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Efficient one-pot synthesis of 1,4-dihydropyridines catalyzed by magnetic

MnFe,0O4 nanoparticles

Somayeh Moradi, Mohsen Moradian, Hossein Naeimi*

Characterization data of all known compounds listed in Table 4

Diethyl-1,4-dihydro-2,6-dimethyl-4-(3-nitrophenyl) pyridine-3,5-dicarboxylate;

NO,

Et0,C CO,Et

I
N
1
H
Yellow solid. m.p= 162-167°C; IR (KBr)/ v (cm™):3344 (NH), 3093 (=CH,), 2987 (-CH, sp’), 1706
(C=0), 1645 (C=C), 1213 (C-0); 'H NMR (400 MHz, CDCl3) § ppm = 1.23 (t, /=7.2 Hz, 6H, 2CH),
2.36 (s, 6H, 2CHy), 4.08 (q, 4H, 2CH,), 5.08 (s, 1H), 5.86 (s, 1H, NH), 7.37 (t, /=8 Hz, 1H, ArH),

7.64 (d, /=7.6 Hz, 1H, ArH), 7.99 (d, /=7.2 Hz, 1H, ArH), 8.12
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Diethyl-1,4-dihydro-2,6-dimethyl-4-phenyl pyridine-3,5-dicarboxylate;

EtO,C CO,Et
11
N
1
H
Yellowsolid. m.p = 150-155 °C; IR (KBr)/ v (cm™):3342 (NH), 3061 (=CH,), 2980 (-CH, sp°), 1690

(C=0), 1651 (C=C &), 1211 (C-0); 'H NMR (400 MHz, CDCl;) 8 ppm = 1.22 (t, /7.2 Hz, 6H,



2CH3), 2.33 (s, 6H, 2CH;), 4.10 (q, 4H, 2CH,), 4.98 (s, 1H), 5.66 (s, 1H, NH), 7.10-7.27 (m, 5H,

ArH).

Wavenumbers (cm-1)
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Diethyl-1,4-dihydro-2,6-dimethyl-4-(4-nitrophenyl) pyridine-3,5-dicarboxylate;




Light yellow solid. m.p=125-128 °C; IR (KBr)/ v (cm™):3320 (NH), 3101 (=CH,), 2980 (-CH, sp°),
1701 (C=0), 1646 (C=C), 1214 (C-0); "H NMR(400 MHz, CDCl;) & ppm = 1.21 (t, J=7.2 Hz, 6H,
2CHj,), 2.36 (s, 6H, 2CH3), 4.06 (q, 4H, 2CH.,), 5.09 (s, 1H), 5.74 (s, 1H, NH), 7.44 (d, J/=8.8 Hz, 2H,

ArH), 8.07 (d, J=8.8 Hz, 2H, ArH).
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Diethyl-4-(4-Chlorophenyl)-1,4-dihydro-2,6-dimethyl pyridine-3,5-dicarboxylate;



Cl

EtO,C CO,Et

mz

Yellowsolid. m.p = 140-145 °C; IR (KBr)/ v (em™):3356 (NH), 3091 (=CH.,), 2988 (-CH, sp*), 1696
(C=0), 1651 (C=C ¢sJl), 1213 (C-O); 'H NMR(400 MHz, CDCl3) § ppm = 1.22 (t, J=6.8 Hz, 6H,
2CH3), 2.32 (s, 6H, 2CHs), 4.08 (q, 4H, 2CH.), 4.95 (s, 1H), 5.70 (s, 1H, NH), 7.16 (d,/=8.8 Hz, 2H,

ArH), 7.21 (d, /=8.4 Hz, 2H, ArH).
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Diethyl-4-(2-Chlorophenyl)-1,4-dihydro-2,6-dimethyl pyridine-3,5-dicarboxylate;

Cl
EtO,C, CO,Et

I 1

N

H
White solid. m.p = 118-120 °C; TR (KBr)/ v (em™):3325 (NH), 3060 (=CHs), 2978 (-CH, sp’), 1699
(C=0), 1671 (C=C), 1613 5 1491 (C=C, Ar), 1206 (C-O); "H NMR (400 MHz, CDCl3) & ppm = 1.20
(t, J=7.2 Hz, 6H, 2CH,), 2.31 (s, 6H, 2CHj), 4.07 (q, 4H, 2CH,), 5.39 (s, 1H), 5.65 (s, 1H, NH), 7.04

(t, J=7.6 Hz, 1H, ArH), 7.12 (t, ]=7.6 Hz, 1H, ArH), 7.22 (d, /=8 Hz, 1H, ArH), 7.37 (d, J=1.6 Hz,

1H, ArH).
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Yellow solid. m.p = 140-142 °C; IR (KBr)/ v (cm™): 3378 (NH), 3087 (=CH,),
(C=0), 1679 (C=C), 1617 5 1494 (C=C, Ar), 1201 (C-O);'H NMR (400 MHz, CDCl;) & ppm =1.20

(tJ=7.2 Hz, 6H, 2CHs), 2.31 (s, 6H, 2CHs), 4.07 (q, 4H, 2CH,), 5.35 (s, 1H), 5.61 (s, 1H, NH), 7.10

(d, J=7.6 Hz, 1H, ArH), 7.25 (s, IH, ArH), 7.31 (d, J=8 Hz, 1H, ArH).

2980 (-CH, sp’), 1699
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Diethyl-1,4-dihydro-2,6-dimethyl-4-(3-methoxyphenyl) pyridine-3,5-dicarboxylate;

Yellowsolid. m.p = 119-123 °C; IR (KBr)/ v (cm™):3342 (NH), 3095 (=CH,), 2983 (-CH, sp°), 1699

(C=0), 1649 (C=C), 1605 5 1487 (C=C, Ar), 1215 (C-O); 'H NMR (400 MHz, CDCl;) & ppm = 1.23




(t, J=7.2 Hz, 6H, 2CHs), 2.32 (s, 6H, 2CHs), 3.76 (s, 3H, CHs), 4.11 (g, 4H, 2CH,), 4.98 (s, 1H), 5.72
(s, 1H, NH), 6.67 (d, J=8.8 Hz, 1H, ArH), 6.84 (s, 1H, ArH), 6.89 (d,J=6.8 Hz, 1H, ArH), 7.13 (t, /=8

Hz, 1H, ArH).

I
T‘Sat Jan010326:032000
100
] i
% de/w /\/\“/Vf‘ J\\ o,
. \ (/‘ \ ‘ [
. f T
%] A : [l g
£ | vg& 'y f\ ){.Q//c_@g
. 5 | © | | I “1\ e
5= \[ 8% i ge
E ™ 7 \ -
g 5 1 / 8 ‘ | Lol R
N - ('_l f‘ | ~
o ] © I |
40 | | & ' !“J's !l» i\ |
] \ 3l | ‘o
30 "lg 'eg‘ﬂ(% 'S i
: | |E| e 28 H
20 g W 32 i
] g N TS n
A & @ © & r e =
10 | © o - = S I
Yo & 2 [
] < 1 i
- . e oo Dowsos 1
00 3000 T 1000 E
e L 9 ol
)
.-—-/ lL.._ "
e Cimiy] o .t
.5 T.0 P EE - Posasateg prperars
. [TV
£ =
I | | | o 233 =
[l ] 'U | L Lok
e _____._.._,._.JJ"-" v -_,_./I \Zedbey ) e
— ] . . —
1 i I
BHs @ & @8 @& &
=

Diethyl-1,4-dihydro-2,6-dimethyl-4-(4-methoxyphenyl) pyridine-3,5-dicarboxylate;

OMe

EtO,C CO,Et

T=-Z



White solid. m.p = 150-155 °C; IR (KBr)/ v (cm™):3343 (NH), 2983 (-CH, sp’), 1689 (C=0), 1650
(C=C), 1210 (C-O); 'H NMR (400 MHz, CDCl;) & ppm = 1.23 (t, J=7.2 Hz, 6H, 2CHs), 2.32 (s, 6H,
2CH;), 3.75 (s, 3H, CHs), 4.09 (q, 4H, 2CH,), 4.93 (s, 1H), 5.60 (s, IH, NH), 6.75 (d,/=8.8 Hz, 2H,

ArH), 7.20 (d, J=8.4 Hz, 2H, ArH).
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Diethyl-1,4-dihydro-2,6-dimethyl-4-(4-fluorophenyl) pyridine-3,5-dicarboxylate;



Yellowsolid. m.p = 145-147 °C; IR (KBr)/ v (em'): 3343 (NH), 3068 (=CH,), 2983(-CH, sp), 1688
(C=0), 1652 (C=C), 1210 (C-O);'H NMR (400 MHz, CDCl;) § ppm = 1.21 (t, J=7.2 Hz, 6H, 2CHs),
2.33 (s, 6H, 2CHy), 4.04 (q, 4H, 2CH,), 4.95 (s, 1H), 5.67 (s, 1H, NH), 6.88 (t, /=8.4 Hz, 2H, ArH),

7.23 (t, J=5.6 Hz, 2H, ArH).

—:"Sat Jan 01 04:06:05 2000 = T

100} [ 3

E o T
=T N\ Voo W
RTAE VI a]] seE
0] [ -wpk; 3 e

: 3 1 5l

it

ransmittance

=
S
|
—

] Tl 5 é’&
| i
50 ”4 | E'] ‘]1 ¥
! || L
N
30 }a‘\‘ § T 2
. ' g 3
20—: 3 § 1
10-] i L '[
] ] &
] P g
4000 3000 2000 v < 1000

B Wavenumbers (cm-1)




Diethyl-1,4-dihydro-2,6-dimethyl-4-(2-boromophenyl) pyridine-3,5-dicarboxylate;

EtO,C CO,Et

T=Z

Yellowsolid. m.p = 128-131 °C; IR (KBr)/ v (cm™): 3325 (NH), 3058 (=CH,), 2978 (-CH, sp’), 1698
(C=0), 1673 (C=C), 1613 5 1490 (C=C, Ar),1208 (C-O); 'H NMR (400 MHz, CDCl;) § ppm = 1.20
(t, J=7.2 Hz, 6H, 2CHs), 2.30 (s, 6H, 2CHs), 4.08 (q, 4H, 2CH,), 5.36 (s, 1H), 5.62 (s, 1H, NH), 6.96

(t, J=8.8 Hz, 1H, ArH), 7.17 (t, /=7.2 Hz, 1H, ArH), 7.38 (d, J=1.6 Hz, 1H, ArH), 7.42 (d, J=8 Hz,

1H, ArH).
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Diethyl-1,4-dihydro-2,6-dimethyl-4-(4-(dimethylamine)phenyl) pyridine-3,5-dicarboxylate;

Yellowsolid. m.p = 195-200 °C; IR (KBr)/ v (cm™): 3321 (NH), 3094(=CHy,), 2978 (-CH, sp”), 1695
(C=0), 1674 (C=C), 1492 ;5 1613 (C=C, Ar), 1203 (C-0); 'H NMR (400 MHz, CDCl;)  ppm = 1.24
(t, J=7.2 Hz, 6H, 2CHj;), 2.32 (s, 6H, 2CHj3), 2.89 (s, 6H, CH;), 4.08 (q, 4H, 2CH,), 4.88 (s, 1H), 5.65

(s, 1H, NH), 6.61 (d, J=8.4 Hz, 2H, ArH), 7.17 (d, J=7.2 Hz, 2H, ArH).
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Diethyl-1,4-dihydro-2,6-dimethyl-4-para-tolylpyridine-3,5-dicarboxylate;

White solid. m.p = 139-140 °C; IR (KBr)/ v (cm™): 3358 (NH), 2986 (-CH, sp’), 1695 (C=0), 1652
(C=C), 1203 (C-0);'H NMR (400 MHz, CDCl;) & ppm= 1.23 (t, /=7.2 Hz, 6H, 2CH;), 2.27 (s, 3H,
CHs), 2.32 (s, 6H, 2CHs), 4.08 (q, 4H, 2CH,), 4.95 (s, 1H), 5.62 (s, 1H, NH), 7.01 (d, J=7.6 Hz, 2H,

ArH), 7.17 (d, J=8 Hz, 2H, ArH).
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Diethyl-1,4-dihydro-2,6-dimethyl-4-(2-fluorophenyl) pyridine-3,5-dicarboxylate;

Yellowsolid. m.p = 155-157 °C; IR (KBr)/ v (cm™): 3332 (NH), 3104 (=CH,), 2982 (-CH, sp’), 1694
(C=0), 1651 (C=C), 1215 (C-0);' H NMR (400 MHz, CDCl;) & ppm= 1.19 (t, /~7.2 Hz, 6H, 2CH;),
2.31 (s, 6H, 2CHj3), 4.03 (q, 4H, 2CH,), 5.24 (s, 1H), 5.70 (s, 1H, NH), 6.92 (t, /=9.6 Hz, 1H, ArH),

6.99 (t, J=7.6 Hz, 1H, ArH), 7.08 (t, J=7.2 Hz, 1H, ArH), 7.30 (t, /=7.2 Hz, 1H, ArH).
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Cazrant Data Parametes

NAME Shea
EXPNO 885
PROCNG 1

E2 - Acquisition Parameters
te 2016071

F2 - Processing pazamoters

sr 400, 1300055 MHz

s | G

T T T T T T
10 -] 8 7 -3 5 4 3 2 1 PPM

Diethyl-1,4-dihydro-2,6-dimethyl-(2,4-bipyridine)-3,5-dicarboxylate;

EtO,C, CO,Et
11
v
H
Brown solid. m.p = 188-1191 °C; IR (KBr)/ v (cm’): 3172 (NH), 2982 (-CH, sp’), 1695 (C=0), 1670
(C=C), 1478 5 1639 (C=C, Ar), 1212 (C-O); 'H NMR (400 MHz, CDCls) & ppm= 1.20 (t, J=7.2 Hz,
6H, 2CHs), 2.26 (s, 6H, 2CHs), 4.05 (q, 4H, 2CH,), 5.20 (s, 1H), 7.17 (d, J=5.2 Hz, 1H, ArH), 7.43

(d, J=6.8 Hz, 1H, ArH), 7.62 (t, J=7.2 Hz, 1H, ArH), 8.51 (d, J=4.4 Hz, 1H, ArH), 8.71 (s, IH, NH).
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Current Data Parameters
NAME £

-2
EXPNO 1020
PROCNO 1

F2 - Acquisition Parameters
Date. 2016081
Time

INSTRUM spect
PROBHD 5 mm Multine
PULPROG 29

D 32768
SOLVENT cDe13

NS [

o8 o

sW §012.820 Hz

H
FIDRES 0.244532 Hz
A

Q 2.0447731 sac
RG 25803

oW 62.400 usec
DE 6.00 usec
TE 300.0 K

b1 5.00000000 sec
—=——=ee= CHANNEL £1 ==s=m==e
NUC1 1H

P1 15.00 usec
PL1 ~6.00 di
sF01 400.1336012 MHZ

F2 - Processing parameters

s1 32768

sF 400.1300065 MHz
EM

sSB o

LB 0.30 Hz

GB o

PC 1.00 ,
4

White solid. m.p = 168-170 °C; IR (KBr)/ v (cm™): 3351 (NH), 2978 (-CH, sp’), 1651 (C=0), 1593

(C=C), 1217 (C-0); 'H NMR (400 MHz, CDCls) & ppm= 1.23 (t, J=7.2 Hz 6H, 2CHs), 2.32 (s, 6H,



2CH;), 4.10 (q, 4H, 2CH,), 4.97 (s, 1H), 5.71 (s, 1H, NH), 6.62 (d, /=7.2 Hz, 1H, ArH), 6.78 (s, 1H,

ArH), 6.87 (d, J=7.2 Hz, 1H, ArH),7.07(t, J=7.6 Hz, 1H, ArH).
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Current Data Parameters
3H-4
EXENO 1022
PROCNO 1
F2 - Acquisition Parameters
Date_ 2016081
ne
INSTRUM spect
PROBHD 5 mm Multinu
PULPROG zgq
TD 32768
SOLVERT €Dcl3
NS
DS 0
SWH 8012.820 Hz
FIDRES 0.244532 Hz
2.0447731 sec
RG 4597.6
oW 62,400 usec
DE 6.00 usec
TE 300.0 K
b1 5.00000000 sec
mmmmmmme CHANNEL £1 =mmmmman
nNucl
PL 15 OEI usec
PLL dB
SFO1 400. 1336012 MHz
F2 - Processing paxame:eu
SI 32768
SF 400. 1300065 MHz
WD
ssB 0
1B ©0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T T—
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Wavenumbers (cm-1)

Diethyl-1,4-dihydro-2,6-dimethyl-4-(9,10-dihydroanthracene-2-yl)pyridine-3,5-

dicarboxylate;
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Brown solid. m.p = 195-200 °C; IR (KBr)/ v (cm™): 3293 (NH), 2983 (-CH, sp’), 1670 (C=0), 1637
(C=C), 1214 (C-0); "H NMR (400 MHz, CDCl;) & ppm= 1.20 (t, J=7.2 Hz, 6H, 2CH), 2.32 (s, 6H,
2CH3), 4.05 (q, 4H, 2CH,), 5.33 (s, 1H), 6.17 (s, 1H, NH), 7.74 (m, 4H, ArH), 8.01 (d, /=8 Hz, 1H,

ArH), 8.21 (m, 2H, ArH).
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