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Vibrational Spectroscopy and Conformations of 2-Alkoxycarbonyl-3-
aminoacrylic Esters 1

By Antonio Gémez-Sanchez * and Eugenia Sempere, Departamento de Quimica Orgénica, Facultad de
Quimica, Universidad de Sevilla, and Instituto de la Grasa, C.S.I.C., Seville, Spain
Juana Bellanato, Instituto de Optica, C.S.1.C., Madrid, Spain

The i.r., Raman, and 'H n.m.r. spectra of 2-alkoxycarbonyl-3-aminoacrylic esters (IV; R! = H, alkyl, aryl) and
those of their N-deuteriated derivatives show that these substances exist in the enamino-ester form with a strong
intramolecular hydrogen bond between the ¢cis-NH (or -ND) and CO,R? groups. Some complexities in the i.r.
and Raman bands, and their dependence on solvent polarity, temperature, and aggregation state, indicate the
existence of rotational isomerism: conformers (IVa and b) predominate in non-polar media; an additional
rotamer (IVd) is also probably presentin polar solvents. Conformation (IVb) is preferred in the solid state. Some
features of the v(C=0) bands suggest a weak vibrational coupling between the carbonyls. The validity of the
criteria established by Smith and Taylor to ascertain the planarity of these and related substances is discussed, and
no significant difference in this respect is considered to exist between compounds (IV) with primary and secondary

amino-groups.

ENAMINO-ESTERS and -ketones (‘enaminones’)! of
formula (I) are planar, or nearly planar, mesomeric
systems which can exist in several configurational and
conformational isomeric forms due to restrictions to
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rotation around the olefinic double bond and the C-N
and C-C=0 single bonds. This isomerism is well suited to
spectroscopic study,?5 and the results obtained allow the
different isomers to be distinguished in most cases and
have led to the formulation 5 of rules to predict the
v(C=0) and v(C=C) frequencies. As in the parent
enones %62 and other pB-substituted enones 56 mechani-
cal couplings exist in these compounds which affect the
v(C=0), v(C=C), and v(C-N), and, in the enaminones with
primary and secondary amino-groups, the §(N-H)
modes35 In continuation of our studies? on the
absorption and isomerism of B-amino-«B-unsaturated
esters, we have examined the ir. spectra of 2-alkoxy-

1 Parts of this work were presented at the XIIIth European
Congress on Molecular Spectroscopy, Wroctaw, 1977, Abstracts,
p- 139, and at the Sixth International Conference on Raman
Spectroscopy, Bangalore, 1978, ‘ Proceedings of the Sixth Inter-
national Conference on Raman Spectroscopy,’ eds. E. D. Schmid,
R. S. Krishnan, W. Kiefer, and H. W. Schrotter, Heyden,
London, 1979, vol. 2, p. 12.

carbonyl-3-aminoacrylic (aminomethylenemalonic) esters
(IT). These trisubstituted ethylenes can only exist in a
single configuration, but due to the presence of three
restricted rotations, the occurrence of 23 = 8 (4 when
R! = R? rotational isomers is theoretically possible.
The tautomeric imino-form (III) can also exist for
derivatives with primary or secondary amino-groups.
In addition to the complexity which the coexistence of
these, or some of these, isomers could confer to the
spectra, the presence of the p-dicarbonyl system could
result in coupling of the two v(C=0) vibrations and the
further perturbation of the absorption. Complex
patterns of carbonyl bands have been observed in
malonic esters and B-diketones »8 and have been
explained in terms of the occurrence of vibrational
coupling and/or rotational isomerism.
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There were few data ? on the i.r. spectra of 2-alkoxy-
carbonyl-3-aminoacrylic esters (IV) when this investig-
ation was started. Extensive dynamic H n.m.r
studies 1 on the N-disubstituted derivatives had
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revealed the existence of enhanced encrgy barriers to
rotation around the C-N bond and the ¢oncomitant
reduction of the energy of rotation around the C=C bond.
This paper deals with the i.r. spectra of compounds (IV;
R! = H, alkyl, aryl) with primary and secondary amino-
groups; some Raman and 'H n.m.r. data, which can
assist in the interpretation of the i.r. spectra, have also
been included. When this work was complete, a
report 1 appeared on the i.r. absorption of substances of
formula (V; X =H or an electron-donating group),
including ethyl 3-amino-2-ethoxycarbonylacrylate (IV;
Rl = H, R? = Et) and its two N-substituted deriv-
atives (VIa and b); the results were interpreted in
terms of the existence of the two chelated conformers
(IVa and b) which were considered to be fully planar in
the compound with the primary amino-group and to
have the plane of the free ester group twisted from the
plane of the ring of the chelate in derivatives (Via and
b). Criteria were also established to assign conform-
ation and to decide the issue of planarity. Our results,
while confirming the existence of rotational isomerism, as
indicated by Smith and Taylor,®* and providing addi-
tional arguments for many of their assignments, cast
doubts on some others as well as on the validity of their
planarity criteria. Mechanical coupling between the
v(C=0) vibrations is considered to occur and to be
responsible for some peculiarities of the spectra. More-
over, the present data suggest the existence of more
complex conformational equilibria in polar media and
the operation of extensive mechanical couplings which
affect the whole of the conjugated system.

EXPERIMENTAL

Spectra.—I.r. spectra were recorded on a Perkin-Elmer
457 spectrophotometer. The measurements were per-
formed in the solid and/or the liquid state, and in solution at
0.001—0.5M concentration, depending on the solvent, using
1—0.03 mm cells. Spectra for very dilute carbon tetra-
chloride solutions in the 3 600—3 000 cm™ region were
taken with 1 and 4 cm quartz cells. Indene and poly-
styrene were used for instrument calibration, and the
reported wavenumbers are estimated to be accurate to
within 43 cm™. Variable-temperature experiments were
carried out with a Beckmann-R.I.I.C. unit VLT-2, using
carbon tetrachloride and tetrachloroethylene solutions.
Raman spectra were taken for liquid and solid samples, and
for carbon tetrachloride and chloroform solutions using
Jarrell-Ash 25-300 and Ramanor H-G, 2S (5145 A) spectro-
meters. 'H N.m.r. spectra were measured at 60 MHz and
26—28 ° for neat liquids or 0.5M solutions on a Perkin-
Elmer R-12B instrument using tetramethylsilane as internal
standard.

Compounds.—The following compounds were prepared by
published procedures, with propertiesin agreement with those
reported: ethyl 3-amino-2-ethoxycarbonylacrylate,!? ethyl
3-anilino-2-ethoxycarbonylacrylate.?12  ethyl 2-ethoxy-
carbonyl-3-toluidinoacrylate,!* ethyl 2-ethoxycarbonyl-3-p-
nitroanilinoacrylate.!3

The following new compounds were prepared from
ammonia or the appropriate amine and alkyl 3-alkoxy-2-
alkoxycarbonylacrylate by conventional procedures: 412
methyl 3-amino-2-methoxycarbonylacrylate, m.p. 124—125°

J.C.S. Perkin II

(from ethanol) (Found: C, 45.45; H, 5.85; N, 9.35. C,-
HgNO, requires C, 45.3; H, 5.7; N, 8.89,); wmethyl 3-n-
butylamino-2-methovycarbonylacrylate, m.p. 47—48° (from
ethanol) (Found: C, 56.05; H, 8.1; N, 6.45. C,,H,,NO,
requires C, 55.8; H, 7.95; N, 6.59%,); ethyl 2-ethoxycarbonyl-
3-ethylaminoacrylate, b.p. 86—87° at 0.04 mmHg, liquid at
room temperature, nD23 1.503 5 (Found: C, 55.45; H
7.9; N, 6.5. C,H,,NO, requires C, 55.8; H, 7.95; N,
6.5%); ethyl 3-n-butylamino-2-ethoxycavbonylacrylate, b.p.
110—111° at 0.02 mmHg, liquid at room temperature,
7, 1.495 6 (Found: C, 59.3; H, 8.65; N, 6.15. C,,H,,-
NO, requires C, 59.3; H, 8.9; N, 5.959%); ethyl 3-cyclo-
hexylamino-2-ethoxycarbonylacrylate, b.p. 115—116° at 0.02
mmHg, »;?* 1.513 5 (Found: C, 62.6; H, 8.6; N, 5.45.
C,4H,3NO, requires C, 62.4; H, 8.6; N, 5.29,); ethyl 3-p-
chlovoanilino-2-ethoxycarbonylacrylate, m.p. 79—80° (from
ethanol) (Found: C, 56.5; H, 5.35; N, 4.75. CigHye-
CINO, requires C, 56.45; H, 5.45; N, 4.7%); ethyl 3-
benzylamino-3-ethoxycarbonylacvylate, m.p. 68—69° (from
ethanol) (Found: C, 65.0; H, 7.0; N, 5.05. C;;H,,NO,
requires C, 64.95; H, 6.9; N, 5.05%,).

N-Deuteriation Experiments.—Aliquot portions of solu-
tions of compounds (III) in the appropriate solvent were
shaken with deuterium oxide for different periods. The
organic phase was then removed and transferred to the i.r.
cell or the 'H n.m.r. tube.

»

RESULTS AND DISCUSSION

Data for the ir. and Raman spectra of 3-alkoxy-
carbonyl-3-aminoacrylic esters with primary and
secondary amino-groups and the band assignments are in
Tables 1 and 2, respectively. The most significant
features of the 'H n.m.r. spectra of both types of com-
pounds appear in Table 3.

The existence of these substances in the enamino-
ester form and the presence of a strong intramolecular
hydrogen bond followed straightforwardly from the H
n.m.r. spectra. The compounds with a secondary
amino-group had a one-proton signal at low field (5 9.1—
9.4, for the compounds with an alkylamino-group;
5 11.1—11.3, for the N-arylamino-derivatives) which is
assigned to the intramolecularly bonded NH proton.
This signal was rather broad, an effect most likely due
to MN-quadrupole relaxation, but in most cases its
multiplicity was apparent: in the N-arylamino-deriv-
atives it was a doublet (J:cu vz ca. 14 Hz); in the
compounds with an alkylamino-group, it was a more
complex multiplet due to the additional coupling
between the NH proton and the proton(s) at the «-carbon
of the N-alkyl group. The clear cut, one-proton doublet
(J:cm,xm 13—14 Hz) at 8 8.0—8.5 is assigned to the olefinic
proton; the high value of the coupling indicated a
trans-relationship between the amino and vinyl protons
and hindrance to rotation around the C-N bond imposed
by chelation. Compounds with a primary amino-group
showed very broad signals attributable to the NH
protons; in the diethyl ester (IV; R! == H, R? = C,H,)
there were two, one of them, at 8 ca. 7.3 (1 H), assigned

“to the free amino-proton (H,), and the second, which was

an unresolved doublet (] ca. 15 Hz), at 8 ca. 8.5, ascribed
to the intramolecularly bonded amino-proton (Hyg).
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TABLE 3
'H N.m.r. chemical shifts and multiplicities % for compounds RINHCH=C(CO,RR?), (J/Hz in parentheses)

R! R? Solvent =CH
H Me CDCl,~ ~8.1dd
[2H,Me,SO (8.0, 15)
He Et CDCl, 8.10dd
(8.5, 14.5)
CH,Ph Et cDC, 8.08d
(13.5)

[2H¢]Me,SO 8.13d (14.0)
Et Et None 8.04d (14.3)

CDCl, 8.00d (14.0)

[2H4]Me,S0 7.95d (14.5)
Bu® Et None 8.02d (14.0)

CDCl, 7.99d (14.1)

[2H]Me,SO 7.95d (14.1)
cyclo-CgH Et CDCl, 8.03d (14.3)
Bu® Me CDCl, 8.05d (13.7)
Ph Et CDCl, 8.43d (13.4)
p-MeCgH, Et CDCl, 8.45d (14.0)
p-CIC,H, Et CDCl, 8.41d (13.5)
p-0,NCH, Et CDCl, 8.45d (13.4)

s At 60 MHz, referred to internal tetramethylsilane.

¢ H, (see text). ¢ Hg(see text).

This signal partly overlapped a double doublet ([:cn me
7.5, J:om,ug 15.0 Hz) at 8 8.10 due to the olefinic proton.
In the d1methyl ester (IV; R! = H, R% = CH,) the two
amino-protons appeared as a single broad bump centred
at & 8.5, also overlapping the olefinic multiplet. Upon
treatment with deuterium oxide there was a slow
exchange of the amino-hydrogen(s) by deuterium as
revealed by the disappearance of the NH signal(s) and
the collapse of the !CH multiplet to a singlet. The
appearance of this part of the spectra was almost
identical with the absorption of the RINH-CH= grouping
of the (Z)-form (VII; R = H or alkyl) of 3-amino-2-
cyanoacrylic esters, 21 compounds for which both the
configuration and the presence of a hydrogen bond have
been established. The two different alkoxycarbonyl
groups gave distinct signals. All these data are con-
sistent with the existence of the compounds under study
as one of the four chelated rotamers (IVa—d) or as
mixtures of all, or some of them, in rapid equilibrium.
No signals which could be assigned to the imino-form
(I11) were detected.

Confirming previous observations,»!! the i.r. absorp-
tions of compounds (IV; R! = H, alkyl, aryl) were
rather complex. The N-alkyl derivatives had, when
examined in solutions of non-polar solvents, up to three

5 Abbreviations:
quartet; dt, double tri let; m, multiplet; q, quartet; t, triplet.

NH R? R?
~8.5br ~8.5br 3.65, 3.75
8.5br 4 7.3br ¢ .34t (7.1), 1.29t (7.1),
4.16q, 4.26
9.37br 4.49d (5.0), 1.28t (7.0), 1.32t (7.0),
7.33 4.22q, 1.25q
9.35br, dq 4.58d (5.5), 1.20br,t (6. 5),
(14.0, 5.5) 7.35 4.09q (7.0), 4.15q (7.0)
9.17br, dt 1.24t (6.7), 1.24t (6.7),
(14.3, 6.1) 3.40dq (6.1, 4.14q, 4.18q
6.7)
9.15br,dt 1.20t (6.9), 1.26t (7.0),
(14.0, 7.0) 3.42dq (6.9, 4.07q (6.90), 4.12 (6.90)
7.0)
9.10br,dt 1.20t (6.8), 1.20br,t (7),
(14.5, 7.0) 3.38dq (6.8, 4.04q (7.0), 4.10 (7.0)
7.0)
9.17br,dt 0.90m, 1.4m, 1.22t (7.0), 1.24t (7.0),
(14.0, 5.7) 3.38dt (5.7, 4.09q, 4.13q
5.3)
9.17br,m 0.94m, 1.2m, 1.23t (6.8), 1.23t (6.8),
3.38dt (6.0, 4.12q, 4.15q
6.3)
9.15br,m 0.88m, 1.3m, 1.18t (6.7), 1.20t (6.7),
0.35dt (6.0, 3.99q, 4.03q
6.3)
9.20br 1.2—2.2m, 1.30t (7.1), 1.35t (7.1),
3.2br,m 4.19q, 4.25q
9.25br,dt 0.96m, 1.4m, 3.69, 3.76
(13.7, 5.4) 3.35dt (5.4,
7.0)
11.09br,d 7.20m 1.29t (7.2), 1.35t (7.2),
(13.4) 4.20q, 4.28q
11.04br,d 2.30 1.31t (7.1), 1.36t (7.1),
(14.0) 7.08m 4.20q, 4.28q
10.97br,d 7.04d, 7.30d 1.31t (7.0), 1.36t (7.0),
(13.5) (8.5) 4.24q, 4.31q
11.24br,d 7.15d, 8.15d 1.34t (7.2), 1.38t (7.2),
(13.4) (8.5) 4.25q, 4.29q

br, broad; d, doublet; dd, double doublet; dq, double
The absence of any indication implies that a singlet was observed.

weak bands in the 3 500—3 200 cm™ region which are
considered to arise from vibrations involving the NH
group. Of these bands, the one at ca. 3 270 cm™ was not
affected by dilution or changes in temperature and is
assigned to the stretching vibration of the amino-group
intramolecularly bonded to the carbony! group in the
rotational isomers (IVa and b). This band usually had
a shoulder at ca. 3 300 cm™ which is considered to be a
combination of the v(C=0O) band at ca. 1 650 cm™ and
the strong vibration at ca. 1 610 cm™ due to the C=C-NH
grouping (see below), reinforced by IFermi resonance
with the v(N-H) band. The third band in this region
appeared at ca. 3 200 cm™ and is considered to be the
first overtone of the band at ca. 1610 cm™, also re-
inforced by Fermi resonance with the v(N-H) band. On
N-deuteriation these three absorptions slowly dis-
appeared as a single, usually asymmetric new band
appeared at 2 432—2 410 cm™; this band is assigned as
the v(N-D) vibration of the N-deuteriated derivatives of
conformers (IVa and b). Exceptionally, two bands at
2 448 and 2 410 cm™ were observed in the N-deuteriated
derivative of (IV; R! = R? = Et), but we assume that
the second band in this compound, and probably the
asymmetry in the others, is due to the first overtone of
the band at ca. 1 230 cm™ reinforced by FFermi resonance
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TABLE 4
Lr. v(C=C) @ frequencies of compounds
R3NDCR?*=CR!CO,Et
Compound
R! R? R3 Solvent vfem™ Reference
H Me D CCl, 1 584S % 4c
H Me Me CCl, 1 561S 4b
CN H D CHCl, 1 5908 14
CN H Et CCl, 1 5928 4e
CO,Et H D CCl, 1 570S c
CO,Et H Et CCl, 1 570S c

s Coupled with »(C—N). ? Abbreviation:

¢ This paper.

S, very strong.

with the neighbouring v(N-D) band rather than to
rotationalisomerism. This pattern of NH(D) absorption
is very similar to those observed in the chelated (Z)-
forms of 3-alkylaminocrotonic 4 (VIII; R = alkyl) and
3-alkylamino-2-cyanoacrylic 4/ (VIla; R = alkyl) esters.

The similarities between the NH(D) absorptions of the
N-aryl derivatives of compounds (IV) and (VIIa) 4/ are
still closer: for example, a carbon tetrachloride solution
of the anilino-derivative (IV; R! = Ph, R2? = Et)
showed bands at 3268, 3 215, and 3 163 cm™ which,
upon deuteriation, were changed into a band at 2 408
cm! with a shoulder at 2360 cm™. By analogy with
the frequency of the v(N-H) band of the N-alkyl deriv-
atives and because it obeys better the v(N-H):v(N-D)
relationship, the band at the highest frequency is
assigned as the stretching vibration of the chelated
amino-group while the other two are considered to be
combinations of the C=C-NH band at 1622 cm™ with
each of the two benzene bands at 1 602 and 1 588 cm™
which also have a §(N-H) component. This behaviour
is almost identical to that observed in compound (VIla;
R = Ph).¥

In very dilute (1073M) solutions of non-polar solvents
compounds (1V) with a primary amino-group had weak
bands at ca. 3 510 and 3 315 cm™ assigned as the v(N-H)
of the free amino-group and the amino-group intra-
molecularly bonded to carbonyl, respectively, in
rotamers (IVa and b); these two bands were accom-
panied by a band at ca. 3 240 cm™, which, as in the N-
substituted derivatives, is the first overtone of the band
at 1 624 cm™, and a very weak, sharp band at ca. 3 400
cm™, the origin of which is not completely clear. On
increasing the concentration, a broader band appeared at
ca. 3400 cm™ whose intensity increased at the expense
of the 3 510 cm™ band and is attributed to the intra-
molecularly associated N—-H group All these bands
were sensitive to isotopic exchange. The same pattern
of absorption has been observed in the chelated (Z)-
forms of primary 3-aminoacrotonic % (VIII; R = H)
and 3-amino-2-cyanoacrylic ¥ (VIla; R = H) esters.
This interpretation is at variance with that given 11 by
Smith and Taylor who assigned the bands at 3 510 and
3400 cm™! (observed by these authors in fairly concen-
trated solutions) as v(N-H) of the free amino-group in
rotamers (IVb; R! = H) and (IVa; R! = H), respect-
ively, and the bands at 3 310 and 3 240 cm™ as the same
mode of the intramolecularly bonded amino-group in the
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same rotamers. We consider that this view is untenable
because it does not take into account the effects of
dilution on the bands at 3 510 and 3 400 cm™ and could
not be applied to explain the almost identical absorptions
of the related 3-aminoacrotonic and 3-amino-2-cyano-
acrylic esters.

The effects due to rotational isomerism appeared more
clearly in the 1750—1 500 cm™ region. Compounds
(IV; R! = alkyl) had, when examined in solutions of
non-polar solvents, five strong bands in this range. Of
these bands, the one at the lowest frequency (ca. 1 610
cm™ js assigned as a mixed vibration involving mainly
the v(C=C) and the §(N-H) modes on the basis of its
disappearance upon N-deuteriation and its analogy by
position and intensity to the deuterium-exchange
sensitive band observed in the chelated (Z)-form of
related esters (VIla; R = alkyl and (VIII; R =
alkyl).#»¢ This band was replaced upon isotopic
exchange by a strong band at ca. 1 570 cm™ due mainly
to the v(C=C) 4 v(C-N) vibration of the N-deuteriated
species. The four bands at higher frequencies, the
position of which remained unaffected upon deuteriation,
are considered to arise from vibrations with a pre-
dominant v(C=0) contribution and not strongly coupled
with the §(N-H) vibration. An additional band, also
with a contribution from the 3(N-H) vibration, which
might have been expected in this range, was absent,
but it should be kept in mind that the absorption due to
this mixed mode has medium to weak intensity in the
(E)-form of 3-alkylaminocrotonates, is weak in the corres-
ponding (Z)-isomers (VIII; R = alkyl),® and is weaker
still or absent in cyanoacrylates (VIIa; R = alkyl).%

The shape of the carbonyl absorption was highly
characteristic: it consisted of two pairs of bands, one
of very close components at ca. 1 650 cm™ and a second
one, of better resolved components, lying between 1 730
and 1684 cm™. The frequencies of the bands around
1650 cm™ did not change much on varying the polarity
of the solvent or on dilution and are consequently
assigned as stretchings of carbonyl groups intramole-
cularly bonded to the amino-group. The splitting is
attributed, in agreement with Smith and Taylor,1 to the
presence of rotational isomers (IVa and b); the former,
a stronger chelate because of steric compression between
the OR2 group and the bonded CO,R?, gives rise to the
band at the lowest frequency (ca. 1645 cm™).11 The
positions of the two bands in the range 1730—1 685
cm™ were more affected by the polarity of the solvent
and by dilution and are ascribed to v(C=0) of the free
ester group in two different conformations. By analogy
with other compounds of type (1),3% and also in accord
with Smith and Taylor,! the band at the highest fre-
quency is attributed to conformer (IVa) with the C=O
and the C=C in an s-cis (or guasi-s-cis) disposition, and
the band at ca. 1685 cm™ to conformer (IVb) with
these groups s-frams (or quasi-s-trans).* Variable-
temperature measurements performed on some of the
compounds also showed a slight temperature dependence

* These rotamers are further called s-cis and s-trans.
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of the relative intensities of these bands, the absorbance
ratio 1718:1689 increasing with temperature. This
ratio also increased upon N-deuteriation and on dilution,
thus indicating that all these processes were accompanied
by readjustments in the conformational equilibrium
with an increase of the concentration of the more crowded
conformer (IVa).

Compounds (IV; R! = H) showed, in very dilute
solutions of non-polar solvents, the same pattern of
carbonyl absorption as the N-alkyl derivatives, and
additional bands at ca. 1624 (very strong in the ir.;
medium in Raman) and 1520 cm™ (weak in the i.r.;
strong in Raman) due to mixed vibrations of the C=C-
NH, group. Of these, the one at ca. 1 620 cm™ moved to
higher frequencies when the polarity of the solvent was
increased; it has therefore predominant &(NH,)
character. On increasing the concentration, two new
weak absorptions appeared at ¢a. 1640 and 1575 cm™?
due to associated species. In the per-N-deuteriated
derivatives these bands were replaced by a single band at
1570 cm? assigned to a mixed vibration with a major
v(C=C) contribution.

Smith and Taylor 1! concluded that ethyl 3-amino-2-
ethoxycarbonylacrylate (IV; R!=H, RZ=Et) is
fully planar while its N-substituted derivatives (Vla
and b), and by extension compounds (IV; R s H),
have the CO,Et frans to the NH twisted out of the plane
of C=C and the chelated C=0O groups. Molecular models
reveal that, although there is some hindrance between
the two CO,R groups, no extra steric interaction is
likely to be introduced by replacement of the free
amino-hydrogen by alkyl.* Two properties were con-
sidered by these authors to be characteristic, and diag-
nostic, of the full planarity in these and related molecules.
The first is a sharp drop (Av 40—80 cm™) in the fre-
quency and intensity of the v(C=C) band when compared
with a related structure [for example, ethyl 3-amino-
crotonate (VIII; R = H) for compounds (IV)] having a
single electron-acceptor group. We believe that this
criterion is unreliable on the following grounds.

(i) No real v(C=C) frequencies are actually compared.
It is generally agreed 351! that the stretching and
deformation vibrations of the functional groups in
system (I; R! = H, R? = H, or alkyl) are coupled, and
the v(C=C) component which any of these mixed vibr-
ations may have for a particular class of compounds will
be dependent on the nature of substituents R2—R5. It
cannot be said with certainty that the mixed vibration
at 1564 cm of reference compound (VIII; R = H)
has the same weight for v(C=C) as the vibration at 1 520
cm™! of compound (IV; R! = H, R% = Et), although
both bands may be predominantly v(C=C).

*In P. J. Taylor’s view (personal communication), cumulative
in-plane bond angle deformations, induced by electronic repul-
sions between the C—O and C=0 bonds, would bend the NHR
group back towards the olefinic hydrogen giving rise to steric
hindrance when R = H. We consider that, although this
effect may be operative and even contribute to maintaining the
planarity, it is unlikely that its magnitude is large enough as to

produce any steric interaction between =C—H and the N-sub-
stituent.

J.C.S. Perkin II

(if) The (Z)-form of ethyl 3-amino-2-cyanoacrylate
(VIIa; R = H) is an obviously planar structure which
shows ¥ (in chloroform) the v(C=0) band at 1690 cm™
and bands at 1 640 (strong) and 1 535 cm™ (weak) due
to the C=C-NH, grouping, the latter having most likely
a predominant +(C=C) component. The low intensity
and frequency of this band, when compared with (VIII;
R = H) would be, according to Smith and Taylor, a
reflection of the strong electron demand imposed by the
two planar electron-acceptor groups on the enamine.
On the other band, its N-monosubstituted derivatives
(VII; R! = alkyl or aryl), which must also be planar
as the replacement of one amino-hydrogen by alkyl [as
indicated before for compounds (1V)] does not introduce
any significant steric hindrance, show % a strong band,
considered to be mainly v(C=C) + 3(N-H), at 1625
cm? (see above). Here, the electron-demand of the
planar CN and CO,Et groups is not reflected in the
frequency and intensity of the band which is supposed to
have mainly v(C=C) character. Moreover, the almost
perfect parallelism between the absorptions of com-
pounds (VII; R! = H, alkyl, aryl) and (IV; R!'=H,
alkyl, aryl) strongly suggest that they are all planar or
nearly planar.t

Based on the above arguments, it could be considered
that the coupled v(C=C) + v(C-N) frequencies of enami-
nones, measured for their per-N-deuteriated derivatives,
could be used more advantageously than the more
complex mixing v(C=C) + 8(N-H) [or §(NH,)] + v(C-N).
Actually, the mixed v(C=C) + v(C-N) vibrations of the
N-deuteriated enaminones (I) are often assigned %11 as
v(C=C) (see also above). The frequencies of this band for
some typical representatives of the enamino esters under
discussion have been set up for comparison in Table 4.
It can be seen that there are no significant differences
between them and indeed that the last two compounds,
one planar and the other twisted according to Smith and
Taylor, have the same value.

The second property considered 11 to be characteristic
of planar enaminones having two electron-acceptor
groups and one electron-donor group [as (11)] is the very
weak, or absent, Raman v(C=C). Here again comparison
of mixed frequencies could lead to erroneous conclusions,
and perhaps a revision of this criterion using v(C=C) +
v(C-N) of the N-deuteriated derivatives, as for the i.r.
frequencies, is required. Moreover, our Raman results
(Table 1) for primary amino-compounds (IV; R! = H,
R2? = Et) show that even this mixed band, appearing at
1525 cm™ in solutions and at 1505 cm™ in the solid
state, is medium or even strong; similarly, the fully
planar compounds (VII; R = alkyl, aryl) exhibit weak
to medium C=C-NHR absorptions [for instance, medium
tostrong, polarized at 1 626 cm™! for chloroform solutions
of (VIla; R = CH,Ph)].1* The generality of this
criterion is, in our view, doubtful.

The above considerations do not imply that compounds

t P. J. Taylor, personal communication, has expressed doubts
about the generality of this criterion on the basis of its failure
when applied to 3-amino-2-cyanoacrylic esters.
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(IV) are planar; most likely some deviations from
planarity occur, but the way and extent to which this
takes place with the minimum cost of conjugation
cannot be ascertained on the basis of the available data,
and probably there is not much difference in this respect
between the primary and secondary amino-compounds.

The intramolecularly bonded ester groups of com-
pounds (IV; R?! = alkyl) have lower v(C=0) frequencies
than the chelated (Z)-forms of 3-alkylaminoacrylic
esters (1 665—1 660 cm™),15 while the free ester group
absorbs at slightly higher frequencies than the (E)-form
of the same compounds (ca. 1 690 cm™).15 The intro-
duction of the electron-attracting CO,R at the «-position
of a 3-alkylaminoacrylate would be expected =11 to
raise the v(C=0) frequencies of both the (Z)- and (E)-
forms of these compounds, and a similar effect for an
«-CN group has been observed.# The deviation found
in the compounds under study is considered to be due
to vibrational coupling inside the B-dicarbonyl system:
although the free and bonded ester C=O groups are not
subject to identical force fields, their stretching frequen-
cies must be fairly similar and some degree of mixing
will occur; this would result in a low frequency vibration
with a strong contribution from the chelated v(C=O)
mode, and a high frequency vibration mainly due to the
free v(C=0). The small contribution of the chelated
carbonyl stretching to the latter mixed mode is the
explanation of its low frequency compared with the
value observed % for the (E)-form of 3-alkylamino-2-
cyanoacrylates (VIIb; R = alkyl). The differences
between the ir. and Raman intensity patterns of these
bands are in agreement with this interpretation: while
the pair of bands at 1650 cm™ was stronger than the
pair at ca. 1 700 cm™ in the i.r., the reverse relationship
was observed in the Raman as expected if these
vibrations were the mixed out-of-phase and in-phase
modes, respectively; moreover, some polarized Raman
measurements performed on compounds (IV; R!=
CH,Ph, H, R%? = Et) in carbon tetrachloride solution
showed that the band at 1645 cm™ was depolarized
while the bands at 1715 and 1690 cm™ were partly
polarized. Enough coplanarity is retained to make the
coupling possible and more apparent than in other
malonic ester derivatives ? where no strong restrictions
to rotation exist.

The neat splitting of both the free and chelated ester
bands of compounds (IV) contrasts sharply with what is
usually observed in acyclic af-unsaturated esters ¢ and
their 8-amino-derivatives #»¢ where the s-cis and s-trans
rotamers give rise to a single, broad (or asymmetric)
band, and indeed Bowles ¢t al.1® concluded that the
frequency difference between the two forms would be
rather small (3—19 cm™) and the bands would not be
resolved unless they were exceptionally sharp. We
believe that the explanation for the greater separation
(up to 32 cm™) in compounds (1V) also lies in the coupling
between the carbonyls. As suggested,l! the mutual
alignment of the two groups would be expected to affect
the extent of mixing and, by comparison with related
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compounds of known conformation,’” this would be
larger for (IVa) than for (IVb). The superimposition of
this effect on that due to rotational isomerism [in fact
due to differences of coupling between the free v(C=0)
and the v(C=C) * in (IVa and b)] results in a still larger
difference between the frequencies. Also, the chelated
v(C=0) of (IVa) would appear at lower frequency than
that of (IVb) thus reinforcing the effect due to steric
compression alluded to above.

Compounds (IV; R! = aryl) lacked splitting of the
absorption at ca. 1 650 cm™ and showed instead a strong
band, in most cases with a shoulder on its low-frequency
side. On N-deuteriation there were the changes in the
intensity ratios of the C=O bands associated with
readjustments of the conformational equilibria; for
example, in the anilino-derivative (IV; R! = Ph,
R? = Et), the intensity ratio 1721 : 1 692 increased as
the shoulder at 1 645 cm™ became a well resolved band.
Exchange also affected the C=C-NH band at 1 622 cm™
and the aromatic bands at 1 602 and 1 588 cm™, thus
indicating the mixed character of these vibrations.

Some solvent effects on the NH(ND) and the double
bond absorptions can also be associated with changes in
the conformational equilibria. In chloroform solutions
the bonded v(N-H) band shifted slightly to higher
frequency and the complexity of the carbonyl absorption
increased: the high frequency free v(C=0) band moved
to lower frequency (ca. 1710 cm™) and weakened to
become a shoulder of a stronger absorption having
components at ca. 1695 (also a shoulder) and 1 680
cm™; concomitantly, the bonded v(C=0) band at the
lowest frequency also weakened and moved to still
lower frequency (ca. 1 640 cm™) as a strong absorption,
with a maximum at ca. 1 655 cm™ and a shoulder at ca.
1650 cm™, developed. These changes could be due to an
increase of the concentration of rotamer (IVb), which
would give rise to the free s-trans v(C=0) at ca. 1 680 cm™
and the bonded s-cis v(C=0) at ca. 1650 cm™, and the
participation in the equilibrium of another rotamer with
the bonded carbonyl s-frans [most probably (IVd)]
responsible for the new bands at ca. 1695 [free s-cis
v(C=0)] and 1 655 cm™ [bonded s-frans v(C=0)] and the
shift of the v(N-H) band; chloroform would stabilize
these more polar conformations by dipolar interaction
and by formation of intermolecular hydrogen bonds with
the s-frans carbonyls, thus compensating for the loss of
chelation energy in (IVd). Rotamer (IVc), less stable
because of the parallel dipolar interaction between the
carbonyls, is less likely to be present in the equilibrium.
Similar observations were made for ethanol solutions of
(IV; R! = CH,Ph, R? = Et): the ester group frans to
NH gave rise to three bands at 1722 [s-cis in (IVa)],
1 692 [s-cis in (IVd)], and 1 677 cm™ [very strong, solvent
bonded s-frans in (IVb)], whereas the ester group intra-
molecularly bonded to NH gave a very strong band at
1661 cm™ mainly due to the solvated rotamer (I1Vd),
with shoulders at lower frequencies attributable to
(IVaand b). In the case of other polar solvents such as
dimethyl sulphoxide, the frequency shifts and intensity
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changes observed could also be explained by the existence
of a solvated form of (IVd).

The spectra of the N-alkyl derivatives as neat liquids
were also consistent with their being mixtures of con-
formers (IVa and b). The same applies to (IV; Rl =
Bur, R2 = Et) and (IV; R! = CH,Ph, R? = Et) in the
molten state; on resolidification of the sample, the
spectrum of the latter substance simplified considerably
and the positions of the bands indicated a strong pre-
dominance of conformer (IVb). The spectra of solid
(IV; R! = H or aryl) dispersed in KBr were also much
simpler that the spectra in solution and showed only
bands attributable to (IVb). This conformation seems
to be the most stable in the crystal lattices of compounds
(IV).

The region below 1450 cm™ also appeared very
complex and most of the bands were affected by temper-
ature, solvent polarity, and N-deuteriation, these facts
pointing again to the presence of different mixtures of
rotamers and the occurrence of vibrational couplings.
One or two bands of variable intensity appearing in the
1450—1 420 cm™ zone in the i.r. and the very strong,
polarized Raman band in the same range, are considered
to arise from a mixed vibration with a large contribution
from v(=C-N), its frequency being raised by electron
delocalization. This assignation is supported by bond-
length data!® for the di-N-substituted derivative (1I;
R! = R? = R?® = Me) which indicate extensive electron-
delocalization.

In conclusion, the results show the strong tendency
of 2-alkoxycarbonyl-3-aminoacrylic esters with primary
and secondary amino-groups to adopt the enamino-
ester form, the stability of which can be accounted for
by conjugation and formation of a very strong chelate.
In spite of the distortion which might occur due to
hindrance between the CO,R groups, enough planarity is
retained to allow strong conjugation which affects the
whole of the enamino-diester system. As a consequence
of this, fairly high energy barriers to rotation develop in
the nearly planar molecules giving rise to easily detect-
able rotational isomerism. The increased conjugation
and the near-planarity of the two C=0, the C=C, and the
N-H moieties, as well as the benzene ring in the N-aryl
derivatives, allow couplings among these groups in such
a way that the conjugated system could be better
regarded as a vibrating unity rather than as an ensemble
of independent oscillators.

Work on the i.r. spectra and conformations of other
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B-amino-a8-unsaturated diesters and diketones is con-
tinuing and will be reported in due course.
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de Estructura de la Materia, C.S.1.C., Madrid, for facilities to
use a Raman spectrometer, and the Division of Instru-
ments of Jobin Yvon, Paris, for recording some Raman
spectra.
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