Pyrimidinone Imine LA Overall yield (%)

1 1a/b/c 2a MgBr2 83/81/88

2 1a/b/c 2a ZnCl2 43/44/49

3 1a/b/c 2a InCl3 69/65/72

4 1a/b/c 2a Y(OTf)3 72/73/79

5 1a/b/c 2a Sc(Tf)3 75/74/81

6 1a/b/c 2b MgBr2 82/88/90

7 1a/b/c 2b ZnCl2 43/52/60

8 1a/b/c 2b InCl3 63/62/62

9 1a/b/c 2b Y(OTf)3 68/72/78

10 1a/b/c 2b Sc(Tf)3 68/70/74

11 1a/b/c 2c MgBr2 62/86/90

12 1a/b/c 2c ZnCl2 45/42/51

13 1a/b/c 2c InCl3 65/61/70

14 1a/b/c 2c Y(OTf)3 60/67/74

15 1a/b/c 2c Sc(Tf)3 66/61/76

16 1a/b/c 2d MgBr2 75/77/86

17 1a/b/c 2d ZnCl2 42/43/48

18 1a/b/c 2d InCl3 71/70/78

19 1a/b/c 2d Y(OTf)3 65/69/78

20 1a/b/c 2d Sc(Tf)3 67/71/84
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The reactions of 1aec with N-benzylideneaniline 2e re-
sulted in poor yields of the corresponding imino DielseAlder
cycloadducts 4meo with the use of the traditional Lewis acid
(Scheme 1, Table 2; entries 1e5). However, these reactions
when performed in the presence of magnesium(II) bromide
containing catalytic amount of aluminium(III) chloride re-
sulted in the isolation of 5-vinyl quinoline substituted pyrimi-
dinone derivatives 4meo in good yields (Scheme 1, Table 2;
entry 6). This is reported earlier probably due to the formation
of an active MgBrþ cation, which is sufficiently acidic to
activate the imines (Eq. 1).

AlCl3þMgBr2/½MgBr�þ½AlCl3Br�� ð1Þ
Its worth mentioning that the IDA reactions described

above did not proceed in the presence of stoichiometric
amount of aluminium(III) chloride possibly due its strong
acidity, leading to the hydrolysis of the imines.

The 5-vinyl quinoline substituted pyrimidinone derivatives
4aen were characterised with the help of analytical data and
spectral evidences, the details of which are described in Sec-
tion 2.

In continuation of these studies and in an attempt to gener-
alise and to firmly establish the dienophilic character of the
terminal double bond of the 5-dienyl pyrimidinones in imino
DielseAlder cycloaddition reactions, we have also examined
their reactions with N-naphthyl imine 5 in the presence of
Table 2

Lewis acid catalysed reactions of 1aec with benzylideneaniline 2e17

Entry Pyrimidinone Imine Lewis acid Yield (%)

1 1a/b/c 2e MgBr2 8/5/10

2 1a/b/c 2e ZnCl2 9/10/12

3 1a/b/c 2e InCl3 11/15/14

4 1a/b/c 2e Y(OTf)3 16/19/19

5 1a/b/c 2e Sc(OTf)3 14/16/20

6 1a/b/c 2e MgBr2/cat. AlCl3 74/75/75
different Lewis acids. All these reactions as envisaged resulted
in novel 5-vinyl benzoquinoline ring substituted pyrimidinone
derivatives 7aec in fair to moderate yields. The pyrimidinone
derivatives are once again presumably to be formed by the
usual oxidative aromatisation of the imino DA adducts 6,
formed initially via participation of N-naphthyl imines and di-
enyl pyrimidinones as 4p and 2p components, respectively
(Scheme 2).

Here again, the use of traditional transition metal salts re-
sulted in the moderate yields of the corresponding imino
DielseAlder cycloadducts (Table 3; entries 1e5). The reac-
tions failed in the presence of zinc(II) chloride and alumi-
nium(III) chloride as catalysts (Table 3; entry 2) and resulted
in poor yields of corresponding products 7 in the presence
of magnesium(II) chloride and indium(III) chloride (Table 3;
entries 1, 3) while moderate yields of the 7aec were obtained
by the use of scandium and yttrium triflate (Table 3; entries 4,
5). However, fairly good yields of the products 7aef were ob-
tained in the presence of magnesium(II) bromide containing
catalytic amount of aluminium(III) chloride in dry dichloro-
methane as catalyst (Table 3; entry 6).

The 5-vinyl benzoquinoline substituted pyrimidinone deriv-
atives 7aec were characterised with the help of analytical data
and spectral evidences, the details of which are described in
Section 2.

In conclusion, a Lewis acid/mixed Lewis acid mediated
imino DA reaction of unactivated N-aryl imines with unacti-
vated acyclic 1,3-butadienes resulting in good yields of a
variety of novel quinoline, benzoquinoline/pyrimidinone
derivatives is reported. A possible reason for the unusual
2p-behaviour of 1-substituted butadienes in such aza
DielseAlder cycloaddition reactions may be due to the steric
interaction expected between the pyrimidinone ring and the
aryl group present at the nitrogen of the N-aryl imines in nor-
mal DA adducts when diene group participates as a 4p com-
ponent. Alternatively, it may be due to activation of the
terminal double bond by the slight polarisation of the dienyl
group involving the non-bonding electrons present on N3 of
the pyrimidinone ring. It is also likely that the ring closure
leading to the formation of 5-quinoline substituted pyrimidi-
none derivatives may be the result of a sequence of electro-
philic and substitution reactions (Scheme 3). In this scheme
it is assumed that the path-a is favoured and path-b is ruled
out owing to the strong steric interaction between the nitro-
gen substituents of the N-aryl/naphthyl imines with pyrimidi-
none ring (Scheme 3).

In order to distinguish between these mechanistic possibil-
ities, further work is in progress in our laboratory.
2. Experimental

2.1. General

Melting points were determined by open capillary using
Veego Precision Digital Melting Point apparatus (M.P-D)
and are uncorrected. IR spectra were recorded on a Shimadzu
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D-8001 spectrophotometer. 1H NMR spectra were recorded in
deuterochloroform with Jeol JE 300 (300 MHz) spectrometers
using TMS as internal standard. Chemical shift values are ex-
pressed as parts per million downfield from TMS and J values
are in hertz. Splitting patterns are indicated as s: singlet, d:
doublet, t: triplet, m: multiplet, q: quartet and br: broad
peak. 13C NMR spectra were also recorded on Jeol JE 300
(75.4 MHz) spectrometers in deuterochloroform using TMS
as internal standard. Mass spectra were recorded on Shimadzu
GCeMS-QP-2000 mass spectrometer. Elemental analyses
were performed on Heraus CHN-O-Rapid Elemental Ana-
lyzer. Column chromatography was performed on a silica
gel (60e120) mesh.
Table 3

Lewis acid catalysed reactions of 1aec with N-naphthyl imine 517

Entry Pyrimidinone Imine Lewis acid Yield (%)

1 1a/b/c 5 MgBr2 12/18/16

2 1a/b/c 5 ZnCl2 d

3 1a/b/c 5 InCl3 15/28/30

4 1a/b/c 5 Y(OTf)3 37/28/32

5 1a/b/c 5 Sc(OTf)3 35/31/35

6 1a/b/c 5 MgBr2/cat. AlCl3 68/70/64
2.2. General procedure

2.2.1. General procedure using simple metal catalysts
The procedure for imino DielseAlder reactions involved

the addition of Lewis acid (15 mmol %) to a well-stirred solu-
tion of imines (2 mmol) in dry dichloromethane (20 mL) or
acetonitrile at the reaction temperature. The solution was al-
lowed to stir for 20 min followed by the addition of diene
(1 mmol). The progress of the reaction was monitored by
TLC taking diene as the limiting reactant. The reaction mix-
ture was quenched with the addition of solution of water and
methanol. The resulted solution was extracted with dichloro-
methane and dried over sodium sulfate and concentrated under
reduced pressure. The crude products obtained were recrystal-
lised from ethyl acetateehexane mixture (1:5).

2.2.2. General procedure using mixed metal catalyst
(MgBr2/cat. AlCl3)

The procedure involved the addition of magnesium(II) bro-
mide (15 mol %) to a well-stirred solution of imines (2 mmol)
in dry dichloromethane (20 ml) at the reaction temperature.
The solution was allowed to stir for 5 min followed by the
addition of catalytic amount of aluminium(III) chloride
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(2 mol %). The reaction was allowed to stir further for 20 min
followed by addition of diene (1 mmol). The progress of the
reaction was monitored by TLC taking diene as the limiting
reactant. The reactions mixture was quenched with the addi-
tion of solution of water and methanol. The resulted solution
was extracted with dichloromethane and dried over sodium
sulfate and concentrated under reduced pressure. The crude
products obtained were recrystallised from ethyl acetateehex-
ane mixture (1:5).

2.2.2.1. 5-[2-(6-Methoxy-2-phenyl-quinolin-4-yl)-vinyl]-2,3-di-
phenyl-3H-pyrimidin-4-one 4a. Yellow solid, mp 145e
146 �C; dH (CDCl3, 600 MHz): 3.92 (s, 3H, eOCH3), 7.11
(d, J¼15.8 Hz, 1H, H8), 7.14e7.29 (m, 15H, aromatic), 7.35
(dd, J¼2.1, 7.9 Hz, 1H, H14), 7.49 (d, J¼2.1 Hz, 1H, H16),
8.03 (s, 1H, pyrimidinone), 8.16 (d, J¼7.9 Hz, 1H, H13), 8.32
(s, 1H, H10), 8.7 (d, J¼15.8 Hz, 1H, H7); dC (CDCl3, 75 MHz):
55.7, 101.9, 114.2, 120.0, 123.5, 124.5, 126.5, 127.5, 127.9,
128.7, 128.5, 128.8, 129.0, 129.3, 129.7, 129.9, 131.4, 134.5,
135.8, 137.3, 138.7, 144.6, 144.9, 153.2, 155.69, 157.9, 161.7,
162.8; m/z 507 (Mþ); nmax (KBr)/cm�1 1688, 1608, 1544,
1485, 1246, 1174. Anal. Calcd for C34H25N3O2: C, 80.45; H,
4.96; N, 8.28%. Found: C, 80.59; H, 5.12; N, 8.17%.

2.2.2.2. 5-{2-[6-Methoxy-2-(4-methoxy-phenyl)-quinolin-4-yl]-
vinyl}-2,3-diphenyl-3H-pyrimidin-4-one 4b. Yellow solid, mp
153e154 �C; dH (CDCl3, 300 MHz): 3.90 (s, 3H, eOCH3),
3.94 (s, 3H, eOCH3), 7.15 (d, J¼16.0 Hz, 1H, H8), 7.22e
7.38 (m, 14H, aromatic), 7.41 (dd, J¼2.3, 8.2 Hz, 1H, H14),
7.53 (d, J¼2.3 Hz, 1H, H16), 8.1 (s, 1H, pyrimidinone), 8.19
(d, J¼8.2 Hz, 1H, H13), 8.29 (s, 1H, H10), 8.63 (d, J¼
16.0 Hz, 1H, H7); dC (CDCl3, 75 MHz): 55.2, 55.4, 99.2,
110.2, 121.0, 122.3, 123.8, 126.2, 126.5, 127.5, 128.3, 128.7,
129.1, 129.30, 129.5, 130.1, 130.8, 130.9, 133.8, 136.2, 138.0,
138.2, 145.1, 145.7, 153.5, 155.8, 158.2, 160.3, 161.4; m/z 537
(Mþ); nmax (KBr)/cm�1 1682, 1601, 1559, 1502, 1229, 1179.
Anal. Calcd for C35H27N3O3: C, 78.19; H, 5.06; N, 7.82%.
Found: C, 78.31; H, 5.20; N, 7.93%.

2.2.2.3. 5-{2-[2-(4-Chloro-phenyl)-6-methoxy-quinolin-4-yl]-
vinyl}-2,3-diphenyl-3H-pyrimidin-4-one 4c. Yellow solid, mp
166e167 �C; dH (CDCl3, 300 MHz): 3.83 (s, 3H, eOCH3),
7.09 (d, J¼15.8 Hz, 1H, H8), 7.15e7.30 (m, 14H, aromatic),
7.47 (dd, J¼2.2, 8.7 Hz, 1H, H14), 7.56 (d, J¼2.2 Hz, 1H,
H16), 8.08 (s, 1H, pyrimidinone), 8.23 (d, J¼8.7 Hz, 1H, H13),
8.32 (s, 1H, H10), 8.53 (d, J¼15.8 Hz, 1H, H7); dC (CDCl3,
75 MHz): 55.8, 107.2, 114.2, 121.8, 122.6, 123.9, 126.8, 127.1,
127.8, 128.0, 128.2, 128.9, 129.5, 130.2, 130.7, 131.5, 132.0,
135.2, 137.7, 137.8, 138.1, 145.2, 145.5, 154.1, 155.2, 158.1,
160.1, 160.7; m/z 541 (Mþ); nmax (KBr)/cm�1 1670, 1598,
1523, 1483, 1246, 1231. Anal. Calcd for C34H24ClN3O2: C,
75.34; H, 4.46; N, 7.75%. Found: C, 75.46; H, 4.59; N, 7.60%.

2.2.2.4. 5-[2-(8-Methoxy-2-phenyl-quinolin-4-yl)-vinyl]-2,3-di-
phenyl-3H-pyrimidin-4-one 4d. Yellow solid, mp 180e
181 �C; dH (CDCl3, 300 MHz): 3.95 (s, 3H, eOCH3), 7.06
(d, J¼7.74 Hz, 1H, H14), 7.12 (d, J¼15.8 Hz, 1H, H8), 7.18e
7.44 (m, 15H, aromatic), 7.81 (d, J¼7.74 Hz, 1H, H16), 7.53 (t,
J¼7.68 Hz, 1H, H15), 8.0 (s, 1H, pyrimidinone), 8.15 (s, 1H,
H10), 8.81 (d, J¼15.8 Hz, 1H, H7); dC (CDCl3, 75 MHz):
55.2, 101.2, 115.0, 116.4, 121.0, 124.5, 127.0, 127.4, 128.4,
128.3, 128.7, 129.2, 129.6, 130.5, 131.4, 132.5, 133.1, 136.8,
137.1, 137.3, 138.4, 145.8, 145.4, 153.9, 155.7, 158.5, 160.4,
161.5; m/z 507 (Mþ); nmax (KBr)/cm�1 1664, 1534, 1509,
1323. Anal. Calcd for C34H25N3O2: C, 80.45; H, 4.96; N,
8.28%. Found: C, 80.53; H, 5.07; N, 8.17%.
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2.2.2.5. 5-[2-(6-Methoxy-2-phenyl-quinolin-4-yl)-vinyl]-6-methyl-
2,3-diphenyl-3H-pyrimidin-4-one 4e. Yellow solid, mp 195e
196 �C; dH (CDCl3, 200 MHz): 2.7 (s, 3H, ePy CH3), 3.94
(s, 3H, eOCH3), 7.09 (d, J¼15.7 Hz, 1H, H8), 7.17e7.36
(m, 15H, aromatic), 7.86e7.91 (m, 3H, H13,14,16), 8.11 (s, 1H,
H10), 8.79 (d, J¼15.7 Hz, 1H, H7); dC (CDCl3, 75 MHz): 22.7,
55.8, 99.8, 114.3, 121.5, 122.8, 125.2, 127.3, 127.9, 128.0,
128.6, 128.9, 129.3, 129.4, 129.3, 130.2, 130.8, 131.5, 134.5,
137.3, 140.0, 144.1, 144.3, 144.7, 154.8, 156.3, 157.2, 160.8,
161.1; m/z 521 (Mþ); nmax (KBr)/cm�11679, 1522, 1233,
1156. Anal. Calcd for C35H27N3O2: C, 80.59; H, 5.22; N,
8.06%. Found: C, 80.72; H, 5.36; N, 8.19%.
2.2.2.6. 5-{2-[6-Methoxy-2-(4-methoxy-phenyl)-quinolin-4-yl]-
vinyl}-6-methyl-2,3-diphenyl-3H-pyrimidin-4-one 4f. Yellow
solid, mp 194e195 �C; dH (CDCl3, 200 MHz): 2.7 (s, 3H,
ePy CH3), 3.82 (s, 3H, eOCH3), 3.90 (s, 3H, eOCH3),
7.12 (d, J¼15.0 Hz, 1H, H8), 7.23e7.55 (m, 14H, aromatic),
7.87e7.94 (m, 3H, H13,14,16), 8.07 (s, 1H, H10), 8.93 (d, J¼
15.0 Hz, 1H, H7); dC (CDCl3, 75 MHz): 22.5, 54.7, 55.8,
100.2, 116.3, 121.3, 122.4, 125.6, 127.8, 127.3, 128.7, 128.9,
129.2, 129.5, 129.8, 130.2, 130.8, 131.1, 132.8, 134.3, 136.2,
136.8, 137.4, 146.1, 146.9, 155.0, 155.9, 159.6, 160.0, 160.4;
m/z 551 (Mþ); nmax (KBr)/cm�1 1681, 1548, 1432, 1473,
1400, 1546. Anal. Calcd for C36H29N3O3: C, 78.38; H, 5.30;
N, 7.62%. Found: C, 78.49; H, 5.42; N, 7.51%.

2.2.2.7. 5-{2-[2-(4-Chloro-phenyl)-6-methoxy-quinolin-4-yl]-
vinyl}-6-methyl-2,3-diphenyl-3H-pyrimidin-4-one 4g. Yellow
solid, mp 173e174 �C; dH (CDCl3, 600 MHz): 2.7 (s, 3H,
ePy CH3), 3.94 (s, 3H, eOCH3), 7.20 (d, J¼15.71 Hz, 1H,
H8), 7.29e7.44 (m, 10H, aromatic), 7.80 (m, 2H, H14,16),
7.50 (d, J¼9.2 Hz, 2H, H20), 7.9 (s, 1H, H10), 8.05 (d, J¼
9.4 Hz, 1H, H13), 8.12 (d, J¼9.2 Hz, 2H, H19), 8.72 (d, J¼
15.7 Hz, 1H, H7); dC (CDCl3, 75 MHz): 22.7, 55.7, 102.0,
115.2, 118.2, 122.5, 126.7, 126.9, 128.1, 128.4, 128.6, 128.7,
128.8, 128.9, 129.1, 129.2, 129.9, 130.5, 131.7, 134.1, 135.3,
138.2, 146.5, 144.9, 153.2, 156.4, 157.8, 161.0, 161.2; m/z 555
(Mþ); nmax (KBr)/cm�1 1675, 1619, 1531, 1235, 1211, 1129.
Anal. Calcd for C35H26ClN3O2: C, 75.60; H, 4.71; N, 7.56%.
Found: C, 75.77; H, 4.84; N, 7.68%.
2.2.2.8. 5-[2-(8-Methoxy-2-phenyl-quinolin-4-yl)-vinyl]-6-methyl-
2,3-diphenyl-3H-pyrimidin-4-one 4h. Yellow solid, mp 179e
180 �C; dH (CDCl3, 300 MHz): 2.7 (s, 3H, PyeCH3), 3.92 (s,
3H, eOCH3), 7.09 (d, J¼7.2 Hz, 1H, H14), 7.21 (d, J¼
15.3 Hz, 1H, H8), 7.22e7.43 (m, 15H, H, aromatic), 7.53 (un-
resolved d, J¼7.2 Hz, 1H, H15), 7.81 (d, J¼7.2 Hz, 1H, H16),
7.95 (s, 1H, H10), 8.92 (d, J¼15.3 Hz, 1H, H7); dC (CDCl3,
75 MHz): 22.7, 55.2, 107.2, 115.4, 115.9, 118.2, 126.2, 126.6,
127.7, 128.09, 128.7, 128.8, 129.1, 129.13, 129.2, 129.8,
130.2, 134.5, 137.3, 140.1, 140.7, 144.3, 144.8, 145.0, 155.7,
156.0, 153.6, 161.0, 161.1; m/z 521 (Mþ); nmax (KBr)/cm�1

1684, 1643, 1548, 1506. Anal. Calcd for C35H27N3O2:
C, 80.59; H, 5.22; N, 8.06%. Found: C, 80.67; H, 5.39; N,
7.95%.
2.2.2.9. 5-[2-(6-Methoxy-2-phenyl-quinolin-4-yl)-vinyl]-6-mor-
pholin-4-yl-2,3-diphenyl-3H-pyrimidin-4-one 4i. Red solid,
mp 146e147 �C; dH (CDCl3, 600 MHz): 3.75 (m, 4H, H, mor-
pholine), 3.84 (m, 4H, H, morpholine), 3.91 (s, 3H, eOCH3),
7.18 (d, J¼16.3 Hz, 1H, H8), 7.19e7.32 (m, 15H, aromatic),
7.35 (dd, J¼2.7, 9.0 Hz, 1H, H14), 7.41 (d, J¼2.7 Hz, 1H,
H16), 7.58 (d, J¼9.0 Hz, 1H, H13), 7.87 (s, 1H, H10), 8.49
(d, J¼16.3 Hz, 1H, H7); dC (150 MHz, CDCl3): 49.8 (eC mor-
pholine), 55.7 (eOCH3), 67.1 (eC morpholine), 99.2, 101.9,
114.1, 122.1, 124.6, 126.4, 127.3, 127.9, 128.4, 128.5, 128.9,
129.0, 129.0, 129.2, 129.9, 131.4, 134.6, 134.8, 137.5, 138.6,
144.5, 144.7, 153.5, 155.6, 157.7, 161.7, 162.7; m/z 592 (Mþ);
nmax (KBr)/cm�1 1665, 1702, 1492, 1385. Anal. Calcd for
C38H32N4O3: C, 77.01; H, 5.44; N, 9.45%. Found: C, 77.19;
H, 5.56; N, 9.56%.

2.2.2.10. 5-{2-[6-Methoxy-2-(4-methoxy-phenyl)-quinolin-4-yl]-
vinyl}-6-morpholin-4-yl-2,3-diphenyl-3H-pyrimidin-4-one 4j.
Fluorescent yellow solid, mp 203e204 �C; dH (CDCl3,
600 MHz): 3.70 (m, 4H, morpholine), 3.89 (m, 4H, morpho-
line), 3.83 (s, 3H, eOCH3), 3.90 (s, 3H, OCH3), 7.16 (d,
J¼15.9 Hz, 1H, H8), 7.19e7.25 (m, 14H, aromatic), 7.27
(dd, J¼2.5, 9.2 Hz, 1H, H14), 7.53 (d, J¼2.5 Hz, 1H, H16),
7.59 (d, 1H, J¼9.2 Hz, H13), 8.15 (s, 1H, H10), 8.43 (d, 1H,
J¼15.9 Hz, H7); 13C NMR (75 MHz, CDCl3): d 49.4 (eC
morpholine), 55.0 (eOCH3), 55.3 (eOCH3), 67.2 (eC mor-
pholine), 99.3, 102.3, 122.1, 124.6, 126.4, 127.3, 128.0,
128.1, 128.3, 128.6, 128.9, 129.0, 129.0, 129.2, 129.9, 131.4,
134.6, 134.8, 137.5, 138.6, 144.5, 144.7, 153.5, 155.6, 157.2,
160.8, 162.1; m/z 622 (Mþ); nmax (KBr)/cm�1 1663, 1583,
1510, 1430, 1133. Anal. Calcd for C39H34N4O4: C, 75.22;
H, 5.50; N, 9.00%. Found: C, 75.36; H, 5.63; N, 8.94%.

2.2.2.11. 5-{2-[2-(4-Chloro-phenyl)-6-methoxy-quinolin-4-yl]-
vinyl}-6-morpholin-4-yl-2,3-diphenyl-3H-pyrimidin-4-one 4k.
Dark yellow solid, mp 158e159 �C; dH (CDCl3, 600 MHz):
3.71e3.73 (m, 4H, morpholine), 3.81e3.83 (m, 4H, morpho-
line), 3.93 (s, 3H, eOCH3), 7.11 (d, 1H, J¼16.4 Hz, H8),
7.21e7.28 (m, 14H, aromatic), 7.30 (dd, J¼2.5, 9.1 Hz, 1H,
H14), 7.49 (d, J¼2.5 Hz, 1H, H16), 7.50 (d, J¼9.1 Hz, 1H,
H13), 7.92 (s, 1H, H10), 8.55 (d, J¼16.4 Hz, 1H, H7);
13C NMR (75 MHz, CDCl3): d 49.8 (C morpholine), 55.7
(eOCH3), 67.1 (C morpholine), 99.3, 102.3, 114.9, 122.1,
124.6, 126.4, 127.3, 128.0, 128.1, 128.3, 128.6, 129.0,
129.0, 129.2, 129.9, 131.4, 134.6, 134.8, 137.5, 138.6, 144.5,
144.7, 153.5, 155.6, 157.2, 160.8, 162.5; m/z 626 (Mþ); nmax

(KBr)/cm�1 1650, 1620, 1581, 1544, 1488, 1417, 1232,
1120. Anal. Calcd for C38H31ClN4O3: C, 72.78; H, 4.98; Cl,
5.65; N, 8.93%. Found: C, 72.89; H, 5.12; N, 8.81%.

2.2.2.12. 5-[2-(8-Methoxy-2-phenyl-quinolin-4-yl)-vinyl]-6-
morpholin-4-yl-2,3-diphenyl-3H-pyrimidin-4-one 4l. Yellow
solid, mp 177e178 �C; dH (CDCl3, 200 MHz): 3.73e3.74
(m, 4H, morpholine), 3.84e3.85 (m, 4H, morpholine), 3.94 (s,
3H, eOCH3), 7.13 (d, J¼7.8 Hz, 1H, H14), 7.28 (d, J¼
16.0 Hz, 1H, H8), 7.30e7.48 (m, 15H, aromatic), 7.53 (m,
1H, H15), 7.81 (d, J¼7.8 Hz, 1H, H16), 7.97 (s, 1H, H10),
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8.78 (d, J¼16.0 Hz, 1H, H7); dC (CDCl3, 75 MHz): 49.8, 55.4,
67.6, 100.1, 102.3, 115.7, 122.4, 124.8, 125.3, 126.4, 126.7,
127.5, 128.1, 128.3, 128.5, 128.9, 129.0, 129.2, 129.8, 131.2,
135.4, 137.0, 138.5, 142.0, 143.9, 153.4, 154.3, 156.2, 160.8,
162.2; m/z 592 (Mþ); nmax (KBr)/cm�1 1659, 1603, 1527,
1400, 1193. Anal. Calcd for C38H32N4O3: C, 77.01; H, 5.44;
N, 9.45%. Found: C, 77.21; H, 5.58; N, 9.55%.

2.2.2.13. 2,3-Diphenyl-5-[2-(2-phenyl-quinolin-4-yl)-vinyl]-3H-
pyrimidin-4-one 4m. Yellow solid, mp 162e163 �C; dH

(CDCl3, 200 MHz): 7.38e7.53 (m, 16H, aromatic and 1H8),
8.02 (s, 1H, H10), 8.12 (s 1H, PyeH), 8.24e8.35 (m, 4H,
H13,14,15,16), 8.74 (d, J¼15.4 Hz, 1H, H7); dC (CDCl3,
75 MHz): 101.7, 114.9, 120.8, 122.4, 125.3, 126.9, 127.2,
127.8, 128.1, 128.5, 128.72, 128.75, 128.9, 129.0, 129.6,
129.8, 130.2, 131.8, 134.9, 137.7, 140.0, 143.5, 144.8, 157.4,
157.8, 160.2, 161.3; m/z 477 (Mþ); nmax (KBr)/cm�1 1674,
1536, 1502, 1431. Anal. Calcd for C33H23N3O: C, 83.00; H,
4.85; N, 8.80%. Found: C, 83.16; H, 4.99; N, 8.65%.

2.2.2.14. 6-Methyl-2,3-diphenyl-5-[2-(2-phenyl-quinolin-4-yl)-
vinyl]-3H-pyrimidin-4-one 4n. Yellow solid, mp 165e166 �C;
dH (CDCl3, 200 MHz): 2.70 (s, 3H, Py CH3), 7.15e7.74 (m,
16H, 15H, aromatic and 1H7), 8.10 (s, 1H, H10), 8.10e8.27
(m, 4H, H13,14,15,16), 8.99 (d, J¼15.8 Hz, 1H, H8); dC (CDCl3,
75 MHz): 22.72, 98.4, 107.3, 115.8, 120.4, 126.3, 126.9,
127.4, 127.5, 128.3, 128.9, 129.0, 129.1, 129.3, 129.9, 130.1,
133.4, 135.6, 137.0, 137.8, 140.3, 140.8, 145.2, 155.6, 157.8,
158.3, 161.2, 161.4; m/z 491 (Mþ); nmax (KBr)/cm�1 1653,
1566, 1509, 1421, 1361. Anal. Calcd for C34H25N3O: C,
83.07; H, 5.13; N, 8.55%. Found: C, 83.19; H, 5.30; N, 8.42%.

2.2.2.15. 6-Morpholin-4-yl-2,3-diphenyl-5-[2-(2-phenyl-quino-
lin-4-yl)-vinyl]-3H-pyrimidin-4-one 4o. Yellow solid, mp
171e172 �C; dH (CDCl3, 200 MHz): 3.72e3.74 (m, 4H, mor-
pholine), 3.88e3.90 (m, 4H, morpholine), 7.14 (d, J¼15.9 Hz,
1H, H8), 7.21e7.82 (m, 15H, H, aromatic), 7.97 (s, 1H, H10),
8.19e8.30 (m, 4H, H13,14,15,16), 8.94 (d, J¼15.9 Hz, 1H, H7);
dC (CDCl3, 75 MHz): 49.5, 67.4, 100.2, 102.4, 115.6, 120.8,
123.9, 125.8, 126.4, 127.4, 127.6, 128.0, 128.3, 128.4, 128.9,
129.1, 129.8, 130.0, 131.3, 134.7, 138.7, 138.9, 144.2, 145.7,
154.2, 155.8, 156.9, 161.2, 162.3; m/z 562 (Mþ); nmax (KBr)/
cm�1 1677, 1603, 1524, 1381, 1209. Anal. Calcd for
C37H30N4O2: C, 78.98; H, 5.37; N, 9.96%. Found: C, 79.11;
H, 5.52; N, 9.81%.

2.2.2.16. 5-{2-[2-(4-Methoxy-phenyl)-benzo[h]quinolin-4-yl]-
vinyl}-2,3-diphenyl-3H-pyrimidin-4-one 7a. Yellow solid, mp
212e213 �C; dH (CDCl3, 200 MHz): 3.95 (s, 3H, eOCH3),
7.10 (d, J¼8.4 Hz, 2H, aromatic), 7.18e7.40 (m, 11H, aro-
matic and H8), 7.45e7.49 (m, 6H, benzoquinoline), 7.93 (s,
1H, H10), 8.12 (s, 1H, PyeH), 8.15 (d, J¼8.4 Hz, 2H, aro-
matic), 8.92 (d, J¼15.6 Hz, 1H, H7); dC (CDCl3, 75 MHz):
55.6, 99.2, 113.9, 122.3, 125.4, 125.5, 126.0, 127.3, 128.0,
128.6, 128.65, 128.9, 129.3, 129.5, 129.9, 131.4, 131.9, 134.5,
134.6, 137.8, 138.1, 144.4, 145.1, 151.7, 152.3, 154.2, 154.8,
157.3, 161.2, 163.8; m/z 557 (Mþ); nmax (KBr)/cm�1 1670,
1565, 1578, 1432, 1256. Anal. Calcd for C38H27N3O2: C,
81.85; H, 4.88; N, 7.54%. Found: C, 81.98; H, 5.01; N, 7.36%.

2.2.2.17. 5-{2-[2-(4-Methoxy-phenyl)-benzo[h]quinolin-4-yl]-
vinyl}-6-methyl-2,3-diphenyl-3H-pyrimidin-4-one 7b. Yellow
solid, mp 224e225 �C; dH (CDCl3, 300 MHz): 2.75 (s, 3H,
PyeCH3), 3.93 (s, 3H, eOCH3), 7.10 (d, J¼8.7 Hz, 2H, aro-
matic), 7.17e7.52 (m, 10H, aromatic), 7.67e7.72 (m, 4H,
H13,14,15,16), 7.87 (d, J¼7.8 Hz, 1H, H18), 8.12 (s, 1H, H10),
8.14 (d, J¼7.8 Hz, 1H, H17), 8.16 (d, J¼8.7 Hz, 2H, aromatic),
8.38 (d, J¼15.8 Hz, 1H, H8), 8.97 (d, J¼15.8 Hz, 1H, H7); dC

(CDCl3, 75 MHz): 22.7, 55.4, 100.4, 114.1, 122.8, 125.1,
126.0, 126.8, 127.9, 128.0, 128.3, 128.6, 128.5, 129.2, 129.4,
129.4, 129.7, 130.0, 130.3, 134.3, 135.9, 136.3, 139.1, 144.0,
146.4, 151.2, 151.5, 155.9, 156.1, 157.1, 162.2, 164.1; m/z 571
(Mþ); nmax (KBr)/cm�1 1662, 1569, 1503, 1240. Anal. Calcd
for C39H29N3O2: C, 81.94; H, 5.11; N, 7.35%. Found: C,
82.11; H, 5.29; N, 7.21%.

2.2.2.18. 5-{2-[2-(4-Methoxy-phenyl)-benzo[h]quinolin-4-yl]-
vinyl}-6-morpholin-4-yl-2,3-diphenyl-3H-pyrimidin-4-one 7c.
Yellow solid, mp 205e206 �C; dH (CDCl3, 200 MHz):
3.73e3.75 (m, 4H, morpholine), 3.89e3.91 (m, 4H, morpho-
line), 3.98 (s, 3H, eOCH3), 7.12 (d, J¼8.1 Hz, 2H, aromatic),
7.26e7.30 (m, 11H, H, aromatic and H8), 7.49e7.52 (m, 4H,
benzoquinoline), 7.61e7.64 (m, 2H, benzoquinoline), 8.10 (s,
1H, H10), 8.15 (d, J¼8.1 Hz, 2H, aromatic), 8.74 (d,
J¼16.3 Hz, 1H, H7); dC (CDCl3, 75 MHz): 55.9, 49.7, 67.3,
101.3, 116.4, 122.6, 123.2, 125.3, 125.8, 126.1, 127.4, 128.0,
128.6, 129.1, 129.2, 129.1, 130.2, 130.5, 130.7, 134.2, 134.5,
135.8, 137.4, 140.2, 142.5, 147.8, 149.9, 151.5, 154.1, 155.3,
157.5, 161.3, 165.7; m/z 642 (Mþ); nmax (KBr)/cm�1 1669,
1538, 1521, 1204. Anal. Calcd for C42H34N4O3: C, 78.48;
H, 5.33; N, 8.72%. Found: C, 78.60; H, 5.47; N, 8.56%.
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