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Infrared and Nuclear Magnetic Resonance Absorption and Isomerism of
3-Aminocrotonic Esters. Partll.*

By A. Gémez Sanchez* and A. M. Valle, Departamento de Quimica Orgénica, Universidad de Sevilla, Seville
J. Bellanato, Instituto de Optica, C.S.I.C., Madrid

The i.r. and H n.m.r. spectra of 3-aminocrotonic esters with primary amino-groups indicate that these substances
exist, in the liquid state and in solution, almost exclusively as the isomers with the chelated (Z)-configuration. Some
complexities of the i.r. spectra are interpreted in terms of the existence of conformational isomers arising from
restriction of rotation around the C—CO,R single bond. The strength of the hydrogen bond in these compounds is
less than that in 3-(alkylamino)crotonates. The Lr. spectra of A-monodeuteriated 3-aminocrotonates also reveal
the existence of conformers arising from restriction of rotation around the C—N single bond. The spectra of the
N-dideuteriated derivatives show the existence of strong mechanical couplings which affect mainly the v(C=C),
v(C—N), and 8(NH,) vibration modes. Some very weak bands observed in the v(N—H) region in certain solvents
are attributed to a small concentration of non-chelated molecules.

3-(ALKYLAMINO)CROTONIC esters exist 1.2 either in the
liquid state or in solution as equilibrium mixtures of the
isomers with the (Z)- and (E)-configurations (I) and (II).
Each isomeric form has characteristic, easily distinguish-
able spectroscopic (*H n.m.r., i.r.) properties which can
be used in assigning compounds of this type to their
correct geometric configuration. The position of the
equilibrium is solvent-dependent, and the energy
difference between the isomers varies from ca. 1-75 kcal
mol?® in non-polar solvents to ca. 0-20 kcal mol? in di-
methyl sulphoxide, the intramolecularly bonded (Z)-
form (III) and/or (IV) being the most stable. The ir.
data also suggest that rotational isomerism involving the
C-N and C-CO,R single bonds also occurs but that the
energy barriers between the isomers are very low. The
ir. spectra of the N-deuteriated derivatives indicate that
there exist mechanical couplings which affect mainly the
v(C=C), v(C-N), and 3(N-H) vibrations of the mesomeric
HN-C=C-C=0 system.

When 3-aminocrotonic esters bear an electron-with-
drawing substituent, such as the aryl or glycosyl groups,
on the nitrogen,®4 the chelated (Z)-form (I1I) and/or (IV)
is the only one observed even in polar solvents. Dudek 5
found that linear relationships exist between the chemical
shift of the amino-proton and the v(N-H) and v(C=0)
frequencies of the chelated (Z)-form of 3-aminocrotonates
and other 8-amino-«B-unsaturated esters and ketones.

In order to get further knowledge of the influence of
structure on the isomerism of 3-aminocrotonic esters, it
seemed of interest to study the i.r. spectra of compounds
of this structure with a primary amino-group. Owing to
the partial equalization of single and double bonds
produced by electron delocalization, geometrical and
rotational isomers (IIT)—(VI) (R? = H) are possible in
these substances in addition to the tautomeric imino-
ester form (VII); the existence of hindered rotation
around the C-N bond can also be expected. There are
data on the ir.®® and Raman? spectra of ethyl 3-
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aminocrotonate. The ir. spectrum indicates that the
substance exists in the intramolecularly bonded (Z)-form
(ITI) andfor (IV) (R?= H); on the other hand, fhe
Raman spectrum shows complexities in the double-bond
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region which were explained by assuming the existence
of the chelated (Z)-form (III) andjor (IV) (R2 = H) in
the presence of an isomer tentatively considered to be the
imino-form (VII). The 'H n.m.r. spectra of methyl and
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ethyl 3-aminocrotonate have been reported %89 and
interpreted in terms of the chelated (Z)-isomer (III) and/
or (IV) (R®=H) only. The existence of the non-
equivalent amino-groups was deduced from the presence
in the spectrum of two amino-signals; of these the one
which appears at lower field (8 7-5—8-0 p.p.m.) is
ascribed to the intramolecularly bonded proton. Data
for the ir. and *H n.m.r. spectra of the related cyclic
compounds (VIII) and (IX) with a fixed (Z)-configuration
have been published 1® and taken as evidence of the
existence in these substances, and, by extension, in
3-aminocrotonates, of a free amino-group. The ir.
spectra of alkyl p-aminovinyl ketones (X) have shown
that these substances are mixtures of the chelated cis-
form and the frans-form, and that extensive mechanical
couplings exist in these molecules which affect mainly the
v(C=C), v(C-N), and 3(NH,) vibrations.1

In this paper we discuss the results of a reinvestigation
of the i.r. spectra of several 3-aminocrotonates and those
of ethyl 2-aminocyclohexene-1-carboxylate (IX).
Measurements on their N-deuteriated derivatives have
also been made to reveal the possible hindered rotation
around the C-N bond and the mechanical couplings of
group vibrations inside the enamino-ester system.

EXPERIMENTAL

ILr. and 'H n.m.r. spectra were recorded as indicated in
refs. 1 and 2. The following compounds were prepared by
the published procedures, their physical properties being in
agreement with those reported: methyl 3-aminocrotonate,!?
ethyl 3-aminocrotonate,!® and ethyl 2-aminocyclohexene-1-
carboxylate.*

New 3-aminocrotonates were prepared from the ap-
propiate acetoacetate and ammonia by conventional
methods: %1% isopropyl 3-aminocrotonale, m.p. 26—27 °C
(from light petroleum) (Found: C, 59-1; H, 9-3; N, 9-6.
C,H,NO, requires C, 58-7; H, 9-1; N, 9-89%); #-butyl 3-
aminocrotonate, m.p. 39—40 °C (from light petroleum)
(Found: C, 61-2; H, 9-7; N, 9-1. CgH,;NO, requires
C, 61-1; H, 9-6; N, 89%).

All substances were distilled or recrystallized before use,
and their purity was checked by g.l.c. N-Deuteriations
were performed as indicated in Part I.!

RESULTS AND DISCUSSION

Data for the i.r. spectra of 3-aminocrotonic esters and
their corresponding assignments are in Table 1. For
comparison, data for ethyl 2-aminocyclohexene-1-
carboxylate (IX) are included. The !H n.m.r. spectra of
3-aminocrotonic esters are in Table 2; these complement
those previously reported.?5

The ir. and 'H n.m.r. spectra show that 3-amino-
crotonic esters with primary amino-groups exist almost
exclusively, either in the liquid state or in solution, in a

8 ‘ High Resolution N.M.R. Spectra Catalog,’ Varian Associ-
ates, Palo Alto, 1963, vol. 2, No. 442,

9 J. Ulrich and P. Vay, Chim. analyt., 1966, 48, 549.

1o H. W. Dirbeck and L. L. Duttka, Colloquium Spectro-
scopicum Internationale XVI, Heidelberg, October 1971, pre-

prints, vol. I, p. 271, Adam Hilger, London, 1971; H. Wambhoff,
H. W. Duirbeck, and P. Sohdr, Tetrahedron, 1971, 27, 5873.
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single isomeric form, and that no isomerization occurs on
changing the temperature or the polarity of the solvent,
By comparing the frequencies and chemical shifts
observed with those corresponding to the (Z)- and (E)-
forms of 3-(alkylamino)crotonates and with those of
cyclic compound (IX) with a fixed (Z)-configuration, it can
be concluded that the predominant isomeric form of 3-
aminocrotonates has the (Z)-configuration (I, R% = H).
The study of the v(N-H) region in different solvents and
at different concentrations showed also the presence of an
intramolecular hydrogen bond. All the compounds
studied presented two or three main bands in this region,
according to the conditions. The spectra of dilute solu-
tions in non-polar solvents showed a band above 3500
cml, which is assigned as the v(N—H) vibration of a free
N-H group; when the concentration was increased,
another band at ca. 3450 cm™!, attributed to the inter-
molecularly associated N—H group, became visible. A
third band, which appeared at ca. 3335 cm™ and was
almost insensitive to the changes of concentration and
of polarity of the medium, is assigned to the N-H group
intramolecularly bonded to the ester group. In basic
solvents, such as dimethyl sulphoxide and pyridine, a
band appeared at ca. 3400 cm™ due to the N-H group
intermolecularly bonded to the solvent, in addition to the
chelated v(N—-H) band. On the other hand, the 'H n.m.r.
spectra show two N—H signals that can be assigned to the
chelated and free (or intermolecularly bonded) N-H
groups.

The chelated v(N-H) frequency of 3-aminocrotonates
is ca. 50 cm™ higher than that corresponding! to the
(Z)-form of 3-(alkylamino)crotonates (III) and/or (IV);
also the bonded N-H proton of the former substances
resonates at higher field than that of the N-mono-
substituted derivatives. These results indicate that 3-
aminocrotonates with primary amino-groups form a
weaker hydrogen bond than their N-monosubstituted
derivatives.

On the basis of the 1H n.m.r. and i.r. spectra, Diirbeck
et all® concluded that in cyclic compounds (VIII) and
(IX) the amino-group is free whereas in their N-alkyl and
N-aryl derivatives the amino-group is intramolecularly
bonded to the ester group. This conclusion was based
on the observation that the amino-group of the un-
substituted compounds gave a single, two-proton reson-
ance signal and two stretching bands of approximately
the same chemical shift and frequencies as those of the
amino-group of 3-amino-5,5-dimethylcyclohex-2-enone,
a compound with fixed (E)-configuration in which chel-
ation is not possible. Although the authors emphasized
the mesomeric character and the planarity of these un-
saturated systems, they did not seem to have realized
that the two non-equivalent protons of the primary
amino-group should give two distinct signals even in the
absence of chelation. Exchange of sites between the two

11 7. Dabrowski, Spectrochim. Acta, 1963, 19, 475.

30323 P. C. Anderson and B. Staskun, J. Org. Chem., 1965, 30,

13 A. D. Josey and E. L. Jenner, J. Org. Chem., 1962, 27,
2466.
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amino-protons produced by the partially hindered rot-
ation of the NH, group around the C-N bond could cause
broadening of the signals or their coalescence into a single

the broad nature of the signals.

17

well as proton exchange between neighbouring molecules

might also contribute to the incomplete separation and
There can be little

TaBLE 1

Lr. vibrational frequencies ¢/cm™ of compounds H,N-CMe=CH-CO,R

»(N-H)

R Medium Free Bonded »(C=0)
Me CeH,, 3520w b, ¢ 34474 3327w 1678s
Me CCl, 3513we 3410vw/. ¢ 34524 3339w 1673s

3290sh
Me CHCly 3508w e 3410vw g 3490sh & 3346w 1665s
Me EtOH e e 1672m
1652s
Me Dioxan 3437wk 3333w 1671s
3295sh
Me Me,S® 3400wk  3307wh 1663s
3280sh
Me C;H;N 3402wk 3331sh 1667s
3315wh
3282sh
Me Molten 3465wé 3340w 1671s
1662sh
Et CeH,, 3515we 34474d 3343sh 16756s
3326vw 1662sh
Et CCl, 3513we 3407vw/, ¢ 3448 a 3335w 1672s
Et CHCl, 3510w e 34llvw g 3490sh b 3344w 1661s
Et Dioxan 3438wh 3332w 1666s
Et Me,SO 3400wh  3310wh 1660s
3285sh
Et C,H N 3397wh 3320w 1663s
3310sh 2
3280sh
Et Liquid 3446md  3338m 1668sh
1657s
1649sh
Pri CyHy, 3514we 34474 3333sh 1671vs
3500sh 3326w 1659sh
Pri CCl, 3513we 3423vw S, 9 34554 3333w 1667s
3405vwf, ¢

Pri CHCl, 351lme  3410vwe 3490shd 3343w 1659s
Pri Dioxan 3436wh 3330w 1663s
Pri Me,SO 3403m A 3308w h 1659s
Pri C,H,N 3400m» 3320w 1661s
Pri Liquid 3444sh 3335m 1665sh

1656s
But CeHj;, 3514we 3500sh 3325vw 1670s
But CCl, 3512we 3401lvw/ ¢ 34554 3331w 1667s
But CHCly 3508w e 3406vw ¢ 3497sh & 3343vw 1658s
3451sh d
But EtOH e I3 1666m
1647s
But Me,SO 3400w h 3307w h 1658s
3272sh
But CyH N 3397Twh 3317w 1659s
But Molten 3450md 3338w 1664s
1665s

7 CeH,, 3504w e 3409vwo 34534 3335sh 1673s

3321w

7 CCl, 3501w ¢ 3425vw i, 0 345048 3326w 1668s

3403vw S, 0
CHCl, 3500w ¢ 3405vw ¢ 3340w 1659s
7 Dioxan 3439w s 3324w 1666s
7 Me,SO 3404m A 3304w h 1658s
7 Molten 3450m 4  3328m 1666s

C=C-NH, »(C-0) »O0-R! ~(NH,) y(=C-H)
1636m 1616m 1563m 1310m 1166vs 1119vw 789w
e
1634m 1615s 1564s 1311m 1168vs 1122vw e
1273w
1629m 1613s 1564s 1311m 1169s 1119vw e
1276w
1629s 1569s 1310s 1172vs e 789w
1289sh 1164sh
sh 1623s 1571s 1290s 1167vs e 788w
e
1627s 1568s 1308m 1164vs 1143sh 787w
1293m 1117sh
1627s e 1307sh 1165vs e 787w
1292m
1638sh 1620s 1566s 1305sh 1167s 1116sh 87w
1286m
1632sh 1620m 1565m 1307m 1173sh 1118vw 789w
e 1163vs
1631sh 1619s 1567s 1306m 1174sh 1119w 3
1271m 1163vs
1632sh 1614s 1563s 1303m 1173sh 1117w e
1273m 1167s
1624s 1571s e 1170sh e 788m
1163s
1627s 1567s 1283m 1161s e 87w
1629s e 1291m 1168sh e 788w
1161s
1635s 1566s 1290s 1173sh 1116vw 788m
1163s 1112vw
1630sh 1620s 1563s 1311m 1166vs i 790m
1290sh 1114s4
1270w
1630sh 1618s 1563s 1304m 1168vs # e
1535sh 1269m 1113s4
1630sh 1616s 1563s 1303m 1173s+ e
1274m 1111s ¢
1619s 1570s e 1166s ¢ 789w
e
1628s 1568s 1292s 1166vs ¢ 788w
1114si
1628s e 1291s 1167vs ¢ 788w
1113s ¢
1622vs 1563vs 1287vs 1166vs ¢ 788s
1109vs ¢
1638sh 1620s 15663m 1312m 1152vs 1118vw 791w
1556m 1273w
1641sh 1618s 1563m 1312m 1152vs 1120vw e
15657m 1274w
1616s 1562m 1313m 1151vs 1118vw e
1557sh 1282w
1627s 1566s 1306s 1152vs 791w
1626s 1567s ¢ 1149vs 788w
1624s e 1297m 1149vs 788w
1620vs 1566s 1298s 1149vs 1113sh 790m
1619s 1639m 1282m 1212s
1588sh 1254s
1248s
1616s 1538m 1282m 1211s
1255s
1243s
1613s 1538s 1282m e
12569s
1250sh
1618s 1545m [ 1215s
1621s 1544m 1278m 1220s
1590sh 1253s
1247sh
1616s 1540s 1280m 1212s
1254s
1247sh

a Assigned to the chelated (Z)-form (IIT) and/or (IV) (R* = H) unless otherwise indicated. ? Abbreviations: s, strong; m, medium; w, weak; sh, shoulder; v, very.

¢ Assigned to the free N-H group. 4 Assigned

dilute solutions.
group associated with the solvent.

¢ Coupled with CH, rocking modes.
signal. Indeed, both effects are commonly observed in
the 'H n.m.r. spectra of 3-aminocrotonates (see Table 2
and refs. 2 and 5); lowering of the temperature results,
in some cases, in a slower exchange and a better resolu-
tion.} The quadrupole coupling of the N nucleus as

to the intermolecularly bonded N-H group, increasing with concentration.
¢ Assigned to the symmetrical N-H stretching vibration of a non-bonded form or to the =NH group of the imino-form (VII).
j Ethyl 2-aminocyclohexene-1-carboxylate.

¢ Obscured by the solvent. f Measured at
h Assigned to the N-H

doubt that a similar situation prevails in cyclic enamino-

esters (VIII) and (IX). On the other hand, the band at

ca. 3350 cm™ observed in the i.r. spectra of compounds

(VIII) and (IX) has a frequency too low to be assigned as
1 P. Vay, Compt. vend., 1967, C, 264, 1617.
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the symmetrical stretching vibration of a free NH,
group; from the data by Dabrowski ! for several «f-
unsaturated B-amino-ketones (X) with the frans-con-
figuration, the frequency ranges for the asymmetrical and
symmetrical stretching vibrations of the free NH, group
are 3540—3515 and 3450—3415 cm™ (in chloroform)
respectively. The large displacement to lower {fre-
quency observed in enamino-esters (VIII) and (IX) must
then be due to chelation; the band at 3365 cm™ observed
by Diirbeck and Duttka in 3-amino-5,5-dimethylcyclo-
hex-2-enone arises most likely from an intermolecularly
associated amino-group; it is known ! that #rans-p-
amino-«B-unsaturated ketones form dimers even in
comparatively dilute solution, and show a band at ca.
3400 cm™ attributed to an intermolecularly bonded form.

3-Aminocrotonates and the cyclic compound (IX) also
showed two or three weak bands in the v(N-H) region

J.C.S. Perkin II

at the highest frequency (1680—1650 cm™) is assigned as
the v(C=0) of the chelated (Z)-form (III) and/or (IV)
(R? = H) from considerations of its position and its dis-
placement to lower frequency on increasing the polarity
of the medium. The frequency of this band is signific-
antly higher than that corresponding to the same vibra-
tion of (£)-3-(alkylamino)crotonates; thisindicates again
the presence of a weaker hydrogen bond in the compounds
with primary amino-group than in their N-substituted
derivatives.

The remaining two or three bands which appeared in
the double-bond region are considered to arise from
skeletal vibrations of the group C=C-NH,. Owing to
the partial equilization of double and single bonds in this
system, it could be expected that the v(C-N) and §(NH,)
frequencies would be raised and the v(C=C) frequency
lowered, and, consequently, that extensive mechanical

which disappeared on deuteriation (Table 1). Two of coupling occurs between them. Three mixed vibrations
TABLE 2
H N.m.r. data %® for compounds H,HgN-CMe=CH-CO,R ¢ (J/Hz in parentheses)
NH
R Solvent .CH .CMe o 8 R

Me (CD,),S0 444 1-78 6-93 4 7-66 4 3-49

Et (CD,),SO 4-37 1-84 6-87 4 7-674 1-17t, 4-02q
(7-1)

Pri None 4-45 1-85 6-70 ¢ 1-144, 4-95
(7-0)

Pr! CDCl, 4-46 1-86 6-54 ¢ 1-18d, 4-997
(7-2)

Pri (CD,),SO 4-35 1-80 6-854 7-72 4 1-13d, 4-947
(1-71)

But None 4-41 1-81 6-44 ¢ 1-42

But CCl, 4-34 1-82 6-40 ¢ 1-42

But CDCl, 4-45 1-85 6-25 ¢ 1-44

But (CD,),S0O 4-25 1-78 6-834 7-624 1-38

But (CD,),CO 4-34 1-76 6724 7-98 4 1-39

@ At 60 MHz unless otherwise indicated. = Referred to internal tetramethylsilane. ¢ NH, and CO,R cis. ¢ Broad. ¢ Very

broad two proton singlet. J Septuplet. ¢ At 100 MHz.
these bands, at ca. 3425 and 3410 cm™, were observed in
very dilute carbon tetrachloride solutions by use of 1—4
cm cells; the second one was also observed in chloroform
solutions. It is likely that these bands arise from the
symmetrical v(NH,) vibration of a free primary amino-
group and/or from the v(N-H) vibration of an imino-
group, and could, therefore, be associated with the
presence of minute amounts of an isomer, (I) or (II)
(R? = H), with the free amino-group, or the imino-ester
form (VII), in equilibrium with the overwhelmingly pre-
dominant chelated (Z)-form (III) and/or (IV) (R = H).
It is noteworthy that the band at 3410 cm™! has approxi-
mately the same frequency as the symmetrical v(NH,)
band of p-aminobenzoic acid!® and ethyl p-amino-
benzoate.!® The third weak band appeared around
3230 cm™! and is considered to be an overtone of the band
at ca. 1620 cm™ (see below) reinforced by Fermi resonance
with the chelated v(N—-H) band at ca. 3335 cm™; this
absorption has not been included in Table 1.

Three or four bands were observed in the double-bond
region of the spectra of 3-aminocrotonates. The band

15 J. Bellanato, Optica pura aplicada (Madrid), 1968, 1, 73.
16 J. Bellanato, unpublished results.

would then result to each of which the v(C=C), v(C-N),
and §(NH,) modes would contribute. As previously
indicated, similar couplings have been observed in
amides,1? thioamides,’® «B-unsaturated p-amino-ke-
tones, ! and 3-(alkylamino)crotonates.! Of these mixed
vibrations, the one appearing at ca. 1620 cm™ in non-
polar solvents has a predominantly §(NH,) character, as
was deduced from its displacement to higher frequency
when the polarity of the solvent was increased. On the
other hand, the Raman spectrum of ethyl 3-aminocroto-
nate shows 7 bands at 1615 and 1560 cm™ which corres-
pond with the two i.r. absorptions of approximately the
same frequencies; the strong intensity of these Raman
lines indicates that the double-bond stretchings make a
great contribution to both of them.

As was the case with 3-(alkylamino)crotonates, more
strong or medium bands were observed in several regions
of the spectra of 3-aminocrotonic esters than could be
expected for a single conformation of the predominant
(Z)-form (I). The complexity of the chelated v(N-H)

17 C. N. R. Rao, ‘ Chemical Applications of Infrared Spectro-

scopy,” Academic Press, New York and London, 1963, p. 259.
18 Ref. 17, p. 300.
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band in cyclohexane and, particularly, the splitting of the
v(C=0) of the liquid or molten substances can be attrib-
uted to the presence of the two rotamers (III) and (IV)
(R? = H). Two v(C=0) absorptions were also observed
in ethanol solution and, as in the N-monosubstituted
derivatives, the one at highest frequency is assigned to
the s-cis-rotamer (III; R% = H), and the second one to
the s-trans-conformer (IV; R2 = H) which is stabilized

19

the early and intermediate stages of deuteriation and are
attributed to the C=C-NH grouping of the N-mono-
deuteriated derivatives in two different conformations.
It should be noted that the N-monodeuteriated com-
pounds show an absorption in the double bond region
strongly reminiscent of that corresponding to the
chelated (Z)-form of the N-monoalkyl derivatives (III)
and (IV).2

TABLE 3
I.r. vibrational frequencies/cm™ of compounds DHN-CMe=CH-CO,R and D,N-CMe=CH-CO,R in carbon tetrachloride
v(N—H) & v(N-D) o v(N-D) ¢
R Free Bonded Free Bonded Free Bonded v(C=0) C=C—-NH+« v(C=C-N) & y(=C—H) ¢
Me 3496 3357 2579 2478 2630 2454sh ¢ 1669 1607 1482 1584 788
1592
Et 3494 3356 2577 2477 2627 2452sh 1669 1611 1483 1584 e
1593
Pri 3496 3353 2578 2478 2628 2453sh 1664 1611 1482 1587 e
2443 e
f 3483 3352 2568 2484 2617 2441 1666 1600 1466 1575
e
a Monodeuteriated compound. ¢ N-Dideuteriated compound. ¢In CS,. ¢ sh, Shoulder. ¢ Not measured.  Ethyl 2-amino-

cyclohexene-1-carboxylate.

by formation of a strong intermolecular bond between
the carbonyl group and the solvent. The presence of
several bands in the 1300 cm™ region might also have the
same cause.

The N-deuteriation of 3-aminocrotonic esters is a step-
wise process which could be easily followed spectro-
scopically. In the early stages, the i.r. spectra showed
the gradual decrease of the free and chelated v(N-H)
bands of the starting substance and the appearance of the
v(N-H) bands and the v(N-D) bands of the N-mono-
deuteriated species (XI) and (XII). As the reaction
proceeded, these bands also decreased as two new
v(N-D) bands, owing to the N-dideuteriated compound
(XIII), appeared. The position of these bands and their
assignments are given in Table 3. The existence of the
two rotational isomers (XI) and (XII) in the N-mono-
deuteriated compound indicates again the existence of
hindered rotation around the C-N bond, and, also, the
splitting of the chelated v(N-D) band in the N-dideuteri-
ated derivative is most likely due to the restricted rotation
around the C-CO,R bond which results in the two rot-
amers similar to (IIT) and (IV) (R2=H). Similar results
have been reported with primary aromatic amines bear-
ing a carbonyl group in ortho-position.1®

N-Deuteriation also affected the absorption in the
double bond region. The frequency and intensity of
v(C=0) changed very little, whereas the three bands
between 1635 and 1550 cm™! decreased in intensity and
were gradually replaced by new bands. This confirms
that the v(C=0) and §(NH,) vibrations are not strongly
coupled to each other, and that the other three bands are
mixed vibrations to each of which the §(NH,) mode
strongly contributes. The positions and assignments of
the new bands are indicated in Table 3. Of these bands,
the two which appeared at ca. 1600 cm™ were visible in

13 A, N. Hambly and B. V. O’Grady, Austral. J. Chem., 1963,
18, 459 and refcrences therein.

The prolonged treatment of 3-aminocrotonates with
deuterium oxide resulted finally in the exchange of the
olefinic proton as was indicated by the disappearance of
the y(:CH) absorption (in carbon disulphide solution) and
the :CH resonance signal.

The above results demonstrate that 3-aminocrotonates
with primary amino-groups have a greater tendency to
adopt the (Z)-configuration than their N-monoalkyl
derivatives in spite of the fact that the former are weaker
chelates. The N-substituent can alter the strength of the
hydrogen bond by changing the polarities of the carbonyl
oxygen and the nitrogen atom. Substituents such as the
alkyl groups, having a 41 effect, will increase the electron
delocalization in the unsaturated system, thus promoting
a high electron density on the carbonyl oxygen atom and
reducing the C=0 and C=C bond orders; this will result
in a strong hydrogen bond, a low v(C=0) frequency, and a
low energy barrier to the (Z) === (E) conversion. On
the other hand, molecular models show that in 3-(alkyl-
amino)crotonates with the chelated (Z)-configuration
there exists some steric hindrance between the =C-Me
group and the N-alkyl group; this interaction might
force the N—H group to bend toward the CO,R group,
strengthening still further the hydrogen bond, but will,
at the same time, destabilize the (Z)-form. The
balance of these effects may be a slight destabilization of
the (Z)-form relative to the strainless s-frans-conform-
ation of the (E)-form in the N-monoalkyl derivatives.
Consequently, the population of the intramolecularly
bonded (Z)-isomers in the equilibrium will diminish, but
still the strength of the hydrogen bond will be larger than
in the unsubstituted compounds. Similar situations in
other kinds of compounds have been described.? The
weaker NH - - - O=C interaction in the s-cis-isomer of the

20 L. P. Kuhn, J. Amer. Chem. Soc., 1958, 80, 5950; E. L. Eljel,

* Stereochemistry of Carbon Compounds,” McGraw-Hill, New
York, 1962, p. 132.



20 J.C.S. Perkin II

unsubstituted derivatives will also allow a higher popul- reasoning provides an explanation of the comparatively
ation of the more polar s-frans-rotamer (IV; R2? = H) large solvent effect observed in the v(C=0) band of the
in the isomeric equilibrium, particularly in polar solvents. unsubstituted derivatives.

The ratio of isomers (III) and (IV) (R? = H) will then

depend markedly of the polarity of the solvent. This [2/1182 Received, 23rd May, 1972]




