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A Simple One-step Synthesis of Pyridines from Aldehydes and Malononitrile.
Alberto S. Alvarez-Insia, M. Lora-Tamayo and Joseé L. Sotio

Centro Nacional de Quimica Organica,
Departamento de Quimica Organica, Facultad de Ciencias, Ciudad Universitaria

The condensation of several aldehydes with malononitrile in the presence of a aleohol-alkoxide
system provides a new simple one-step route to 4-substituted 2-amino-3,5-dicyano-6-alkoxy-
pyridines.  The best results are obtained with the aromatic aldehydes. The structure of these
compounds was established from a study of their infrared, ultraviolet and nuclear magnetic

resonance spectra.

The synthesis of pyridine derivatives starting from
malononitrile can be carried out in several ways: by
reacting the dinitrile with tetracyanopropene salts, which
are obtained from orthoesters (1,2), through the reaction
with haloforms in the presence of a alcohol-alkoxide
system (3) and from the reaction with cyanohydrins in
the presence of the same basic medium (4,5).

In all the above cases the products obtained were the
corresponding 4-substituted 2-amino-3,5-dicyano-6-alkoxy-
pyridines, but none of these methods is of general appli-
cation. In fact, the first synthetic procedure takes two
steps, and the necessary orthoesters are not always casily
obtained. The second method is applicable only to the
preparation of pyridine derivatives in whick the C-4
substituent 1s a hydrogen atom. Finally, in the last
procedure yields are very low (5-10%).

The isolation of an alkylidenemalononitrile as a by-
product from the reaction of a cyanohydrin with malono-
nitrile (4), seemed to indicate that such a product should
be formed from the corresponding aldehyde, supplied by
the cyanohydrin. Therefore, it was deemed of interest to
change the cyanohydrins for the more readily available
aldehydes or even for the intermediate alkylidenemaloneo-
nitrile itself,

In the present investigation a great variety of aldehydes
were reacted with malononitrile in the presence of an
alcohol-alkoxide system. It was shown that this procedure
provides a new single one-step route to 4-substituted

2-amino-3,5-dicyano-0-alkoxypyridines:

R'OIl + R'ONa e

R-CHO + 2NC-CH,-CN
reflux, 3 hours
RO N NHy

The various pyridines prepared in this study are listed,
along with the best yields obtained, in Table 1. The
applicability of the synthesis is obvious from an inspection
of Table L.

aromatic aldehydes. With aliphatic and alicyclic aldehydes

The best results are obtained with the

the yields were only moderate. No reaction took place
with a f-unsaturated aldchydes nor with aromatic alde-
hydes having electron withdrawing substituents or substi-
tuents bearing labile hiydrogen atoms.

The nature of the alcohol-alkoxide system used is
As it is
shown in Table 11, the reaction works well with primary

another factor which influences the reaction.

alcohols, not so well with the secondary alcohols, and does
not take place with the tertiary alcohols. This has already
been noted in the reaction of malononitrile with halo-
forms (3).

The formation of the pyridine derivatives can be sum-
marized as shown in the following scheme:
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Compound
No.

b
Ic
Id

Ia
ilb
Ile

3430s
34405
3400s
3400s
3400s
3400s
3400s
3450m
3500w
3450w
3500w
3450w
3400s
3500m
3450w
3400w
3530w
3400w
3480w
3500w
33905
3400w
3460m
3460m

A.S. Alvarez-lnsia, M. Lora-Tamayo and J. L. Soto

Infrared and Ultraviolet Spectra of the Pyridines (a)

TABLE 11

Infrared Spectra, » max, em™!, (nujol)
N--H bending and

N—H stretching

3350s
3350s
3300s
3300s
3320s
3320s
3300s
3320s
3350s
3300s
3320s
3300s
3330s
3350s
3350s
3300m
3400s
3320s
3320s
3350s
3310m
3250s
3310s
3310s

32505
32505
32205
32005
32205
32205
3200s
3200m
3200m
3200m
3210m
3200m
3230s
3240m
3210w
3210s
3210s
3210m
3210w
3200s
3140m
3210m
3210m

(a) s = strong, m = medium, w = weak.

Compound
No.

(=N

2240s
22505
2210s
2210s
2220s
22205
2210s
2215s
22205
22155
2220m
22205
2215s
22158
22205
2210m
2215s
2210s
22155
2220s
22155
2200s
2220s
22205

C=C, C=N stretching

1660s
1660s
16505
1640s
16505
16555
1670s
1640s
1640s
1640s
16405
16455
16555
16455
1650s
1650s
16655
16505
1640s
1640s
1660s
1610s
16205
1620s

TABLE 1V

1600s
16005
1590s
1575s
1595s
15955
16005
1600s
15905
1595s
16005
1585s
15955
1570s
1570s
16155
15955
1580s
1575s
1600s
1600s
1565s
1580s
1580s

1560s
1560s
1560s
1540s
1560s
15555
1550m
1560s
1550s
1550s
1560s
1550s
15555
1550s
1555s
1540s
1550s
1540s
1550s
15505
1570s
1540s
1540s
1560s

U.V. (ethanol)

A max (log €), mu

274 (4.33)
274 (4.35)
274 (4.34)
275 (4.27)
274.(4.27)
275 (4.24)

275 (4.36)
275 (4.28)
273 (4.32)
268 (4.39)
268 (4.29)
275 (4.56)
275 (4.46)
275 (4.51)
268 (4.15)
268 (4.28)
275 (4.60)
275 (4.42)
275 (4.37)
275 (4.30)
272 (4.59)
272 (4.60)

Nuclear Magnetic Resonance Spectra of some Substituted Pyridines (a)

Solvent

Pyridine

Pyridine
CCl3D

C

ClsD

CCl3D

C
C

Cl3D
ClsD

Pyridine

8.75 (1)

8.65 (m)

8.95 (t)
9.05 (1)
9.12 (t)
8.63 (t)
8.60 (t)
8.70 ()

317 (4.14)
317 (4.08)
316(4.17)
317 (4.04)
317 (4.10)
318 (4.09)
318 (4.09)
317 (4.09)
326 (4.05)
328 (3.98)
327 (4.00)
324.(4.05)
332 (4.09)
328 (4.07)
327 (3.90)
328 (3.89)
326 (4.10)
318 (4.18)
333 (4.05)
330 (4.06)
328 (4.32)
327 (4.20)

Chemical Shift (Multiplicity) Number of Protons

7.15 (q) 2
6.45 (m) 1
8.60 (t) 3
8.60 (1) 3
8.60 (1) 3
2
3
6

?
»
2
s

5.82 ()
6.15 (s)
7.23 (s)

»

b}

5.65 (q) 2.
5.65 (q) 2.
8.25 (m) 2;
8.40 (m) 4,
8.10 (m) 4,
5.60 (q) 2;
5.52 (q) 2
5.58 (q) 2.

715 (1) 2
7.15 (t) 2;
7.06 (m) 1;
4,40 (b) 2;
4.35 (b) 2;

5.58 (q) 2
5.55 (q) 2;
5.55 (q) 2;
2.65 (m) 5.
2.98 (d) 2;

Vol. 7

347 (3.96)

4.38 (b) 2.
4.40 (b) 2.
4.35 (b) 2.

2.46 (d) 2.

(a) The chemical shift values are reported in tau (7) units. s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, b = broad

singlet.
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The first stage () consists in a Knovenagel type con-
densation between the aldehyde used and the malono-
nitrile Lo give  the alkylidenemalononitrile (IlI).  In
agreement with this hypothesis is the fact that a good
vield of the corresponding pyridine derivative is obtained
when T is used instead of the aldehyde (0).

Furthermore, the low yields obtained when using ali-
phatic aldehydes (see Table 1) are to be expected becaunse
itis well known (7-11) that in the Knovenagel condensa-
tion of these aldehydes several side reactions are operative.

The second step (b) should consist of a Michael
addition of the intermediate [H to another molecule of
malononitrile (sodium salt), to produce the corresponding
I,1.3,3-tetracyanopropene salt (LV).  This addition has
been previously observed in the cases of different alkyl-
idenemalononitriles (0,8,11).

The lack of reaction of the o.f unsaturated aldehydes
suggests that, either in this step or in the previous one,
the above addition involves an attack at the end of the
conjugation and the sodium salt of 1,1,3,3-tetracyano-
propene is not produced. This is what happened with the
acrolein, and the tiglic, cinnamic and 3-indene aldehydes.

The above two steps also offered an explanation why
the negatively substituted benzaldehydes (COOIL, NO,)
do not react to form the pyridines, since the clectron
withdrawing effect of these groups prevents the Michael
addition.

On the other hand, the lack of reaction of the o- and
p-aminobenzaldehiydes scems to be due to the formation
of trimers and polymers of these aldehydes. In some cases
it was possible to isolate polymeric compounds identical
to those described in the literature (12).

Final conversion of 1V into the corresponding pyridine
involves eyclization, addition of a molecule of the alcohol
used, and dehydrogenation. The order of these steps is
not known. Since the aliphatic polycyano compounds are
strong acidic compounds (13), the step preceding the
formation ol VI proceeds probably through the interme-
diate 'V which undergoes oxidation (giving up a hydride
ion) to give the corresponding salt of 1,1,3,3-tetracyano-
propene (V1).

The hydride ion acceptor must be the unreacted alde-
hyde. In the case of the benzaldehyde the isolation of
benzyl alcohol from the reaction mixture seemed to prove
it. Nevertheless, this has not been considered a conclusive
prool since benzyl alcohol may be formed from the
benzaldehyde by the Cannizzaro reaction.

The conversion of VI into the pyridine 1 (d), as it is

Synthesis of Heterocyclic Compounds, 11,
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known (1) proceeds without difficulty in about quanti-
tative yield.

EXPERIMENTAL

Melting points are uncorrected. Infrared spectra were obtained
on Perkin-Elmer 137 and 257 spectrometers. Ultraviolet spectra
were obtained with a Perkin-Elmer 350 spectrophotometer in
ethanol solutions. NMR spectra were determined on a Perkin-
Elmer R-10 spectrometer using TMS as an internal standard.

General Procedure for the Preparation of the Pyridines.

To a solution of 0.06 mole of the appropriate sodium alkoxide
in 50 ml. of the corresponding absolute alcohol was added 0.04
mole of malononitrile in 20 ml. of the alcohol, and then 0.02 mole
of the appropriate aldehyde was added at once. The mixture was
heated under reflux for 3 hours and then allowed to stand for 12
hours at room temperature. The reaction mixture was poured into
300 ml. of cool water. Finally, the crude product was separated by
filtration and recrystallized as indicated in each case (see Table I).

The physical properties and analytical data for the compounds
synthesized are shown in Tables 1 and II. Data concerning the
infrared and ultraviolet absorption of the new compounds pre-
pared are shown in Table 1. The nuclear magnetic resonance
spectral data for some substituted pyridine derivatives are recorded
in Table IV.
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