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The influence of the disubstitution at the exocyclic carbon atom of 5-
methylene-3-pyrrolin-2-ones upon the configurational and conformational equili-
bria is studied. The results obtained confirm and extend the observations reported
in the literature about the factors determining the configurational and con-
formational equilibria in monosubstituted systems, i.e.: 5-arylmethylene-3—
pyrrolin-2-ones and 5(1 H)-pyrromethenones.

( Keywords : Bile pigment models; NOE; Lanthanide induced shifts; IR spectra;
UV/VIS spectra)

Zur Konfiguration und Konformation von einigen 5-Methylen-disubstituierten-3-
pyrrolin-2-onen

Es wird der Einflu8 der Disubstitution des exocyclischen C-Atoms von 5-
Methylen-3-pyrrolin-2-onen auf das Konfigurations- und Konformationsgleich-
gewicht untersucht. Die erhaltenen Resultate stehen im Einklang mit der
Literatur, die sich auf monosubstituierte Verbindungen [5-Arylmethylen-3-
pyrrolin-2-one, 5 (1 H)-Pyrromethenone und strukturverwandte Gallenpigmente]
bezichen, und vertiefen das Verstindnis der Faktoren, die fiir diese Gleichgewichte
malgebend sind.

Introduction

The configurational and conformational study of 5-aryl-methylene-3-
pyrrolin-2-ones and 5(1 H)-pyrromethenones has helped to clarify many
open questions in related bile pigments'. The preferred configuration is
the Z one. This is mainly the result of the nonbonded interactions due to
alkyl substitution at the pyrrolinone C-4 carbon atom'*. However, other
factors must also be taken into account in order to explain this
configurational equilibrium, e.g. the influence of permanent partial dipole
moments on the conformational angle'®, and the intermolecular as-
sociation of 5(1 H)-pyrromethenones in solution .



632 R. Mercé et al.:

We have previously reported on the nucleophilic addition of HCN to,
and the electrophilic substitution (nitration and bromination) on 5-
ylidene-3-pyrrolin-2-ones? 3. These two types of reactions lead to replace-
ment of the hydrogen atom at the exocyclic double bond by the cyano,
nitro or bromo groups. In this paper we present our work on the
configuration and conformation of the resulting disubstituted com-
pounds. All methods used in this study had already been utilized by other
authors in their work with the monosubstituted precursors.

Results and Discussion

The S-nitromethylene derivatives Il a, b, e, g, and N-CH;-Il a, b and
bromomethylene derivatives Il a, b, e, and N-CH;-III a were obtained by
nitration and bromination® of the corresponding 3,4-dimethyl-5-
methylene-3-pyrrolin-2-ones (I). The cyanomethylene derivatives (IV)
were obtained by oxidation with dichlorodicyano-p-benzoquinone
(DDQ) from the corresponding 5-cyanomethylene-pyrrolidin-2-ones (V);
the latter compounds were obtained by nucleophilic attack of cyanide ion?
to the 5-ylidene-3-pyrrolin-2-ones (I} (Scheme 1).
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Starting from the compounds I containing a lactam hydrogen, we have
obtained the nitro- and bromomethylene derivatives (I and III) always as
a single configurational isomer. However, the N-methyl derivatives N-
CH;-11a, b, and N-CH;-III a were obtained as mixtures of the £ and Z
isomers. The 5-cyanomethylene-3-pyrrolin-2-ones (IV) and the 5-
cyanomethylene-pyrrolidin-2-ones (V) have always becn obtained as a
mixture of the two configurational isomers, with one of them clearly
predominating.

Configuration at the Exocyclic Double Bond

Long range nuclear Overhauser experiments upon the nitro and bromo
derivatives Il a, b, and III a, indicate the existence of a nuclear Overhauser
effect (NOE) between the aromatic protons and the methyl group whose
signal appears at higher fields (CH;-C4, see Table 1). In the mixtures of E
and Z isomers of N-CH;-1Ia and N-CHj-Illa two NOE effects are
observed one: between the aromatic protons and the CH;-C4 signal at
higher field (corresponding to one isomer) and other between the aromatic
protons and the CH;—N signal at higher field (corresponding to the other
isomer) (Scheme 2). Concerning the 5-cyanomethylene-3-pyrrolin-2-one
(IV a), one of the two isomers (the minor), with CH;—C signals at 1.91
and 1.55ppm (), shows a NOF between the aromatic protons and the
signal at 1.55ppm; the other configurational isomer, on the contrary,
shows no NOE effect. In all the above experiments no other NOE’s have
been observed upon irradiation of the aromatic protons.

The conclusions are: the nitro and bromo derivatives (I and III) exist
as the Z isomer (phenyl group cis to the CH;-C4 group); for the N-—CHj
derivatives '"H-NMR signals corresponding to each isomer can be
assigned; for the 5—cyanomethylene derivatives (IV and V) the major
component of the mixture has the E configuration (aryl group cis to the
lactam nitrogen).

The above assignements are in agreement with the results of the
calculation of the magnetic anisotropy effect of the cyano or nitro groups
in these type of compounds. These calculations indicate that the large
displacement of the CH;-C4 signal to higher fields observed in the
spectrum of the unique configurational isomer of type II and of the minor
isolated configurational isomer of type IV can only be attributed to the
anisotropic effect of an aromatic ring with a conformational angle close to
90° (see below). This indication is strengthened by the similar displace-
ment shown by the bromo derivatives Il in spite of the different magnetic
anisotropic effect of the bromo or of the nitro and cyano substituents.

The anisotropic effects were calculated using standard internal coordinates
and the values described in the literature for the magnetic anisotropy of the cyano,
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nitro, phenyl, and pyrrolyl group*”. The results obtained were in accord with the
experimental ones; ¢.g. in the case of IV a no effect is expected on the CH;-C3
groups in any of the two configurations and for any conformation; on the
contrary, when the cyano group is cis to the CH;-C4 group, then an estimated shift
of this signal to lower fields of about 0.5 ppm should resuit [compare the chemical
shift of 2.45ppm for (E)-1V a to the value of 2.1 ppm for (Z)-1a].

The quantitative analysis of the lanthanide induced shifts (LIS) aiso
supports the suggestion that in all compounds of the series I-V the large
displacement to higher fields of either the CH;-C4 or the R-N signals must
be attributed to the aromatic residue. When a quantitative LIS analysis is
performed®® on the bromo derivative Illa (see experimental part), it
gives R(%) values—for the structure of the Z isomer (Br cis to lactam
N)—of 1.6, 1.4, 2.8, and 2.7, corresponding to conformational angles of
0°, 30°, 60°, and 90° respectively. For the same conformational angles of
the FE isomer, the R(%) values found are 18.8, 21.0, 12.4, and 12.5.
Application of the Hamilton test to these R values permits the exclusion of
the E isomer to a significance level higher than 95%.

Conformational Aspects
Nitro Group

The results obtained show that the CH;—N nitro derivatives N-CHj-
IIa, and b have different conformation of the nitro group than the
respective N—H derivatives Il a, b, e, and g. The electronic spectra of
compounds IT a and N-CH;-II a are so distinct from each other (see Table
1), that the difference cannot be explained only by the mixture of Eand Z
isomers in N-CH;-11 a; rather, very different chromophoric systems must
be involved in the two compounds. On the other hand, even simple
magnetic anisotropy considerations about the nitro group” indicate that,
only when the nitro group in N-CHj3-I1 a or b is orthogonal to the plane of
the 5-methylene-3-pyrrolin—2-one fragment, it can produce the observed
slight diamagnetic effect (= 0.1 ppm) upon the CH;-C4 or CH;—N
signals [compare in Table 1 the chemical shifts of the pairs (E)-N-CHj-
Ia—(Z)-N-CH;-Il a, and (Z)-N-CH;-1 a—(E)-N-CH;-I1 a]; contrarily, a
nitro group coplanar to the methylene-pyrrolinone -fragment must
produce a paramagnetic shift upon CH;-C4 or CH;—N.

For the N—H nitro derivatives II, only the Z isomer (nitro group cis to
the lactam hydrogen) can be isolated. This makes it difficult to extract any
information about the nitro group conformation from the 'H-NMR data.
Nevertheless, the higher chemical shift (9.5-9.7 ppm) of the N—H signal
found for the compounds of type I compared to their precursors I (7.5-
7.8 ppm) seems to confirm a conformation where the nitro group is
coplanar to the 5-methylene-3-pyrrolin-2-one fragment, thus exerting a
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paramagnetic shift upon the NH and/or binding the lactam hydrogen
through an internal hydrogen bond. Indeed, the IR spectrum analysis of
the NH stretching bands confirms this nitro group conformation: Ia in
CCl, shows a free stretching band at 3466 cm ™!, and an associated one at
3238cm ™!, The last band is even detected at concentrations as low as
8-10"*moldm 3, in agreement with the reported association constant
(close to 1) for the equilibrium between monomeric and dimeric lactam '°.
In turn, ITa in CCl, (at all concentrations between 1-107% and 1-10
“2moldm %) shows a unique band at 3430cm™ .. In CCl,: Dioxance
(4:1), Ia displays the associated broad band at 3320 cm ™!, but ITa does
not show such a band, and the absorption at 3430 cm ™! has not shifted.
These results—position and behaviour of the NH stretching band—
indicate the formation of an intramolecular hydrogen bond in IT a between
the nitro group and the NH, which is only possible in a conformation
where the nitro group stays coplanar to .the methylene pyrrolinone
fragment.

Aryl Group

As shown above, the high field resonances of the CH;-C4 protons of
(Z)-5-nitro-, (Z)-5-bromo-, and (Z)-5-cyano-, -methylene-3,4-dimethyl-3-
pyrrolin-2-ones, (Z)-I1, (Z)-1II and (Z£)-1V respectively, are characteristic
of these series of compounds. It is known that in the (E)-arylmethylene-
3,4-dimethyl-3-pyrrolin-2-one I (aromatic ring cis to CH;-C4), the
magnetic anisotropy of the aromatic residue—its conformational angle
taken into account—determines the diamagnetic shift of the CH;-C4
group with respect to the value in the corresponding Z isomer'd, This
anisotropic effect of the aromatic ring, although not easily related to the
conformational angle, is also noticed upon the hydrogen of the exocyclic
double bond (see Table 1). In the (Z)-5-methylene disubstituted 3-
pyrrolin-2-ones IL, IT1, and IV, the anisotropy of the phenyl upon CH;-C4
is even larger [compare in Table 1 (E)-I1a with (Z2)-I1 a, (Z)-IIl a, and (Z)-
IVa]. Although electronic effects of the second substituent at the
exocyclic double bond cannot be excluded, they probably are not too
important, as proved by the similar chemical shifts of CH;-C3 in (E)-1a,
(Z)-11a, (Z)-111a and (Z)-1V a, even though the electronic effects of the
cyano and nitro groups are quite different from these of the bromine. In
order to demonstrate that the mentioned high diamagnetic shift is
principally produced by the aromatic ring being at a conformational angle
close to 90°, we carried out the 'H-NMR conformational analysis of the £
and Z isomers of I'b, ¢, and d (see formula scheme). The results of Table 1
show how the ortho methyl substitution at the phenyl ring (compounds of
type I) determines a diamagnetic shift of the CH;-C4 signal in the Eisomer
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(pheny!l group cis to the CH;-C4) which increases with the number of
ortho-methyl groups present. Furthermore, for the 2',6'-dimethylphenyl
substituted compounds (E)-Ic, and d, the shift is of the same order of
magnitude as for the Z isomers of the nitro-, bromo-, and cyano-
substituted series (in all cases, phenyl cis to CH;-C4), suggesting a similar
conformational angle in all these compounds. On the other hand, the
quantitative LIS analysis (see experimental part) on the E and Z isomers
of compounds I¢, and d, also shows this increase of the conformational
angle, and thus, for the Z isomers of those compounds, the Hamilton’s test
gives an 80% significance level at 45°-75°, and 45°-70° respectively [30°-
40° for (Z)-1a' 9. Quantitative LIS analysis does not work for I'b, because
of the existence of an equilibrium between the two diastereomeric syz and
anti conformers. Concerning the E isomers, it is well known that—as a
consequence of the structure of the lanthanide-substrate complex—they
do not give good significance tests compared to the corresponding Z
isomers'% '°. Even so, this procedure gives for (E)-Ib, ¢, and d con-
formational angles closer to 90° than for the respective Z isomers. In
agreement with that, the electronic spectra (see examples of Table 1) show
(within each pair of configurational isomers of the series I) a batho-
chromic shift of the Z with respect to the Eisomer. This shift can be related
to a higher conformational angle (about 10° to 20°) in the E
configuration'. In summary, the ortho-substitution produces an increase
of the conformational angle which, in turn, results into a diamagnetic shift
of the CH;-C4 group in the E isomers of I (phenyl cis to CH;-C4). When
the conformational angle is close to 90° the shift is of the same order of
magnitude than the observed one for the Z isomers of the nitro, bromo,
and cyano substituted derivatives [1L, I1I, and IV(phenyl cis to CH;-C4)]1,
an additional indication of the aryl group conformational angle in this
type of compounds.

This effect of ortho substitution found in series I is also observed—
through the "H-NMR chemical shifts (see Table 1)—in the series IIT and
IV:ie. (Z2)-IIIb and (Z)-IV)b (one ortho methyl group) seem to have
diedral angles larger than (Z)-II1a and (Z)-IV a respectively (no ortho
substitution); however, (Z)-1V ¢ (two ortho methyl groups) is not different
from (Z)-IVb (one ortho methyl group), an indication that both com-
pounds have similar conformational angles near 90° as a result of the non
bonding interactions due to the bulky ortho substituents. The electronic
spectra also agree with this hypothesis (see Table 1).

The nitro series deserves a special comment: the CH;-C4 chemical
shift in (Z)-11a and (Z)-IIb is similar and particularly low (see Table 1),
the electronic spectra of these two compounds are also alike (see below),
both observations indicate similar phenyl group conformational angles
close to 90° in the two compounds. This can be explained by the spatial
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requirements of the nitro group coplanar to the methylene-pyrrolinone
fragment. On the contrary, an ortho-substitution effect is observed
between (£)-N-CHj-I1a and (Z)-N-CH;-11b, indicating that the spatial
requirements of a nitro group orthogonal to the methylene-pyrrolinone
fragment are much smaller than those of a coplanar nitro group. As
already stated, another proof of the phenyl-to-methylenepyrrolinone
orthogonality within the N-unsubstituted (Z)-II series comes from the
electronic spectra. (Z)-Ila, b, and e show indistinguishable electronic
spectra above 290nm: all three compounds display a broad band at
332nm (¢ = 12000). The nitromethylene pyrromethenone (Z)-Il g in turn
shows a spectrum which can be exactly reproduced (above 290 nm) by
superimposing the spectrum of (Z)-1la [chromophore: (Z)-5--
nitromethylene-3-pyrrolin-2-one] and one “half” of the spectrum of the
dipyrrylmethane VI (chromophore: substituted pyrrole). This result
suggests that (Z)-Ilg has the pyrrole ring orthogonal to a planar
nitromethylene-3-pyrrolin-2-one fragment. Such a behaviour has also
been observed in the 5-nitroverdins' '> 13, which have the same Z
configuration at the nitromethylene bridge like the compounds of type IT
and also a conformational angle of 90°: consequently, the S-nitroverdins
have a violin-like electronic spectrum'!, with the exception of the UV
band [(= 320 nm) of intensity ¢ = 40 0007] higher than the one displayed
by the “pure” tripyrrinone system'* (¢ = 20000); on the basis of the
above, we explain this higher intensity by the addition of the absorption of
the 5-nitromethylene-3-pyrrolin-2-one system to that of the tripyrrinone
itself.

Interconversion between E and Z Isomers

The thermal interconversion between the E and Z isomers of the
compounds belonging to the monosubstituted series I has already been
described'® ® . In this series one of the isomers, (E), is much less stable
than the other, (Z), so that only this isomer is obtained almost exclusively.
However, photoisomerization from the most stable configuration permits
the isolation and subsequent study of the two isomers '°. Unfortunately,
we have been unable to prepare photochemically the less stable isomer of
the series II, 111, and IV, because reactions other than photoisomerisation
take place during the irradiation. In the cases of compounds IV and V, the
less stable isomer is formed although in little amounts during their
synthesis, therefore chromatographic. separation of the two isomers
following synthesis permits to study their thermal interconversion. Within
the series 11 only the interconversion of the N—CH; compounds can be
studied; this is because for N-CH;-11a random crystallization of either
one or the other isomer takes place 2. A (E)-N-CH;-Il a solution in CDCl,
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at 37° (monitored by 'H-NMR; see experimental part) reaches the
equilibrium with an observed rate constant of (8.01 + 0.1)-10™*s™ !, and
the corresponding Z isomer with one of (6.6 + 0.3)-10™*s™!. The small
discrepancy between these two values must be attributed to the difficulty
in reproducing the experimental conditions, as a result of the high
sensitivity of such isomerizations to acid and base catalysis. These results
indicate that thermal interconversion is faster within the nitro series (IT)
than between their unsubstituted precursors I'2.

Interconversion experiments with Il b and N-CH;-1I1 a do not allow
to change the isomer ratio obtained in their synthesis.

The compounds IV and V isomerize more slowly than the respective
unsubstituted precursors I and the ortho-substitution results in an even
smaller isomerisation rates. For the cyano derivatives IV and V the
isomerisation rates, even at high temperature (422 °K), are experimentally
measurable only when acid or base catalysis is used (see experimental
part). In the cyano unsaturated series (1V), under acid catalysis, each of
the two isomers of the 4-methylphenyl derivative IV a yield 90% of the
concentration values corresponding to the equilibrium mixture in a period
of 20 days [80mmol dm™> solutions in o-dichlorobenzene (DCB) at’
422 4+ 1°K]. Under very similar experimental conditions (see experi-
mental part) IVb reaches the same composition after 90 days and IV ¢
needs over 250 days. With base catalysis—more effective in this case than
acid catalysis—and under analogous experimental conditions, the cyano
3,4-dihydro series (V) shows similar isomerisation rates: 4 to 6 days to
achieve 90% of the equilibrium concentration values starting with either
pure isomer of Va, b, f, and i, but for the bulkier V ¢ a much slower rate
(= 50 days) is found.

An interesting result is found for the 2',6'-dimethylphenylsubstituted com-
pounds I'c and Id: starting from the photochemical accessible E isomers we have
been unable to achieve thermal equilibration to the respective Z forms under the
conditions described in the literature for this type of compounds (435 °K). Only
under base catalysis the interconversion to equilibrium took place within a
reasonable period of time. This effect of orthosubstitution upon the E==Z
isomerisation rate may also be important in bile pigments, depending on the
nature of the pyrrole substituents « to the bridge single bond (C;, C5, Ny, and N,
in tetrapyrrolic bile pigments).

Because of the already mentioned difficulty to obtain reproducible
experimental conditions and the unaccuracy of the experimental methods
used, the results reported here can only be discussed from a qualitative or
semi-quantitative point of view. Nevertheless, the effect of the ortho-
substitution suggests that the thermal isomerisation proceeds via a
reaction pathway which requires coplanarity of the aromatic residue with
a sp? hybridised exocyclic carbon atom. Such an intermediate or activated
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complex for the base catalyzed pathway of a compound of type IV is
indicated in Scheme 3.

So far the kinetic aspects of the F—Z interconversion were con-
sidered. About thermodynamic considerations of this isomerisation—
even though in an approximate manner—the assumption of a set of

Scheme 3

dihedral angle =90°

simplifications permits us to draw some conclusions about the effect of
substituents at the exocyclic methylene carbon atom upon the energy
differences between the E and Z isomers. Briefly, the approximations
made are: (1) In the case of the nitro derivatives II, on the basis of the easy
(E)-N-CH;-1l a=(Z)-N-CH;-I1 a interconversion (see above), we have
taken the composition of solutions of nitro derivatives I (determined by
TH-NMR at 37°) to be the same as that of the equilibrium mixture; (2) We
have assumed the equilibrium composition to be solvent independent and
unaffected by acid or base catalysis; (3) We have neglected the vibrational
entropy contribution and the rotational entropy contribution*, therefore
presuming AG° = AH°. This allows us to calculate for the four series (I-
IV) the equilibrium mixture at a given temperature, as shown in Table 2;
4). Experience shows that for this type of compounds the composition of
the mixture of isomers obtained by synthetic methods is not much
different from the equilibrium mixture; specifically, we have confirmed
this for the bromo derivative N-CH;-IIl a and for the cyano series IV and
V. This will give an indication about the energy differences between the E
and Z isomers in those cases where it is not possible to undertake an E=Z
interconversion experiment.

On the basis of these approximations we have noticed some general
trends concerning the effect of methylene substitution upon the com-
position of the equilibrium mixture:

* Entropy calculations from the rotational inertia moments give rotational
entropy differences between the two isomers lower than 0.03 s.e.u.; e.g., for Il a
the difference is 0.02 s.e.u.
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Effect of Ortho Substitution at the Aryl Group

In the series I (see Table 2), the introduction of an ortho methyl group
at the phenyl ring produces a slight increase of F isomer (phenyl cis to
CH;-C4) in the equilibrium mixture. This might be attributed to an
increase of the conformational angle determined by ortho substitution (see
above). This increase is of the same order in the two isomers; however,
since in the E configuration the dihedral angle is closer to 90°, the loss of #-
conjugation energy due to this variation is larger in the Z isomer than in
the F isomer.

The same effect of ortho substitution at the phenyl ring is observed in
the cyano series IV (see Table 2): there is a difference in the equilibrium
composition of IV a and IV b, but not between IVb and IV c. The latter
indicates a nonbonded interaction between the cyano group and the
methyl substituent which modifies the syn-anti conformational equili-
brium to the same extent if only one or two ortho-methyl groups exist. In
contrary to the series IV, the effect of ortho substitution at the benzene ring
cannot be detected in the series V (within the limits of our experimental
error).

Effect of the Second Substituent

It is well documented that in the series I (monosubstituted at the
exocyclic carbon atom), the energy difference between the E, and Z
diastereoisomers is principally the result of the relative spatial require-
ments of the substituents at the position 4 and at the lactam nitrogen'.
Consequently, a very important change in the position of the E=2Z
equilibrium is found in the methylene disubstituted derivatives with
respect to the values in the monosubstituted series. The results of Table 2
indicate that the spatial requirements imposed by the CH;-C4 group are
more severe for bromine than for the cyano group. In the nitro derivatives
I, the Z isomer (nitro cis to lactam N) is further stabilized by the
formation of an internal hydrogen bond (see above). In this relation, it is
important to compare in the Table 2 the E/Z values for V j and the rest of
the series V: the higher proportion of E isomer found for V j can only be
explained by the internal hydrogen bonding between the lactam hydrogen
and the pyridyl nitrogen'. If the results of the N—CH; compounds are
compared, it is shown that the spatial requirements of the bromine are
larger than those of an orthogonal nitro group (compare in Table 2 the
results for N-CH;-IIa, and b, with those for N-CH;-IIl a): Indeed, the
spatial requirements of the nitro group in the N—CH, derivatives are not
the same as those in the corresponding N—H compounds. This is due to
the different conformation of the nitro group in the two series of
compounds (NO, is coplanar to the lactam ring in the N—H series, but
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orthogonal in the N—CHj; derivatives; see above); furthermore, the
results for the compounds N-CH;-ITa and N-CH;-I1 b indicate that the
spatial requirements of an orthogonal phenyl group are very similar to
those of an orthogonal nitro group; on the contrary, N-CH;-Illa
demonstrates the spatial requirements of bromine to be larger than those
of a perpendicular phenyl; this must be so, because in the predominating Z
isomer, bromine stays cis to the lactam nitrogen, which has the ability to
increase the p character of its hybridisation much better than the C4, thus
reducing more efficiently those steric interactions.

The results reported in the literature for the 3,4-dihydro-5(1 H)-
pyrromethenones indicate differences of energies between the F and Z
isomers smaller than within the unsaturated series. This tendency is
consistens with the results of Table 2 with respect to the 3,4-dihydro-5-
cyano series (IVa vs. Va).

The relatively higher amount of E-isomer in 5-methylenepyrrolidin-2-ones or
3,4-dihydro-5(1 H)-pyrromethenones (aryl ring cis to C4) than in 5-methylene-3-
pyrrolin-2-ones has already been reported in the literature, both from equilibra-
tion experiments'® and from results of their synthesis'’: e.g. we have reported'®
that 5-(2-pyrrolyl)methylene-pyrrolidin-2-one, 5-(N-methyl-2-pyrrolyl)-
methylene-pyrrolidin-2-one and 5-phenylmethylene-pyrrolidin-2-one are always
obtained in a E/Z ratio of approximately 2.5, and a similar ratio has also been
reported for C4 unsubstituted 3,4-dihydro-5(1H)-pyrromethenones!”. These E/Z
ratios are larger than those reported for the unsaturated structures not substituted
at ?4; e.g. 0.1-0.3 for 5-[(4-methylphenyl)methylene]-3-methyl-3-pyrrolin-2-
one %

To explain these experimental differences between the saturated and
unsaturated series, it might be also interesting to consider the dipole-
dipole interactions between permanent partial dipole moments of the
molecule. When this model ' ° is applied using standard geometries and
partial dipole moments, either from the literature® or from MINDO/3
calculations?!, a slightly favourable dipole interaction is found for the E
isomer compared to the Z isomer in the unsaturated series. Nevertheless,
in the 3,4-dihydro series the dipole-dipole interaction favours clearly the E
isomer; the slight change in the relative orientation of the partial dipole
moment and the change of position of the positive charge center in the 5-
methylene-pyrrolidin-2-one structure determines in the 3,4-dihydro
series—compared to the 5-methylene-3-pyrrolin-2-one of the unsaturated
series—a smaller distance between the two partial dipole moments. In
consequence, the reported smaller energy differences between the £ and Z
isomers of the 3,4-dihydro series could also be partially attributed to the
dipole-dipole interaction between permanent partial dipole moments.

In summary, the values of Table 2 can be explained principally by the
relative spatial requirements of the substituents at the exocyclic methylene
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imposed by the substituents at C4 and at the lactam nitrogen. Less
important is the effect of an ortho substituent at the aryl residue. This
modifies the conformational angle in such a way that, probably, a
decrease of the m-delocalisation energy results, which is larger in one
configurational isomer than in the other. A second substituent at the
exocyclic carbon atom determines an increase of the conformational angle
of the aryl residue attached at this carbon atom. Finally, other effects such
as internal hydrogen bonding must be considered in specific cases: i.e. in
the nitro derivatives I or in componds related to Vj.
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Experimental

Meiting points were determined on a Kofler-Reichert microhot stage appara-
tus. Preparative thin layer chromatography (PTLC) was carried out on 20 x 20 cm
plates using 60 HF,, silica (1 mm thickness). All products separated by PTLC
were subsequently purified by chromatography on a small column of Merck 60
(230400 mesh) silica. High pressure liquid chromatography was carried out on
RadialPak silica columns with a double pump (Waters) using a variable
wavelength detector 5 FA 339. Preparative HPLC (PHPLC) at the semimicro scale
was carried out by repetitive injection using the same system and conditions as for
HPLC. UV/VIS spectra were recorded on a Perkin-Elmer Lambda 5 instrument.
IR spectra were recorded on a Perkin-Elmer 681 spectrometer. Mass spectra (MS)
were determined on a Hewlett-Packard 5700-A instrument. "H-NMR spectra were
recorded on a Varian XL 200 (200 MHz) instrument or on a Perkin-Elmer R12A
(60 MHz) instrument, some spectra were also recorded in a 400 MHz instrument
(Bruker): CCLD was always freshly percolated over basic alumina (Merck;
activity I).

Hydrogen bond association was studied by IR spectroscopy (Ia and IT a) using
substrate concentrations of 1.6-107% 8-107% 1.6-1073, 8.0-1073, 3.7-1072,
1.6-1072 and 3.7-10"?moldm~? in CCl, and in CCl,: dioxane (4:1).

Long range NOE experiments were performed using CDCl, solutions freshly
purged with argon, in the 200 MHz instrument and through obtention of the
difference spectra (program DELTA for automatic difference spectrum; Varian
library). Eu(dpm), was used as lanthanide shift reagent (LSR). The LIS measure-
ments were performed at a fixed substrate concentration: LIS were linear along the
experimental ratio of concentrations LSR/Substrate (0-0.5) used. For the
quantitative LIS analysis, the program PDGIM? was used and the Hamilton’s
significance testing’ was applied. For more experimental details about the
quantitative LIS analysis see?> 2,

Rotational entropy differences between the E and Z isomers were obtained
from the rotational inertia moments, which were calculated using standard
internal coordinates and with the aid of the program THERMO?,
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The synthesis and properties of the following compounds are described in the
literature: 1a'%, 1b'2, T¢%, 1d%,1e!?, 112, N-CH;-1a%, N-CH,-1b'2, 1'%, TIb 12,
Me'? Mg'?, N-CH,-Ilal?, N-CH,-I1b'2, 1 a%, Me’, N-CH,-Il1a°, Va2, Vh2

(Z)-3,4-Dimethyl-5-[( 2-methylphenyl ) bromomethylen]-3-pyrrolin-2-one
oy, C,,H,,BrNO)

Prepared from I'b following the general procedure described in the literature?
with Br, in CH,Cl,, and isolated by PTLC in 45% yield (the reaction crude
contains only IIIb and starting material Ib); m.p. 200-204°.

'H-NMR (60 MHz, &, CDCl,): 7.4 (broad s, NH), 7.15 (broad s, aromatic H),
2.30 (s, aromatic CHy), 1.78 (s, CH;-3), 1.31 (s, CH;-4).

IR (cm~!, KBr): 1705 (C=0), 1645 (C=C), 1160, 735.

UV/VIS [Ayanm (g); CHClL;]: 297 (18 700).

MS (mfe, 70eV): 293/291 (M*, 61%), 212 (100), 198 (54), 184 (74).

General Procedure for the Synthesis of 5-[( Aryl) cyanomethylene]-3-pyrrolin-2-
one (IV) from 5-[( Aryl)cyanomethylene Jpyrrolidin-2-one (V)

1.0mmol of V, 2 mmol of anhydrous p-toluenesulfonic acid and 1.2 mmol of
dichlorodicyano-p-benzoquinone (DDQ) were heated at 110° during 15h under
argon atmosphere in 4ml of anhydrous dioxane. After filtration, neutralization
with KHCO,, washing with water and evaporation, a residue was obtained, which
contains principally starting V and the £ and Z isomers of IV. The E isomer shows
by TLC[CHCI;: CH,CN (10:1)] a higher Rf value than the Z isomer. In the
reaction mixture also 5-carbamoylmethylen derivatives were identified by 'H-
NMR, MS, and IR spectroscopy. PTLC and in some cases, subsequent
purification by PHPLC give pure (E)-IV and (Z)-IV.

3.4-Dimethyl-5-[ (4-methylphenyl ) cyanomethylene ]-3-pyrrolin-2-one
(IVa, CH;;,N,0)

Obtained from (E)-V a following the general procedure, as a mixture of the £
and Zisomers. By PTLC using CHCl; : CH;CN (10: 1) followed by purification by
PHPLC [n-hexane(CHCI;: CH;OH, 10:1) 9:1] gives (E)-IVa and (Z)-IVa in
25% and 10% yield respectively. (E)-IV a: m.p. 204-212°.

TH-NMR (200 MHz, 5, CDCl;): 7.41 (broad s, NH), 7.32 (m, aromatic H),
2.45 (q, J/ = 1.2Hz, CH;-4), 2.40 (s, aromatic CH,), 1.97 (q, J = 1.2Hz, CH;-3).
NOE was not observed by irradiation between 7.36 and 7.28 ppm.

IR (cm~!, KBr): 3230 NH), 2210 (C=N), 1715(C=0), 1613, 1602, 1 161,
819, 756.

UV/VIS [A,,, nm (8)] (CH;0H): 333 (12 100); (CHCl,): 334 (12900).

MS (m/e, 70eV): 239 (M + 1, 20%), 238 (M, 100), 223 (37), 209 (42), 195
(7).

(Z)-IV a:

'H-NMR (200 MHz, 6, CDCl,): 7.71 (broad s, NH), 7.24 (broad s, aromatic
H), 2.40 (s, aromatic CH,), 1.91 (q, / = 1.2 Hz, CH;-3), 1.55(q, J/ = 1.2 Hz, CH,-
4). NOE effect was observed on the signal at 1.55 by irradiation at 7.24 ppm.

IR (cm~!, KBr): 3230 (NH), 2208 (C=N), 1715 (C=0), 1603, 818, 755.

UV/VIS [A, (£)] (CH;OH): 302 (14300); (CHCL,): 305 (13 900).

MS (m/e, 70eV): Fragmentation does not allow to distinguish it from the E
isomer.
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3.4-Dimethyl-5-[( 2-methylphenyl ) cyanomethylene J-3-pyrrolin-2-one
Avb, C;;H,)N,0)

Obtained from V b following the general procedure, as a mixture of the £ and
Z isomers. PTLC and PHPLC (see IV a) give pure (E)-IVb and (Z)-IVb in 10%
and 7% yields respectively.

(E)-IVb: m.p. 127-132°.

'H-NMR (200 MHz, §, CDCl,): 7.30 (m, aromatic H), 6.88 (broad s, NH),
2.47 (g, J = 1.2Hz, CH;-4), 2.36 (s, aromatic CH,), 1.97 (q, J/ = 1.2Hz, CH;-3).

IR (cm™!, film): 3200 (NH), 2210 (C=N), 1710 (C=0), 762.

UV/VIS [Ap., nm ()] (CH;OH): 293 (14800); (CHCI,): 299 (14700).

MS (m/e, T0eV): 238 (M, 20%), 128 (76), 127 (38), 115 (50), 103 (54), 102
(100), 101 (66).

(Z2)-IVb: m.p. 195-205°.
'H-NMR (200 MHz, 6, CDCl,): 7.64 (broad s, NH), 7.28 (m, aromatic H),
2.36 (s, aromatic CH,), 1.89 (q, / = 1.2Hz, CH,-3), 1.38 (q, J/ = 1.2Hz, CH,-4).
IR (cm™!, film): 3270 (NH), 2210 (C=N), 1725 (C=0), 1610, 760.
UV/VIS [, nm ()] (CH;OH): 289 (12 500); (CHCI;): 291 (12200).
MS (m/e, 70eV): Fragmentation does not distinguish it from the E isomer.

3,4-Dimethyl-5-[( 2,4.6-trimethylphenyl) cyanomethylene J-3-pyrrolin-2-one (IVe,
C;H;sN,0)

Obtained from V ¢ following the general procedure, as a mixture of the E and
Zisomers. Repetitive PTLC using CHCl, : CH;CN (10: 1) gives pure (E)-IVeand
{Z)-IV ¢ in 6% and 4% vyield respectively. (E)-IV ¢: m.p. 197-206°.

'TH-NMR (200 MHz, é, CDCl,): 6.95 (broad s, aromatic H), 6.67 (broad s,
NH), 2.47 (q, J = 1.2Hz, CH;-4), 2.31 (s, one aromatic CH,), 2.23 (s, two
aromatic CHj3), 1.96 (q, J = 1.2 Hz, CH;-3).

IR (cm™!, film): 3200 (NH), 2205 (C=N), 1715 (C=0), 1622 (C=C).

UV/VIS [/, nm (e)] (CH;0OH): 282 (13 900); (CHCI,): 285 (14 200).

MS (mfe, 710eV): 267 (M™ + 1, 22%), 266 (M, 100), 251 (48), 115 (43).

(Z)-IVe: m.p. 156-165°.

"H-NMR (200 MHz, §, CDCl,): 7.60 (broad s, NH), 6.94 (broad s, aromatic
H), 2.31 (s, one aromatic CH3), 2.23 (s, two aromatic CH,), 1.89 (q, / = 1.2 Hz,
CH;-3), 1.34 (q, J = 1.2Hz, CH;-4).

IR (cm™1, film): 3210 (NH), 2208 (C=N), 1710 (C=0), 1620.

UV/VIS [, 1m (e)] (CH;0H): 285 (15500); (CHCI,): 285 (15000).

MS (m/e, 70eV): 267 (M~ + 1,22%), 266 (80), 251 (42), 223 (40), 128 (43), 115
(80), 111 (100).

3,4-Dimethyl-5-[( 2-methylphenyl) cyanomethylene Jpyrrolidin-2-one
(Vb, C;sH (N,O)

Obtained from Ib following the procedure described in the literature?, as a
mixture of the E and Z isomers, in 92% yield. PTLC [CHCI;: CH,CN (10: 1)]
gives pure (E)-Vb and (Z)-Vb in 40% and 20% yield respectively.

(E)-Vb: m.p. 105-110°.

'H-NMR (200 MHz, 6, CDCl;)%: 7.4 (broad s, NH), 7.23 (m, aromatic H),
3.57(m, J,. = 8.4Hz, J,, = 7.3 Hz, H-4 cis; a), 3.07 (m, Jyy = 3.4Hz, J,_ = 7.2 Hz,
H-4 trans; b), 2.93 (m, J, =8.4Hz, Jyu =74Hz, H-3 cis; c), 2.37 (m, Jg,
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= 3.4Hz, Jy, = 7.5Hz, H-3 trans; d), 2.33 (s, aromatic CH;), 1.59(d, /4, = 7.2 Hz,
CH,-4 trans; e), 1.40 (d Ju=1. 3Hz CHy-4 cis; 1), 1.33 (d, Jg = 7.5Hz, CHy-3
trans g, 1. 22 (d, Jy. = 7.4Hz, CH;-3 cis; h).

IR (em™!, KBr): 3210 (NH), 2205 (C=N), 1742 (C=0), 1636 (C=C).

UV/VIS [/lmax nm (g)] (CH;0H): 261 (22700); (CHCl,): 260 (24 000).

MS (mfe, T0eV): 241 (M* + 1, 19%), 240 (M, 100), 225 (34), 197 (33).

Z)-Vb:

TH-NMR (200 MHz, 8, CDCl5)%: 7.93 (broad s, NH), 7.26 (m, aromatic H),
3.20 (m, J,, = 8.5Hz, J,, = 7.3 Hz, H-4 cis; a), 2.88 (m, J;,, = 8.5Hz, J,; = 7.4 Hz,
H-3 cis; b), 2.76 (m, Jd—4 1Hez, J,, = 7.1Hz, H-4 trans; c), 2.37 (s, aromatic
CH,), 2.30 (m, J4. = 4.1Hz, J, —74Hz H-3 trans; d), 1.30 (, Jd-—74HZ
CH,-3 trans; e), 1.15(d, Jy, = 74Hz CH;-3 cis; D), 083 (4, J,.=7.1Hz, CH,4
trans; g), 0.78 (d, Jy,, = 7.3 Hz, CH;-4 cis; h).

IR (cm ™!, KBr): 3220 (NH), 2205 (CEN), 1750 (C=0), 1634 (C=C).

UV/VIS {2, nm (e)] (F1OH): 262 (18 000); (CHCI,): 262 (20 000).

MS (m/fe, 70eV): 240 (M, 93%), 115 (42), 111 (100), 110 (58).

> Yge

3,4-Dimethyl-5-[( 2 4,6-trimethylphenyl ) cyanomethylene Jpyrrolidin-2-one
(Ve, CsHyN,0)

Obtained from Ie following the procedure described in the literature?, as a
mixture of the E and Z isomers, in 92% yield. PTLC (see V b) gives pure (£)-Ve
and (Z)-Vc in 60% and 20% yields respectively.

(F)-Ve:

'H-NMR (200 MHz, §, CDCl;)*: 7.0 (broad s, NH), 6.97 (s, aromatic H), 3.60
(m, J,, = 8.5Hz, J,; = 7.7Hz, H-4 ¢is; a), 3.10 (m, J,4 = 3.2Hz, J;, = 7.7Hz, H-
4trans b), 294(m,Jca—85Hz Jh—77Hz H-3 cis; ¢), 233(m Jdb—32Hz

= 7.8 Hz, H-3 trans; d), 2.30 (s, one aromatic CH,), 2.24 (s, two aromatic CHj),

éO(d Jy = 7.7Hz, CH3 4 trans; e), 1.42 (d, J, = 7.7Hz, CH4-4 cis; ), 1.34 (d,

= 7.8 Hz, CH;-3 trans; g), 1.23 (d, J,, = 7.7Hz, CH,- 3 cis; h) NOE was not
oi)served by irradiation at 2.24 ppm.

IR (cm™!, KBr): 3150 (NH), 2195 (C=N), 1730 (C=0), 1630 (C=C).

UV/VIS [Ap,, nm (g), EfOH]: 258 (25 600).

MS (m/e, 70eV): 269 (M™* + 1, 23%), 268 (M*, 95), 253 (36), 115 (38), 111
(100), 110 (41).
(Z)-Ve:

'H-NMR (200 MHz, §, CDC1,)?: 8.19 (broad s, NH), 6.93 (broad s, aromatic
H), 2.86 (m, H-3 cis and H-4 cis), 2.44 (m, J,, = 4.0Hz, J,. = 7.1 Hz, H-4 trans; a),
2.30 (s, two aromatic CH;), 2.25 (m, H-3 trans; b), 2.24 (s, one aromatic CHs), 1.28
(d, J = 7.4Hz, CH;-3 trans), 1.14 (d, J = 7.0Hz, CH, cis), 0.85 (d, /= 7.1Hz,
CH;-4 trans; c),0.79 (d, J = 6.5 Hz, CHy-4 cis). NOE was observed on the signal at
0.85 by irradiation at 2.30 ppm.

IR (cm ™!, KBr): 3150 (NH), 2200 (C=N), 1730 (C=0), 1637, 1230.

UV/VIS [ nm (€), EtOH]: 263 (23 000).

MS (m/e, 70eV): Fragmentation does not distinguish it from the E isomer.

3,4-Diethyl-5-[( 2-methylphenyl) cyanomethylene Jpyrrolidin-2-one

(V1, C;sH N,0)

Obtained from If following the procedure described in the literature?, as a
mixture of the E and Z isomersin 91% yield. PTLC (see V b) gives pure (E)-V fand
(Z)-V 1 in 60% and 20% yields respectively.
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(E)-trans V{: m.p. 105-111°.

'"H-NMR (400 MHz, 5, CDCl,)*: 7.28 (m, NH and three aromatic H), 7.15
(m, one aromatic H), 3.10 (m, J,, = 2.0Hz, J,. = 3.8 Hz, J,;, = 8.8 Hz, H-4; a),
2.39 (m, J,, = 2.0Hz, J,, = 5.2Hz, J;; = 7.6 Hz, H-3; b), 233 (s, aromatic CH,),
2.07 (m, J, = 3. 8Hz Jeg = 13.8Hz, J, oy, = 7.5Hz, one H of CH;-—CH,-4; c),
1.91 (m, Jda = 8.8Hz, J,, = 13.8Hz, Jd cn, = 7.5 Hz, one H of CH;—CH,-4; d),
1.82 (m, J4, =52 Hz, Jog=13.6Hz, J, oy, = 7.5Hz, one H of CH;—CH,-3; ¢),
1.67 (m, Jy, = 7.6 Hz, er 13.6Hz, Jf cu, = 7-5Hz, one H of CH;—CH,-3; f),
1.08 (t, J = 7.5Hz, CH;—CH,-3 or CH;,—CH,-4), 1.05 (t, J = 7.5 Hz, CH3
CH,-4 or CH;—CH,-3).

IR (em™Y): 3210 NH), 2205 (C=N), 1735 (C=0), 1630 (C=C).

UV/VIS [An.nm (e); CHCL]: 261 (19 200).

MS (mfe, 70eV): 268 (M, 81%), 240 (56), 239 (69), 225 (41), 211 (100), 128
(49).

(Z)-trans V{: m.p. 125-132°.

'"H-NMR (400 MHz, §, CDCl,)?: 8.14 (broad s, NH), 7.23 (m, aromatic H),
2.81 (m, J,, = 2.5Hz, J=3.1Hz, J=8.2Hz, H-4 trans; a), 2.38 (s, aromatic
CH,),2.33(m, Jup, = 2.5Hz,J = 5.2Hz,J = 7.7Hz,H-3 trans; b), 1.79 (m, J, and
Joq undetermined, J, g, = 7.5Hz, one H of CH3—CH2 3;¢), 1.68 (m, Jy, and Jy,
undetennmed Jacn, = =7.5Hz, one H of CH,—CH,-3; d) 1.25 (m, J,, and J;
undetermined, J, oy, = 7.5Hz, one H of CH3—CH2-4 e), 1.18 (m, Jfa and er
undetermmed ch = 7.5Hz, one H of CH;—CH,-4, f), 1.03 (t, /= 7.5Hz,
CH;—CH, 3), 0.74 (t J =7.5Hz, CH,—CH,-4).

IR (cm !, KBr): 3205 (NH), 2205 C= N) 1730 (C=0), 1635 (C=C).

UV/VIS [/Lmax nm (g); CHCI;]: 263 (19 200).

MS (m/e, 70eV): Fragmentation does not distinguish it from the E isomer."

3,4-Dimethyl-5-[( I-methylpyrrol-2-yl) cyanomethylene Jpyrrolidin-2-one
(Vi, C;5H,sN;0)

Obtained from 3,4-dimethyl-5-[(1-methylpyrrol-2-yDmethylene]-3-pyrrolin-
2-one? following the procedure described in the literature?, as a mixture of the E
and Zisomers. PTLC (see V b) gives V h as a mixture of the £ and Z isomers (7: 3)
in 35% yield.

'"H-NMR (60 MHz, §, CDCl,)%: 7.95 (broad s, NH), 6.68 (m, H-5"), 6.12 (m,
H-3"and H-4'), 3.62 (s, CH;—N, E), 3.59 (s, CH;—N, Z), 3.52.3 (m, two H), 1.57
(d, J=172Hz, CH;4, E-trans), 1.39 (d, J=73Hz, CH,;4, E-cis), 1.31 (d,

= 7.3Hz, CH;-3, E-trans), 1.28 (d, J = 6.9Hz, CH;-3, Z-trans), 1.21 (d, J
= 7Hz, CH;-3, E-cis), 0.90 (d, J = 6.9 Hz, CH;-4, Z-trans), 0.76 (d, J = 7.3 Hz,
CH;-4, Z-cis).

IR (em~}, film): 3250 (NH), 2210 (C=N), 1 755-1 730 (C=0), 1 635 (C=C).

MS (m/e, 70eV): 230 (M*, 21%), 229 (M, 89), 214 (40), 186 (100).

(E)-3,4-Dimethyl-5-[ ( 2-pyridyl) cyanomethylen Jpyrrolidin-2-one

Vi, C3H;3N;0)

Obtained from (Z)—3,4-dimethyl-5-[(Z-pyridyl)methylene)-3—pyrrolin-2-one 15
following the procedure described in the literature®. PTLC in CH2C12 CH;0H
(30:1) gives (E)-V jin 40% yield as a mixture of the trans and cis isomers (8 : 3).

"H-NMR (200 MHz, 5, CDCL,)?: 8.50, 7.77, 7.60, and 7.16 (m, aromatic H),
3.58 (m, J,. = 8. 2Hz,]af— 7.3 Hz, H-4 cis; a) 3.10(m, Jyq = 2.7Hz, J;, = 7.2 Hz,
H-4 trans; b), 2.89 (m, J,= 8 2Hz, J4u, =75Hz, H-3 cis; ¢), 2.34 (m,
Jap = 2.7Hz, J4, = 7.5 Hz, H-3 trans; d), 1.56 (d, J, = 7.2Hz, CH;4 trans; e),

45 Monatshefte fiir Chemie, Vol. 117/5
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1.38 (d, Jg, = 7.3Hz, CHy-4 cis; 1), 1.35(d, Jpq = 7.5Hz, CH;-3 trans; g), 1.27 (d,
Jy. = 7.5Hz, CH;-3 cis; h).

IR (cm~ 1, film): 3 200 (NH), 2225 (C=N), 1 755 (C=0), 1 620 (C=C), 1 598.

UV/VIS [Ay,nm (e)] (CH,OH): 314 (18800), 265 (14600); (CHCL;): 317
(19 400), 267 (15400).

MS (m/e, 70eV): 227 (M ™", 51%), 212 (100), 184 (70).

Bis[3,4-dimethyl-5-ethoxycarbonyl-2( 1H )-pyrrolyljmethane (VI, CigH,sN,Oy)

Obtained as a byproduct in the synthesis of ethyl 3,4-dimethyl-5-formyl-(1 H)-
pyrrole-2-carboxylate from ethyl 3,4,5-trimethyl-(1H)-pyrrole-2-carboxylate by
oxidation with Pb(4c0),C. It shows the same physical data as the ones described
in the literature3!'; m.p. 198-203°.

TH-NMR (60 MHz, 6, CDCL): 9.3 (broad s, NH), 4.25 (q, /= T7.5Hz,
—COO—CH,—CH,), 3.83 [s, (aromatic),CH,], 2.22 [s, aromatic CH;-4(4],
1.93 [s, aromatic CH;-3(3)], 1.30 (t, J = 7.5Hz, —COO—CH,—CH;).

IR (cm™!, KBr): 3360, 1690, 1650.

UV/VIS [ A, nm(g), EfOH]: 250 (8000), 275 (14 800), 290 (17 200).

MS (m/e, 70eV): 346 (M™*, 100%).

Table 3. Some of the experimental conditions used in the thermal equilibration of
several compounds of Table 2 at 422K in DCB

No. Initial concentration Base Acid TH-NMR (MHz)
(1-10 > moldm %) catalyst catalyst
2 (B)

Ib 40+ 1 2041 + - 60
Ic 5341 2541 + — 60
Id 62+ 1 18+1 + — 60
Ie 5541 2041 + - 60
If 65+1 1541 + - 200
N-CH;-IlIa* 40+ 1 204+ 1 - - 60
IVa 80+ 1 - + 60
IVa 80+ 1 - + 60
1IVb 2541 341 - + 200
IVb 204+ 1 — +- 200
IVe 15+1 - + 200
IVe 1+1 10+1 - + 200
Va 70+ 5 10+£5 + — 60
Vb 8341 + — 60
Vb 86+ 1 + —_ 60
Ve 7241 + - 60
Ve 74+ 1 + — 60
\'21 75+ 1 + - 200
\'A3 71+ 1 + - 200
Vi 844+ 4 27+ 4 + - 60, 200

2 In CDCl; at 310K.
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Kinetic Measurements for the E—Z Isomerization of N-CH;-11a

A 0.2moldm 3 solution of N-CH,-IT a—either pure Z or Eisomer—in CDCly
was monitered by 'H-NMR spectroscopy (37°) until the equilibrium was reached
(aproximately 45 min). Plotting of In [E]/[ E]® — [E] (for the isomerization of E)
orIn[Z]/[Z]® — [Z] (for the isomerization of Z) against time gave a straight line
(correlation coefficient better than 0.99) with a slope (k =k, + k_)) of (8.01
+0.1)-10~*s~! (for E) and (6.55 + 0.30)-10"*s~! (for Z). ~

Thermal Equilibration Experiments

o-Dichlorobenzene solutions (see Table 3) in 'H-NMR tubes were maintained,
in the absence of light, at fixed temperature and their 'H-NMR spectra were
periodically recorded. Base or acid catalyst was added. Base catalyst was a solution
3mol dm 3 of CD;ONa in CD;0D, which was added to obtain 3- 10~ mol dm 3
solutions in CD,0Na. Acid catalyst was p-toluenesulfonic acid, which was added
to obtain 2-10 *moldm™3 concentrations. Initial concentrations and other
experimental conditions are indicated in the Table 3. By comparison of the
concentration changes with time, an arrangement of some compounds of each
series according to their isomerization rates was possible due to the great
differences found between related compounds.
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