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The NMR spectra of α-cyano-β-anlino-β-alkylacrylic esters prepared from α-cyano-β-

methoxy-β-alkylacrylic esters and simple amines have been studied. It has been found that

these aminoesters, in a variety of solvents, are all present in an intramolecular hydrogen-

bonded enamine form with a chelate ring.

In the first paper of this series1) the authors
discussed the geometrical configurations of the
compounds of the R1(R2O)C=C(CN)COOR3 type.
In the present work, the structures of α-cyano-β-

amino-β-alkylacrylic esters, prepared easily by the

condensation of α-cyano-β-methoxy-β-alkylacrylic

esters with simple amines, such as ammonia, methyl-
amine, and benzylamine, will be described. These
aminoesters possess two possible geometrical isomers

(1 and 2)2) and four possible tautomers (3, 4, 5
and 6). Therefore, it appears attractive to examine
in which species the esters exist in the solution.
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The ketimine-enamine tautomerism has been

extensively investigated by several workers, using

the infrared,3-6) and ultraviolet7,8) spectra.

Recently, Dudek et al.9,10) and Ostercamp11) have

studied the NMR spectra of a number of α, β-

unsaturated aminoketones; they concluded that

the aminoketones studied exist essentially in the

enamine form, which possesses a chelate-ring

structure resulting from the hydrogen-bond forma-

tion between the amino and the ester carbonyl

groups. However, the ketimine-enamine equilib-
rium of these aminoketones depends to some

extent upon the nature of the substituent and the

solvent. Dudek et al.10) also showed that ethyl

β-benzylaminocrotonate exists predominantly in

the enamine form. However, no investigation

has been made concerning α-cyano-β-amino-β-

alkylacrylic esters.

Results and Discussion

The NMR data for the α-cyano-β-amino-β-

alkylacrylic esters examined in this work are set

out in Table 1, while representative NMR spectra

of the esters are shown in Figs. 1, 2, and 3. For

purposes of comparison, the NMR spectra of
scvcral α-cyano-β-aminocrotononitriles have been

measured; the results are listed in Table 2.

As a typical example, the present authors analyzed

the spectrum of ethyl α-cyano-β-benzylamin-

crotonate (II, Fig. 1) in a deuteriochloroform solu-
tion. A triplet at 1.30ppm and a quartet at 4.21
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ppm are evidently to be ascribed to the ethoxy-
carbonyl protons. On the basis of the chemical

shifts and relative peak areas, a singlet at 2.30ppm,

a doublet at 4.54ppm, and a multiplet near 7.30

ppm are attributable to the β-methyl, benzyl

methylene, and phenyl protons respectively. The

fact that the spectrum shows only one β-methyl

signal indicates that the ester (II) exists practically

TABLE 1. NMR DATA FOR THE COMPOUNDS OF THE TYPE  IN ppm

DOWNFIELD FROM TMS

a) Benzyl methylene (doublet, 6cps) b) Benzyl methylene (singlet)
c) Doublet, 5.4cps d) Singlet
e) β-Methine f) Phenyl (multiplet)

Fig. 1. The NMR spectrum of ethyl α-cyano-β-benzylaminocrotonate (II) in CDCl3.

Fig. 2. The NMR spectrum of methyl α-cyano-β-methylamin-β-isopropyiacrylate (VI) in CDCl3.



2162 Toshio HAYASHT, Isaburo HORI, Hideo BABA and Hiroshi MIDORIKAWA [Vol. 40, No. 9

Fig. 3. The NMR spectrum of methyl α-cyano-β-amino-β-ethylacrylate (X) in CDCl3.

TABLE 2. NMR DATA FOR β-AMINOCROTONONITRILE AND α-CYANO-β-AMINOGROTONONITRILES IN

ppm DOWNFIELD TMS

a) Vinyl methine b) Ref. 13 c) Benzyl methylene (doublet, 6 cps)

in one form. The doublet of the benzyl methylene

signal suggests that one proton attaches to the

amino nitrogen. Therefore, the remaining broad-

ened, unresolved signal at 10.22ppm may be

attributed to the hyrogen-bonded NH proton. In

fact, examination showed that the spin-spin de-

coupling between the benzyl methylene and the

NH protons resulted in the collapse of the doublet

of the benzyl methylene protons into the singlet.

The position of the NH signal is substantially

independent of the variation in the concentration.

This fact suggests that the intramolecular hydrogen

bond is formed between the amino group and the

ester carbonyl or the cyano group.

In the case of β-aminocrotononitrile (XIII),

Conn and Taurins12) have interpreted the relative
stability of the geometric isomers on the basis of
the hydrogen bond formation between the amino
and the cyano groups. However, the NMR
spectra of the stereoisomeric mixture of the nitrite
(XIII) in benzene13) and deuteriochloroform
solutions showed that the NH signals of the cis
and trans isomers are located at almost the same
position, in a much higher field than that of the

α-cyano-β-aminocrotonic esters (Table 2). The NH

signals of α-cyano-β-aminocrotononitriles (XIV and

XV) showed similar results (Table 2). These facts
indicate that the possibility of a hydrogen bond for-
mation between the amino and the cyano groups
can be ruled out.

Consequently, it may be concluded that the
ester (II) exists in only one form, the enamine form
3, with an intramolecular hydrogen bond between
the amino and the ester carbonyl groups. The
examination of molecular models supports the
above conclusion. The NMR spectra in deuterio-
acetone and pyridine solutions are very similar to
that in a deuteriochloroform solution. Thus,
the same tautomeric species predominates over-
whelmingly under these circumstances. The
NMR spectrum in a benzene solution showed the
β-methyl and benzyl methylene signals at a much

higher field than that in a deuteriochloroform

solution. Since, however, the NH signal of the

former was located at almost the same position as

that of the latter, the above facts should not be

interpreted as due to the presence of any species

different from the enamine form, but only to the

solvent effect in a benzene solution.

The NMR spectra of α-cyano-β-methylamin-β-

alkylacrylic esters, similar to those of the above

β-benzylamino esters, showed the very broad

12) J.J. Conn and A. Taurins, Can. J. Chem., 31,
1211 (1953).
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TABLE 3. PROPERTIES oF α-CYANO-β-AMINO-β-ALKYLACRYLIC ESTERS AND β-AMINOCROTONONITRILES

a) Lit., mp 123℃, M.C. Schmitt, Bull. soc. chim. France, (3) 31, 341 (1904).

b) Lit., mp 182-183℃, F. Arndt, H. Scholz and E. Frobel, Ann., 521, 95 (1935).

c) Lit., mp 190℃, R. Hull, B.J. Lovell, H.T. Openshaw and A.R. Todd, J. Chem. Soc., 1946, 357.

d) Lit.,15) mp 63-71℃.

signal corresponding to the NH protons in the highly

deshielded region, and the doublet of the N-

methyl protons which was converted into the singlet

by the spin-spin decoupling with the NH proton.

Also, the addition of deuterium oxide to the pyridine

solution ofmethyl α-cyano-β-methylaminocrotonate

(IV) resulted in the collapse of the doublet of the
N-methyl protons into the singlet. Therefore,
on the basis of arguments similar to those set
forth above, it is evident that the β-methylamino

esters exist exclusively in the chelated enamine

form 3.

All the NMR spectra of the α-cyano-β-amino-β-

alkylacrylic esters showed two broadened signals,

with an equal intensity, in the 9.20-10.02 and

5.85-6.10ppm ranges. The signal in the lower

field is evidently due to the hydrogen-bonded

NH proton. Since the signal of the β-alkyl protons

suggests the existence of only one species, the

broad signal in the higher field cannot be considered

as being due to the NH proton of other species.

Presumably, this is to be attributed to the non-

equivalence of two protons on a nitrogen atom

resulting from restricted rotation about the C-N

single bond. Conscquently, the β-amino csters also

exist in the chelated enamine form 3 in solution.

It is interesting to note that the shielding of the

hydrogen-bonded NH proton is almost independent

of the size of the β-substituted alkyl groups, but

decreases with the bulkiness of the substituent on

the β-amino groups.

Experimental

NMR Spectra. All the NMR spectra were ob-
tained on a JNM-C-60 high-resolution NMR spectro-
meter operating at 60Mc at a temperature of 19-20℃.

Proton spin-decoupling experiments at 60Mc were made
by using a Model JNM-SD-20B spin decoupler in the
frequency sweep. The chemical shift values are re-
ported in ppm downfield from tetramethylsilane, used
as the internal zero of reference. The values are ac-
curate to ±0.025ppm. Samples were examined in a

ca. 8% (w/v) solution.

Materials. All the α-cyano-β-amino-β-alkylacrylic

esters studied in the present work were prepared from

the corresponding α-cyano-β-methoxy-β-alkylacrylic

esters1,14) and amines. β-Aminocrotononitrile (XIII)

was prepared as a stereoisomeric mixture according to

the mcthod of Adkins and Whitman,15) while α-cyano-

β-aminocrotononitriles (XIV and XV) were prepared

by the condensation of α-cyano-β-ethoxycrotononitrile16)

with the corresponding amines. Their physical proper-

ties and analytical data are listed in Table 3.
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