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A simple and convenient one-pot multicomponent reaction (MCR) has been developed for the synthesis
of highly functionalized piperidines catalyzed by molecular iodine. This strategy demonstrated five-
component reactions of 1,3-dicarbonyl compounds, amines and aromatic aldehydes in methanol using
10 mol % of iodine at room temperature. This methodology provides an alternative approach for easy
access of highly and fully substituted piperidines in moderate to good yields using three readily available
starting materials. Notably, this method is mild, cheap, straight forward, applicable to broad range of
substrates and environmentally friendly as compared to the existing methods. Synthetic and mechanistic
studies are presented here.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The piperidine and its analogues are widely distributed in many
natural products, biologically active molecules and organic fine
chemicals.! Some of them also act as therapeutic agents.> Com-
pounds containing piperidine structural motif exhibit anti-hyper-
tensive,> anti-bacterial,® anti-convulsant and anti-inflammatory
activities.” Recently, Tripathi et al. reported that some of the
substituted piperidines also display antimalarial activity.® As a re-
sult, a considerable efforts have been made from all over the world
towards the synthesis of this important class of compounds due to
their medicinal properties.” Some of the synthetic strategies for
their preparation are imino-Diels-Alder reactions,® aza-Prins-cy-
clizations, intramolecular Michael reactions'® and intramolecular
Mannich reaction onto iminium ions.!! An alternative strategy for
the synthesis of functionalized piperidines is using multicompo-
nent reactions (MCRs). Recently, MCRs have emerged as a powerful
synthetic tool in organic synthesis due to their advantages over the
conventional multi-step synthesis.">!> In addition, MCRs are
eco-friendly, superior atom economic as well as they avoid costly
purification processes and protection-deprotection steps with
minimum synthetic effort and time.'* Therefore, MCRs satisfy some
of the tenets of ‘Green Chemistry’. Literature reveals only a few
methods to synthesis highly functionalized piperidine derivatives
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via MCRs using catalysts, such as a combination of L-proline/TFA,®
bromodimethylsulfonium bromide (BDMS),!>® tetrabutylammo-
nium tribromide (TBATB)™" and InCl3.!® The aforesaid methods
have some of the disadvantages such as use of expensive and excess
amount of catalysts and failure in some of the cases to obtain the
desired product. Therefore, there is a need for simple and greener
methods, which are applicable to a broad range of substrates to
access these compounds.

Molecular iodine has emerged as an inexpensive, non-toxic,
non-metallic, readily available and environmentally benign cat-
alyst for various organic transformations, which has been
reviewed recently.!” The current literature reveals that molecular
iodine can be used as an efficient catalyst for a diverse range of
multicomponent reactions'®4 as well as synthesis of various
heterocycles.’® ™ We conceived that molecular iodine is to be an
ideal Lewis acid for one-pot synthesis of highly substituted pi-
peridine derivatives from aromatic aldehydes, amines and B-keto
esters. Herein, we disclose the synthesis and mechanistic aspects
of densely functionalized piperidine derivatives (1) using MCRs
(Scheme 1).

2. Results and discussion

Initially, the mixture of 4-methylbenzaldehyde (1 mmol), ani-
line (1 mmol) and methyl acetoacetate (1 mmol) in acetonitrile
(5 mL) was treated with 10 mol % of iodine at room temperature.
We obtained a highly functionalized piperidine 1a in 36% yield
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Scheme 1. Direction of product formation in iodine catalyzed MCRs.

along with unreacted methyl acetoacetate and the product was
characterized from H NMR, 13C NMR spectra, HRMS and by ele-
mental analysis. It is quite clear that the product 1a was obtained
via five-component reactions.

For optimization of the amount of catalyst and choosing the
suitable solvent, various trial reactions were investigated with
a combination of 4-methylbenzaldehyde, aniline and methyl
acetoacetate to obtain the best yield of 1a, which is summarized in
Table 1. We have noted that 10 mol % of the catalyst gives the best
result for the formation of product. It has also been observed that
methanol is the best solvents for the present reaction among
various other solvents, such as acetonitrile, dichloromethane,
ethanol and ethyl acetate. For this transformation, ethanol can be
a second choice of solvent. Under solvent-free conditions, the
product was obtained in a moderate yield (48%) that may be due to
lack of effective interaction of reactants with the catalyst in the
absence of solvent.

Having established the optimal reaction conditions, the mix-
ture of 4-methylbenzaldehyde, aniline and ethyl acetoacetate in
methanol was treated with 10 mol % iodine to obtain the desired
piperidine derivative 1b as shown in Table 2. Similarly, various

Table 1
Optimization of reaction conditions for the synthesis of functionalized piperidine 1a®

Entry Solvent Catalyst (mol %) Time (h) Yield (%)
1 CHsCN No catalyst 12 0
2 CH5CN 5 12 52
3 CH5CN 10 12 72
4 CH5CN 20 12 69
5 CH,Cl, 10 12 60
6 C,HsOH 10 10 78
7 CH50H 10 8 84
8 EtOAc 10 12 62
9 Neat 10 12 48

¢ Reaction conditions: 4-Methylbenzaldehyde, aniline and methyl acetoacetate
were taken in 2:2:1 ratio at rt.
b Isolated yields.

other B-keto esters like tert-butyl acetoacetate and allyl aceto-
acetate also provided the corresponding piperidine derivatives 1c
and 1d in good yields (Table 2, entries 3 and 4). From these
observations, we may conclude that the alkoxy (—OR) moiety
present in the B-keto ester does not have any significant role in
determining the course of the reaction. However, in case of
diethylmalonate (Table 2, entry 5), yielded the corresponding
B-amino carbonyl compound (2) under identical reaction condi-
tions. This can be attributed to the lack of enolizable alkyl group
in the B-position.

In addition, the effect of an alkyl group was also studied by
varying the substitutents at the f-position of the p-keto esters. The
reaction of ethyl propionylacetate with 4-chlorobenzaldehyde and
aniline afforded fully substituted piperidine 1e in 42% yield in the
presence of 10 mol % molecular iodine (Table 2, entry 6). Similarly,
the reaction of ethyl butyrylacetate with 4-chlorobenzaldehyde
and aniline also provided the desired piperidine 1f in 36% yield
under similar reaction conditions (Table 2, entry 7). The fully
substituted piperidine derivatives were derivatives not reported
earlier.51°1® From these observations, it is clear that methyl and
ethyl group can be introduced easily at the 5-position of the pi-
peridine ring by choosing a suitable -keto ester. Next, we wanted
to incorporate a phenyl group at the 5-position in the piperidine
ring. For this purpose, the required B-keto ester (ethyl 3-oxo-4-
phenylbutanoate) was prepared by following the literature pro-
cedure.”” Then it was subjected with 4-chlorobenzaldehyde and
aniline in presence of 10 mol % catalyst under identical reaction
conditions (Table 2, entry 8). Unfortunately, we did not get the
desired piperidine derivative after 48 h of stirring. These in-
vestigations suggest that not only methyl group but any enolizable
alkyl group present in the B position of B-keto esters, is a necessary
and sufficient condition for the formation of highly substituted
piperidines using MCRs (Table 2).

We proceeded further to investigate the reaction of various ar-
omatic aldehydes having substituents, such as OMe, Cl, Br, F and
NO, with aniline and methyl acetoacetate under the same reaction
conditions (Table 3, entries 1—8). The reaction time and yield of the
products 1g—n are shown in Table 3. The low yields obtained in
case of entries 7 and 8 is caused by: (i) formation of more stable
imine due to extra conjugation in the presence of nitro group,
which is less reactive and (ii) partial or less solubility in methanol.
Unfortunately, some of the aldehydes, such as f-naphthaldehyde
and n-butanal, did not give the corresponding functionalized
piperidines.

We have noted, in some cases, such as benzaldehyde, 4-chloro-
benzaldehyde and 4-nitrobenzaldehyde, a small quantity of
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Table 2
Scope of B-keto esters in the formation of product with aromatic aldehydes and amines using iodine as catalyst®
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Table 2 (continued )

Entry B-Keto esters Time (h) Product Yield® (%)
7 O O 48 @\ 36
/\)I\/U\OEt NH O
N OEt

8 O (0] 48 @\ 00
P A g, w o

2 Reactions were performed in the ratio of 2:2:1 (aldehydes: amines: B-keto esters) in presence of 10 mol % iodine in 5 mL methanol at rt.
b Isolated yields.

€ Unreacted imine (0.150 g) was recovered from the reaction.

4 Determined by crude 'H NMR.

Table 3
Scope for one-pot five-component reactions of methyl acetoacetate with aromatic

H a
aldehydes and amines enol-piperidines were formed along with the desired piperidines as

o o RLNH o shown in Scheme 2. For example, the reaction of benzaldehyde with
ri-NH2 )J\/U\ 10% | aniline and methyl acetoacetate in presence of iodine at room
+ OMe °2 Sy~ "OMe temperature provided, a mixture of desired piperidine 1g and enol-
N _cHO MeOH, rt’ e N Ar piperi_dine 4g in 53% and 27%, respegtively. _
r R It is speculated that the formation of 4 may be due to either
hydrolysis of the enamine-piperidines 1 or through a four-com-
1g-1u ponent reaction. If the product 4 is forming from hydrolysis of 1,
- - — then we expected the enol-piperidine derivative 4 should have
liliy &% K Wme((y) IMrestir WGP E) obtained in more quantities at elevated temperature. To investigate
1 Ph Ph 8 1g 81¢ this, the reaction was carried out at 55 °C and surprisingly, we
2 4-CH;0G4H, Ph 8 1h 74 isolated the piperidine 1g exclusively in 81% yield not enol-piper-
3 3,4,5-(CH30)3CH,  Ph 18 1i 68 o . .
4 4-CICqH, Ph 6 1§ g5¢ idine after 5 h. Further, we did not obtain the hydrolysed product 4g
5 4-BrCgHa Ph 6 1k 81 from 1g even upon hydrolysis under both acidic and basic reaction
6 4-FCH, Ph 8 1 74 conditions. From these observations, we may conclude that the
4 3-NO,CeHy [ ® L & enol-piperidine 4g is obtained exclusively through a four-compo-
8 4-NO,CgHy Ph 6 1n 38¢ t " ther f hvdrolvsis of 1
9 4-CHACeH, 4-CHsCgHa 3 10 68 nent reaction rather from hydrolysis of 1. _ .
10 4-CH3CgH, 4-C,HsCeH, 10 1p 65 To find the generality and scope of this MCR, various amines were
11 4-CH3CgHy 4-CH30C¢H; 8 1q 74 also examined. A wide variety of anilines tethered with substituents,
12 4-CH3CeHy 4-BrCeHy 8 1r 68 such as Me, Et, OMe, Br, NO, were treated with 4-methyl-
}i j:ggf“g“ izlg?jcsm 4312 :: i; benzaldehyde and methyl acetoacetate under similar reaction con-
15 4_CH:C2H: C6H45C?-12 48 1u 55 ditions. All the reactions underwent smoothly to provide the

- - — corresponding piperidine derivative 10—s, in moderate to good yields
¢ Aldehyde, amine and methyl acetoacetate were taken in 2:2:1 ratio in presence : . . . . . . .
of 10 mol % iodine at rt (Table 3, entries 9—13). Likewise, aliphatic amines viz. n-butylamine

b Isolated yields. and benzylamine also afforded the corresponding piperidines 1t and
¢ Reaction was carried out at 55 °C. 1u, respectively, in moderate yields. It is worthwhile to mention that
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Scheme 2. Formation of product at different reaction conditions.
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4-nitroaniline and aliphatic amines did not give the corresponding
piperidine derivatives by using InCls.">

It is interesting to point out here, in our experimental conditions
when 2-naphthylamine was treated with methyl acetoacetate and
aldehydes, such as benzaldehyde and 4-methylbenzaldehyde to
give the desired piperidine derivatives 1v and 1w in 53% and 51%,
respectively. However, Wang et al. recently reported'®? that same
combination of 2-naphthylamine and benzaldehyde with methyl
acetoacetate catalyzed by molecular iodine in THF at reflux
temperature provided 3-aryl-1-substituted benzo[f]quinoline
derivative 3 in good yield (Scheme 3). Unfortunately, 1-naphthyl-
amine did not give the expected piperidine derivative under similar
reaction conditions. This may be due to the steric hindrance of the
bulky naphthyl group.

NH,
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Ref.18a
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undergoes Diels-Alder reaction with imine 6 to give the desired
product. To prove this mechanism, we had tried to trap the in-
termediate diene with other reactive dienophiles such as maleic
anhydride, dihydropyran and dimethyl acetylenedicarboxylate.
Unfortunately, we did not get any desired cycloaddition products.
However, in the case of diethylmalonate on reaction with imine 6
furnished the Mannich-type product 2 (Table 2, entry 5). There-
fore, we would like to propose an alternate plausible mechanism
in which the product formed via double Mannich-type reactions.
The enamine 4 and imine 5 were formed initially in the presence
of iodine (Scheme 4). It is well known that enamine 5 would be
a better nucleophile as compared to diethylmalonate. So, it is quite
obvious that the nucleophilic attack by enamine 5 will take place
preferentially on the iodine-activated imine 6 to give Mannich-

NH, g NH O

N OMe
N

1v

Scheme 3. Role of reaction condition towards different product formation.

The products were characterized by IR, 'H NMR and 3C NMR
spectra, HRMS and by elemental analysis. The assignment of the
piperidine ring protons and carbons were made by using 'H—'H-
COSY and 'H—'3C-COSY spectra. And finally, the structures as well
as the relative stereochemistry of piperidine 1f (Fig. 1) and 1k (Fig.
S1) were confirmed by X-ray crystallographic analysis. From the
structures, it was found that the piperidine ring adopted a boat
conformation in case of compound 1f in which flag pole positions 2
and 5 of the piperidine ring, as well as the CO group of the ester and
the —NH are on the same side of the plane and having intra-
molecular hydrogen bonding, as shown in Figure 1.

type intermediate 7 like diethylmalonate. Then the intermediate 7
reacts with aldehyde to give 8 by elimination of water molecule.
Further, there will be a spontaneous tendency in the presence of
iodine for tautomerization to give the intramolecular hydrogen
bonded species either 9 or 10. However, the tautomer 9 immedi-
ately undergoes intramolecular Mannich-type reaction to
form intermediate 11. The tautomer 10 would have given a four-
membered ring product 12, which is unfavourable. Finally, the
intermediate 11 tautomerizes to give the final piperidine
derivative 1 due to conjugation with the ester group. However, the
exact explanation is not yet clear and under investigation.

Figure 1. Crystal structures of 1f (CCDC no. 756203).

Finally, we turned our attention towards mechanistic studies
for this transformation. Earlier, reported papers®!®®1® proposed
that the formation of piperidine is going through [4+2] aza-Diels-
Alder reaction. It was expected that f-keto ester reacts with amine
to give enamine 5 and it reacts with aldehyde to provide Knoe-
venagel type product, which acts as the reactive diene. Finally, it

The formation of four-component product in a few cases
discussed earlier (Scheme 3) may be explained as follows: the
enol form of methyl acetoacetate reacts with imine 6 instead of
enamine 5 to form a Mannich-type intermediate, which is ana-
logue to 7. The remaining steps may be similar as depicted in
Scheme 4.
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Scheme 4. A plausible mechanism for the formation of highly substituted piperidine in the presence of iodine.

3. Conclusions

In summary, a general methodology is reported for the forma-
tion of highly as well as fully functionalized piperidines in presence
of iodine as catalyst via one-pot five-component reaction from
common available starting materials. The salient features of this
protocol are good yields, mild reaction conditions, environmentally
benign, superior atom economy, the readily accessibility of the
catalyst and its cost effectiveness. In addition, we propose the
possibility for the formation of piperidines via double Mannich-
type intermediates and mechanism is under investigation.

4. Experimental section
4.1. General

Melting points were determined on a Biichi melting point ap-
paratus and are uncorrected. IR spectra were recorded on Per-
kin—Elmer 281 IR spectrophotometer. 'H and 3C NMR spectra were
recorded on Varian 400 spectrometer TMS as an internal reference;
chemical shifts (¢ scale) are reported in parts per million (ppm). 'H
NMR Spectra are reported in the order: no of protons, multiplicity
and coupling constant (J value) in hertz (Hz); signals were char-
acterized as s (singlet), d (doublet), t (triplet), m (multiplet), br s
(broad singlet), dq (doublet of quartet) and ddt (doublet of doublet
of triplet). HRMS spectra were recorded using WATERS MS system,

Q-TOF premier and data analyzed using Mass Lynx 4.1. Elemental
analyses were carried out using Perkin—Elmer 2400 Series I CHNS/
O analyzer at the Department of Chemistry, Indian Institute of
Technology, Guwahati. Crystal data were collected with Bruker
Smart Apex-II CCD diffractometer using graphite monochromated
Mo Ko radiation (1=0.71073 A) at 298 K.

4.2. General procedure for the synthesis of highly
functionalized piperidines 1

To a solution of amine (2 mmol) and methyl acetoacetate
(1 mmol) in 5 mL of methanol was added iodine (0.1 mmol) and
stirred at room temperature. After 20 min, aromatic aldehyde
(2 mmol) was added to the reaction mixture and stirring was
continued for completion. The reaction time of individual cases is
indicated in Tables 2 and 3. The thick precipitate was filtered off and
washed with ethanol to give pure products.

4.2.1. Methyl 2,6-bis(4-methylphenyl)-1-phenyl-4-(phenylamino)-
1,2,5,6-tetrahydropyridine-3-carboxylate (1a). White solid (0.410 g,
84%); [found: C, 80.96; H, 6.55; N, 5.80. C33H3,N,0, requires C,
81.12; H, 6.60; N, 5.73%]; mp 215—-217 °C; Ry (5% ethyl acetate/
hexane) 0.46; vmax (KBr) 1657 (C=0), 1591 (C=C) cm™!; oy
(400 MHz, CDCl3) 10.25 (1H, s, NH), 7.19 (2H, d, J 8.0 Hz, ArH),
7.10—7.02 (11H, m, ArH), 6.59 (1H, t, ] 7.2 Hz, ArH), 6.52 (2H, d, J
8.0 Hz, ArH), 6.39 (1H, s, H-2), 6.30 (2H, d, ] 8.0 Hz, ArH), 5.11 (1H, d,



7768 A.T. Khan et al. / Tetrahedron 66 (2010) 7762—7772

J 3.2 Hz, H-6), 3.92 (3H, s, OMe), 2.86 (1H, dd, J 15.2, 5.6 Hz, H-5'),
2.75(1H, dd, ] 15.2, 2.4 Hz, H-5"), 2.33 (3H, s, Me), 2.32 (3H, s, Me);
6c (100 MHz, CDCl3) 168.8 (C=0), 156.5 (C-4), 147.2, 141.1, 139.8,
138.1, 136.8, 136.0, 129.4, 129.1, 129.0, 128.9, 126.7, 126.5, 126.0,
125.8,116.1,113.0, 98.2 (C-3), 58.1 (C-6), 55.0 (C-2), 51.2, 33.8 (C-5),
21.3, 21.2; HRMS (ESI): MH™, found 489.2556. C33H3,N»0; requires
489.2542.

4.2.2. Ethyl 2,6-bis(4-methylphenyl)-1-phenyl-4-(phenylamino )-
1,2,5,6-tetrahydropyridine-3-carboxylate (1b). White solid (0.392 g,
78%); [found C, 81.13; H, 6.76; N, 5.69. C34H34N»0; requires C, 81.24;
H, 6.82; N, 5.57%]; mp 228—231 °C; Rf (5% ethyl acetate/hexane)
0.48; vmax (KBr) 1649 (C=0), 1592 (C=C) cm™!; dy (400 MHz,
CDCl3) 10.29 (1H, s, NH), 7.22 (2H, d, ] 8.0 Hz, ArH), 7.10—7.02 (11H,
m, ArH), 6.59 (1H, t, ] 7.2 Hz, ArH), 6.53 (2H, d, J 8.8 Hz, ArH), 6.40
(1H, s, H-2), 6.30 (2H, d, J 7.6 Hz, ArH), 5.1 (1H, d, J 2.4 Hz, H-6),
4.51-4.40 (1H, m, OCH,Hp), 4.36—4.26 (1H, m, OCH,H}), 2.86 (1H,
dd,j15.2,5.6 Hz,H-5"), 2.76 (1H, dd, ] 15.2, 2.4 Hz, H-5"), 2.33 (3H, s,
Me), 2.32 (3H, s, Me), 1.46 (3H, t, J 7.2 Hz, OCH,CH3); 6c (100 MHz,
CDCl3) 168.4 (C=0), 156.2 (C-4), 147.2, 141.2, 139.9, 138.2, 136.8,
135.9,129.4,129.1,129.0,128.9,126.7,126.5,125.9,125.7,116.1, 1131,
98.5 (C-3), 59.8, 58.1 (C-6), 55.0 (C-2), 33.8 (C-5), 21.3, 21.2, 15.0;
HRMS (ESI): MHT, found: 503.2683. C34H34N>0- requires 503.2699.

4.2.3. tert-Butyl 2,6-bis(4-methylphenyl)-1-phenyl-4-(phenylamino)-
1,2,5,6-tetrahydropyridine-3-carboxylate (1c). Light yellow solid
(0.361 g, 68%); [found C,81.32; H, 7.31; N, 5.37. C36H3gN202 requires C,
81.47; H,7.22; N, 5.28%]; mp 171173 °C; Rf(5% ethyl acetate/hexane)
0.64; vmax (KBr) 3447 (N—H), 1648 (C=0), 1592 (C=C) cm™"; oy
(400 MHz, CDCl3) 10.25 (1H, s, NH), 723 (2H, d, J 8.0 Hz, ArH),
7.09—7.03 (11H, m, ArH), 6.58 (1H, t,J 7.2 Hz, ArH), 6.51 (2H, d,/ 8.4 Hz,
ArH), 6.35 (1H, s, H-2), 6.29 (2H, d, ] 7.2 Hz, ArH), 5.08 (1H, d, ] 3.2 Hz,
H-6),2.82 (1H, dd, J 15.2, 5.6 Hz, H-5), 2.74 (1H, dd, ] 15.2, 2.8 Hz, H-
5),1.64 (9H, s, CMe3), 2.31 (3H, s, Me), 2.33 (3H, s, Me); 6c (100 MHz,
CDCl3) 168.4 (C=0),155.3 (C-4),147.4,141.5,140.0,138.5,136.7,135.8,
129.4,129.1, 128.9, 126.7, 126.6, 125.7, 125.4, 116.1, 113.1, 100.2 (C-3),
80.1, 58.2 (C-6), 55.4 (C-2), 33.8 (C-5), 29.0, 21.3, 21.2; HRMS (ESI):
MH™, found: 531.3013. C3gH3gN,0; requires 531.3012.

4.2.4. Allyl 2,6-bis(4-methylphenyl)-1-phenyl-4-(phenylamino)-1,2,5,6-
tetrahydropyridine-3-carboxylate (1d). Light yellow solid (0.339 g,
66%); [found C, 81.56; H, 6.57; N, 5.51. C35H34N,0, requires C, 81.68; H,
6.66; N, 5.44%]; mp 186—188 °C; Rf (5% ethyl acetate/hexane) 0.49;
vmax (KBr) 3242 (N—H), 1658 (C=0), 1591 (C=C) cm™; 6y (400 MHz,
CDCl3) 10.26 (1H, s, NH), 7.21 (2H, d, ] 8.0 Hz, ArH), 7.15—7.02 (11H, m,
ArH),6.58 (1H,t,] 7.2 Hz, ArH), 6.52 (2H, d,] 8.4 Hz, ArH), 6.43 (1H, s, H-
2),6.30(2H, dd,J 8.0, 2.4 Hz, ArH), 6.15—6.06 (1H, m, =CH), 5.45 (1H,
dq,J 17.2,1.2 Hz, =CH,Hy), 5.31 (1H, dq, ] 10.4, 1.2 Hz, =CH,Hy,), 5.10
(1H, d,J 3.6 Hz, H-6), 4.87 (1H, ddt, ] 13.6, 5.6, 1.6 Hz, CH,H},), 4.80 (1H,
ddt,j13.6,5.5,1.6 Hz,CH,Hy), 2.86 (1H,dd,J 15.2,5.6 Hz,H-5), 2.76 (1H,
dd,J 15.2,2.4Hz, H-5"),2.32 (3H, s, Me), 2.31 (3H, s, Me); ic (100 MHz,
CD(l3) 168.0 (C=0), 156.8 (C-4), 147.2,141.2,139.8,138.1, 136.8, 136.0,
133.3,129.4,129.1,129.04,128.98,126.8,126.5,126.0,125.8,117.8,116.2,
113.1,98.2(C-3),64.5,58.1 (C-6),55.1(C-2),33.9(C-5),21.3,21.2; HRMS
(ESI): MH™, found: 515.2697. C35H34N>0; requires 515.2699.

4.2.5. Ethyl 2,6-bis(4-chlorophenyl)-5-methyl-1-phenyl-4-(phenyl-
amino)-1,2,5,6-tetrahydropyridine-3-carboxylate (1e). White solid
(0.234 g, 42%); [found: C, 71.01; H, 5.33; N, 5.12. C33H30N,0,Cl; re-
quires C,71.09; H,5.42; N, 5.02%]; mp 198—199 °C; Rr(5% ethyl acetate/
hexane) 0.45; yax (KBr) 1651 (C=0),1594 (C=C) cm™!; 64 (400 MHz,
CDCl3) 10.38 (1H, s, NH), 7.27—7.18 (9H, m, ArH), 7.09 (2H, t, ] 7.6 Hz,
ArH), 7.00(2H, d,J 8.4 Hz, ArH), 6.68 (1H, t,] 7.2 Hz, ArH), 6.57 (2H, d,]
8.4Hz, ArH),6.52—6.50 (2H, m, ArH), 6.20 (1H, s, H-2), 4.87 (1H, s, H-6),
4.43—4.35 (1H, m, CHHyp), 4.32—4.24 (1H, m, CH,Hp), 3.01 (1H, dq, J
7.2Hz,1.6 Hz,H-5),1.37 (3H,t,] 7.2 Hz, Me), 1.04 (3H, d,] 7.2 Hz, Me); 6c

(100 MHz, CDCl3) 169.0 (C=0), 159.8 (C-4), 147.4, 142.8, 141.8, 138.2,
132.8,132.2, 129.4, 129.3, 129.0, 128.7, 128.8, 1281, 1271, 126.7, 117.9,
115.5,96.1 (C-3), 64.0 (C-6), 60.1 (C-2), 55.7, 38.7 (C-5),19.2, 14.8.

4.2.6. Ethyl 2,6-bis(4-chlorophenyl)-5-ethyl-1-phenyl-4-(phenyl-
amino)-1,2,5,6-tetrahydropyridine-3-carboxylate (1f). White solid
(0.206 g, 36%); [found: C, 71.34; H, 5.53; N, 5.02. C34H3,N20,Cl; re-
quires C,71.45; H, 5.64; N, 4.90%]; mp 239—241 °C; R¢(5% ethyl acetate/
hexane) 0.47; vmax (KBr) 1655 (C=0),1594 (C=C) cm™'; 6 (400 MHz,
CDCl3) 10.78 (1H, s, NH), 7.43—7.38 (4H, m, ArH), 7.34 (2H, d, ] 8.4 Hz,
ArH), 7.25—7.12 (10H, m, ArH), 6.78 (2H, d,] 8.0 Hz, ArH), 5.99 (1H, s, H-
2),4.86(1H,d,J4.0 Hz,H-6),4.33—4.25 (1H, m, CH H},), 4.15—4.07 (1H,
m, CH,Hyp), 3.05—3.04 (1H, m, H-5),1.22 (3H, t,] 7.2 Hz, Me), 0.85—0.77
(1H, m, CH,Hp), 0.76—0.67 (1H, m, CH,Hy), 0.18 (3H, t,] 7.2 Hz, Me); dc
(100 MHz, CDCl3) 169.2 (C=0), 161.8 (C-4), 151.2, 145.8, 139.9, 139.1,
132.7,132.4,129.6,129.0,128.9, 128.5,128.4,126.6, 126.3, 119.2, 116.8,
95.6 (C-3), 63.8 (C-6), 61.7 (C-2), 60.0, 43.1 (C-5), 22.2,14.6,12.1.

4.2.7. Methyl 1,2,6-triphenyl-4-(phenylamino)-1,2,5,6-tetrahydropyr-
idine-3-carboxylate (1g). To a solution of amine (2 mmol) and methyl
acetoacetate (1 mmol) in 5 mL of methanol was added iodine
(0.1 mmol) and stirred at 55 °C. After 10 min, benzaldehyde (2 mmol)
was added to the reaction mixture and stirring was continued for
completion at the same temperature. The reaction mixture was
cooled to room temperature. The thick precipitate was filtered off
and washed with ethanol to give pure products as white solid
(0.373 g, 81%); [found: C, 80.72; H, 6.07; N, 6.09. C31H,8N»0; requires
C, 80.84; H, 6.13; N, 6.08%]; mp 185—186 °C; Ry (5% ethyl acetate/
hexane) 0.38; vmax (KBr) 3444 (N—H), 1661 (C=0), 1591 (C=
C) cm™1; 8y (400 MHz, CDCl3) 10.24 (1H, s, NH), 7.32—7.24 (8H, m,
ArH), 7.16 (2H, d, J 8.0 Hz, ArH), 7.10—7.03 (5H, m, ArH), 6.59 (1H, t, ]
7.2 Hz, ArH), 6.51 (2H, d, ] 8.8 Hz, ArH), 6.44 (1H, s, H-2), 6.27 (2H, d, ]
8.0Hz, ArH), 5.14 (1H, d,J 4.4 Hz, H-6), 3.93 (3H, 5, Me), 2.86 (1H, dd, J
15.2, 5.6 Hz, H-5'), 2.75 (1H, dd, J 15.2, 2.4 Hz, H-5"), 6¢c (100 MHz,
CDCl3) 168.7 (C=0), 156.4 (C-4), 147.1, 144.0, 142.9, 137.9, 129.0,
128.9,128.8,128.4, 127.3, 126.8, 126.5, 126.0, 125.9, 116.3, 113.0, 98.0
(C-3), 58.3 (C-6), 55.2 (C-2), 51.2, 33.8 (C-5); HRMS (ESI): MH™,
found: 461.2256. C31HygN,0, requires 461.2229.

4.2.8. Methyl 2,6-bis(4-methoxyphenyl)-1-phenyl-4-(phenylamino)-
1,2,5,6-tetrahydropyridine-3-carboxylate (1h). White solid (0.385 g,
74%); [found C, 76.01; H, 6.11; N, 5.49. C33H33N,04 requires C, 76.13;
H, 6.20; N, 5.38%]; mp 186—188 °C; R (5% ethyl acetate/hexane)
0.16; vmax (KBr) 1654 (C=0), 1593 (C=C) cm™'; 6y (400 MHz,
CDCl3) 10.27 (1H, s, NH), 7.21 (2H, d, J 8.8 Hz, ArH), 7.11 (2H, d, J
7.2 Hz, ArH), 7.07 (1H, t, J 7.2 Hz, ArH), 7.06 (2H, d, J 8.8 Hz, ArH),
7.05 (2H, d, ] 8.4 Hz, ArH), 6.81 (4H, d, J 8.8 Hz, ArH), 6.60 (1H, t,
7.2 Hz, ArH), 6.52 (2H, d, ] 8.0 Hz, ArH), 6.38—6.34 (3H, m, ArH and
H-2),5.07 (1H, d,] 3.2 Hz, H-6), 3.92 (3H, s, OMe), 3.79 (3H, s, OMe),
3.78 (3H, s, OMe), 2.85 (1H, dd, J 15.2, 5.6 Hz, H-5'), 2.75 (1H, dd, J
15.2, 2.4 Hz, H-5"); 6¢ (100 MHz, CDCl3) 168.8 (C=0), 158.8, 158.2,
156.5 (C-4),147.1,138.1,136.0, 134.8,129.0, 127.8, 127.6, 125.9, 125.8,
116.2, 114.1, 113.7, 113.1, 98.2 (C-3), 57.7 (C-6), 55.4, 54.7 (C-2), 51.2,
33.9 (C-5); HRMS (ESI): MH™, found: 521.2449. C33H3,N204 re-
quires 521.2440.

4.2.9. Methyl 2,6-bis(3,4,5-trimethoxyphenyl)-1-phenyl-4-(phenyl-
amino)-1,2,5,6-tetrahydropyridine-3-carboxylate (1i). Light yellow
solid (0.435 g, 68%); [found: C, 69.28; H, 6.24; N, 4.46. C37H4oN20g
requires C, 69.36; H, 6.29; N, 4.37%]; mp 197—199 °C; Ry (30% ethyl
acetate/hexane) 0.22; rmax (KBr) 1655 (C=0), 1594 (C=C) cm™'; 6y
(400 MHz, CDCl3) 10.26 (1H, s, NH), 7.15 (2H, d, J 7.6 Hz, ArH), 7.12
(1H, t,J 7.2 Hz, ArH), 7.09 (2H, d, ] 8.0 Hz, ArH), 6.65 (1H, t, ] 7.6 Hz,
ArH), 6.57 (2H, d, J 8.0 Hz, ArH), 6.53 (2H, s, ArH), 6.39 (2H, d, J
7.7 Hz, ArH), 6.35 (2H, s, ArH), 6.34(1H, s, H-2), 5.03 (1H, d, ] 3.2 Hz,
H-6), 3.90 (3H, s, OMe), 3.85 (3H, s, OMe), 3.84 (3H, s, OMe), 3.74
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(6H, s, 2xOMe), 3.70 (6H, s, 2xOMe), 2.95 (1H, dd, J 15.2, 5.6 Hz, H-
5'), 2.77 (1H, dd, J 15.2, 2.4 Hz, H-5"); é¢ (100 MHz, CDCl3) 168.5
(C=0), 157.0 (C-4), 153.4, 153.1, 147.0, 139.7, 138.5, 137.8, 137.0,
136.5, 128.9, 126.3, 126.2, 116.6, 113.1, 103.9, 103.2, 97.3 (C-3), 61.0,
58.3 (C-6), 56.0, 55.6 (C-2), 511, 33.8 (C-5); HRMS (ESI): MH™,
found: 641.2800. C37H49N,0g requires 641.2863.

4.2.10. Methyl 2,6-bis(4-chlorophenyl)-1-phenyl-4-(phenylamino)-
1,2,5,6-tetrahydropyridine-3-carboxylate (1j). To a solution of amine
(2 mmol) and methyl acetoacetate (1 mmol) in 5 mL of methanol
was added iodine (0.1 mmol) and stirred at 55 °C. After 10 min, 4-
chlorobenzaldehyde (2 mmol) was added to the reaction mixture
and stirring was continued for completion at the same tempera-
ture. The reaction mixture was cooled to room temperature. The
thick precipitate was filtered off and washed with ethanol to give
pure products as white solid 1i (0.450 g, 85%) as white solid;
[found: C, 70.29; H, 4.83; N, 5.34. C31H,6CI;N20; requires C, 70.32;
H, 4.95; N, 5.29%]; mp 225-227 °C; Ry (5% ethyl acetate/hexane)
0.27; vmax (KBr) 1660 (C=0), 1591 (C=C) cm~!; 6y (400 MHz,
CDCl3) 10.25 (1H, s, NH), 7.36—7.24 (5H, m, ArH), 7.15 (2H, d,] 7.2 Hz,
ArH), 7.10 (2H, t,J 7.6 Hz, ArH), 7.07 (2H, d, ] 8.4 Hz, ArH), 7.05 (2H, d,
J 8.0 Hz, ArH), 6.64 (1H, t, ] 7.2 Hz, ArH), 6.45 (2H, d, ] 8.0 Hz, ArH),
6.40 (2H, d, ] 8.0 Hz, ArH), 6.35 (1H, s, H-2), 5.09 (1H, d, ] 2.4 Hz, H-
6),3.92(3H,s,0Me), 2.82 (1H, dd,J 15.2, 5.6 Hz, H-5'), 2.74 (1H, dd, J
15.2, 2.4 Hz, H-5"); é¢c (100 MHz, CDCl3) 168.4 (C=0), 156.2 (C-4),
146.6, 142.5, 141.0, 137.7, 133.0, 132.3, 129.2, 128.9, 128.6, 128.2,
127.9,126.2,125.9,116.9,113.1,97.6 (C-3), 57.5 (C-6), 54.8 (C-2), 51.3,
33.8 (C-5); HRMS (ESI): MH, found: 529.1445. C31H26N20,Cl; re-
quires 529.1450.

4.2.11. Methyl 2,6-bis(4-bromophenyl)-1-phenyl-4-(phenylamino)-
1,2,5,6-tetrahydropyridine-3-carboxylate (1k). Light yellow solid
(0.500 g, 77%); [found: C, 60.45; H, 4.15; N, 4.97. C31H6BruN,0;
requires C, 60.21; H, 4.24; N, 4.53%]; mp 245—247 °C; Rf (5% ethyl
acetate/hexane) 0.27; vmax (KBr) 1661 (C=0), 1590 (C=C) cm™; éy
(400 MHz, CDCl3) 10.24 (1H, s, NH), 7.40 (2H, d, J 8.4 Hz, ArH), 7.39
(2H, d, ] 8.4 Hz, ArH), 7.18 (2H, d, ] 8.4 Hz, ArH), 7.16 (2H, d, ] 8.0 Hz,
ArH), 7.15 (1H, t, ] 7.2 Hz, ArH), 7.08 (2H, t, ] 7.2 Hz, ArH), 7.00 (2H, d,
J 8.4 Hz, ArH), 6.65 (1H, t, ] 7.2 Hz, ArH), 6.45 (2H, d, ] 8.8 Hz, ArH),
6.40 (2H, d,] 7.6 Hz, ArH), 6.34 (1H, s, H-2), 5.08 (1H, d, J 3.6 Hz, H-
6),3.93(3H,s,0Me), 2.82 (1H, dd,J 15.2, 5.6 Hz, H-5'), 2.74 (1H, dd, ]
15.2, 2.4 Hz, H-5"); 6c (100 MHz, CDCl3) 168.4 (C=0), 156.1 (C-4),
146.5, 143.0, 141.6, 137.7, 131.9, 131.5, 129.2, 129.18, 128.6, 128.3,
126.2,125.9,121.1,120.4, 116.9, 113.0, 97.6 (C-3), 57.5 (C-6), 54.9 (C-
2), 513, 33.8 (C-5); HRMS (ESI): MHT', found: 617.0433.
C31H26N20,Br; requires 617.0439.

4.2.12. Methyl  2,6-bis(4-fluorophenyl)-1-phenyl-4-(phenylamino)-
1,2,5,6-tetrahydropyridine-3-carboxylate (11). White solid (0.367 g,
74%); [found: C, 74.91; H, 5.11; N, 5.84. C31HygF2N20; requires C,
74.98; H, 5.28; N, 5.64%]; mp 193—195 °C; Ry (5% ethyl acetate/hex-
ane) 0.38; rmax (KBr) 1657 (C=0), 1592 (C=C) cm™'; dy (400 MHz,
CDCl3) 10.23 (1H, s, NH), 7.25 (2H, t, ] 8.4 Hz, ArH), 7.17—7.06 (7H, m,
ArH), 6.96 (4H, t,] 8.4 Hz, ArH), 6.64 (1H, t,] 7.2 Hz, ArH), 6.47 (2H, d,]
8.4 Hz, ArH), 6.39 (2H, d,] 8.0 Hz, ArH), 6.37 (1H, s, H-2), 5.11 (1H, d,J
2.8 Hz,H-6),3.93 (3H, s, OMe), 2.83 (1H, dd, J 15.2, 5.6 Hz, H-5), 2.75
(1H,dd,J 15.2, 2.4 Hz, H-5"); 6¢ (100 MHz, CDCl3) 168.6 (C=0), 163.4,
160.5, 156.3 (C-4), 146.7,139.5, 138.2, 137.8, 129.2, 128 4, 128.3, 128.1,
128.0, 126.2, 125.9, 116.7, 115.8, 115.6, 115.3, 115.1, 113.1, 97.9 (C-3),
57.5 (C-6), 54.7 (C-2), 51.4, 33.9 (C-5); HRMS (ESI): MH", found:
497.2245. C31Hp6N20,F, requires 497.2241.

4.2.13. Methyl 2,6-bis(3-nitrophenyl)-1-phenyl-4-(phenylamino)-
1,2,5,6-tetrahydropyridine-3-carboxylate (1m). Yellow solid (0.198 g,
36%); [found C, 67.51; H, 4.68; N, 10.29. C31H,6N40¢ requires C, 67.63;
H, 4.76; N, 10.18%]; mp 182183 °C; Rr (15% ethyl acetate/hexane)

021; ymax (KBr) 3436 (N—H), 1655 (C=0), 1595 (C=C) cm™';
(400 MHz, CDCl3) 10.30 (1H, s, NH), 8.22 (1H, s, ArH), 8.15—8.10 (2H,
m, ArH), 7.94 (s, 1H, ArH), 7.66 (1H, d, ] 7.6 Hz, ArH), 7.50—7.45 (3H, m,
ArH), 7.16—7.14 (3H, m, ArH), 7.10 (2H, t, ] 7.2 Hz, ArH), 6.70 (1H, t, ]
7.2 Hz, ArH), 648 (1H, s, H-2), 6.44 (2H, d, ] 8.8 Hz, ArH), 6.41-6.38
(2H, m, ArH), 5.33 (1H, t, ] 4.0 Hz, H-6), 3.99 (3H, s, OMe), 2.88 (2H, d,
J 4.0 Hz, CHy); d¢ (100 MHz, CDCl3) 168.2 (C=0), 155.7 (C-4), 148.8,
148.7,146.5,145.9, 144.6, 137.3, 132.7,129.8, 129.5, 129.3, 126.7,125.8,
122.6,122.0,121.7,121.5,117.9, 113.2, 96.9 (C-3), 57.2 (C-6), 55.3 (C-2),
51.6, 33.9 (C-5).

4.2.14. Methyl  2,6-bis(4-nitrophenyl)-1-phenyl-4-(phenylamino)-
1,2,5,6-tetrahydropyridine-3-carboxylate (1n). The reaction was
carried out at 55 °C, after completion, the reaction was cool to room
temperature. The thick precipitate was filtered off and washed with
ethanol to give pure products 1n (0.209 g, 38%) as light yellow solid;
[found C, 67.51; H, 4.69; N, 10.31. C31H6N40¢ requires C, 67.63; H,
4.76; N, 10.18%]; mp 239—241 °C; Rr(15% ethyl acetate/hexane) 0.21;
vmax (KBr) 3356 (N—H), 1660 (C=0), 1593 (C=C) cm™!; 6y (400 MHz,
CDCl3) 10.26 (1H, br s, NH), 8.14 (2H, d, J 8.8 Hz, ArH), 8.12 (2H, d, J
8.8 Hz, ArH), 7.48 (2H, d, J 8.4 Hz, ArH), 7.27 (2H, d, J 8.8 Hz, ArH),
7.17—7.13 (3H, m, ArH), 7.09 (1H, d, ] 7.2 Hz, ArH), 7.07 (1H, d, ] 7.2 Hz,
ArH), 6.68 (1H, t, ] 7.2 Hz, ArH), 6.46 (1H, s, H-2), 6.42—6.37 (4H, m,
ArH), 5.25—5.24 (1H, m, H-6), 3.95 (3H, s, OMe), 2.85 (2H, d, ] 4.0 Hz,
CH,); dc (100 MHz, CDCl3) 168.1 (C=0), 155.7 (C-4), 151.8, 149.9,
147.5, 146.9, 145.9, 137.3,129.5, 129.4, 127.6, 127.5, 126.6, 125.7,124.1,
123.9,117.8, 113.1, 96.8 (C-3), 57.5 (C-6), 55.4 (C-2), 51.6, 33.7 (C-5).

4.2.15. Methyl  2,6-bis(4-methylphenyl)-1-(4-methylphenyl)-4-(4-
methylphenylamino)-1,2,5,6-tetrahydropyridine-3-carboxylate
(10). Light yellow solid (0.351 g, 68%); [found: C, 81.24; H, 7.01; N,
5.53. C35H36N20, requires C, 81.36; H, 7.02; N, 5.42%]; mp
206—208 °C; Ry (5% ethyl acetate/hexane) 0.48; vmax (KBr) 3249
(N—H), 1655 (C=0), 1594 (C=C) cm~'; éy (400 MHz, CDCl3) 10.17
(1H, s, NH), 7.20 (2H, d, J 8.0 Hz, ArH), 7.09—7.03 (6H, m, ArH), 6.89
(2H, d,] 8.0 Hz, ArH), 6.87 (2H, d, ] 8.8 Hz, ArH), 6.43 (2H, d, ] 8.0 Hz,
ArH), 6.35 (1H, s, H-2), 6.18 (2H, d, J 8.0 Hz, ArH), 5.07 (1H, d, J
4.0 Hz, H-6), 3.91 (3H, s, OMe), 2.82 (1H, dd, J 15.2, 5.6 Hz, H-5'),
2.72 (1H, dd, J 15.2, 2.4 Hz, H-5"), 2.34 (3H, s, Me), 2.32 (3H, s, Me),
2.27 (3H, s, Me), 2.15 (3H, s, Me); dc (100 MHz, CDCl3) 168.8 (C=0),
156.8 (C-4),145.1,141.4,140.1,136.6, 135.8, 135.6, 135.4, 129.5, 129 4,
129.0,126.7,126.5,126.1, 125.0, 113.0, 97.7 (C-3), 58.0 (C-6), 55.1 (C-
2), 51.0, 33.7 (C-5), 21.3, 21.2, 21.0, 20.3; HRMS (ESI): MH™, found:
517.2847. C35H36N,0, requires 517.2855.

4.2.16. Methyl 2,6-bis(4-methylphenyl)-1-(4-ethylphenyl)-4-(4-eth-
ylphenylamino)-1,2,5,6-tetrahydropyridine-3-carboxylate (1p). Light
yellow solid (0.354 g, 65%); [found: C, 81.49; H, 7.07; N, 5.24.
C37H40N20; requires C, 81.58; H, 7.40; N, 5.14%]; mp 177—178 °C; Ry
(5% ethyl acetate/hexane) 0.48; vmax (KBr) 3264 (N—H), 1653 (C=
0), 1593 (C=C) cm™!; 0y (400 MHz, CDCl3) 10.17 (1H, s, NH), 7.19
(2H, d, ] 8.4 Hz, ArH), 7.09—7.03 (6H, m, ArH), 6.91 (2H, d, ] 8.4 Hz,
ArH), 6.88 (2H, d,J 8.8 Hz, ArH), 6.44 (2H, d, ] 8.8 Hz, ArH), 6.35 (1H,
s, H-2), 6.19 (2H, d, ] 8.4 Hz, ArH), 5.07 (1H, d, J 3.6 Hz, H-6), 3.90
(3H, s, OMe), 2.82 (1H, dd, J 15.2, 5.6 Hz, H-5'), 2.73 (1H, dd, J 15.2,
2.4 Hz, H-5"), 2.56 (2H, q, ] 7.6 Hz, CH,CH3), 2.45 (2H, q, J 7.6 Hz,
CH,CH3), 2.31(3H, s, Me), 2.34 (3H, s, Me), 1.18 (3H, t, ] 7.6 Hz, Me),
1.11 (3H, t,J 7.6 Hz, Me); 6c (100 MHz, CDCl3) 168.8 (C=0), 156.8 (C-
4),145.3, 142.0, 141.5, 140.2, 136.7, 135.8, 135.6, 131.5, 129.4, 129.1,
128.3, 126.8, 126.6, 126.2, 113.0, 97.8 (C-3), 58.2 (C-6), 55.2 (C-2),
51.1, 33.8 (C-5), 28.4, 27.8, 21.3, 21.2, 15.9, 15.7; HRMS (ESI): MH™,
found: 545.3151. C37H4oN>0, requires 545.3168.

4.2.17. Methyl 2,6-bis(4-methylphenyl)-1-(4-methoxyphenyl)-4-(4-
methoxyphenylamino)-1,2,5,6-tetrahydropyridine-3-carboxylate
(1q). White solid (0.406 g, 74%); [found: C, 76.56; H, 6.55; N, 5.26.
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C35H36N204 requires C, 76.62; H, 6.61; N, 5.11%]; mp 230—231 °C; Ry
(5% ethyl acetate/hexane) 0.20; vmax (KBr) 3442 (N—H), 1657 (C=
0), 1611 (C=C) cm™; 6y (400 MHz, CDCl3) 10.08 (1H, s, NH), 7.16
(2H, d, J 8.0 Hz, ArH), 7.09—7.02 (6H, m, ArH), 6.64 (2H, d, J 9.2 Hz,
ArH), 6.60 (2H, d,J 9.2 Hz, ArH), 6.43 (2H, d,] 9.2 Hz, ArH), 6.26 (1H,
s, H-2), 6.21 (2H, d, J 9.2 Hz, ArH), 5.00 (1H, d, J 2.8 Hz, H-6), 3.89
(3H, s, OMe), 3.74 (3H, s, OMe), 3.65 (3H, s, OMe), 2.77 (1H, dd, J
15.2, 5.6 Hz, H-5'), 2.62 (1H, dd, J 15.2, 2.8 Hz, H-5"), 2.33 (3H, s,
Me), 2.31 (3H, s, Me); 6c (100 MHz, CDCl3) 168.9 (C=0), 157.9,157.2,
151.0 (C-4), 141.9, 141.5, 140.4, 136.7,135.9, 131.0, 129.4, 129.0, 128.0,
126.9, 126.6, 114.7, 114.3, 114.2, 114.1, 97.3 (C-3), 58.1 (C-6), 55.8 (C-
2), 55.7, 55.6, 51.0, 33.8 (C-5), 21.3, 21.2; HRMS (ESI): MH*, found:
549.2753. C35H36N204 requires 549.2753.

4.2.18. Methyl  2,6-bis(4-methylphenyl)-1-(4-bromophenyl)-4-(4-
bromophenylamino)-1,2,5,6-tetrahydropyridine-3-carboxylate
(1r). Light yellow solid (0.440 g, 68%); [found C, 61.23; H, 4.57; N,
4.46. C33H30BraN20O, requires C, 61.32; H, 4.68; N, 4.33%]; mp
230-232 °C; Ry (5% ethyl acetate/hexane) 0.42; vmax (KBr) 3446
(N—H), 1650 (C=0), 1605 (C=C) cm~'; dy (400 MHz, CDCl3) 10.17
(1H, s, NH), 7.20 (2H, d, ] 8.4 Hz, ArH), 7.15—7.07 (8H, m, ArH), 7.02
(2H, d, J 8.0 Hz, ArH), 6.38 (2H, d, ] 9.2 Hz, ArH), 6.31 (1H, s, H-2),
6.13 (2H, d, J 8.4 Hz, ArH), 5.06 (1H, d, J 3.6 Hz, H-6), 3.93 (3H, s,
OMe), 2.84 (1H, dd, J 15.2, 5.6 Hz, H-5'), 2.70 (1H, dd, J 15.2, 2.4 Hz,
H-5"), 2.34 (3H, s, Me), 2.32 (3H, s, Me); ic (100 MHz, CDCl3) 168.6
(€=0),155.6 (C-4),146.1,140.2,139.2,137.2,137.1,136.3,132.1,131.7,
129.6, 129.2, 127.4, 126.6, 126.4, 119.2, 114.7, 108.4, 98.9 (C-3), 58.1
(C-6), 55.2 (C-2), 51.3, 33.6 (C-5), 21.3, 21.2; HRMS (ESI): MH™,
found: 645.0753. C33H3pN,0,Br; requires 645.0752.

4.2.19. Methyl 2,6-bis(4-methylphenyl)-1-(4-nitrophenyl)-4-(4-nitro-
phenylamino)-1,2,5,6-tetrahydropyridine-3-carboxylate (1s). Yellow
solid (0.330 g, 57%); [found: C, 68.39; H, 5.14; N, 9.88. C33H3gN40¢
requires C, 68.50; H, 5.23; N, 9.68%]; mp 253—255 °C; Ry (15% ethyl
acetate/hexane) 0.20; ymax (KBr) 1658 (C=0), 1587 (C=C) cm™; éy
(400 MHz, CDCl3) 10.55 (1H, s, NH), 8.00 (2H, d, J 9.2 Hz, ArH), 7.97
(2H, d,J 9.6 Hz, ArH), 7.13 (6H, s, ArH), 7.02 (2H, d, ] 8.0 Hz, ArH), 6.54
(2H,d,J 9.6 Hz, ArH), 6.48 (1H, s, H-2), 6.43 (2H, d,] 9.2 Hz, ArH), 5.27
(1H, d,J 3.2 Hz, H-6), 3.99 (3H, s, OMe), 3.06 (1H, dd,  15.2, 5.6 Hz, H-
5), 2.94 (1H, dd, J 15.2, 24 Hz, H-5"), 2.34 (6H, s, 2xMe); dc
(100 MHz, CDCl3) 168.3 (C=0), 153.3 (C-4), 151.9, 144.1, 138.3, 13811,
137.9,137.5,137.2, 130.0, 129.7, 126.2, 126.1, 125.9, 125.1, 123.1, 112.3,
102.0 (C-3), 58.5 (C-6), 55.8 (C-2), 52.0, 33.8 (C-5), 21.3, 21.2; HRMS
(ESI): MH™, found: 579.2244. C33H39N40g requires 579.2244.

4.2.20. Methyl 2,6-bis(4-methylphenyl)-1-butyl-4-(butylamino)-
1,2,5,6-tetrahydropyridine-3-carboxylate (1t). Light yellow solid
(0.215 g, 48%); [found C, 77.51; H, 8.91; N, 6.37. CogH49N20, requires
C, 77.64; H, 8.99; N, 6.24%]; mp 158—160 °C; Ry (5% ethyl acetate/
hexane) 0.46; vmax (KBr) 3428 (N—H), 1649 (C=O0), 1597 (C=
C) cm™!; 61 (400 MHz, CDCl3) 9.22 (1H, t,J 4.8 Hz, NH), 7.31 (2H, d, J
8.0 Hz, ArH), 7.17 (2H, ] 8.0 Hz, ArH), 7.08 (4H, t, ] 7.6 Hz, ArH), 4.92
(1H, s, H-2), 3.85 (1H, dd, J 11.6, 5.2 Hz, H-6), 3.55 (3H, s, OMe),
3.38—3.24 (2H, m, CHy), 2.60 (1H, dd, J 17.2,11.2 Hz, H-5'), 2.51 (1H,
dd,J 17.2, 5.2 Hz, H-5"), 2.32 (3H, s, Me), 2.30 (3H, s, Me), 2.15—2.08
(2H, m, CHj3), 1.68—1.60 (2H, m, CHy), 1.52—1.43 (2H, m, CHj),
1.36—1.26 (2H, m, CHy), 1.23—1.10 (2H, m, CH>), 0.98 (3H, t, ] 7.2 Hz,
CH3), 0.79 (3H, t, ] 7.2 Hz, CH3); dc (100 MHz, CDCl3) 171.4 (C=0),
159.7 (C-4),142.4,139.3,136.4, 135.6, 128.9, 128.8, 128.4,127.3, 87.9
(C-3), 58.6 (C-6), 52.5 (C-2), 50.6, 44.7, 42.1, 32.5 (C-5), 31.1, 25.6,
21.3, 20.6, 20.5, 14.3, 14.1; HRMS (ESI): MH™, found: 449.3160.
Cy9HyoN>0; requires 449.3168.

4.2.21. Methyl 2,6-bis(4-methylphenyl)-1-benzyl-4-(benzylamino)-
1,2,5,6-tetrahydropyridine-3-carboxylate (1u). Light yellow solid
(0.284 g,55%); [found C, 81.22; H, 7.07; N, 5.57. C35H36N,0; requires

C, 81.36; H, 7.02; N, 5.42%]; mp 172173 °C; R (5% ethyl acetate/
hexane) 0.32; vpmax (KBr) 3272 (N—H), 1650 (C=0), 1594 (C=
C) cm™1; 8y (400 MHz, CDCl3) 9.67 (1H, t, J 6.0 Hz, NH), 7.40—7.37
(6H, m, ArH), 7.32 (4H, t, ] 8.0 Hz, ArH), 7.24 (2H, d, ] 8.4 Hz, ArH),
7.20(2H,d,J 8.4 Hz, ArH), 7.08 (4H, t, ] 8.0 Hz, ArH), 4.73 (1H, s, H-2),
4.63 (1H, dd,J 15.6, 6.4 Hz, H-6), 4.57 (1H, dd, J 15.6, 6.0 Hz, CH,H),),
4,02 (1H, dd, J 11.2, 5.2 Hz, CH,Hp), 3.37 (1H, d, J 13.6 Hz, CH,Hp),
3.46 (3H, s, OMe), 3.32 (1H, d, ] 13.6 Hz, CH,Hp), 2.73 (1H, dd, ] 17.2,
11.6 Hz, H-5'), 2.62 (1H, dd, J 17.2, 5.2 Hz, H-5"), 2.28 (3H, s, Me),
2.30(3H, s, Me); 6¢ (100 MHz, CDCl3) 171.3,159.0 (C-4), 141.9, 140.5,
139.1,138.7,136.7,135.8,129.1,129.0, 128.8,128.4,128.3,127.6, 127.4,
127.0,126.9, 89.3, 58.1, 52.2, 50.6, 49.7, 46.3, 25.5, 21.3; HRMS (ESI):
MHT, found: 517.2872. C35H36N20; requires 517.2855.

4.2.22. Diethyl 2-(phenyl(3-chlorophenylamino)methyl)malonate (2).
White solid (0.295 g, 88%); [found: C, 63.73; H, 5.79; N, 3.63.
C20H22CINO4 requires C, 63.91; H, 5.90; N, 3.73%]; mp 112—114 °C; Ry
(5% ethyl acetate/hexane) 0.2; vmax (KBr) 3369 (N—H), 1752 (C=
0) cm™!; 8y (400 MHz, CDCl3) 7.35—7.32 (5H, m, ArH), 6.99 (1H, t, |
8.0 Hz, ArH), 6.61 (1H, d, J 8.0 Hz, ArH), 6.58 (1H, s), 646 (1H, d, J
8.4 Hz, ArH), 5.49 (1H, d, ] 6.0 Hz), 518 (1H, br s), 417—4.07 (4H, m),
3.88 (1H, d, J 5.2 Hz), 117 (3H, t, J 7.2 Hz), 113 (3H, t, ] 7.2 Hz); ¢
(100 MHz, CDCls3) 168.2,167.3,148.0, 139.3, 135.0, 130.3, 128.9, 128.0,
126.8,117.9, 113.6, 112.1, 62.1, 61.8, 58.1, 57.0, 14.1, 14.0.

4.2.23. Methyl 4-hydroxy-1,2,6-triphenyl-1,2,5,6-tetrahydropyridine-
3-carboxylate (4g). To a solution of amine (2 mmol) and methyl
acetoacetate (1 mmol) in 5 mL of methanol was added iodine
(0.1 mmol) and stirred at room temperature. After 20 min, benz-
aldehyde (2 mmol) was added to the reaction mixture and stirring
was continued for completion. The thick precipitate was filtered off
and washed with ethanol to give mixture of two products of Ry (5%
ethyl acetate/hexane) 0.38 and 0.49, respectively. Products were
purified by column chromatography using ethyl acetate/hexane
(98:2) furnished 4g (0.124 g, 29%) as white solid; [found: C, 77.78;
H, 5.91; N, 3.45. C35H23NO03 requires C, 77.90; H, 6.01; N, 3.63%]; mp
166—168 °C; Rr(5% ethyl acetate/hexane) 0.49; vimax (KBr) 1658 (C=
(), 1595 (C=C) cm™!; dy (400 MHz, CDCl3) 11.94 (1H, br s, OH),
7.28—7.16 (10H, m, ArH), 7.03 (2H, t, J 7.2 Hz, ArH), 6.67 (1H, t, J
7.6 Hz, ArH), 6.55 (2H, d, ] 8.4 Hz, ArH), 5.99 (1H, s, H-2), 5.12 (1H, t,]
5.2 Hz, H-6), 3.87 (3H, s, OMe), 3.08 (1H, dd, J 16.2, 5.6 Hz, H-5'),
2.73 (1H, dd, ] 16.4, 4.8 Hz, H-5"); d¢c (100 MHz, CDCl3) 170.8, 170.5,
142.7,142.3,128.9,128.8,128.5,127.3,127.1,127.0,126.6, 118.3,116.5,
102.2, 57.6, 56.9, 52.2, 36.8.

4.2.24. Methyl 4-hydroxy-2,6-bis(4-nitrophenyl)-1-phenyl-1,2,5,6-
tetrahydropyridine-3-carboxylate (4n). Purification was performed
by column chromatography using ethyl acetate/hexane (95:5) to
furnished 4n (0.057 g, 12%) as light yellow solid; [found: C, 63.02; H,
4.31; N, 8.71. C35H,1N307 requires C, 63.15; H, 4.45; N, 8.84%]; mp
173-175 °C; Ry (15% ethyl acetate/hexane) 0.26; vmax (KBr) 1638
(C=0),1595 (C=C) cm™; 6y (400 MHz, CDCl3) 11.99 (1H, br s, OH),
8.11 (4H, t, ] 7.2 Hz, ArH), 7.36 (2H, d, J 8.4 Hz, ArH), 7.33 (2H, d, J
8.4Hz,ArH), 7.04 (2H, t,] 7.6 Hz, ArH), 6.76 (1H, t, ] 7.2 Hz, ArH), 6.46
(2H,d,J 8.0 Hz, ArH), 5.95 (1H, s, H-2), 5.13 (1H, t, ] 5.2 Hz, H-6), 3.85
(3H, s, OMe), 3.07 (1H, dd, J 17.2, 4.8 Hz, H-5"), 2.76 (1H, dd, ] 17.2,
5.2 Hz, H-5"); é¢c (100 MHz, CDCl3) 170.7, 149.4, 147.5, 129.3, 128.1,
127.8,124.3,123.9, 120.7, 118.2, 101.0, 58.4, 56.5, 52.4, 36.9.

4.2.25. Methyl 1-(2-naphthyl)-4-(2-naphthylamino)-2,6-diphenyl-
1,2,5,6-tetrahydropyridine-3-carboxylate (1v). Reaction was carried
out with 2-naphthylamine (1 mmol), methyl acetoacetate
(0.5 mmol) and benzaldehyde (1 mmol) in methanol (3 mL) in the
presence of 10 mol % iodine at room temperature or at 55 °C. After
completion of reaction, solid precipitate was filtered and washed
with ethanol to give 1v (0.297 g, 53%) as white solid; [found: C,
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83.38; H, 5.63; N, 5.10. C39H3,N,0; requires C, 83.54; H, 5.75; N,
5.00%]; mp 196—198 °C; Ry (5% ethyl acetate/hexane) 0.30; vmax
(KBr) 3421 (N—H), 1657 (C=0), 1594 (C=C) cm™'; 6y (400 MHz,
CDCl3) 10.45 (1H, s, NH), 7.75 (1H, dd, 8.0, 2.0 Hz, ArH), 7.59 (2H, t,
8.4 Hz, ArH), 7.56—7.52 (2H, m, ArH), 747—-7.41 (3H, m, ArH),
7.34—7.33 (4H, m, ArH), 7.31-7.20 (7H, m, ArH), 7.11 (1H, t, ] 8.0 Hz,
ArH), 6.97 (1H, dd, J 9.2, ] 2.4 Hz, ArH), 6.77 (1H, d, J 2.4 Hz, ArH),
6.66 (1H, s, ArH), 6.59 (1H, s, H-2), 6.55 (1H, dd, J 8.8, 2.4 Hz, ArH),
5.30 (1H, br s, H-6), 3.99 (3H, s, OMe), 2.93 (2H, d, ] 4.0 Hz, CHy); dc
(100 MHz, CDCl3) 168.8 (C=0),156.4 (C-4), 145.1,144.0,143.1,135.5,
135.0,133.5,131.8,129.1,128.8,128.5,127.8,127.7,127.5,127.4,126.9,
126.7,126.6,126.5,126.2,125.9,125.0,123.3,122.0,116.2, 107.2, 98.4
(C-3), 58.6 (C-6), 55.4 (C-2), 514, 33.7 (C-5).

4.2.26. Methyl 2,6-bis(4-methylphenyl)-1-(2-naphthyl)-4-(2-naph-
thylamino)-1,2,5,6-tetrahydropyridine-3-carboxylate (1w). Reaction
carried out with 2-naphthylamine (1 mmol), methyl acetoacetate
(0.5 mmol) and methylbenzaldehyde (1 mmol) in methanol (3 mL)
in the presence of 10 mol % iodine at room temperature. After
completion, solid precipitate formed was filtered and washed with
ethanol to give 1w (0.300 g, 51%) as white solid; [found: C, 83.49; H,
5.91; N, 4.71. C41H3gN;0, requires C, 83.64; H, 6.16; N, 4.76%]; mp
220-222 °C; Ry (5% ethyl acetate/hexane) 0.33; vmax (KBr) 3445
(N—H), 1656 (C=0), 1593 (C=C) cm~; dy (400 MHz, CDCl3) 10.45
(1H, s, NH), 7.75 (2H, d, J 7.2 Hz, ArH), 7.60 (2H, t, J 8.8 Hz, ArH),
7.54—7.50 (2H, m, ArH), 7.47—7.42 (3H, m, ArH), 7.25—7.23 (3H, m,
ArH), 7.14 (4H, s, ArH), 7.09 (2H, t, ] 8.0 Hz, ArH), 6.98 (1H, dd, ] 9.2,
2.4 Hz, ArH), 6.77 (1H, d, ] 2.0 Hz, ArH), 6.60 (1H, s, H-2), 6.59—6.57
(2H, m, ArH), 5.26 (1H, br s, H-6), 3.98 (3H, s, OMe), 2.91 (2H, d, J
4.0 Hz, CHy), 2.39 (3H, s, Me), 2.32 (3H, s, Me); dc (100 MHz, CDCl3)
168.9 (C=0), 156.4 (C-4), 145.2, 141.0, 140.1, 137.0, 136.1, 135.6,
135.0, 133.6, 131.5, 129.7, 129.2, 129.0, 128.7, 127.8, 127.6, 127.5,
126.8, 126.6, 126.5, 126.4, 126.1, 125.8, 125.0, 123.2, 121.9, 116.2,
107.1, 98.5 (C-3), 58.4 (C-6), 55.2 (C-2), 51.3, 33.7 (C-5), 214, 21.2.

4.2.27. Ethyl 3-oxo-4-phenylbutanoate. It was prepared according
to the literature procedure!® from phenylacetyl chloride. To a so-
lution of 2,2-dimethyl-1,3-dioxane-4,6-dione (1.44 g, 10 mmol) in
CH)Cl, (6 mL) at 0 °C in 100 mL round-bottomed flask equipped
with a dropping funnel was added pyridine (2 mL) over 5 min. To
this solution was then added a solution of phenylacetyl chloride
(1.33 mL, 10 mmol) in CH,Cl, (14 mL) over 10 min. This resulted in
the formation of an orange solution. The reaction was stirred at 0 °C
for 30 min and at rt for 1 h. CH»Cl; (20 mL) was added and the
solution was washed with water (30 mLx4). The organic phase was
dried over MgSO4 and the solvent was removed to give as an orange
0il (2.2 g). This was dissolved in EtOH (30 mL) and heated at reflux
for 3 h. Evaporation of the solvent afforded crude as an orange oil,
which was purified by column chromatography using ethyl ace-
tate/hexane (98:2) furnished (1.65 g, 80%) as a colourless oil; Rf(2%
ethyl acetate/hexane) 0.4; vmax (KBr) 1744 (C=0), 1716 (C=
0)cm™; 6y (400 MHz, CDCl3) 7.36—7.28 (3H, m, ArH), 7.21 (2H, d, ]
7.2 Hz, ArH), 417 (2H, q, ] 7.2 Hz, OCHy), 3.83 (3H, s, PhCH3), 3.45
(2H, s, COCH,CO0), 1.26 (3H, t, J 7.2 Hz, CH3); dc (100 MHz, CDCl3)
200.6,167.2,133.4,129.7,129.0, 127.5, 61.5, 50.1, 48 .4, 14.2.

4.3. Crystallographic description

Crystal data were collected with Bruker Smart Apex-II CCD dif-
fractometer using graphite monochromated Mo Ko radiation
(A=0.71073 A) at 298 K. Cell parameters were retrieved using
SMART?% software and refined with SAINT?% on all observed re-
flections. Data reduction was performed with the SAINT software
and corrected for Lorentz and polarization effects. Absorption cor-
rections were applied with the program SADABS??". The structure
was solved by direct methods implemented in SHELX-972%¢

program and refined by full-matrix least-squares methods on F2.
All non-hydrogen atomic positions were located in difference
Fourier maps and refined anisotropically. The hydrogen atoms were
placed in their geometrically generated positions. Compound 1f
empirical formula C34H3,CI;N,05, colourless prismatic crystal, for-
mula wt 571.52, monoclinic, P2(1)/n, a=11.2764(3), b=12.9186(4),
c=20.6225(6) A, V=2976.78(15) A3, Z=4, F (0 0 0)=1200, GOF(S)=
0.958. Final indices Rohs=0.0545, WRohs=0.1747 with I>2r(I);
R4;1=0.1118, WR,;;=0.1924 for all data. Compound 1k empirical for-
mula C31H¢BraN20;, colourless prismatic crystal, formula wt
618.36, triclinic, P-1 a=10.1710(5), b=10.7901(5), c=13.9201(6) A,
V=1385.53(11) A3, Z=2, F (0 0 0)=624, GOF(S)=0.994. Final indices
Robs=0.0434, WRops=0.1026 with I>21(I); Ryj=0.1047, wR,;=0.1289
for all data.

Complete crystallographic data of 1f and 1k for the structural
analysis have been deposited with the Cambridge Crystallographic
Data Centre, as supplementary publication CCDC no. are 756203
and 756204. Copies of this information may be obtained free of
charge from the Director, Cambridge Crystallographic Data Centre,
12 Union Road, Cambridge CB2 1EZ, UK, (fax: +44 1223 336033,
e-mail: deposit@ccdc.cam.ac.uk or via: www.ccdc.cam.ac.uk).
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