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N-Labelled ethyl 5-oxo-2-phenyl-4-(2-phenylhydrazono)-4,5-dihydro-1H-pyrrole-3-carboxylate was
synthesized by azo-coupling of diazotized aniline (using Na15NO2 , 99% 15N) with ethyl 4,5-dihydro-5-
oxo-2-phenyl-(1H)-pyrrole-3-carboxylate. The product was formed as a tautomeric hydrazone mixture
as confirmed by 13C and 15N chemical shifts, and was obtained as a mixture of E and Z isomers according
to nJ(15N, 13C). A comparison of the 1H NMR data with GIAO DFT calculations enabled determination of the
configuration of the carboxy ester group in both isomers.

� 2010 Elsevier Ltd. All rights reserved.
Ethyl 4,5-dihydro-5-oxo-2-phenyl-1H-pyrrole-3-carboxylate
(1, pyrrolinone ester) is a virtually undetectable intermediate in
the synthesis of diketo-pyrrolo-pyrrole (DPP) pigment (C.I. Pig-
ment Red 255) from benzonitrile and diethyl succinate.1 If synthe-
sized independently,2 the pyrrolinone ester can undergo, due to
the presence of a strongly activated methylene group at position
4, reaction with the aromatic nitrile forming unsymmetrical DPPs,3

or condensation with aromatic aldehydes,4 carboxy esters and
chlorides5 or oxidative dimerization,2 giving rise to various types
of new dyes or pigments.

Both the condensation of pyrrolinone ester 1 with phenylhydr-
azine and azo-coupling with diazotized aniline result in the same
product, as previously reported.6 Since the structural details of
the products were not described,6 and because of our interest in
dyes based on a pyrrolinone ester,3,4c we decided to study the reac-
tion product of the azo-coupling with a pyrrolinone ester 1 in de-
tail (Scheme 1).

The diazotization of aniline was carried out by the usual proce-
dure,7 and diazotization using Na15NO2 (99% 15N8) was accom-
plished in the same way. The azo-coupling reaction gave product
2 in moderate yield and good purity.9

Ethyl 5-oxo-2-phenyl-4-(2-phenylhydrazono)-4,5-dihydro-1H-
pyrrole-3-carboxylate (2) exists as a mixture of two components
in DMSO-d6, the content of which can change slightly over time.
Two-dimensional NMR experiments10 allowed assignment of all
ll rights reserved.
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the proton and carbon resonances. It was found, based on 13C
and 15N chemical shifts,11 that both components existed com-
pletely as the hydrazones.

The existence of two components in the reaction mixture was
due to the presence of two geometric isomers. The 2J(15N, 13C) cou-
pling constant values were used to assign the Z and E isomers. The
values of the 2J(15N, 13C) coupling constants for the (nearly) planar
arrangement differed considerably (Fig. 1) and were not affected to
any great extent by the character of the substituents.12 It was nec-
essary to use the 15N-labelled compound and good digital resolu-
tion during the 13C NMR spectral measurements in order to
determine the nJ(15N, 13C) coupling constants precisely. The most
important values are those of 2J(15N, 13C) for carbons 3 and 5.
The results are collected in Table 1.

Rather surprisingly, the largest difference between the 1H chem-
ical shifts of the E and Z isomers was found for the methylene group,
and especially the methyl protons of the ethoxy group, which are
relatively distant from the C@N bond. In order to explain these dif-
ferences we modelled the structure of both isomers using density
functional theory (DFT: B3LYP/6-311G(d,p)) and computed theoret-
ical 1H chemical shifts by the gauge-including atomic orbital (GIAO)
method.13 Both methods were adopted from the GAUSSIAN03W pro-
gram suite.14 Two conformations were found for each isomer, differ-
ing in the orientation of the carboxy ester group with respect to the
pyrrolinone ring (Fig. 2). The difference between the total energies of
the most stable conformations of each isomer [(Z), s-cis and (E),
s-trans] was low, which explains the simultaneous appearance of
both isomers in the reaction mixture. The 4-(2-phenylhydrazono)-
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Figure 1. Typical absolute values of the 2J(15N, 13C) coupling constants in nearly
planar systems depending on the orientation of the carbon atoms with respect to
the nitrogen atom electron lone pair.

Table 1
1H, 13C and 15N chemical shifts and nJ(15N, 13C) coupling constants (Hz, ±0.3 Hz) of the
(E) and (Z) isomers of compound 2 measured in DMSO-d6

H/C/N (E)-2 (Z)-2

d (1H) d (13C) nJ(15N, 13C) d (1H) d (13C) nJ(15N, 13C)

1 11.31 �224.6a 11.41 �232.6a

2 — 156.0 2.6 — 146.5 3.7
3 — 99.0 3.2 — 102.4 7.5
4 — 128.9 7.4 — 129.8 6.0
5 — 164.3 12.1 — 161.3 <1
10 — 131.0 — 129.8
20 7.57 129.9 7.64 129.6
30 7.51 127.9 7.51 128.1
40 7.51 130.3 7.51 130.2
3-COO — 166.0 — 162.3
OCH2 4.09 61.0 4.20 59.7
CH3 0.92 13.3 1.25 14.1
4-(@N)–NH– — �40.1a — �34.7a

@N–NH– 13.00 �215.4a 13.10 �217.3a

100 — 142.8 6.5 — 142.8 6.5
200 7.30 114.2 2.3 7.47 114.2 2.4
300 7.43 129.1 7.43 129.1
400 7.08 122.8 7.12 122.8

a d (15N).
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Scheme 1. Azo-coupling reaction with compound 1 and atom numbering in the reaction products.
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pyrrolinone is quasiplanar in all cases, and the pendant 2-phenyl
group is significantly rotated out of plane (44–53�). Rotation of the
carboxy ester group with respect to the pyrrolinone ring is moder-
ate, the highest rotation being (26�) for the least stable (E), s-cis con-
former, which is the only one not stabilized by an intramolecular
NH–CO hydrogen bond.

Only one value of the 1H chemical shift was found experimentally
for the two (three) protons of the methylene (methyl) group which
indicates that free rotation of the ethyl group on the NMR time-scale
must occur. On the other hand, the different average values for both
isomers prove the stabilized position of the carboxy ester group. The
GIAO-computed values were very similar for the s-trans and s-cis
conformers of both isomers, showing that the 1H chemical shifts of
the ethyl protons depend only on the conformation of the carboeth-
oxy group with respect to the pyrrolidinone ring. Finally, the differ-
Figure 2. DFT-computed structures of both conformations of the carboethoxy group of t
experimental 1H chemical shifts of the methylene and methyl groups.
ence between the values for both isomers infers that the
conformation of the carboxy ester is different in both. The theoreti-
cal values match the experimental values significantly better for the
he E and Z isomers of 2, together with the relative total energies and GIAO NMR and
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(Z), s-cis and (E), s-trans arrangements (Fig. 2), in accordance with
thermodynamic stability. Thus we consider the chemical outcome
displayed in Scheme 1 as definitely proved. The preference for the
(Z), s-cis conformer was also the situation for the structurally similar
isopropyl 1-phenyl-4-phenylhydrazono-5-oxo-3-pyrazolecarboxy-
late according to X-ray diffractometry.15
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