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Nano Aluminium Nitride as a Solid Source of Ammonia for the Preparation of
Hantzsch 1,4-Dihydropyridines and Bis-(1,4-dihydropyridines) in Water via One Pot
Multicomponent Reaction
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O trabalho mostra a atuacio de nanoparticulas de nitreto de aluminio em presenga da dgua
agindo como a fonte geradora de amonia, empregada na preparacdo de 1,4-diidropiridinas e bis-
(1,4-diidropiridinas). Um procedimento eficiente e simples, “one-pot”, € apresentado para sintese
de 1,4-diidropiridina e dos derivados de bis-(1,4-diidropiridina), obtidos pela reacao do acetoacetato
de metila ou acetoacetato de etila com os aldeidos ou dialdeidos e nitreto de aluminio em dgua a
80 °C, com elevada pureza e com bons rendimentos.

Nano aluminium nitride in the presence of water acts as solid source of ammonia, which is
used for the preparation of 1,4-dihydropyridines and bis-(1,4-dihydropyridines). An efficient and
simple procedure for the one-pot synthesis of 1,4-dihydropyridine and bis-(1,4-dihydropyridine)
derivatives was achieved by combination of methyl acetoacetate or ethyl acetoacetate with aldehydes
or dialdehydes and aluminium nitride at 80 °C in water in high purity and good yields.

Keywords: 1,4-dihydropyridine, bis-(1,4-dihydropyridine), ethyl acetoacetate, methyl

acetoacetate, nano aluminium nitride

Introduction

One of the most attractive synthetic strategies favored
by organic chemists is the multi-component coupling
reactions (MCRs), which allow the creation of several
bonds in a single operation.'® Numerous heterocyclic
compounds have the ability to mimic structures of peptides
and to bind reversibly to proteins.” An interesting example
of useful scaffold is the 1,4-dihydropyridine (DHP) system,
because of its ability to act as NAD(P)H analogue of
1,4-dihydronicotinamide.? It is the most important class of
calcium-channel modulators®!? and has been introduced for
the treatment of cardiovascular diseases such as nifedipine,
nicradipine and amlodipine.

Recent studies have revealed that 1,4-dihydropyridines
exhibit several other medicinal applications including
neuroprotectant and platet anti-aggregation activity
in addition to acting as cerebral antiischemic agents
in the treatment of Alzheimer’s disease and as a
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chemosensitizer in tumor therapy.'""!* The classical
method for the synthesis of these compounds is
the Hantzsch reaction involving a multicomponent
condensation of an aldehyde with a 1,3-dicarbonyl
compound and NH,."* Recently, much effort has been
devoted to developing more efficient methods for the
synthesis of 1,4-dihydropyridines.'>2°

Results and Discussion

Recently we have reported a new procedure for the
preparation of 1,4-dihydropyridines by one-pot three-
component condensation of an aliphatic or aromatic
aldehyde, methyl acetoacetate or ethyl propiolate, and
NH,OAc under neat conditions (Scheme 1)."

In continuation of this investigation we decided to
disclose a novel synthetic protocol for the preparation
of 1,4-dihydropyridine and bis-(1,4-dihydropyridine)
derivatives by combination of nano aluminium nitride,
aldehyde and methyl acetoacetate or ethyl acetoacetate in
water as solvent at 80 °C.
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Scheme 1. Synthesis of 1,4-dihydropyridines with NH,OAc as source
of ammonia

Aluminium nitride serves to generate a solution of
ammonia via its reaction with water (equation 1), which
is known reaction.?-?

AIN + 3H,0 — AI(OH), + 3NH, (1

Initially, to find optimal amount of nano aluminium
nitride, 2,6-dimethyl-4-(4-chlorophenyl)-3,5-
dicarbomethoxy-1,4-dihydropyridine and 2,6-dimethyl-
4-(4-chlorophenyl)-3,5-dicarboethoxy-1,4-dihydropyridine
were prepared via combination of 4-chlorobenzaldehyde
(1 mmol), methyl acetoacetate (3 mmol) or ethyl
acetoacetate (3 mmol) and different amounts of nano
aluminium nitride in water (3 mL) in a sealed tube at
80 °C (Scheme 2). The results of the preparation of
2,6-dimethyl-4-(4-chlorophenyl)-3,5-dicarbomethoxy-
1,4-dihydropyridine and 2,6-dimethyl-4-(4-chlorophenyl)-
3,5-dicarboethoxy-1,4-dihydropyridine as a function of the
amounts of aluminium nitride are shown in Figure 1. The
results showed 3 mmol as the optimal amount of aluminium
nitride, which was used in all reactions.

CHO
AIN
CH;COCH,COR — 28
s 2 H,0,6h
80°C
cl
R = OMe or OEt

Scheme 2. Synthesis of 2,6-dimethyl-4-(4-chlorophenyl)-3,5-
dicarboalkoxy-1,4-dihydropyridines.

With optimal conditions in hand, a wide variety of
1,4-dihydropyridines were synthesized via combination of
an aldehyde (or dialdehyde), alkyl acetoacetate and nano
aluminium nitride, as a solid source of ammonia, in water
at 80 °C (Scheme 3 and Table 1).

All of Hantzsch 1,4-dihydropyridines were prepared
easily by mixing of the aldehyde, alkyl acetoacetate,
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Figure 1. Optimization of the amount of aluminium nitride for the
synthesis of 1,4-dihydropyridine derivatives.
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Scheme 3. Synthesis of 1,4-dihydropyridines using nano aluminium
nitride as solid source.

aluminium nitride and water in a sealed tube at 80 °C. After
6 h, sealed tube was cooled down to room temperature
and the crude product extracted by dichloromethane.
Dichloromethane was removed by evaporation.
High pure 4-substituted 1,4-dihydro-2,6-dimethyl-
3,5-bis(alkoxycarbonyl)pyridines were obtained by
recrystallization in the mixture of H,O and EtOH. Figure 2
shows scanning electron microscope (SEM) of aluminium
nitride (a) and of the reaction mixture (b), after completion
of the reaction of the transformation of entry 22.

Figure 2. (a) SEM image of nano aluminium nitride; (b) SEM image of
reaction mixture after reaction completion (entry 22).

To investigate the efficiency of this synthetic protocol
in comparison with common reported procedures, where
ammonium acetate was used instead of nano aluminium
nitride, we prepared 2,6-dimethyl-4-(4-chlorophenyl)-
3,5-dicarbomethoxy-1,4-dihydropyridine by our new
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Table 1. Synthesis of 1,4-dihydropyridine derivatives via combination of aldehydes, alkyl acetoacetate and aluminium nitride at 80 °C in water

entry Compound R! lorl Product Yield A*B)* % mp (°C) Ref.

1 3a OMe (CH,),CH-CHO [ 80 (50) 162.2-163.4 --

2 3b OMe CH,(CH),-CHO 73 (49) 133-135 19
3 3c OMe C(H,CH=CH-CHO 90 (39) 172-173.5 17
4 3d OMe CH;-CHO OMe 84 (64) 195.5-196.5 19
CHj
5 3e OMe 4-CI-CH,-CHO 99 (70) 192.8-194 --
OMe
CH;
6 3f OMe 4-Br-C,H,-CHO 80 (61) 197.8-198.9 19
OMe
CHj
7 3g OMe 4-OCH,-CH,-CHO 84 (62) 187-187.6 26
OMe
CH;3
8 3h OMe 4-F-C(H,-CHO 63 (40) 171-172 25
OMe
CH;3
9 3i OMe 3,4-(OCH,),-C(H,-CHO 92 (63) 148.5-149.5 26
OMe
CHj3
NO,
10 3j OMe 3-NO,-CH,-CHO OMe 99 (60) 204.1-205.9 19

CH;
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Table 1. Continuation

entry Compound R! lorl Product Yield A*(B)® % mp (°C) Ref.

11 3k OEt (CH,),CH-CHO 96 (60) 97.0-99.0 15

12 31 OEt CH,(CH),-CHO 97 (67) 125.2-126.3 24
13 3m OEt CH;-CHO OEt 98 (70) 157.3-158.3 24
CH;
14 3n OEt 4-Cl-CH,-CHO 98 (66) 149.5-151.0 17
EtO OEt
H,C” N7 CH;
H
15 3o OEt 4-Br-C,H,-CHO 98 (61) 165.5-166.5 24
OEt
CH3
16 3p OEt 4-OCH,-CH,-CHO 98 (62) 158.0-159.0 16
17 3q OEt 4-F-CH,-CHO 98 (73) 149.0-150.5 15
OEt
CH;4
OMe
18 3r OEt 3,4-(OCH,),-C(H,-CHO 86 (54) 132.0-133.0 26
NO,
19 3s OEt 3-NO,-C,H,-CHO OEt 98 (67) 160.0-161.0 24

CHs
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Table 1. Continuation
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entry Compound R! lor?

Product Yield A*B)* % mp (°C) Ref.

CHO
20 3'a OEt @
CHO
CHO
21 3'b OEt
CHO
CHO
22 3'c OMe
CHO
CHO
23 3'd OMe
CHO

86 (75) 181-185 -
63 (48) 289-293 -
87(71) 118-121 -
75 (51) 175.0-179.0 -

* Alkyl acetoacetate / aldehyde / aluminium nitride for entries 1-19 (3 mmol / 1 mmol / 3 mmol); for entries 20-23 (6 mmol / 1 mmol / 6 mmol). ® Crude

isolated yield. ¢Yield of pure product after recrystallization in EtOH/H,O.

reported procedure (Scheme 4).!? As indicated in Scheme 4,
2,6-dimethyl-4-(4-chlorophenyl)-3,5-dicarbomethoxy-1,4-
dihydropyridine was obtained in 38% yield (crude yield
was 96%). Consequently, this new procedure produces
1,4-dihydropyridines with high purity and yield in
comparison with common procedures.

CHO

NH,OAc MeO

+ CH3COCH,COOMe W

Cl

Crude yield: 96%
Pure isolated yield: 38%

Scheme 4. Synthesis of 2,6-dimethyl-4-(4-chlorophenyl)-3,5-
dicarbomethoxy-1,4- dihydropyridine employing NH,OAc.

Conclusion

In conclusion, we have demonstrated that the combination
of different mono or di-aldehydes, alkyl acetoacetate and
nano aluminium nitride in water allows a rapid and practical
preparation of Hantzch 1,4-dihydropyridines. The reaction
does not require the use of harsh conditions as well as
harmful metal catalysts. Thus, this is an ecofriendly and
environmentally friendly procedure for the synthesis of
1,4-dihydropyridine derivatives.

Experimental
Apparatus

'H and *C NMR spectra were recorded on a Bruker
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DPX400 spectrometer ("H NMR, 400 MHz; *C NMR,
100 MHz). Chemical shifts (0) are reported in ppm and
are referenced to the solvent, i.e., 7.26 / 77.1 for CDCI,
and 2.49 / 39.5 for DMSO-d,. Multiplicities are described
as br (broadened), s (singlet), d (doublet), t (triplet), q
(quartet), m (multiplet). Coupling constants (J) are reported
in Hertz (Hz). IR spectra were measured with a Bomem
(FT-IR) spectrometer. Thin layer chromatography (TLC)
was performed on Merck Kieselgel 60 TLC plates. Purity
and homogeneity of all materials was determined from
TLC, 'H NMR, and “*C NMR.

Synthesis of 2,6-dimethyl-4-(3-nitrophenyl)-3,5-
dicarbomethoxy-1,4-dihydropyridine (3j), as a typical
procedure

Aluminium nitride (0.123 g, 3 mmol) was added
to a stirring mixture of 3-nitrobenzaldehyde (0.151 g,
1 mmol) and methyl acetoacetate (0.348 g, 3 mmol) at
room temperature. The reaction vessel was sealed and
allowed to warm to 80 °C over 6 h. Then reaction mixture
cooled down to room temperature and the crude product
extracted by dichloromethane. Dichloromethane was
removed by simple evaporation. Finally crude product
(0.343 g, 99%) recrystallized from EtOH/H,O to afford pure
2,6-dimethyl-4-(3-nitrophenyl)-3,5-dicarbomethoxy-1,4-
dihydropyridine in 60% yield (0.207 g) as yellow crystalline
solid; mp: 204.1-205.9°C; IR (KBr) v, /em™: 3349 (N-H),
1704 (C=0), 1650, 1641, 1529, 1464, 1377, 1344, 1219;
'H NMR (400 MHz, CDCl,) ¢ 8.11 (s, 1H), 8.00-8.02 (d,
1H, J 8.8 Hz), 7.63-7.65 (d, 1H, J 8.0 Hz), 7.39-7.41 (t, 1H,
J 8.0 Hz), 5.72 (s, 1H), 5.11 (s, 1H), 3.66 (s, 6H), 2.38 (s,
6H); C NMR (100 MHz, CDCl,) 6 167.5, 149.6, 148.4,
145.0, 134.2,128.7, 122.7,121.4, 103.1, 52.9, 39.6, 19.6 .

2,6-Dimethyl-4-(iso-propyl)-3,5-dicarbomethoxy-1,4-
dihydropyridine (3a)

Pale yellow crystalline solid; mp 162.2-163.4 °C; IR
(KBr) v, /em™: 3336 (N-H), 1706 (C=0), 1652, 1463,
1435, 1377, 1219; '"H NMR (400 MHz, CDCl,) 0 5.64 (s,
1H), 3.90-3.89 (d, 1H, J 5.2 Hz), 3.71 (s, 6H), 2.31 (s, 6H),
1.58-1.62 (sep, 1H, J 6.8 Hz), 0.75-0.73 (d, 6H, J 6.8 Hz);
3C NMR (100 MHz, CDCl,) 6 169.2, 145.1, 101.3, 50.8,

38.8,35.4,19.2,18.2.

2,6-Dimethyl-4-(4-chlorophenyl)-3,5-dicarbomethoxy-1,4-
dihydropyridine (3e)

Pale yellow crystalline solid; mp 192.8-194.0 °C; IR
(KBr) v, /em™: 3323 (N-H), 1702 (C=0), 1650, 1488,
1465, 1377, 1219; '"HNMR (400 MHz, CDCl,) 0 7.26-7.19
(m, 4H), 5.64 (s, 1H), 4.98 (s, 1H), 3.65 (s, 6H), 2.35 (s,

J. Braz. Chem. Soc.

6H); *C NMR (100 MHz, CDCL,) 6 167.9, 146.0, 144 .4,
131.8, 129.1, 128.1, 103,6, 51.1, 39.0, 19.5.

1,3- Bis-(2,6-diethyl-3,5-dicarboethoxy- 1,4-dihydropyridine)
benzene (3'a)

Pale yellow crystalline solid; mp 181-185°C; 'H NMR
(400 MHz, DMSO-d,) 0 8.75 (s, 2H), 6.85-7.00 (m, 4H), 4.79
(s,2H),3.93-3.98 (q, 8H, /6.8 Hz), 2.23 (s, 12H), 1.08-1.12
(t, 12H, J 6.8 Hz); *C NMR (100 MHz, DMSO-d,) 6 167.4,
147.9, 145.7,127.7, 126.7, 125.3, 102.3, 59.3, 18.6, 14.6.

1,4- Bis-(2,6-diethyl-3,5-dicarboethoxy- 1,4-dihydropyridine)
benzene (3'b)

Pale yellow crystalline solid; mp 289-293 °C; 'H NMR
(400 MHz, DMSO-d,) ¢ 8.75 (s, 2H), 6.95 (s, 4H), 4.76 (s,
2H), 3.93-4.00 (q, 8H, J 7.2 Hz), 2.22 (s, 12H), 1.07-1.11
(t, 12H,J 7.2 Hz); *C NMR (100 MHz, DMSO-d,) § 167.5,
147.9, 146.1, 145.7, 127.3, 102.3, 59.4,18.7, 14.6.

1,3-Bis-(2,6-dimethyl-3,5-dicarboethoxy-1,4-
dihydropyridine) benzene (3'c)

Pale yellow crystalline solid; mp 118-121 °C; '"H NMR
(400 MHz, DMSO-d,) 0 8.86 (s, 2H), 6.84-7.01 (m, 4H), 4.78
(s, 2H), 3.51 (s, 12H), 2.24 (s, 12H); *C NMR (100 MHz,
DMSO-d,) 6 167.9, 147.8, 146.1, 128.1, 126.3, 125.0, 102.0,
51.0, 18.6.

1,4-Bis-(2,6-dimethyl-3,5-dicarboethoxy-1,4-
dihydropyridine) benzene (3'd)

Pale yellow crystalline solid; mp 175-179 °C; '"H NMR
(400 MHz, DMSO-d,) 0 8.88 (s, 2H), 6.93-7.12 (m, 4H), 4.86
(s, 2H), 3.54 (s, 12H), 2.24 (s, 12H); *C NMR (100 MHz,
DMSO-d,) 0 167.9, 146.3, 145.6, 127.1, 101.8, 51.1, 18.7.
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General methods

'HNMR and *C NMR spectra were recorded 400 MHz
(H) or 100.6 MHz (3C). Chemical shifts are reported in
ppm (0) and are referenced to the solvent, i.e., 7.26/77.1
for CDCI, and 2.49/39.5 for DMSO-d,. Multiplicities
are described as br (broadened), s (singlet), d (doublet), t
(triplet), q (quartet), m (multiplet). Coupling constants (J)
are reported in Hertz (Hz). IR spectra were measured with
a FT-IR spectrometer. Thin layer chromatography (TLC)
was performed on Merck Kieselgel 60 TLC plates. Purity
and homogeneity of all materials was determined from
TLC, 'H NMR, and C NMR.

General procedure for the synthesis of 1,4-dihydropyridines

Aluminium nitride (0.123 g, 3 mmol) was added
to a stirring mixture of 3-nitrobenzaldehyde (0.151 g,
1 mmol) and methyl acetoacetate (0.348 g, 3 mmol) at
room temperature. The reaction vessel was sealed and
allowed to warm to 80 °C over 6 h. Then reaction mixture
cooled down to room temperature and the crude product
extracted by dichloromethane. Dichloromethane was
removed by simple evaporation. Finally crude product
(0.343 g, 99%) recrystallized from EtOH/H,O to afford
pure 1,4- dihydropyridine.

Synthesis of 2,6-dimethyl-4-(3-nitrophenyl)-3,5-
dicarbomethoxy-1,4- dihydropyridine (3j): as a typical
procedure

Aluminium nitride (0.123 g, 3 mmol) was added to
the stirring mixture of 3- nitrobenzaldehyde (0.151 g,
1 mmol), methyl acetoacetate (0.348 g, 3 mmol) at room
temperature. The reaction vessel was sealed and allowed to
warm to 80 °C over 6 h. Then reaction mixture cooled down

*e-mail: arashghch58 @yahoo.com

to room temperature and the crude product extracted
by dichloromethane. Dichloromethane was removed
by simple evaporation. Finally crude product (0.343 g,
99%) recrystallized from EtOH/H,O to afford pure
2,6-dimethyl-4-(3-nitrophenyl)-3,5-dicarbomethoxy-
1,4-dihydropyridine in 60% yield (0.207 g) as yellow
crystalline solid; mp 204.1-205.9 °C; IR (KBr) v,/
cm™: 3349 (N-H), 1704 (C=0), 1650, 1641, 1529, 1464,
1377, 1344, 1219; '"H NMR (400 MHz, CDCl,): d 8.11
(s, 1H), 8.00-8.02 (d, 1H, J 8.8 Hz), 7.63-7.65 (d, 1H, J
8.0 Hz), 7.39-7.41 (t, 1H, J 8.0 Hz), 5.72 (s, 1H), 5.11
(s, 1H), 3.66 (s, 6H), 2.38 (s, 6H) ppm; *C NMR (100
MHz, CDCl,): 6 167.5, 149.6, 148.4, 145.0, 134.2, 128.7,
122.7,121.4,103.1, 52.9, 39.6, 19.6 ppm.

2,6-Dimethyl-4-(iso-propyl)-3,5-dicarbomethoxy-1,4-
dihydropyridine (3a)

Pale yellow crystalline solid; mp 162.2-163.4°C; IR
(KBr) v, /em™: 3336 (N-H), 1706 (C=0), 1652, 1463,
1435, 1377, 1219; '"H NMR (400 MHz, CDCl,):  5.64
(s, 1H), 3.90-3.89 (d, 1H, J 5.2 Hz), 3.71 (s, 6H), 2.31
(s, 6H), 1.58-1.62 (sep, 1H, J 6.8 Hz), 0.75-0.73 (d, 6H,
J 6.8 Hz) ppm; *C NMR (100 MHz, CDCL,): 6 169.2,
145.1, 101.3, 50.8, 38.8, 35.4, 19.2, 18.2 ppm.

2,6-Dimethyl-4-(n-propyl)-3,5-dicarbomethoxy-1,4-
dihydropyridine (3b)

Pale yellow crystalline solid; mp 133-135 °C; IR
(KBr) v, /em™: 3343 (N-H), 1703 (C=0), 1650, 1492,
1435, 1329, 1218; '"H NMR (400 MHz, CDCl,): 6 5.54
(s, 1H), 3.92 (m, 1H), 3.72 (s, 6H), 2.29 (s, 6H), 1.28-
1.20 (m, 4H), 0.85-0.83 (t, 3H, J 6.8 Hz) ppm; C NMR
(100 MHz, CDCl,): 6 168.6, 145.0, 103, 50.9,39.2, 32.8,
19.4,17.9, 14.3 ppm.
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2,6-Dimethyl-4-(2-phenylethylene)-3,5-dicarbomethoxy-
1,4-dihydropyridine (3c)

Pale yellow crystalline solid; mp 172-173.5 °C; IR
(KBr) v, /ecm™: 3335 (N-H), 1698 (C=0), 1647, 1489,
1465, 1377, 1226; "H NMR (400 MHz, CDCl,): 6 7.34-7.17
(m, 5H), 6.20-6.17 (m, 2H), 5.67 (s, 1H), 4.63-4.62 (d, 1H,
J 5.2 Hz), 3.74 (s, 6H), 2.35 (s, 6H) ppm; *C NMR (100
MHz, CDCl,): 6 168.0, 145.4, 137.7, 131.8, 128.4, 128.0,

126.9, 126.3, 101.2, 51.2, 36.2, 19.4 ppm.

2,6-Dimethyl-4-(phenyl)-3,5-dicarbomethoxy-1,4-
dihydropyridine (3d)

Pale yellow crystalline solid; mp: 195.5-196.5 °C; IR
(KBr) v, /em: 3342 (N-H), 1699 (C=0), 1649, 1464,
1377, 1344, 1220; '"H NMR (400 MHz, CDCL,): 6 7.26-
7.14 (m, 5H), 5.64 (s, 1H), 5.02 (s, 1H), 3.66 (s, 6H), 2.35
(s, 6H) ppm; *C NMR (100 MHz, CDCl,): 6 168.1, 147.4,
144.3, 128.0, 127.6, 126.2, 103.8, 51.0, 39.3, 19.5 ppm.

2,6-Dimethyl-4-(4-chlorophenyl)-3,5-dicarbomethoxy-1,4-
dihydropyridine (3e)

Pale yellow crystalline solid; mp 192.8-194.0 °C; IR
(KBr) v, /em': 3323 (N-H), 1702 (C=0), 1650, 1488,
1465,1377,1219 cm™; '"HNMR (400 MHz, CDCL,): 6 7.26-
7.19 (m, 4H), 5.64 (s, 1H), 4.98 (s, 1H), 3.65 (s, 6H), 2.35
(s, 6H) ppm; *C NMR (100 MHz, CDCl,):  167.9, 146.0,
144.4,131.8, 129.1, 128.1, 103,6, 51.1, 39.0, 19.5 ppm.

2,6-Dimethyl-4-(4-bromophenyl)-3,5-dicarbomethoxy- 1,4-
dihydropyridine (3f)

Pale yellow crystalline solid; mp 197.8-198.9 °C; IR
(KBr) v, /em™: 3319 (N-H), 1698 (C=0), 1650, 1483,
1462, 1435, 1215; '"H NMR (400 MHz, CDCL,): 6 7.35-
7.33(d, 2H, J 8.4),7.16-7.14 (d, 2H, J 8.4), 5.71 (s, 1H),
4.97 (s, 1H), 3.65 (s, 6H), 2.34 (s, 6H) ppm; *C NMR (100
MHz, CDCL,): 6 167.9, 146.5, 144.4, 131.1, 129.5, 120.0,
103.5, 51.1, 39.0, 19.6 ppm.

2,6-Dimethyl-4-(4-methoxyphenyl)-3,5-dicarbomethoxy-
1,4-dihydropyridine (3g)

Pale yellow crystalline solid; mp 187.0-187.6 °C; IR
(KBr) v, /em': 3346 (N-H), 1697 (C=0), 1649, 1606,
1465, 1377, 1302, 1216; '"H NMR (400 MHz, CDCl,): 6
7.20-7.18 (d, 2H, J 8.8), 6.77-6.75 (d, 2H, J 8.8), 5.58 (s,
1H), 4.95 (s, 1H), 3.76 (s, 3H), 3.66 (s, 6H), 2.35 (s, 6H)
ppm; *C NMR (100 MHz, CDCl,): 6 168.1, 158.0, 143.9,
139.9, 128.6, 113.4, 104.2, 55.1, 51.0, 38.4, 19.6 ppm.

2,6-Dimethyl-4-(4-flourophenyl)-3,5-dicarbomethoxy- 1,4-
dihydropyridine (3h)
Pale yellow crystalline solid; mp 171.0-172.0 °C; IR

J. Braz. Chem. Soc.

(KBr) v,_/cm': 3349 (N-H), 1707 (C=0), 1650, 1465,
1435, 1377, 1343, 1218; '"H NMR (400 MHz, CDCl,): &
7.24-7.21 (m, 2H), 6.92-6.88 (m, 2H), 5.62 (s, 1H), 4.99 (s,
1H), 3.66 (s, 6H), 2.35 (s, 6H) ppm; °C NMR (100 MHz,
CDCl,): 6 168.0, 162.6, 160.2, 144.3, 143.4,143.3, 129.1,

129, 114.8. 114.6, 103.8, 51.0, 38.7, 19.5 ppm.

2,6-Dimethyl-4-(3,4-dimethoxyphenyl)-3,5-dicarbo-
methoxy-1,4-dihydropyridine (3i)

Pale yellow crystalline solid; mp 148.5-149.5 °C; IR
(KBr) v, /em': 3313 (N-H), 1698 (C=0), 1649, 1492,
1463, 1377, 1267, 1213; '"H NMR (400 MHz, CDCL,):
6.88 (s, 1H), 6.79-6.72 (q, 2H, J 8 Hz), 5.62 (s, 1H), 4.97
(s, 1H), 3.85 (s, 3H), 3.83 (s 3H), 3.67 (s, 6H), 2.35 (s,
6H) ppm; *C NMR (100 MHz, CDCl,): 0 168.1, 148.4,
147.4,144.0,140.3,119.4,111.5,111.0,77.3,55.8, 50.98,

38.8, 19.6 ppm.

2,6-Dimethyl-4-(iso-propyl)-3,5-dicarboethoxy-1,4-
dihydropyridine (3k)

Pale yellow crystalline solid; mp 97.0-99.0 °C; IR
(KBr) v, /em™: 3341 (N-H), 1696 (C=0), 1652, 1464,
1377, 1216; '"H NMR (400 MHz, CDCL,): 6 5.55 (s, 1H),
4.25-4.12 (m, 4H), 3.94-3.92 (d, 1H, J 5.6 Hz), 2.31 (s,
6H), 1.32-1.29 (t, 6H, J 7.2 Hz), 0.77-0.75 (d, 6H, J 6.8
Hz) ppm; *C NMR (100 MHz, CDCl,): 6 162.2, 144.6,

101.7, 59.5, 38.8, 35.5, 19.3, 18.5, 14.4 ppm.

2,6-Dimethyl-4-(n-propyl)-3,5-dicarboethoxy-1,4-
dihydropyridine (31)

Pale yellow crystalline solid; mp 125.2-126.3 °C; IR
(KBr) v, /em™: 3350 (N-H), 1699 (C=0), 1465, 1378,
1299, 1213; '"H NMR (400 MHz, CDCl,): 6 5.49 (s, 1H),
4.25-4.12 (m, 4H), 3.96-3.93 (t, 1H, J 5.2 Hz), 2.29 (s, 6H),
1.32-1.29(t, 6H, J 7.2 Hz), 1.25-1.23 (m, 4H), 0.87-0.83 (t,
3H, J 7.2 Hz) ppm; *C NMR (100 MHz, CDCl,): 6 168.2,

144.7,103.4, 59.6, 39.3, 32.7, 19.4, 18.0, 14.4, 14.3 ppm.

2,6-Dimethyl-4-(phenyl)-3,5-dicarboethoxy-1,4-
dihydropyridine (3m)

Pale yellow crystalline solid; mp 157.3-158.3 °C; IR
(KBr) v, /em': 3340 (N-H), 1687 (C=0), 1650, 1486,
1464, 1374, 1247, 1211; 'H NMR (400 MHz, CDCL,):
7.30-7.13 (m, 5H), 5.57 (s, 1H), 5.00 (s, 1H), 4.13-4.08
(q,4H, J 7.2 Hz), 2.34 (s, 6H), 1.25-1.21 (t, 6H, J 7.2 Hz)
ppm; *C NMR (100 MHz, CDCl,): 6 167.7, 147.8, 144.0,

128.0, 127.8, 126.1, 104.0, 59.7, 39.6, 19.5, 14.3 ppm.

2,6-Dimethyl-4-(4-chlorophenyl)-3,5-dicarboethoxy- 1,4-
dihydropyridine (3n)
Pale yellow crystalline solid; mp 149.5-151.0 °C; IR
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(KBr) v, /em: 3357 (N-H), 1695 (C=0), 1652, 1486,
1463, 1377, 1214; 'H NMR (400 MHz, CDCL,): 6 7.23-
7.21 (d, 2H, J 6.8 Hz), 7.18-7.16 (d, 2H, J 8 Hz), 5.56 (s,
1H), 4.96 (s, 1H), 4.10 (m, 4H), 2.34 (s, 6H), 1.24-1.21 (t,
6H, J 6.4 Hz) ppm; *C NMR (100 MHz, CDCL,): 6 167.5,
146.4, 144.1, 131.7, 129.4, 127.9, 103.8, 59.8, 39.3, 19.5,

14.3 ppm.

2,6-Dimethyl-4-(4-bromophenyl)-3,5-dicarboethoxy- 1,4-
dihydropyridine (30)

Pale yellow crystalline solid; mp 165.5-166.5 °C; IR
(KBr) v, /em': 3360 (N-H), 1693 (C=0), 1652, 1486,
1463, 1377, 1214; '"H NMR (400 MHz, CDCL,): 6 7.34-
7.32 (d, 2H, J 8.4 Hz), 7.18-7.15 (d, 2H, J 8.4 Hz), 5.61
(s, 1H), 4.95 (s, 1H), 4.11-4.08 (q, 4H, J 4.8 Hz), 2.33 (s,
6H), 1.25-1.21 (t, 6H, J 7.2 Hz) ppm; *C NMR (100 MHz,
CDCl,): 0 167.4, 146.9, 144.1, 130.9, 129.8, 119.9, 103.7,
59.8, 39.3, 19.5, 14.3 ppm.

2,6-Dimethyl-4-(4-methoxyphenyl)-3,5-dicarboethoxy-1,4-
dihydropyridine (3p)

Pale yellow crystalline solid; mp 158.0-159.0 °C; IR
(KBr) v, /em': 3340 (N-H), 1689 (C=0), 1649, 1488,
1464, 1373, 1301, 1211; '"H NMR (400 MHz, CDCL,):
7.22-7.19 (d, 2H, J 8.8 Hz), 6.77-6.75 (d, 2H, J 8.4 Hz),
5.60 (s, 1H), 4.94 (s, 1H), 4.13-4.06 (q,4H, J 5.2 Hz), 3.76
(s, 3H), 2.33 (s, 6H), 1.25-1.22 (t, 6H, J 6.8 Hz) ppm; *C
NMR (100 MHz, CDCL,): 6 167.8, 143.7, 140.4, 128.9,
113.2,104.3, 59.7, 55.1, 38.8, 19.5, 14.3 ppm.

2,6-Dimethyl-4-(4-fluorophenyl)-3,5-dicarboethoxy- 1,4-
dihydropyridine (3q)

Pale yellow crystalline solid; mp 149.0-150.5 °C; IR
(KBr) v, /em™: 3342 (N-H), 1686 (C=0), 1650, 1488,
1461, 1373, 1299, 1211; 'H NMR (400 MHz, DMSO-d;):
0 8.82 (s, 1H), 7.16-7.00 (m, 4H), 4.83 (s, 1H), 3.99-3.96
(q,4H, J 7.2 Hz), 2.24 (s, 6H), 1.13-1.10 (t, 6H, J 7.2 Hz)
ppm; *C NMR (100 MHz, DMSO-d,): 0 167.3, 162.2,
159.8, 145.9, 144.9, 144.8, 129.6, 129.5, 115.0, 114.7,
102.3, 59.4, 38.8, 18.6, 14.5 ppm.

2,6-Dimethyl-4-(3,4-dimethoxyphenyl)-3,5-dicarboethoxy-
1,4-dihydropyridine (3r)

Pale yellow crystalline solid; mp 132.0-133.0 °C; IR
(KBr) v, /em™: 3352 (N-H), 1692 (C=0), 1644, 1623,
1463, 1377, 1304, 1122; 'H NMR (400 MHz, DMSO-d,):
0 6.89-6.72 (m, 3H), 5.57 (s, 1H), 4.95 (s, 1H), 4.15-4.08
(m, 4H), 3.84 (s, 3H), 3.83 (s, 3H), 2.34 (s, 6H), 1.26-1.23
(t, 6H, J 6.8 Hz) ppm; *C NMR (100 MHz, DMSO-d,):
0 167.7, 148.1, 147.3, 143.8, 140.8, 119.8, 111.8, 110.9,
104.1, 59.7, 55.8, 55.7, 39.0, 19.5, 14.3 ppm.

Choghamarani et al. S3

2,6-Dimethyl-4-(3-nitrophenyl)-3,5-dicarboethoxy-1,4-
dihydropyridine (3s)

Pale yellow crystalline solid; mp 160.0-161.0 °C; IR
(KBr) v, /cm™: 3342 (N-H), 1699 (C=0), 1652, 1464,
1376, 1348, 1211; 'H NMR (400 MHz, DMSO-d,):  8.13
(s, 1H), 8.02-8.00 (d, 1H, J 8.4 Hz), 5.68 (s, 1H), 5.10 (s,
1H), 4.14-4.06 (q, 4H, J 7.2 Hz), 2.38 (s, 6H), 1.25-1.21
(t, 6H, J 7.2 Hz) ppm; *C NMR (100 MHz, DMSO-d,):
0 167.1, 149.9, 148.2, 144.8, 134.5, 128.6, 123.1, 121.3,
103.3, 60.0, 40.0, 19.6, 14.2 ppm.

1,3-Bis-(2,6-diethyl-3,5-dicarboethoxy-1,4-dihydro-
pyridine) benzene (3’a)

Pale yellow crystalline solid; mp 181-185°C; '"H NMR
(400 MHz, DMSO-d,): 0 8.75 (s, 2H), 6.85-7.00 (m, 4H),
4.79 (s, 2H), 3.93-3.98 (q, 8H, J 6.8 Hz), 2.23 (s, 12H),
1.08-1.12 (t, 12H, J 6.8 Hz) ppm; “C NMR (100 MHz,
DMSO-dy): 6 167.4, 147.9, 145.7, 127.7, 126.7, 125.3,
102.3, 59.3,18.6, 14.6 ppm.

1,4-Bis-(2,6-diethyl-3,5-dicarboethoxy-1,4-dihydro-
pyridine) benzene (3°b)

Pale yellow crystalline solid; mp 289-293 °C; '"H NMR
(400 MHz, DMSO-d,): 6 8.75 (s, 2H), 6.95 (s, 4H), 4.76 (s,
2H), 3.93-4.00 (q, 8H, J 7.2 Hz), 2.22 (s, 12H), 1.07-1.11
(t, 12H, J 7.2 Hz) ppm. *C NMR (100 MHz, DMSO-d,):
0167.5,147.9, 146.1, 145.7,127.3,102.3,59.4,18.7, 14.6

1,3-Bis-(2,6-dimethyl-3,5-dicarboethoxy-1,4-dihydro-
pyridine) benzene (3’c)

Pale yellow crystalline solid; mp 118-121°C; '"H NMR
(400 MHz, DMSO-d,): 0 8.86 (s, 2H), 6.84-7.01 (m, 4H),
4.78 (s, 2H), 3.51 (s, 12H), 2.24 (s, 12H) ppm; *C NMR
(100 MHz, DMSO-d): 4 167.9, 147.8, 146.1, 128.1, 126.3,
125.0, 102.0, 51.0, 18.6 ppm.

1,4-Bis-(2,6-dimethyl-3,5-dicarboethoxy-1,4-dihydro-
pyridine) benzene (3°d)

Pale yellow crystalline solid; mp 175-179°C; '"H NMR
(400 MHz, DMSO-d,): 6 8.88 (s, 2H), 6.93-7.12 (m, 4H),
4.86 (s, 2H), 3.54 (s, 12H), 2.24 (s, 12H) ppm; *C NMR
(100 MHz, DMSO-d): 6 167.9, 146.3, 145.6,127.1,101.8,
51.1, 18.7 ppm.
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Figure S1. IR spectrum of 2,6-dimethyl-4-(iso-propyl)-3,5-dicarbomethoxy-1,4-dihydropyridine.
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Figure S2. '"H NMR spectrum (400 MHz, CDCl,) of 2,6-dimethyl-4-(iso-propyl)-3,5-dicarbomethoxy-1,4-dihydropyridine.
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Figure S3. °C NMR spectrum (100 MHz, CDCl,) of 2,6-dimethyl-4-(iso-propyl)-3,5-dicarbomethoxy- 1,4-dihydropyridine.
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Figure S5. '"H NMR spectrum (400 MHz, CDCl,) of 2,6-dimethyl-4-(n-propyl)-3,5-dicarbomethoxy-1,4-dihydropyridine.
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Figure S6. °C NMR spectrum (100 MHz, CDCl,) of 2,6-dimethyl-4-(n-propyl)-3,5-dicarbomethoxy- 1,4-dihydropyridine.
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Figure S7. IR spectrum of 2,6-dimethyl-4-(2-phenylethylene)-3,5-dicarbomethoxy- 1,4-dihydropyridine.
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Figure S8. 'H NMR spectrum (400 MHz, CDCl,) of 2,6-dimethyl-4-(2-phenylethylene)-3,5-dicarbomethoxy-1,4-dihydropyridine.
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Figure S9. °C NMR spectrum (100 MHz, CDCl,) of 2,6-dimethyl-4-(2-phenylethylene)-3,5-dicarbomethoxy- 1,4-dihydropyridine.
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Figure S10. IR spectrum of 2,6-dimethyl-4-(phenyl)-3,5-dicarbomethoxy- 1,4-dihydropyridine.
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Figure S11. '"H NMR spectrum (400 MHz, CDCl,) of 2,6-dimethyl-4-(phenyl)-3,5-dicarbomethoxy-1,4-dihydropyridine.
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Figure S12. *C NMR spectrum (100 MHz, CDCl,) of 2,6-dimethyl-4-(phenyl)-3,5-dicarbomethoxy-1,4-dihydropyridine.
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Figure S13. IR spectrum of 2,6-dimethyl-4-(4-chlorophenyl)-3,5-dicarbomethoxy-1,4-dihydropyridine.
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Figure S14. '"H NMR spectrum (400 MHz, CDCl,) of 2,6-dimethyl-4-(4-chlorophenyl)-3,5-dicarbomethoxy-1,4-dihydropyridine.
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Figure S15. *C NMR spectrum (100 MHz, CDCL,) of 2,6-dimethyl-4-(4-chlorophenyl)-3,5-dicarbomethoxy- 1,4-dihydropyridine.
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Figure S16. IR spectrum of 2,6-dimethyl-4-(4-bromophenyl)-3,5-dicarbomethoxy-1,4-dihydropyridine.
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Figure S17. '"H NMR spectrum (400 MHz, CDCl,) of 2,6-dimethyl-4-(4-bromophenyl)-3,5-dicarbomethoxy- 1,4-dihydropyridine.
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Figure S18. *C NMR spectrum (100 MHz, CDCl,) of 2,6-dimethyl-4-(4-bromophenyl)-3,5-dicarbomethoxy-1,4-dihydropyridine.
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Figure S19. IR spectrum of 2,6-dimethyl-4-(4-methoxyphenyl)-3,5-dicarbomethoxy-1,4-dihydropyridine.
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Figure S20. '"H NMR spectrum (400 MHz, CDCl,) of 2,6-dimethyl-4-(4-methoxyphenyl)-3,5-dicarbomethoxy- 1,4-dihydropyridine.
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Figure S21. *C NMR spectrum (100 MHz, CDCl,) of 2,6-dimethyl-4-(4-methoxyphenyl)-3,5-dicarbomethoxy-1,4-dihydropyridine.
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Figure S22. IR spectrum of 2,6-dimethyl-4-(4-flourophenyl)-3,5-dicarbomethoxy- 1,4-dihydropyridine.
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Figure S23. '"H NMR spectrum (400 MHz, CDCl,) of 2,6-dimethyl-4-(4-flourophenyl)-3,5-dicarbomethoxy- 1,4-dihydropyridine.
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Figure S24. *C NMR spectrum (100 MHz, CDCl,) of 2,6-dimethyl-4-(4-flourophenyl)-3,5-dicarbomethoxy-1,4-dihydropyridine.
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Figure S25. IR spectrum of 2,6-dimethyl-4-(3,4-dimethoxyphenyl)-3,5-dicarbomethoxy- 1,4-dihydropyridine.



Vol. 22, No. 3, 2011 Choghamarani et al. S21

OMe

i I I I I I

| 1 1
14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ppm

Figure S26. '"H NMR spectrum (400 MHz, CDCl,) of 2,6-dimethyl-4-(3,4-dimethoxyphenyl)-3,5-dicarbomethoxy- 1,4-dihydropyridine.
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Figure S27. *C NMR spectrum (100 MHz, CDCL,) of 2,6-dimethyl-4-(3,4-dimethoxyphenyl)-3,5-dicarbomethoxy-1,4-dihydropyridine.
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Figure S28. IR spectrum of 2,6-dimethyl-4-(3-nitrophenyl)-3,5-dicarbomethoxy- 1,4- dihydropyridine.
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Figure S30. *C NMR spectrum (100 MHz, CDCl,) of 2,6-dimethyl-4-(3-nitrophenyl)-3,5-dicarbomethoxy-1,4- dihydropyridine.
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Figure S31. IR spectrum of 2,6-dimethyl-4-(iso-propyl)-3,5-dicarboethoxy- 1,4-dihydropyridine.
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Figure S32. '"H NMR spectrum (400 MHz, CDCl,) of 2,6-dimethyl-4-(iso-propyl)-3,5-dicarboethoxy-1,4-dihydropyridine.
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Figure S33. °C NMR spectrum (100 MHz, CDCl,) of 2,6-dimethyl-4-(iso-propyl)-3,5-dicarboethoxy- 1,4-dihydropyridine.
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Figure S34. IR spectrum of 2,6-dimethyl-4-(n-propyl)-3,5-dicarboethoxy-1,4-dihydropyridine.
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Figure S35. '"H NMR spectrum (400 MHz, CDCl,) of 2,6-dimethyl-4-(n-propyl)-3,5-dicarboethoxy-1,4-dihydropyridine.
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Figure S36. °*C NMR spectrum (100 MHz, CDCL,) of 2,6-dimethyl-4-(n-propyl)-3,5-dicarboethoxy-1,4-dihydropyridine.
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Figure S37. IR spectrum of 2,6-dimethyl-4-(phenyl)-3,5-dicarboethoxy- 1,4-dihydropyridine.
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Figure S38. '"H NMR spectrum (400 MHz, CDCl,) of 2,6-dimethyl-4-(phenyl)-3,5-dicarboethoxy-1,4-dihydropyridine.
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Figure S39. °C NMR spectrum (100 MHz, CDCL,) of 2,6-dimethyl-4-(phenyl)-3,5-dicarboethoxy-1,4-dihydropyridine.

S29



S30 Nano Aluminium Nitride as a Solid Source of Ammonia for the Preparation of Hantzsch J. Braz. Chem. Soc.

74.0 1 ey

70

65

1141.51

124120

2359.61 1261.06 ‘

861

5. r\
624.58

40 .

%I 35

335731

30

25 \ uséle .
': st |

20 | 121435

\
2949.66 1377.32

w81 | 285360 |

0.5
4000.1 3000 2000 1500 1000

Figure S40. IR spectrum of 2,6-dimethyl-4-(4-chlorophenyl)-3,5-dicarboethoxy-1,4-dihydropyridine.
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Figure S41. '"H NMR spectrum (400 MHz, CDCl,) of 2,6-dimethyl-4-(4-chlorophenyl)-3,5-dicarboethoxy-1,4-dihydropyridine.
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Figure S42. *C NMR spectrum (100 MHz, CDCL,) of 2,6-dimethyl-4-(4-chlorophenyl)-3,5-dicarboethoxy-1,4-dihydropyridine.
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Figure S43. IR spectrum of 2,6-dimethyl-4-(4-bromophenyl)-3,5-dicarboethoxy-1,4-dihydropyridine.
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Figure S44. '"H NMR spectrum (400 MHz, CDCl,) of 2,6-dimethyl-4-(4-bromophenyl)-3,5-dicarboethoxy-1,4-dihydropyridine.
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Figure S45. °C NMR spectrum (100 MHz, CDCL,) of 2,6-dimethyl-4-(4-bromophenyl)-3,5-dicarboethoxy- 1,4-dihydropyridine.
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Figure S46. IR spectrum of 2,6-dimethyl-4-(4-methoxyphenyl)-3,5-dicarboethoxy-1,4-dihydropyridine.
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Figure S47. '"H NMR spectrum (400 MHz, CDCl,) of 2,6-dimethyl-4-(4-methoxyphenyl)-3,5-dicarboethoxy-1,4-dihydropyridine.
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Figure S48. °C NMR spectrum (100 MHz, CDCl,) of 2,6-dimethyl-4-(4-methoxyphenyl)-3,5-dicarboethoxy-1,4-dihydropyridine.
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Figure S49. IR spectrum of 2,6-dimethyl-4-(4-fluorophenyl)-3,5-dicarboethoxy- 1,4-dihydropyridine.
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Figure S50. '"H NMR spectrum (400 MHz, DMSO-d,) of 2,6-dimethyl-4-(4-fluorophenyl)-3,5-dicarboethoxy- 1,4-dihydropyridine.
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Figure S51. *C NMR spectrum (100 MHz, DMSO-d,) of 2,6-dimethyl-4-(4-fluorophenyl)-3,5-dicarboethoxy-1,4-dihydropyridine.
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Figure S52. IR spectrum of 2,6-dimethyl-4-(3,4-dimethoxyphenyl)-3,5-dicarboethoxy-1,4-dihydropyridine.
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Figure S53. '"H NMR spectrum (400 MHz, CDCl,) of 2,6-dimethyl-4-(3,4-dimethoxyphenyl)-3,5-dicarboethoxy-1,4-dihydropyridine.
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Figure S54. °C NMR spectrum (100 MHz, CDCL,) of 2,6-dimethyl-4-(3,4-dimethoxyphenyl)-3,5-dicarboethoxy-1,4-dihydropyridine.
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Figure S55. IR spectrum of 2,6-dimethyl-4-(3-nitrophenyl)-3,5-dicarboethoxy- 1,4-dihydropyridine.
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Figure S56. '"H NMR spectrum (400 MHz, CDCl,) of 2,6-dimethyl-4-(3-nitrophenyl)-3,5-dicarboethoxy-1,4-dihydropyridine.
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Figure S57. °C NMR spectrum (100 MHz, CDCL,) of 2,6-dimethyl-4-(3-nitrophenyl)-3,5-dicarboethoxy- 1,4-dihydropyridine.
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Figure S58. '"H NMR spectrum (400 MHz, CDCl,) of 1,3-bis-(2,6-diethyl-3,5-dicarboethoxy-1,4-dihydropyridine) benzene.
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Figure S59. °C NMR spectrum (100 MHz, CDCL,) of 1,3-bis-(2,6-diethyl-3,5-dicarboethoxy-1,4-dihydropyridine) benzene.



Vol. 22, No. 3, 2011 Choghamarani et al.

NI
|-
I
. __/L_).J U'-____j‘
1 I ooy r - : R e AR

4 13 12 11 10 9 8 7 6 5 4 3 2 1 0  ppm

Figure S60. '"H NMR spectrum (400 MHz, CDCl,) of 1,4-bis-(2,6-diethyl-3,5-dicarboethoxy-1,4-dihydropyridine) benzene.
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Figure S61. *C NMR spectrum (100 MHz, CDCL,) of 1,4-bis-(2,6-diethyl-3,5-dicarboethoxy-1,4-dihydropyridine) benzene.
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Figure S62. '"H NMR spectrum (400 MHz, CDCl,) of 1,3- bis-(2,6-dimethyl-3,5-dicarboethoxy-1,4-dihydropyridine) benzene.
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Figure S63. °C NMR spectrum (100 MHz, CDCL,) of 1,3-bis-(2,6-dimethyl-3,5-dicarboethoxy-1,4-dihydropyridine) benzene.
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Figure S64. '"H NMR spectrum (400 MHz, CDCl,) of 1,4-bis-(2,6-dimethyl-3,5-dicarboethoxy-1,4-dihydropyridine) benzene.
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Figure S65. °C NMR spectrum (100 MHz, CDCL,) of 1,4-bis-(2,6-dimethyl-3,5-dicarboethoxy-1,4-dihydropyridine) benzene.
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