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Abstract—An alternate approach to densely substituted quinolines from the products of SN2 nucleophilic substitution reaction between the
acetyl derivatives of the Baylis—Hillman adducts obtained from 2-nitrobenzaldehydes and the carbonyl group containing carbon nucleophiles
is described. Treatment of these compounds with SnCl,, triggers a tandem reaction wherein reduction of the nitro group is followed by a
remarkably regioselective intramolecular cyclization and subsequent dehydrogenation to afford 4-(substituted vinyl)-quinolines.

© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

Substituted quinolines are one of the oldest known classes of
pharmaceutical agents and their relevance in chemotherapy
especially against malaria is widely known.! Beside anti-
malarials, a spectrum of other pharmacological activities?
has been the major reason for the development of novel
and efficient syntheses of this heterocycle. As a result, the
recent past has witnessed the publication of several simple
and elegant syntheses of substituted quinolines.? Neverthe-
less, a new mild one-pot method, from readily accessible
starting materials, which would permit delivery of this motif
decorated with functional groups amenable to further diver-
sification, should be of great synthetic relevance.

In the recent times, Baylis—Hillman adducts have been illus-
trated as suitable starting materials for the synthesis of vari-
ety of heterocyclic systems.* The generation of substituted
quinolines either directly from the Baylis—Hillman adducts
or their derivatives has therefore received considerable
attention. Historically, since the first such synthesis reported
by Familoni et al. in 1998, several variants of this approach
have been demonstrated.’~!® A summary of these methods is
provided in Figure 1.

With our ongoing interest in the synthesis of heterocycles
employing derivatives of Baylis—Hillman adducts,!” it
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Figure 1. Summary of synthesis of quinoline motif from Baylis—Hillman

adducts or their derivatives. Numbers on the arrows indicate the correspond-
ing reference no. (also see Ref. 16).

occurred to us that substrates resulting from the Sy2 nucleo-
philic substitution reaction between the acetyl derivatives of
Baylis—Hillman adducts of 2-nitrobenzaldehydes and a nu-
cleophile containing a keto group or an ester group would
represent an interesting carbon framework for the construc-
tion of a quinoline architecture. In these compounds beside
the three carbon chain originating from the Baylis—Hillman
reaction, which generally participates in the intramolecular
cyclization toward construction of the quinoline, there would
also be another three carbon chain containing a terminal keto
or an ester group, which could also undergo cyclization. In
the latter case cyclization would result in a dihydroquinoline
derivative with a vinyl chain at the 4-position, which could
be dehydrogenated to yield the desired quinoline. We have
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therefore carried out Sn2 reactions of the acetates of the
Baylis—Hillman adducts of 2-nitrobenzaldehydes and sub-
stituted 2-nitrobenzaldehydes with nucleophiles such as
acetyl acetone, benzoyl acetone, methylacetoacetate, and
benzoylacetoacetate and subjected the resulting products to
chemoselective reduction in the presence of SnCl,. Interest-
ingly, the chemoselective reduction led to a tandem reaction
wherein the reduction, a regioselective cyclization involving
the carbonyl group of the added nucleophile dehydrogena-
tion occurred in a single step to furnish the 4-(substituted
vinyl)-quinolines. This observation prompted us to disclose
the details of results of our study in this paper.

2. Results and discussion

Preparation of the starting materials, the acetates 3a—c,4a—c,
was accomplished by acetylating the corresponding Baylis—
Hillman adducts 1a—c,2a—c in the presence of acetyl chloride
and pyridine in dichloromethane at room temperature
(Scheme 1). Initially, the SN2 reaction of acetyl acetone
was carried out with the acetate 3a following the reported
procedure to obtain product 5a.!’d The chemoselective
reduction of the nitro group employing anhydrous SnCl, in
compound Sa, instead of yielding the desired dihydroquino-
line 7a, resulted in an inseparable mixture of products. It is
likely that both the carbonyl group of the added nucleophile
and the ester group originally present in the substrate could
have participated in the cyclization reaction leading to a
complex mixture. In principle, if the acetate 4a is used
as the starting substrate for a similar reaction then the pos-
sibility of simultaneous cyclizations could be eliminated.
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Accordingly, compound 6a was prepared and subjected to
similar reduction. However, instead of the desired product
8a, a complex mixture of products was formed, which could
not be characterized.

In the next step we decided to investigate the same reaction
sequence by replacing the nucleophile with benzoyl acetone.
Thus, the SN2 nucleophilic substitution reaction of benzoyl
acetone with the acetate 3a in the presence of DABCO in
a THF/H,O system led to the synthesis of compound 9a as
a diastereoisomeric mixture in good yield. The nitro group
in 9a was then chemoselectively reduced with anhydrous
SnCl,. Gratifyingly this reaction proceeded smoothly to
yield a product, which was established as the quinoline
16a via spectroscopic analysis. The change in the chemical
shift of the protons of methyl group indicated that the acetyl
group of the nucleophile was involved in the intramolecular
cyclization with the amino group. The isolation of quinoline
16a implied that the SnCl, had triggered a tandem reaction
wherein the reduction of the nitro group was followed by
cyclization and subsequent dehydrogenation. This reaction
was found to be general in nature since substrates 9b,c
also furnished the quinolines 16b,c. During optimization it
was observed that replacing anhydrous SnCl, with
SnCl,-2H,0 did not have any effect on the outcome of
the reaction. Encouraged with these results we decided to
evaluate the reaction with compounds 10a—c¢, which were
synthesized from 4a-c, respectively, following a similar
synthetic route to that for the preparation of 9a—c. Interest-
ingly when 10a was subjected to SnCl,-promoted reaction,
unlike compound 9a—c, the dihydroquinoline derivative
17a was isolated. 'H NMR analysis of product 17a showed
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Scheme 1. Reagents and conditions: (a) CH,=CHEWG, DABCO, rt, 15 min to 1 h; (b) AcCl, pyridine, CH,Cl,, rt, 2-3 h; (c) DABCO, MeCOCH,COMe,
THF/H,O (1:1), rt, 30 min; (d) SnCl,, MeOH, reflux, 1 h; (¢) DABCO, PhCOCH,COMe, THF/H,O (1:1), rt, 30 min; (f) DABCO, MeCOCH,CO,Et, THF/
H,O0 (1:1), rt, 30 min; (g) DABCO, PhCOCH,CO,Et, THF/H,0 (1:1), rt, 30 min; (h) DABCO, CO,EtCH,CO,Et, THF/H,O (1:1), rt, 30 min.
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the presence of peaks for the NH and the CH protons and '*C
NMR exhibited the CH carbon instead of the signal for
tertiary carbon. The mass spectrum supported the assigned
structure. Treatment of compound 10b with SnCl, also
yielded the dihydroquinoline 17b but substrate 10c¢ gave
the usual quinoline 18c.

The results generated interest in studying the outcome of re-
actions with other carbonyl group containing carbon nucleo-
philes in order to further explore the scope of this strategy.
Therefore, compounds 11a—c,12a—c were synthesized using
ethylacetoacetate as the nucleophile in the Sy2 reaction of
the acetates 3a—c,4a—c, respectively. We were pleased to ob-
serve that the SnCl, reduction of the nitro group proceeded
smoothly in these compounds to furnish the quinolines
19a—c, 20a,c in good yields. Like compounds 10a,b, com-
pound 12b also yielded dihydroquinoline 21b exclusively.
These results indicated that the acetyl carbonyl introduced
through the SN2 reaction reacts in preference to other acti-
vated carbonyl moieties present in the molecule with the
amine generated during the reduction reaction.

We next examined the reduction in compound 13a. Gratify-
ingly treatment with SnCl, yielded the quinoline 22a in good
yield. This result again indicated that the carbonyl group are
more reactive in the cyclization reaction and precedes the
ester moiety. In our quest to find out whether the ester group
can at all participate in the intramolecular cyclization, diethyl-
malonate was selected as nucleophile for the SN2 reaction.
Hence, compounds 14a and 15a generated by the reaction of
compounds 3a and 4a, respectively, with diethylmalonate in
the presence of DABCO, were treated with SnCl,. The reac-
tion led to isolation of products, which were established to be
tetrahydro quinolin-2-ones 23a, 24a. Interestingly, this cycli-
zation was found to be diastereoselective in favor of trans
isomer, as evident from the NOE correlations for H-3 and
H-4 protons. Thus in the absence of a ketone moiety, the ester
group can also participate in the intramolecular cyclization.
However, the subsequent dehydrogenation does not occur.

3. Conclusions

In summary, we have demonstrated a new alternate strategy
for the synthesis of highly functionalized quinolines from
easily accessible derivatives of Baylis—Hillman adducts,
which has general applicability. The SnCl,-mediated reduc-
tion of the nitro group initiates a highly regioselective intra-
molecular cyclization between the amino group and the
carbonyl moiety from the nucleophile introduced through
the SN2 substitution reaction. This study indicates that the
preference of the activated carbonyl group COR for cycliza-
tion has the following order: R=Me>Ph>0-alkyl. We
believe that the quinoline derivatives generated during the
present study would serve as good building blocks for the
synthesis of quinoline-annulated ring systems.

4. Experimental
4.1. General

Melting points are uncorrected and were determined using
a hot stage apparatus containing silicon oil. IR spectra

were recorded using a Perkin—Elmer RX I FTIR spectro-
photometer. '"H NMR and '3C NMR spectra were recorded
on either a 300 or a 200 MHz FT spectrometer, using TMS
as an internal standard (chemical shifts are expressed as
0 values, J in hertz). FABMS were recorded on a JEOL/
SX-102 spectrometer and ESMS were recorded using a
Micromass LC-MS system. Elemental analyses were per-
formed on a Carlo Erba 1108 microanalyzer or Elementar’s
Vario EL /1] microanalyzer. All yields are the isolated yields
from column chromatography. Spectroscopic data of com-
pounds 9-13 are reported as diastereoisomeric mixtures
unless otherwise stated.

4.2. General procedure for the Sy2 nucleophilic
substitution reaction with the acetyl derivatives

To a stirred solution of appropriate acetate (1.0 equiv) in
THF/H,O (50:50, v/v) was added DABCO (1.5 equiv)
at room temperature and the reaction was allowed to con-
tinue for 20 min. Thereafter, the appropriate nucleophile
(1.2 equiv) was added to the reaction mixture, and was fur-
ther stirred for 30 min at room temperature. The organic sol-
vent was removed and the residue diluted with water and
extracted with EtOAc (3x50 mL). Combined organic layer
was washed with brine solution (70 mL), dried (Na,SO,),
and evaporated to yield a crude product, which was purified
via silica gel column chromatography using hexanes/EtOAc
(85:15, v/v) as eluent to furnish pure products in 62-85%
yield.

4.2.1. 4-Acetyl-2-methylene-3-(2-nitro-phenyl)-5-oxo-
hexanoic acid methyl ester (5a). Ref. 17d.

4.2.2. 4-Acetyl-2-methylene-3-(2-nitro-phenyl)-5-oxo-
hexanenitrile (6a). Yield 78% (0.9 g from 1.0 g) as a brown
solid; mp 135-137 °C; vy (KBr) 1707 (2xCO), 2227 (CN)
cm ™! THNMR (CDCl3, 200 MHz) 6 1.98 (s, 3H, CH3), 2.35
(s, 3H, CH3), 4.69 (d, 1H, J=11.8 Hz, CH), 5.21 (d, 1H,
J=11.8 Hz, CH), 6.02 (s, 1H, =CH), 6.19 (s, 1H, =CH),
7.45-7.65 (m, 3H, ArH), 7.87 (d, 1H, J=7.4 Hz, CH); '*C
NMR (CDCl;, 50 MHz) ¢ 29.3, 30.0, 42.6, 72.0, 117.0,
121.4, 125.8, 129.0, 129.6, 131.3, 135.7, 150.3, 200.0,
200.3; mass (ES+) m/z 309 (M*+Na); Anal. Calcd for
CsHi4N>O04: C, 62.93; H, 4.93; N, 9.79. Found: C, 63.04;
H, 4.96; N, 9.65.

4.2.3. 4-Benzoyl-2-methylene-3-(2-nitro-phenyl)-5-oxo-
hexanoic acid methyl ester (9a). Yield 81% (1.1 g from
1.0 g) as a brown solid; mp 102-104 °C; v« (KBr) 1679
(CO), 1724 (CO and CO,Me) cm™'; 'H NMR (CDCls,
300 MHz) 6 2.09 (s, 3H, CHj), 2.19 (s, 3H, CH3), 3.57 (s,
3H, CO,CH3), 3.71 (s, 3H, CO,CH3), 5.55-5.82 (m, 5H,
4xCH and =CH), 5.99 (s, 1H, =CH), 6.18 (s, 1H,
=CH), 6.39 (s, 1H, =CH), 7.21-7.72 (m, 16H, ArH),
7.92 (d, 1H, J=11.8 Hz, ArH), 8.08 (d, 1H, J=11.8 Hz,
ArH); '3C NMR (CDCls;, 75 MHz) 6 26.8, 27.0, 40.1,
40.8, 50.7, 50.8, 64.8, 65.3, 123.4, 123.6, 126.6, 126.9,
127.4, 127.5, 127.7, 128.3, 128.6, 129.5, 131.0, 131.1,
131.8, 132.6, 132.8, 135.1, 135.3, 136.8, 137.5, 149.0,
149.1, 1524, 164.7, 165.0, 189.7, 192.5, 200.7, 200.8;
mass (ES+) m/z 382.1 (M*+1), 404.1 (M*+Na); Anal. Calcd
for C,;H19NOg: C, 66.13; H, 5.02; N, 3.67. Found: C, 66.10;
H, 4.97; N, 3.66.
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4.2.4. 4-Benzoyl-3-(5-chloro-2-nitro-phenyl)-2-methyl-
ene-5-oxo-hexanoic acid methyl ester (9b). Yield 63%
(0.5 g from 0.6 g) as a brown semisolid; v,,x (Neat) 1680
(CO), 1721 (CO and CO,Me) cm™'; 'H NMR (CDCls,
300 MHz) 6 2.11 (s, 3H, CHj), 2.17 (s, 3H, CH3), 3.59 (s,
6H, 2xCO,CH3), 5.45-5.60 (m, 4H, 4xCH), 5.65 (s, 2H,
2x=CH), 5.75 (s, 1H, =CH), 6.22 (s, 1H, =CH), 7.34
(d, 2H, J=6.8 Hz, ArH), 7.49-7.76 (m, 10H, ArH), 8.07
(d, 4H, J=7.2Hz, ArH); 3*C NMR (CDCl;, 50 MHz)
0 29.6, 30.0, 42.6, 43.2, 53.6, 53.7, 67.2, 67.7, 127.6,
127.7, 129.5, 127.5, 129.3, 129.9, 130.1, 130.3, 130.5,
131.7, 132.2, 135.5, 135.7, 136.3, 138.8, 139.6, 140.1,
149.9, 167.2, 167.5, 195.0, 202.9; mass (ES+) m/z 415.9
(M™*+1); Anal. Calcd for C,;H,3CINOg: C, 60.66; H, 4.36;
N, 3.37. Found: C, 60.69; H, 4.44; N, 3.67.

4.2.5. 4-Benzoyl-2-methylene-3-(6-nitro-benzo[1,3]-
dioxol-5-yl)-5-0x0-hexanoic acid methyl ester (9c¢). Yield
69% (0.9 g from 1.0 g) as a brown solid; mp 127-129 °C;
Vmax (KBr) 1680 (CO), 1721 (CO and CO,Me) cm™!; 'H
NMR (CDCls, 300 MHz) 6 2.12 (s, 3H, CH3), 2.19 (s, 3H,
CHs), 3.62 (s, 3H, CO,CHj3), 3.75 (s, 3H, CO,CH3), 5.58-
5.79 (m, 4H, 3xCH and =CH), 5.96-6.03 (m, 2H, CH
and =CH), 6.10 (s, 4H, 2xOCH-0), 6.20 (s, 1H, =CH),
6.40 (s, 1H, =CH), 7.01 (s, 1H, ArH), 7.06 (s, 1H, ArH),
7.28-7.30 (m, 4H, ArH), 7.43-7.62 (m, 6H, ArH), 7.97 (d,
1H, J=12.0 Hz, ArH), 8.08 (d, 1H, J=12.0 Hz, ArH); '3C
NMR (CDCl;, 50 MHz) ¢ 14.6, 21.4, 28.5, 28.7, 41.5,
42.3, 52.5, 60.8, 66.7, 67.1, 103.2, 103.4, 106.1, 106.3,
109.8, 127.9, 129.2, 129.5, 130.1, 134.6, 136.9, 139.4,
144.8, 151.6, 166.5, 194.2, 202.7;, mass (ES+) m/z 425.9
(M*+1), 448.1 (M*+Na); Anal. Calcd for C,,H;oNOg: C,
62.12; H, 4.50; N, 3.29. Found: C, 62.00; H, 4.41; N, 3.11.

4.2.6. 4-Benzoyl-2-methylene-3-(2-nitro-phenyl)-5-oxo-
hexanenitrile (10a). Yield 78% (1.1 gfrom 1.0 g) as abrown
solid; mp 102-104 °C; v, (KBr) 1674 (CO), 1724 (CO),
2221 (CN) cm~!; '"H NMR (CDCl;, 200 Hz) ¢ 1.95 (s, 3H,
CHs), 2.25 (s, 3H, CH3), 5.41-5.53 (m, 4H, 4xCH), 5.91
(s, IH, =CH), 6.09 (s, 1H, =CH), 6.17 (s, 1H, =CH),
6.30 (s, 1H, =CH), 7.43-8.11 (m, 16H, ArH), 8.12-8.15
(d, 2H, J=7.2Hz, ArH); '*C NMR (CDCl;, 50 MHz)
0 28.9, 29.6, 43.1, 43.5, 65.8, 66.7, 117.4, 117.5, 121.3,
121.7, 125.7, 128.6, 129.1, 129.3, 129.5, 129.6, 131.3,
133.6, 133.7, 134.8, 135.1, 135.7, 1359, 136.5, 150.4,
192.5, 192.8, 199.9, 200.2; mass (ES+) m/z 349.0 (M*+1);
Anal. Calcd for C,gH¢N,O4: C, 68.96; H, 4.63; N, 8.04.
Found: C, 69.15; H, 4.55; N, 7.90.

4.2.7. 4-Benzoyl-3-(5-chloro-2-nitro-phenyl)-2-methyl-
ene-5-oxo-hexanenitrile (10b). Yield 71% (1.1 g from
1.15 g) as a white solid; mp 183-185 °C; v,.x (KBr) 1672
(CO), 1723 (CO), 2221 (CN) cm~!; '"H NMR (CDCls,
200 Hz) 6 1.99 (s, 3H, CHj), 2.25 (s, 3H, CHj3), 5.36-5.50
(m, 4H, 4xCH), 5.94 (s, 1H, =CH), 6.13 (s, 1H, =CH),
6.18 (s, 1H, =CH), 6.32 (s, 1H, =CH), 7.48-7.91 (m,
14H, ArH), 8.15 (d, 2H, J=7.6 Hz, ArH); '*C NMR
(CDCl3, S0 MHz) 6 29.4, 29.9, 42.9, 43.3, 65.5, 66.4,
117.3, 120.6, 121.1, 127.2, 129.1, 129.3, 129.6, 133.9,
134.5, 135.0, 135.2, 136.2, 136.5, 140.0, 140.2, 148.6,
192.3, 192.5, 199.3, 199.7; mass (ES+) m/z 405.0
(M++Na); Anal. Calcd for C20H]5C1N204: C, 6275, H,
3.95; N, 7.32. Found: C, 62.95; H, 4.02; N, 7.33.

4.2.8. 4-Benzoyl-2-methylene-3-(6-nitro-benzo[1,3]-
dioxol-5-yl)-5-o0xo-hexanenitrile (10c). Yield 81% (0.75 g
from 0.8 g) as a yellow solid; mp 189-191 °C; v,.x (KBr)
1676 (CO), 1722 (CO and CO,Me) cm™'; 'H NMR
(CDCl;, 300Hz) 6 1.99 (s, 3H, CHs), 542 (d, 1H,
J=12.0 Hz, CH), 5.61 (s, 1H, J=12.0 Hz, CH), 5.92 (s,
1H, =CH), 6.17 (s, 3H, =CH, CH,), 7.14 (s, 1H, ArH),
7.44 (s, 1H, ArH), 7.54-7.71 (m, 3H, ArH), 8.13 (d, 2H,
J=9.0 Hz, ArH); '3C NMR (CDCl;, 50 MHz) 6 28.5, 29.4,
43.0, 43.4, 66.1, 66.9, 103.6, 103.8, 106.8, 108.2, 117.3,
121.3, 121.7, 127.6, 128.6, 129.1, 129.5, 129.6, 134.8,
135.0, 135.7, 136.6, 144.4, 148.1, 152.3, 192.7, 200.1;
mass (ES+) m/z393.0 (M*+1), 415.0 (M*+Na); Anal. Calcd
for C,;H4N,Og4: C, 64.28; H, 4.11; N, 7.14. Found: C,
64.21; H, 4.19; N, 7.31.

4.2.9. 2-Acetyl-4-methylene-3-(2-nitro-phenyl)-pentane-
dioic acid 1-ethyl ester 5-methyl ester (11a). Yield 85%
(0.80 g from 0.75 g) as a brown oil; v, (Neat) 1722 (CO,
CO,Me, CO,Et) cm™!'; 'H NMR (CDCl;, 300 MHz)
o 1.03 (t, 3H, J=7.5Hz, CH3), 1.26 (t, 3H, J=7.5 Hz,
CHs), 2.18 (s, 3H, CHj3), 2.31 (s, 3H, CHj3), 3.68 (s, 3H,
CO,CH3;), 3.69 (s, 3H, CO,CH3), 3.98 (q, 2H, J=7.0 Hz,
CH,), 420 (q, 2H, J=7.0Hz, CH,), 4.57 (d, 1H,
J=12.0 Hz, CH), 4.63 (d, 1H, J=9.0 Hz, CH), 5.32 (d, 2H,
J=12.0 Hz, CH), 5.88 (s, 1H, =CH), 5.92 (s, 1H, =CH),
6.35 (s, 1H, =CH), 6.36 (s, 1H, =CH), 7.35-7.41 (m, 2H,
ArH), 7.51-7.62 (m, 4H, ArH), 7.74-7.79 (m, 2H, ArH);
13C NMR (CDCls, 50 MHz) 6 14.0, 14.4, 29.6, 29.8, 41.0,
41.1, 50.5, 52.5, 62.2, 62.3, 63.4, 63.5, 125.0, 125.1,
128.2, 128.6, 129.1, 130.4, 130.6, 132.8, 133.7, 138.8,
139.2, 150.7, 166.3, 166.7, 167.6, 168.1, 210.2, 201.3;
mass (ES+) m/z 349.9 (M*+1); Anal. Caled for
C7H;oNO7: C, 58.45; H, 5.48; N, 4.01. Found: C, 58.36;
H, 5.44; N, 3.98.

4.2.10. 2-Acetyl-3-(5-chloro-2-nitro-phenyl)-4-methyl-
ene-pentanedioic acid 1-ethyl ester 5-methyl ester
(11b). Yield 75% (1.0 g from 0.9 g) as a brown oil; v«
(Neat) 1720 (CO, CO,Me, CO.Et) cm™!; 'H NMR
(CDCl3, 200 MHz) ¢ 1.06 (t, 3H, J=7.0 Hz, CH,CH3),
1.24 (t, 3H, J=7.0 Hz, CH,CHs;), 2.20 (s, 3H, CHj3), 2.26
(s, 3H, CHj), 3.68 (s, 3H, CO,CH3), 3.69 (s, 3H,
CO,CHj3), 3.994.21 (2q merged, 4H, 2xCH,CH3), 4.15
(d, 1H, J=12.0 Hz, CH), 4.19 (d, 1H, J=12.0 Hz, CH),
5.34 (dd, 2H, J,=12.0 Hz, J,=3.4 Hz, 2xCH), 5.90 (s,
1H, =CH), 5.96 (s, 1H, =CH), 6.38 (s, 2H, 2x=CH),
7.32 (d, 2H, J=8.4 Hz, ArH), 7.53 (d, 2H, J=9.6 Hz,
ArH), 7.75 (dd, 2H, J,=8.4 Hz, J,=2.2Hz, ArH); *C
NMR (CDCl;, 50 MHz) ¢ 14.1, 14.4, 26.1, 29.7, 30.0,
409, 42.6, 58.1, 61.9, 62.4, 63.0, 63.3, 126.6, 128.6,
128.9, 129.6, 130.4, 131.0, 135.7, 136.1, 138.2, 138.6,
139.1, 148.4, 166.2, 166.5, 167.4, 167.8, 200.7, 200.8;
mass (ES+) m/z 383.9 (M*+1); HR-EIMS calculated for
C7H;3sCINO5: 383.0772, found: 383.0770.

4.2.11. 2-Acetyl-4-methylene-3-(6-nitro-benzo[1,3]-
dioxol-5-yl)-pentanedioic acid 1-ethyl ester 5-methyl
ester (11c) (single diastereoisomer). Yield 77% (0.75 g
from 0.8 g) as a white solid; mp 125-127 °C; v, (KBr)
1710 (CO, CO,Me, CO,Et) cm~!; '"H NMR (CDCls,
200 MHz) 6 1.10 (t, 3H, J=7.0 Hz, CH,CH3), 2.28 (s, 3H,
CH3), 3.68 (s, 3H, CO,CHj3;), 4.01 (q, 2H, J=7.0 Hz,
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CH,CHs), 449 (d, 1H, J=11.8 Hz, CH), 5.38 (d, 1H,
J=11.8 Hz, CH), 5.86 (s, 1H, =CH), 6.07 (s, 2H,
OCH,0), 6.34 (s, 1H, =CH), 6.97 (s, 1H, ArH), 7.31 (s,
1H, ArH); '3C NMR (CDCls, 50 MHz) 6 14.1, 29.7, 40.9,
52.8, 62.2, 63.4, 103.4, 106.0, 109.0, 128.9, 130.3, 138.9,
144.6, 147.2, 151.6, 166.7, 167.6, 201.3; mass (ES+) m/z
393.9 (M*+1); Anal. Calcd for C;3sH;oNOg: C, 54.96; H,
4.87; N, 3.56. Found: C, 55.12; H, 4.99; N, 3.67.

4.2.12. 2-Acetyl-4-cyano-3-(2-nitro-phenyl)-pent-4-enoic
acid ethyl ester (12a). Yield 78% (1.0 g from 1.0 g) as
a brown solid; mp 85-87 °C; v (KBr) 1723 (CO and
CO,Et), 2226 (CN) cm~!; '"H NMR (CDCls, 200 MHz)
0 0.96 (t, 3H, J=7.0 Hz, CH,CHs), 1.31 (t, 3H, J=7.0 Hz,
CH,CHs;), 2.12 (s, 3H, CHj3), 2.39 (s, 3H, CHjy), 3.92 (q,
2H, J=7.0Hz, CH,CHj), 4.25 (q, 2H, J=7.0Hz,
CH,CH3), 441 (d, 1H, J=6.8 Hz, CH), 4.47 (d, 1H,
J=6.8 Hz, CH), 5.06 (d, 2H, J=11.8 Hz, 2xCH), 6.05 (s,
1H, =CH), 6.06 (s, 1H, =CH), 6.24 (s, 1H, =CH), 6.28
(s, 2H, 2x=CH), 7.42-7.48 (m, 2H, ArH), 7.56-7.65 (m,
4H, ArH), 7.83-7.88 (m, 2H, ArH); 3C NMR (CDCls,
75MHz) ¢ 14.5, 30.1, 42.5, 63.0, 63.1, 117.6, 121.6,
125.7, 128.3, 129.3, 132.1, 133.7, 135.5, 166.6, 199.2;
mass (ES+) m/z 317.1 (M*+1), 339.1 (M*+Na); Anal. Calcd
for CcHcN-Os: C, 60.75; H, 5.10; N, 8.86. Found: C,
60.88; H, 5.18; N, 8.99.

4.2.13. 2-Acetyl-3-(5-chloro-2-nitro-phenyl)-4-cyano-
pent-4-enoic acid ethyl ester (12b). Yield 64% (0.8 g
from 1.0 g) as a white solid; mp 119-121 °C; v, (KBr)
1708 (CO), 1738 (CO,Et), 2228 (CN) cm~!; 'H NMR
(CDCl3, 200 MHz) ¢ 1.03 (t, 3H, J=7.0 Hz, CH,CH3),
1.32 (t, 3H, J=7.0 Hz, CH,CHs), 2.17 (s, 3H, CHj), 2.41
(s, 3H, CH3), 3.97 (q, 2H, J=7.0 Hz, CH,CHj;), 4.29 (q,
2H, J=7.0 Hz, CH,CH3;), 4.37 (d, 1H, J=8.2 Hz, CH),
4.43 (d, 1H, J=8.0 Hz, CH), 5.10 (dd, 2H, J;=11.6 Hz,
J>=3.6 Hz, 2xCH), 6.08 (s, 2H, 2x=CH), 6.25 (s, 1H,
=CH), 6.28 (s, 1H, =CH), 7.39-7.44 (m, 2H, ArH), 7.52
(s, IH, ArH), 7.59 (s, 1H, ArH), 7.85 (dd, 2H, J;=8.8 Hz,
J,=2.8 Hz, 2xCH); '3C NMR (CDCl;, 50 MHz) 6 14.0,
14.4, 30.1, 30.9, 41.8, 42.2, 62.7, 62.8, 63.0, 63.1, 117.1,
120.7, 121.1, 127.0, 127.2, 128.5, 129.1, 129.4, 134.5,
135.8, 136.6, 140.0, 148.6, 148.7, 165.8, 166.3, 198.8,
199.0; mass (ES+) m/z 351.1 (M*+1), 373.0 (M*+Na);
HR-EIMS calculated for C;¢H;5CIN,Os: 350.0670, found:
350.0671.

4.2.14. 2-Acetyl-4-cyano-3-(6-nitro-benzo[1,3]dioxol-5-
yl)-pent-4-enoic acid ethyl ester (12c¢). Yield 79% (0.68 g
from 0.7 g) as a yellow solid; mp 130-132 °C; v,.x (KBr)
1710 (CO), 1743 (CO,EY), 2225 (CN) cm™'; '"H NMR
(CDCl3, 300 MHz) ¢ 1.07 (t, 3H, J=7.0 Hz, CH,CH;),
1.32 (t, 3H, J=7.0 Hz, CH,CH;), 2.16 (s, 3H, CH3), 2.39
(s, 3H, CHj3), 4.00 (q, 2H, J=7.0 Hz, CH,CHj3), 4.26 (q,
2H, J=7.0 Hz, CH,CH3), 4.32 (d, 1H, J=9.0 Hz, CH),
445 (d, 1H, J=9.0 Hz, CH), 5.19 (d, 2H, J=12.0 Hz,
2xCH), 6.04 (s, 1H, =CH), 6.08 (s, 1H, =CH), 6.14 (s,
4H, 2x0OCH,0), 6.22 (s, 1H, =CH), 6.28 (s, 1H, =CH),
6.95 (s, 1H, ArH), 7.02 (s, 1H, ArH), 7.39 (s, 1H, ArH),
7.41 (s, 1H, ArH); '3C NMR (CDCl;, 50 MHz) 6 14.0,
14.4, 299, 30.8, 41.9, 42.6, 62.9, 63.2, 103.7, 106.4,
106.7, 107.1, 117.3, 121.2, 121.6, 128.3, 135.2, 136.1,
147.8, 152.2, 165.9, 166.6, 199.1; mass (ES+) m/z 383.1

(M*+Na); HR-EIMS calculated for
360.0958, found: 360.0961.

Ci7H;6N07:

4.2.15. 2-Benzoyl-4-methylene-3-(2-nitro-phenyl)-pentane-
dioic acid 1-ethyl ester 5-methyl ester (13a). Yield 82%
(1.2 g from 1.0 g) as a brown oil; v, (Neat) 1691 (CO),
1729 (CO,Me and CO,Et) cm™'; 'H NMR (CDCls,
300 MHz) ¢ 0.94 (t, 3H, J=6.0 Hz, CH,CH3), 1.15 (t, 3H,
J=6.0 Hz, CH,CHs;), 3.60 (s, 3H, CHj3), 3.72 (s, 3H, CHj),
3.82 (q, 2H, J=6.0 Hz, CH,CH3), 4.11 (q, 2H, J=6.0 Hz,
CH,CH;), 5.43-5.63 (m, 3H, 3xCH), 5.72 (d, 1H,
J=12.0 Hz, CH), 5.81 (s, 1H, =CH), 6.06 (s, 1H, =CH),
6.26 (s, 1H, =CH), 6.39 (s, 1H, =CH), 7.37-7.62 (m,
11H, ArH), 7.69-7.72 (m, 1H, ArH), 7.76-7.78 (m, 2H,
ArH), 7.97-8.00 (m, 2H, ArH), 8.08-8.11 (m, 2H, ArH);
13C NMR (CDCl;, 50 MHz) 6 13.9; 14.3, 42.1, 43.1, 52.4,
57.6, 60.8, 62.3, 125.0, 125.1, 128.2, 128.5, 128.8, 129.1,
129.2, 130.3, 131.2, 132.7, 133.3, 133.4, 134.3, 1364,
136.6, 138.1, 138.8, 150.9, 166.6, 167.6, 168.0, 192.7,
mass (ES+) m/z 411.9 (M*+1), 434.1 (M*+Na); Anal. Calcd
for C,oH, 1 NO7: C, 64.23; H, 5.14; N, 3.40. Found: C, 64.22;
H, 5.01; N, 3.32.

4.2.16. 2-Ethoxycarbonyl-4-methoxycarbonyl-3-(2-
nitro-phenyl)-pent-4-enoic acid ethyl ester (14a). Yield
74% (1.0 g from 1.0 g) as brown oil; v,,x (Neat) 1727
(CO,Me and 2xCO,Et) cm™!; 'H NMR (CDCls,
300 MHz) ¢ 0.85 (t, 3H, J=7.0 Hz, CH,CH>), 1.05 (t, 3H,
J=17.0 Hz, CH,CH3), 3.68 (s, 6H, CO,CHj3), 4.01 (g, 2H,
J=7.0Hz, CH,CH3), 4.20 (q, 2H, J=7.0 Hz, CH,CH,),
441 (d, 1H, J=12.0 Hz, CH), 5.27 (d, 1H, J=12.0 Hz,
CH), 5.89 (s, 1H, =CH), 6.38 (s, 1H, =CH), 7.35-7.41
(m, 1H, ArH), 7.51-7.62 (m, 2H, ArH), 7.76 (d, 1H,
J=7.5.0Hz, ArH); '3*C NMR (CDCl;, 50 MHz) ¢ 14.0,
14.3, 41.4, 52.5, 55.9, 62.1, 124.9, 126.7, 128.0, 128.5,
130.4, 132.8, 133.4, 139.4, 150.7, 166.2, 167.4, 167.7,
mass (ES+) m/z379.9 (M*+1), 402.0 (M*+Na); Anal. Calcd
for C,gH,NOg: C, 56.99; H, 5.58; N, 3.69. Found: C, 57.17;
H, 5.66; N, 3.85.

4.2.17. 2-[2-Cyano-1-(2-nitro-phenyl)-allyl]-malonic acid
diethyl ester (15a). Yield 85% (1.25 g from 1.0 g) as a white
solid; mp 78-80 °C; vyax (KBr) 1739 (2xCO,Et), 2226
(CN) cm™!; 'H NMR (CDCls, 200 MHz) 6 0.99 (t, 3H,
J=17.0 Hz, CH,CH;), 1.30 (t, 3H, J=7.0 Hz, CH,CHs),
393 (q, 2H, J=7.0Hz, CH,CHj3), 4.10-4.30 (m, 3H,
CH,CHj; and 1xCH), 5.01 (d, 1H, J=12.0 Hz, CH), 6.07
(s, 1H, =CH), 6.26 (s, 1H, =CH), 7.43-7.51 (m, 1H,
ArH), 7.65 (d, 2H, J=4.0Hz, ArH), 7.87 (m, 1H,
J=8.0 Hz, ArH); mass (ES+) m/z 347.2 (M*+1), 369.1
(M*+Na); Anal. Calcd for C;7H;gN,Og: C, 58.96; H, 5.24;
N, 8.09. Found: C, 59.08; H, 5.49; N, 7.87.

4.3. General procedure for SnCl,-mediated reactions

To a solution of an appropriate nitro derivative (1.0 equiv) in
methanol (10 mL) was added anhydrous SnCl, (5.0 equiv)
and the reaction mixture was heated at reflux in a nitrogen
atmosphere for 1.0 h. The excess solvent was removed and
the residue was made basic with NaHCOj; solution and taken
in EtOAc (50 mL). The resultant suspension was passed
through a bed of Celite and the organic layer separated, dried
(Na,S0O,), and evaporated to yield the crude product, which
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was purified by silica gel column chromatography using
hexanes/EtOAc (80-70:20-30, v/v) to yield corresponding
products in 50-86% yield.

4.3.1. 2-(3-Benzoyl-2-methyl-quinolin-4-yl)-acrylic acid
methyl ester (16a). Yield 67% (0.35 g from 0.6 g) as a white
solid; mp 164-166 °C; vy« (KBr) 1661 (CO), 1727
(CO,Me) cm™!; 'H NMR (CDCls, 300 MHz) 6 2.61 (s,
3H, CHj), 3.54 (s, 3H, CO,CH;), 5.81 (d, 1H, J=0.6 Hz,
=CH), 6.66 (d, 1H, J=0.6 Hz, =CH), 7.43 (t, 2H,
J=8.6 Hz, ArH), 7.54-7.59 (m, 2H, ArH), 7.66-7.68 (m,
1H, ArH), 7.74-7.79 (m, 3H, ArH), 8.13 (d, I1H,
J=6.0 Hz, ArH); '3C NMR (CDCls, 75 MHz) 6 22.7, 50.9,
123.7, 124.0, 125.5, 127.4, 127.6, 128.4, 129.1, 131.3,
132.1, 132.8, 134.1, 135.3, 139.8, 1459, 153.4, 164.0,
195.9; mass (FAB+) m/z 332 (M*+1); HR-EIMS calculated
for C>1H7NO5: 331.1208, found: 331.1210.

4.3.2. 2-(3-Benzoyl-6-chloro-2-methyl-quinolin-4-yl)-
acrylic acid methyl ester (16b). Yield 61% (0.12 g from
0.25 g) as a white solid; mp 134-136 °C; v, (KBr) 1660
(CO), 1714 (CO,Me) cm™!; '"H NMR (CDCl;, 200 MHz)
0 2.57 (s, 3H, CHj3), 3.56 (s, 3H, CO,CH3), 5.81 (s, 1H,
=CH), 6.67 (s, 1H, =CH), 7.40-7.47 (m, 2H, ArH),
7.57-7.77 (m, 5SH, ArH), 8.04 (d, 1H, J=9.0 Hz, ArH); '*C
NMR (CDCl;, 50 MHz) ¢ 24.5, 52.8, 126.2, 129.2, 130.1,
131.1, 131.6, 133.1, 133.8, 134.2, 134.7, 135.3, 136.9,
140.6, 146.3, 155.5, 165.4, 197.2; mass (ES+) m/z 366.2
(M*+1); HR-EIMS calculated for C,H;cCINOs:
365.0819, found: 365.0820.

4.3.3. 2-(7-Benzoyl-6-methyl-[1,3]dioxolo[4,5-g]quinolin-
8-yD-acrylic acid methyl ester (16c). Yield 50% (0.26 g
from 0.6 g) as a white solid; mp 188-189 °C; v« (KBr)
1665 (CO), 1723 (CO,Me) cm™'; 'H NMR (CDCls,
200 MHz) 6 2.51 (s, 3H, CHj), 3.54 (s, 3H, CO,CHy),
5.76 (s, 1H, =CH), 6.12 (s, 2H, OCH-0), 6.60 (s, 1H,
=CH), 6.89 (s, 1H, ArH), 7.39-7.45 (m, 3H, ArH), 7.54—
7.60 (m, 1H, ArH), 7.75 (d, 2H, J=7.4 Hz, ArH); '3C
NMR (CDCls, 50 MHz) 6 24.1, 52.6, 101.1, 102.3, 106.0,
122.2, 129.0, 130.1, 134.3, 137.4, 140.3, 146.5, 148.6,
151.6, 152.7, 165.7, 198.0; mass (FAB+) m/z 376 (M*+1);
HR-EIMS calculated for C,,H{7NOs: 375.1107, found:
375.1108.

4.3.4. 2-(3-Benzoyl-2-methyl-1,4-dihydro-quinolin-4-yl)-
acrylonitrile (17a). Yield 71% (0.12 g from 0.2 g) as a white
solid; mp 188-189 °C; v« (KBr) 1664 (CO), 2226
(CO,Me) cm™!; '"H NMR (CDCl3, 200 MHz) 6 2.51 (s,
3H, CHy), 5.02 (s, 1H, CH), 5.68 (s, 1H, =CH), 5.73 (s,
1H, =CH), 6.76 (s, 1H, NH exchangeable with D,0),
6.80-6.83 (m, 1H, ArH), 7.08-7.11 (m, 1H, ArH), 7.20-
7.24 (m, 2H, ArH), 7.39-7.44 (m, 3H, ArH), 7.45-7.49 (m,
2H, ArH); mass (ES+) m/z 301.1 (M*+1); Anal. Calcd for
CroH6N,O: C, 79.98; H, 5.37; N, 9.33. Found: C, 80.09;
H, 5.45; N, 9.55.

4.3.5. 2-(3-Benzoyl-6-chloro-2-methyl-1,4-dihydro-qui-
nolin-4-yl)-acrylonitrile (17b). Yield 65% (0.28 g from
0.5 g) as a yellow solid; mp 192-194 °C; .« (KBr) 1665
(CO), 2227 (CN) cm™!; '"H NMR (DMSO-ds, 300 MHz)
0 2.50 (s, 3H, CHj), 4.92 (s, 1H, CH), 5.74 (s, 1H, =CH),
5.83 (s, 1H, =CH), 6.99 (d, 1H, J=9.0 Hz, ArH), 7.27-

7.29 (m, 1H, ArH), 7.35 (d, 1H, J=3.0 Hz, ArH), 7.42-
7.52 (m, 5H, ArH), 9.62 (s, 1H, NH); 3C NMR
(CDCI3+DMSO-ds, 50 MHz) 6 20.6, 43.2, 102.4, 107.3,
111.6, 117.1, 118.6, 122.8, 1259, 126.8, 127.9, 128.3,
128.8, 129.6, 131.0, 136.0, 142.7, 149.7, 194.4; mass
(ES+) m/z 335.1 MM*+1); Anal. Calcd for C,yH,5sCIN,O:
C, 71.75; H, 4.52; N, 8.37. Found: C, 72.01; H, 4.20;
N, 8.55.

4.3.6. 2-(7-Benzoyl-6-methyl-[1,3]dioxolo[4,5-g]quinolin-
8-yl)-acrylonitrile (18c). Yield 64% (0.36 g from 0.65 g) as
ayellow solid; mp 188-190 °C; v,.« (KBr) 1664 (CO), 2223
(CN) cm™!; '"H NMR (CDCl;, 200 MHz) 6 2.53 (s, 3H,
CHs3), 6.02 (s, 1H, =CH), 6.17 (s, 2H, OCH,0), 6.32 (s,
1H, =CH), 7.18 (s, 1H, ArH), 7.42-7.53 (m, 3H, ArH),
7.61-7.64 (m, 1H, ArH), 7.76 (d, 2H, J=9.4 Hz, ArH); '*C
NMR (CDCls, 50 MHz) 6 24.0, 100.2, 102.7, 106.4, 116.9,
117.9, 120.4, 129.6, 130.0, 131.2, 135.0, 136.0, 137.0,
139.1, 146.9, 149.4, 152.2, 153.1, 197.1; mass (ES+) m/z
3433 (M*+1); HR-EIMS calculated for C,;H;4N,Os5:
342.1004, found: 342.1009.

4.3.7. 4-(1-Methoxycarbonyl-vinyl)-2-methyl-quinoline-
3-carboxylic acid ethyl ester (19a). Yield 86% (0.44 g
from 0.6 g) as a brown oil; v,,,,x (Neat) 1727 (CO,Me and
CO,Et) cm™!'; '"H NMR (CDCls, 300 MHz) 6 1.34 (t, 3H,
J=7.2Hz, CH,CH;), 2.82 (s, 3H, CHj), 3.73 (s, 3H,
CO,CHy), 4.34 (q, 2H, J=7.2 Hz, CH,CHj3), 5.81 (d, 1H,
J=0.6 Hz, =CH), 6.81 (s, 1H, =CH), 7.52-7.56 (m, 1H,
ArH), 7.70-7.79 (m, 2H, ArH), 8.09 (d, 1H, J=8.2 Hz,
ArH); '3C NMR (CDCl;, 50 MHz) 6 14.3, 24.6, 52.9,
62.1, 1253, 126.1, 126.9, 127.1, 129.3, 131.06, 137.2,
143.1, 147.9, 155.7, 166.0, 168.1; mass (ES+) m/z 300.3
(M*+1), 322.0 (M*+Na); HR-EIMS calculated for
C17H7NOy4: 299.1158, found: 299.1160.

4.3.8. 6-Chloro-4-(1-methoxycarbonyl-vinyl)-2-methyl-
quinoline-3-carboxylic acid ethyl ester (19b). Yield 68%
(0.36 g from 0.6 g) as a brown solid; mp 124—-126 °C; v,ax
(KBr) 1729 (CO,Me and CO,Et) cm™!; 'H NMR (CDCl;,
300 MHz) ¢ 1.33 (t, 3H, J=7.2 Hz, CH,CH5;), 2.78 (s, 3H,
CHs), 3.75 (s, 3H, CO,CHj), 4.35 (q, 2H, J=7.2 Hz,
CH,CH3), 5.81 (s, 1H, =CH), 6.82 (s, 1H, =CH), 7.65-
7.68 (m, 2H, ArH), 7.99 (d, 1H, J=9.6 Hz, ArH); '*C
NMR (CDCl;, 50 MHz) 6 13.8, 24.1, 52.5, 61.7, 124.4,
125.6, 127.1, 130.6, 131.1, 131.4, 132.5, 136.2, 141.6,
145.9, 155.6, 165.2, 167.3; mass (ES+) m/z 334.1 (M*+1);
HR-EIMS calculated for C;7H;cCINO,: 333.0768, found:
333.0770.

4.3.9. 8-(1-Methoxycarbonyl-vinyl)-6-methyl-[1,3]di-
oxolo[4,5-g]quinoline-7-carboxylic acid ethyl ester (19c).
Yield 68% (0.36 g from 0.6 g) as a pale yellow 0il; v
(Neat) 1727 (CO,Me and CO,Et); 'H NMR (CDCls,
200 MHz) 6 1.31 (t, 3H, J=7.0 Hz, CH,CH3), 2.73 (s, 3H,
CH3), 3.74 (s, 3H, CO,CH3), 4.31 (q, 2H, J=7.0 Hz,
CH,CHs), 5.76 (s, 1H, =CH), 6.10 (s, 2H, CH,), 6.74 (s,
1H, =CH), 6.95 (s, 1H, ArH), 7.33 (s, 1H, ArH); '3C
NMR (CDCl;, 50 MHz) ¢ 14.3, 24.3, 52.9, 61.9, 1014,
102.4, 105.9, 122.1, 130.7, 137.8, 144.4, 148.5, 152.0,
153.7, 166.1; mass (ES+) m/z 344.1 (M*+1); Anal. Calcd
for C;gH;7NOg: C, 67.30; H, 4.76; N, 6.20. Found: C,
67.03; H, 4.95; N, 5.95.
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4.3.10. 4-(1-Cyano-vinyl)-2-methyl-quinoline-3-carb-
oxylic acid ethyl ester (20a). Yield 65% (0.35 g from
0.65 g) as a brown oil; v,,x (Neat) 1728 (CO,Me), 2228
(CN) cm™!; '"H NMR (CDCl5, 300 MHz) 6 1.43 (t, 3H,
J=7.2Hz, CH,CH;), 2.80 (s, 3H, CHj), 445 (q, 2H,
J=72Hz, CH,CHj), 6.13 (s, 1H, =CH), 6.55 (s, 1H,
=CH), 7.59-7.66 (m, 1H, ArH), 7.70-7.85 (m, 1H, ArH),
7.93 (d, 1H, J=8.4 Hz, ArH), 8.09 (d, 1H, J=8.4 Hz,
ArH); '3C NMR (CDCls;, 50 MHz) 6 14.4, 24.4, 30.1,
62.7, 116.9, 118.6, 123.5, 125.0, 128.1, 129.8, 131.6,
137.3, 148.1, 155.7, 165.6; mass (ES+) m/z 267.2 (M*+1),
289.0 (M*+Na); HR-EIMS calculated for C;cH4N,O,:
266.1105, found: 266.1107.

4.3.11. 8-(1-Cyano-vinyl)-6-methyl-[1,3]dioxolo[4,5-g]-
quinoline-7-carboxylic acid ethyl ester (20c). Yield 50%
(0.07 g from 0.18 g) as a pale yellow solid; mp 128-
130 °C; vpax (KBr) 1710 (CO,Et), 2225 (CN) cm™!; 'H
NMR (CDCl;, 200MHz) ¢ 143 (t, 3H, J=7.2Hz,
CH,CH;), 2.72 (s, 3H, CHj3), 4.42 (q, 2H, J=7.2 Hz,
CH,CHs), 6.07 (s, 1H, =CH), 6.15 (s, 2H, OCH,0), 6.49
(s, 1H, =CH), 7.15 (s, 1H, ArH), 7.35 (s, 1H, ArH); '*C
NMR (CDCls, 50 MHz) ¢ 14.3, 24.0, 62.5, 100.3, 102.7,
106.2, 117.0, 119.0, 120.5, 125.3, 136.9, 147.0, 149.3,
152.4, 153.5, 167.8, 183.7; mass (ES+) m/z 311.1 (M*+1);
Anal. Calcd for C7H14N,O4: C, 65.80; H, 4.55; N, 9.03.
Found: C, 65.77; H, 4.49; N, 8.81.

4.3.12. 6-Chloro-4-(1-cyano-vinyl)-2-methyl-1,4-dihy-
dro-quinoline-3-carboxylic acid ethyl ester (21b). Yield
60% (0.15 g from 0.3 g) as a white solid; mp 127-129 °C;
Vmax (KBr) 1717 (CO,Me), 2218 (CN) cm~!; 'H NMR
(CDCl3, 300 MHz) ¢ 1.30 (t, 3H, J=7.2 Hz, CH,CH3),
2.44 (s, 3H, CHy), 4.19 (q, 2H, J=7.2 Hz, CH,CH3), 4.85
(s, 1H, CH), 5.69 (s, 1H, =CH), 5.75 (s, 1H, =CH), 6.39
(s, 1H, NH exchangeable with D,0), 6.68 (d, 1H,
J=9.0Hz, ArH), 7.11-7.15 (m, 2H, ArH); 3C NMR
(CDCl3, 50 MHz) o6 14.8, 20.9, 43.9, 60.23, 93.4, 116.5,
118.8, 122.2, 127.1, 128.4, 128.6, 128.7, 129.2, 135.5,
150.1, 167.4; mass (ES+) m/z 303.1 (M*+1); Anal. Calcd
for C;¢H;5CIN,O,: C, 63.47; H, 4.99; N, 9.25. Found: C,
63.47; H, 4.99; N, 9.25.

4.3.13. 4-(1-Methoxycarbonyl-vinyl)-2-phenyl-quino-
line-3-carboxylic acid ethyl ester (22a). Yield 58%
(0.25 g from 0.5 g) as a white solid; mp 107-109 °C; vyax
(KBr) 1727 (CO,Me and CO,Et) cm™'; '"H NMR (CDCls,
300 MHz) 6 1.05 (t, 3H, J=7.2 Hz, CH,CH3), 3.79 (s, 3H,
CO,CHy), 4.10 (q, 2H, J=7.2 Hz, CH,CH3), 5.88 (d, 1H,
J=0.6 Hz, =CH), 6.87 (d, 1H, J=0.6 Hz, =CH), 7.43-
7.50 (m, 3H, ArH), 7.56-7.62 (m, 1H, ArH), 7.64-7.74
(m, 4H, ArH), 8.09 (d, 1H, J=8.2 Hz, ArH); '3*C NMR
(CDCl5, 50 MHz) 6 14.3, 24.6, 52.9, 62.1, 125.3, 126.1,
126.9, 127.1, 129.3, 131.06, 137.2, 143.1, 147.9, 155.7,
166.0, 168.1; mass (ES+) m/z 362.2 (M*+1); HR-EIMS
calculated for C,,H[9NO,: 361.1314, found: 361.1318.

4.3.14. 4-(1-Methoxycarbonyl-vinyl)-2-oxo-1,2,3,4-tetra-
hydro-quinoline-3-carboxylic acid ethyl ester (23a). Yield
62% (0.2 g from 0.4 g) as a low melting white solid; v,.x
(Neat) 1674 (CONH), 1739 (CO,Et), 3205 (NH) cm~!; 'H
NMR (CDCl;, 300MHz) ¢ 1.15 (t, 3H, J=7.2 Hz,
CH,CH,), 3.81 (s, 3H, CO,CH3), 4.08 (d, 1H, J=6.0 Hz,

CH), 4.13-4.20 (q merged with d, 3H, CH,CH3; and CHC-
C=CH,), 5.37 (d, 1H, J=0.6 Hz, =CH), 6.40 (d, 1H,
J=0.6 Hz, =CH), 7.05-7.12 (m, 1H, ArH), 7.37-7.45 (m,
2H, ArH), 7.51 (d, 1H, J=7.5 Hz, ArH), 8.98 (br s, 1H,
NH); '3C NMR (CDCls, 75 MHz) 6 12.7, 40.0, 50.8, 51.0,
60.8, 112.8, 121.6, 123.4, 126.7, 127.5, 1279, 135.7,
136.8, 159.4, 166.0, 166.4; mass (ES+) m/z 304 (M*+1);
Anal. Calcd for C4H;7;NOs5: C, 63.36; H, 5.65; N, 4.62.
Found: C, 63.52; H, 5.67; N, 4.70.

4.3.15. 4-(1-Cyano-vinyl)-2-oxo0-1,2,3,4-tetrahydro-quino-
line-3-carboxylic acid ethyl ester (24a). Yield 51%
(0.3 g from 0.85g) as a brown oil; v, (Neat) 1671
(CONH), 1739 (CO,Et), 2227 (CN) cm!'; 'H NMR
(CDCl3, 300 MHz) ¢ 1.18 (t, 3H, J=7.2 Hz, CH,CH;),
3.96 (d, 1H, J=7.5 Hz, CHCO,Et), 4.17 (q, 2H, J=7.1 Hz,
CH,CHs;), 4.28 (d, 1H, J=7.5 Hz, CHC-C=CH,), 5.73 (d,
1H, J=0.6 Hz, =CH), 6.14 (s, 1H, =CH), 7.18-7.21 (m,
2H, ArH), 7.40-7.44 (m, 1H, ArH), 7.52 (d, 1H,
J=8.0 Hz, ArH), 9.21 (br s, 1H, NH); '*C NMR (CDCls,
75MHz) 6 12.7, 42.4, 49.9, 61.3, 113.1, 115.2, 118.3,
119.8, 123.7, 126.5, 128.5, 132.9, 1354, 158.7, 165.5;
mass (ES+) m/z 271.1 (M*+1); Anal. Caled for
CsH4N-O3: C, 66.66; H, 5.22; N, 10.36. Found: C,
66.68; H, 5.45; N, 10.19.
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