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NOVEL N-ALKYLATION OF A SCHIFF BASE WITH ELECTRON-DEFICIENT OLEFINS
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Summary: The reaction of 2,3,4,5-tetrahydropyridine with electron-deficient olefins such as
methyl acrylate, acrylonitrile, and N-phenylmaleimide, provided 1-(2-methoxycarbonylethyl)-5-[1-
(2-methoxycarbonylethyl)-2-piperidyl1]-1,2,3,4-tetrahydropyridine, 1-(2-cyanoethyl)-5-[1-(2-cyano-
ethyl)-2-piperidy1]-1,2,3,4-tetrahydropyridine, and 2-(2-methoxypiperidino)-N-phenylsuccinimide,
respectively, in high yields.

2,3,4,5-Tetrahydropyridine (1), a cyclic Schiff base, which also has biological importance
as a precursor of various alka]oids,] is 1abile as monomeric form (1).2) If the trimer (§)2)—
3 57-1‘n the reaction conditions
are taken for granted, one can expect reaction modes of 1 as a Schiff base having enolizable
hydrogens.4

Whereas electron-deficient acetylene derivatives can react with Schiff bases at nitrogen atom
even when hydrogen atoms exist next to the imino group,s) it has hitherto been demonstrated that
electron-deficient olefins afford C-alkylated products exclusively in every case already known.3
In this communication, we wish to report novel N-alkylation reactions of a cyclic Schiff base (1)
with typical electron-deficient olefins such as methyl acrylate, acrylonitrile, and N-phenylmale-
imide.

A solution of 2,3,4,5-tetrahydropyridine trimer (a-isomer) (3) (1.25 g, 0.005 mol) and methyl
acrylate (5a) (1.72 g, 0.020 mo1) in absolute methanol (50 m1) was stirred for 48 h at room tem-
perature under nitrogen. Evaporation of the solvent provided spectrally pure 1-(2-methoxycarbon-
ylethy1)-5-[1-(2-methoxycarbonylethyl)-2-piperidyt]-1,2,3,4-tetrahydropyridine (§g)6 (2.55 g,

100 % yield). Acrylonitrile (5b) reacted similarly with 3 to give 5-(2-piperidyl)-1,2,3,4-tetra-
hydropyridine derivative (§§)77—}n 100 % yield.

The structures of these products were determined by spectroscopy and most explicitly by an

monomer (1) equilibrium and imine (1) — enamine (2) tautomerism

independent synthesis involving mercuric acetate oxidation of methyl 3-piperidinopropionate or
3-piperidinopropiononitri1e.8
These reactions can be rationalized only if an initial attack of the olefin on the nitrogen

atom of 1 affords a zwitterionic intermediate 10. Subsequent attack of an enmamine 11 on a-carbon
of 10 will afford tetrahydroanabasine derivatives (8). Although it is impossible to decide wheth-
er N-alkylation of enamine 11 (Y=H) with another molecule of the electrophilic olefins (5) pre-
cedes nucleophilic attack of 11 (Y=H) to 10 or vice versa, the initial N-alkylation reaction of 1
makes a remarkable contrast to the case of ordinary Schiff bases having hydrogen atoms next to
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the imino group in which exclusive 8-carbon alkylation always takes p]ace.3)
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The intermediate formation of 10 was further demonstrated by the reaction of 1 with N-phen-
ylmaleimide.

Thus, N-phenylmaleimide (6) (2.60 g, 0.015 mol) reacted with 3 (1.25 g, 0.005 mol) in metha-
nol (30 m1) under identical conditions. Purification of the product with column chromatography
on silica gel gave a solvent-incorporated adduct, 2-(2-methoxypiperidino)-N-phenylsuccinimide
(diastereomeric mixture 9a and 9b; 47 and 21 % yield, respectively).

The structure of 9a was identified as follows. The mass spectrum and elemental analysis
established its molecular formula as C16H20N203. ]H-Off-resonance ]3C—NMR spectrum indicated,
besides phenyl carbons, ten peaks which contained two carbonyl, one methoxyl, two methyne and
five methylene carbons.

The structure of 9b was similarly assigned on the basis of spectral data which resembie
those of diastereomeric 9a in many respects.9

The stereochemistry about C-2 of the piperidine ring in 9a and 9b was confirmed by the ~C-
NMR chemical shifts based on the fact that replacement of the equatorial hydrogen atom at C-4 of
t-butylcyclohexane by a hydroxyl group results in a low-field shift of C-4 carbon by 43.2 ppm
and in case of an axial hydroxyl group by 37.8 ppm.]o)

13

Compared with intermediate (10), the o-position of 12 is much more conjested by the larger
substituent, making the attack of less bulky methanol more favourable instead of enamine corre-
sponding to 11.

In conclusion, what is unusual in our reactions is therefore the formation of the N-alkyl-
ated products (8) and (9) from 1 and electron-deficient olefins, in sharp contrast to exclusive
C-alkylation of typical aliphatic imines containing enolizable hydrogens.3 This anomaly is most
likely associated with the cyclic structure of 1.

From a synthetic point of view, it should also be noted here that the quantitative formation
of compound 8, which possesses A%-tetrahydroanabasine ske]eton,s)’ 7) is considered to be impor-
tant in connection with naturally occurring alkaloids such as adenocarpine] or (+)-N'-methyl-
ammodendrine.“
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