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NUCLEOPHILIC SUBSTITUTION IN THE
AZOMETHINE SERIES: AN IMPROVED SYNTHESIS
OF 1,4-DIHYDROPYRIDINES
%
L.Lévai, D.Bézsing, P.Benkd, Gy.lax and Gy.Mikite

Research Laboratory EGIS Pharmaceuticals
H-1106 Budapest, Kereszturi ut 30-38, Hungary

P.T6mpe, A.Nagy and E.Furdyga

Physico-chemical Lab. EGIS Pharmaceuticals
H-1106 Budapest, Kereszturi ut 30-38, Hungary

ABSTRACT: A new convenient synthetic method for
1,4-dihydropyridines from azomethines
is presented

The preparation of 1,4~dihydropyridine deriva-
tives continues to be of significant interest due to
their application as important pharmaceuticals. For
example, Adalat (Nifedipine; dimethyl 1,4-dihydro-
2,6-dimethyl-4-(o-nitrophenyl)~-3, 5-pyridinedicarboxy-

late) is well known as a valuable calcium antagonist
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widely used in the treatment of hypertension of all

kinds and of heart muscle diseases.1

The preparation of this compound was first rea-

lised by the Hantzsch synthesis!

« Owing to the ever
increasing quality requirements with respect to phar-
maceuticals, this method was later found to be unsui-
table for the manufacture of a high quality product.
The great number of side reactions due to the strong
alkaline medium (ammonia) applied in this reaction
results in dark-coloured resinous products, which
greatly decrease the yield and purity.

These problems are eliminated in Knoevenagel’s
synthesisz, where no free ammonia is used. In this me-
thod methyl o-nitrobenzylideneacetoacetate is reacted
with methyl 3-aminocrotonate to give Nifedipine in
good yield and without impurities.

In a search for a convenient and optimal method
for the synthesis of 1,4-dihydropyridines we made an
effort to avoid the use of strong alkaline medium and
free aldehyde in the initial reaction.

Our new synthesis presents a general method of
preparing substitued symmetrical 1,4-dihydropyridines
starting from azomethines. As an example, the synthe-
sis of Nifedipine is described here in detail.

The method consists of reacting the azomethine
with a mixture of methyl acetoacetate and methyl 3~

aminocrotonate in methanolic solution to give 1,4-di-
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nydropyridine ( Nifedipine ). when an aldimine is

used as starting material it is reacted with methyl

acetoa

cetate alone,

As starting materials two types of azomethines

( 1a, 1b ) or the trimer aldimine ( lc ) can be used.
~y v

Y/
NO
R NO
4 _ 2
4 -CH=N J 5
\
5% o .
L CF“<::>4

These new compounds { la, 1lb, lc ) were prepared from
nye N NN

49

o-nitrobenzaldehyde in the presence of the appropriate

source of ammonia in a suitable solventB. Their sta-

bility was examined in refluxing methanol,as a blank

experiment, and in all cases the unchanged materials

were

ecovered.

For 1a: 2 0-NO,CgH,CHO

S~

For 1b:

4

fFor 1c:

—~

3 o-N 02C6HLCH0

L )

2 CH3C02NHL

3 CH3CO,NH,

NH3(excess)

methano

isopropanol

methanol

1b

1c
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According to our new method, Nifedipine is for-
med in a very unusual way, by the following mechanism.
When starting from the azomethine ( la ), the

a4
nucleophilic reaction between ( la ) and methyl aceto-

acetate gives rise to two interﬁ;;iates: o-nitro-
benzaldimine (rgl) and methyl o-nitrobenzylideneaceto-
acetate ( 3 ). These two intermediates then react
simultané::sly by two different parallel routes: the
o-nitrobenzaldimine (rgl) in a Hantzsch-type reaction
( Route I ) and the methyl o-nitrobenzylideneaceto-~
acetate ( 3 ) according to the Knoevenagel synthesis

( Route IE\G, resulting in the same end-product

( Nifedipine ).

R :—COZME

k]

In the initial reaction the nucleophile ( methyl

acetoacetate ) attacks on the methine carbon of ( la )
™~/

to give a secondary amine ( 4 ), and then the second
~
intramolecular nucleophilic attack on the same methine
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carbon of ( 4 ) splits the amine to ylidene ( 3 ) and
SN v

aldimine ( 2 ).

NS
@ @ 02N—© @—N02
0N N2 MeOyC  CH. CH
MO, C My CH oo €} "\NH/|
C/ \t'N/l I H (OMe
“ . . OMe c\ .
PR H 4
Me OH ta ~
~ l |
3 2 + MeOH
~ ~/

For Route I ( Hantzsch type ) we suppose that
one mol of the nucleophile ( methyl acetoacetate )
attacks on the methine carbon of the aldimine ( 2 )

s

giving the unstable intermediate amino-adduct (5 )4,

~~
O, O,
4 H ) =
Me0,C /\/C\Q MeO,C CH _CoyMe
CH NE ch |+ cH
| | NHy |
/N H PENPN
Me 0 Mg 0 0 Me
2
~/
5
~
©'NOZ
|
Mcozc\c/c»ic/cozm
il ]
c c
Me/ \N/ \Me
H

NIFEDtPINE
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which is then converted with another mol of methyl
acetoacetate to yield one mol of Nifedipine.

In Route II ( Knoevenagel ) one mol of the yli-
dene ( 3 ) reacts with one mol of methyl 3-aminocro-
tonatéﬁ;;cording to the Knoevenagel reaction, yielding
one mol of Nifedipine.

The overall synthesis ( Route I + II ) from azo-

methine ( la ) is the following.

N
e Qo
? 2 3 Me COCH,C OMe
CH N— CH —— NIFEDIPIN
1 MeC=CHCO,Me : \ £
f 2 mol
O Me NH2
1o
n

The overall yield, calculated for azomethine

( 1a ) ( Route T + II ) is 83 %.
I~

Using the other azomethine ( 1b ) as the start-
™~

ing material, the mechanism is similar to the case

of ( 1la ).
~—

2
"0, i,
\
= CH=N NO
G P Gl

ND, NO; ‘CH — - 2
~7
@ CH—N @ CH-LNH
0
Me0,C M MeOC—C—H -— . 3
2 ~e¢ 2 l ~
I C
~ =
Me/c"BH Me”” S0
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The two mols of aldimine ( 2 ) and one mol of
~

the ylidene ( 3 ) then react further as described
~7

above to give 3 mols of Nifedipine.

The overall reaction is then as follows:

NO
/ 2

O -cre

\ S MeCOCH,COMe
JCH- * e CHC'EM%M —— —— NIFEDIPINE
— eL s e
<:> CH=N 4 | d {3 mol)
N NO; NH
NO; 2
ib
Y

The trimer aldimine ( 1lc ) takes part in the
reaction in the form of theI;Idimine monomer follow-
ing Route I.

Some interesting stereochemical observations
have been also made in the course of the synthesis.,
The ylidene compound ( 3 ) formed in the initial

r~

reaction is a mixture of two geometric isomers. The

two diastereomers of the secondary amine ( 4 )

~/
02”-@ @—Noz
n ‘ I

TN\ H
p - A NH/IC
Mce 0. C /\ C
2 . H OMe
\c ——t .
i H
~Cx
H =9

‘ r » ® x
R R and S S
o/
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formed transiently in the initial reaction - described
previously by the synthesis of Nifedipine from (fﬁi )
- are responsible for the formation of the two iso-
mers.

The intramclecular nucleophilic attack on the
chiral carbons of the two diastereomers results in
the aldimine (fE/) with the simultaneous formation of
the two geometric isomers ( Z and E ) of the ylidene
(3.

m~ LR
From the diastereomer R R the E isomer, from
R”Sxthe Z isomer of the ylidene ( 3 ) is formed.

The reaction mechanism proﬁg;;d by us for our
new synthesis of 1,4-dihydropyridines has been proved
by kinetic measurements using HPLC technique and
spectroscopic methods, and will be published in an

other paper.

Experimental

l1-Methoxy=1=(2’-nitrophenyl)~N-(2?-nitrophenyl)

methylenemethaneamine (;Ei ). - 2-Nitrobenzaldehyde
(15,1 g, 0,1 mol) was dissolved in methanol (25 ml)
and ammonium acetate (8,0 g, 0,1 mol) was added to

the solution, with stirring. The reaction mixture was
stirred at 40 °C for 15 min, and then at room tempera-

ture for 7 h. After cooling, the precipitated product
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was filtered off, washed with water and dried to give
( 1a ) (15,4 & 98 %), m.p. 117-118 °c.

IR (KBr, om™l): 1524, 1363, 1345, (NO, bands), 1100
(¢c-0), 785, 742 (& CH= )

'H-NMR (CDC1,) & : 3.56 (3H, s,0CH;); 6.38 (1H, 4,
J=1.3 Hz, -0CH ); 7.4-8.,1 (8H, m, ArH);»8.98 (1H,
d, J = 1.3 Hz, =CH)

13comvr (CDC14) 5 & 5649 OCH,; 92.8 océ ; 124.0 and
124,1 C-3 and C-3?; 128.3 and 128.,9 C-6 and C-6’;
129.7 and 131.1 C-4 and C-4’; 130.6 and 134,0 C-1 and
C-1?; 132.7 and 133.3 C-5 and C-5°; 149.0 and 149.3

>

C-2? and C-2; 156.7 -CH=.

Anal. Calc for Cl5H13N305: C, 57.14; H, 4.;6; N, 13.33.
Pound: C, 57.67; H, 4.15; N, 13.33.

1-(2*~Nitrophenyl)=-N, N-big=(2’~-nitrophenyl

methylenemethanediamine ( 1b ). = 2=Nitrobezaldehyde
Va4

(15.1 g 0.1 mol) and ammonium acetate (8.0 g, 0.1 mol)

were added to isopropanol (50 ml). The procedure de-
scribed for ( la ) was followed to obtain ( 1b )

T~ I~
(14.2 g, 98 %), m.p. 124-127 °c,
IR (KBr, cm™l): 1525, 1344 (NO, bands)
TH-MR (CDC14) 6 : 6.85 (1H, g, SCH); 7.50 (1H,~t,
ArH—4,),' 7‘65 (SH, E, ArH 4, 6, 6’); 7085 (1H, E,
ArH-5"); 7.95 (1H, 4, ArH-3’); 8,01 (4H, m, ArH-3,5);

9.05 (2H, _8_1 =CH")-
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13comm (CDC1,) € & 8445 cgi—; 124.2 C-3, C-3*; 128.8
C-47, 129.8 C-4; 130.6 C-1; 131.2 C-6; 133.0 C=5’;
133.,5 C-5; 134.6 C=-2?; 149,0 C-2; 159.0 =CH-.

Anal,., Calcd for C 06: Cy, 58.20; H, 3.49; N,

21t 575
16.16. Found: C, 58.36; H, 3.51; N, 15.92.

Trimeric 2-nitrobenzaldimine ( lc ). - To a
~

solution of 2-nitrobenzaldehyde (15.1 g, 0.1 mol)

in methanol (40 ml) was added a methanolic solution
of ammonia (1.7 g, 0.1 mol) by drops, with stirring.
The reaction mixture was stirred at room temperature
for 20 h. The precipitated product was filtered off,
wagshed with methanol and dried to give ( 1lc ) (11.3 g,
7543 %), m.p. 117-119 °C. ~

IR (KBr, cm™1): 3276 (NH); 1535, 1358 (NO, bands);
784 (& CH=).

LH-NMR (DMSO-dg) § : 2.58 (3H, & J=9 Hz, CH ); 5.60
(3H, t, ~NH-); 7.60 (3H, td, ArH-4); 7.75 (3H, td,
ArH-5); 7.85 (6H, d4d, ArH-3,6).

Anal, Caled for C, HygNgOg: C, 56,00; H, 4.03; N,
18.66. Found : C, 56.08; H, 4.08; N, 18.18.,

Nifedipine from {( la ). - A suspension of ( la )
Y~ ~
(9.45 g, 0.03 mol) was prepared in methanol (30 ml),
and methyl acetoacetate (10.45 g, 0,09 mol) then
methyl 3~-aminocrotonate (3.45 g,0.03 mol) were added.

The reaction mixture was refluxed for 36 h. The pro-
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duct which precipitated on cooling was filtered off

with suction, dried and dissolved in warm acetic acid.

A precipitate formed on the addition of water, It

was filtered off, washed with methanol and dried to

give nifedipine (17.16 g, 82.6 %), m.p. 172-174 °C.
HPTLC (Kieselgel 60 plates, developing solvent

diisopropil ether) showed that the product was homo-

geneousg.

Nifedipine from ( 1b ). - A suspension of ( 1lb )
r~ T~
(13.0 g, 0.03 mol) was prepared in methanol (45 ml).
Methyl acetoacetate (17.42 g, 0.15 mol) and methyl
3-aminocrotonate (3.45 g, 0.03 mol) were added, with
gtirring. The reaction mixture was stirred for 46 h,

and then worked up as described above to yield nife~

dipine (23.22 g, 75 %), m.p. 173-174 °cC.

Nifedipine from ( 1l¢ ). - Compound ( lc )
Vand I~

(9 g, 0.02 mol) and methyl acetoacetate (14 g, 0.12

mol) were dissolved in methanol (25 ml). The mixture
was stirred and refluxed for 25 h. The crystalline
product which separated was filtered off after cooling,
dissolved in warm acetic acid and processed as descri-
bed above to give nifedipine (12.4 g, 60 %), m.p.
170-173 °c.

Geometric isomers of the ylidene comp. ( 3 ).
Y~

For the identification of the geometric isomers of

the ylidene compound ( 3 ) from the reaction mixture,
~-



Downloaded by [University of Cambridge] at 19:18 12 June 2016

58 LEVAI ET AL,

it was necessary to have a stereochemically homo-
geneous mixture of the two isomers containing no nife-
dipine. A suitable method for this was the termic iso-
merisation of the readily available one of the "yli-
dene" igomers prepared by the method given in refe-
rence 2. The refluxing of this compound in toluene
gave a pure mixture of the two isomers, without any

impurities, as described below.

Isomerigation of methyl 2-nitrobenzylideneace-

toacetate, ~ Methyl 2-nitrobenzylideneacetoacetate
(6,23 g) was refluxed in toluene (22,5 ml) for 6 h,
then cooled to O °C, allowed to stand for 1 h, and
filtered with suction. The product was washed with
isopropanol and dried (3.3 g, m.p. 102-104 °C). From
the mother liquor the solvent was evaporated in:vacuo
to leave an oil (1.75 g).

The structure of the solid product (3.3 g) was
determined by means of NMR and found to have the E
configuration.

The oil (1.75 g) was a stereochemically homo-
geneous mixture of the two isomers without any im-
purities.

Anal. Calc for CleHllNOS; C, 57.83; H, 4.45; N, 5.62.
Found: C, 58.,00; H, 4.60; N, 5.54.

The structure was verified by NMR measurements

showing the mixture to consist of the E and Z iso-
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mers., The E/Z ratio was l:1. This ratio was confirmed
by HPLC and GC as well (retention times in HPLC, E
isomer: 4.84 min; Z isomer: 5.85 min). From the cor-
respondence of the NMR and HFPLC data ratio of ylidene
igsomers in the reaction mixture could be determined.

The value of this is; E _ 9 _ 1.8
‘Z-g— eOoe

NMR analysis of the above o0il fraction (1.75 g) of
isomers: TH-NMR (250 MHz, CDC1,) S : 2.22, 2.49 (3H,
2 s, Ac); 3.62, 3.88 (3H, 2x3, OCH;); 7.38, 7.46 (1H,
2xd, ArH-6); T7.6-7.8 (2H, overlapping multiplets, ArH-
4,5); 8.20, 8.23 (1H, 2xd, ArH-3).

The 1H—NMR gpectra were taken on a Bruker WM
(250 MHz) - Pt type NMR spectrometer, while by the
13c-MMR spectra a Bruker WP-80 SY (20 MHz) type

spectrometer was used.

Acknowledgement:
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