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ABSTRACT: Tautomeric equilibria between 2-(cinnamoylmethyl)quinoline, (Z)-1,2-dihydro-2-(cinnamoylmethy-
lene)quinoline and (Z)-4-phenyl-1-(2-quinolyl)-1,3-butadien-2-ol were studied by 1H, 13C and 15N NMR methods.
The —CH=CH— fragment conjugated with phenyl and a strong electron donor p-(1-pyrrolidine) substituent were
found to favour the enolimine tautomer. This undergoes fast exchange (on the NMR time-scale) with the enaminone
form. The amount of the latter tautomer was found to increase at low temperatures. Copyright  2001 John Wiley &
Sons, Ltd.
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Three tautomeric forms are expected to be present in
solutions of 2-phenacylpyridine (Scheme 1, R3 = Ph).
Our recent NMR studies1,2 showed that ketimine, K, is in
equilibrium with enaminone [(Z)-1,2-dihydro-2-(ben-
zoylmethylene)pyridine], E, when R1,R2 = benzo, and
with enolimine [(Z)-2-(2-hydroxy-2-phenylvinyl)pyri-
dine], O, when R1 = R2 = H (E and O dominate in chloro-
form solutions).

Both (Z)-1,2-dihydro-2-benzoylmethylenequinoline,
E, and (Z)-2-(2-hydroxy-2-phenylvinyl)pyridine, O, are
stabilized by intramolecular hydrogen bonding.1,2 The
former tautomer is further stabilized by a benzo
annelation.1 It seemed of interest to study whether the
resonance of an extended conjugated �-system, such as in
the cinnamoyl moiety, could result in an increased
contribution of an enolimine form in solution, especially
when there are strong electron donors at the para position
in the cinnamoyl moiety. It is well known that such
groups present in the phenacyl part of the molecule
significantly stabilize the ketimine form (K) in 2-
phenacylpyridine.3 The same substituents are also
expected to stabilize (Z)-4-phenyl-1-(2-quinolyl)-1,3-
butadiene-2-ol, O (Scheme 1, R1,R2 = benzo, R3 = CH
=CHPh).

1H and 13C NMR studies4 showed that the enol
PhCOCH = C(OH)C6H4R is the only tautomer present in

chloroform when R = H. However, with a p-dimethyl-
amino group (strong electron-donor), 8% of the keto
form, PhCOCH2COC6H4NMe2-p, is present.4 It is
noteworthy that corresponding tautomer was not detected
in solution of its vinylogue. PhCOCH2-

COCH=CHC6H4NMe2-p.4 The intramolecular hydro-
gen bond in the enol tautomeric form is responsible for its
stabilization and predominance over the keto tautomer.
Although this bond seems very strong (the chemical shift
of the hydroxy proton in chloroform is �16.5 ppm), it is
broken in THF and DMSO, where the respective shift is
�2.5 ppm.4

Multinuclear magnetic resonance spectroscopic tech-
niques have provided an excellent tool to investigate
tautomeric equilibria quantitatively.5–7 It has been

.�����  

JOURNAL OF PHYSICAL ORGANIC CHEMISTRY
J. Phys. Org. Chem. 2001; 14: 201–204

Copyright  2001 John Wiley & Sons, Ltd. J. Phys. Org. Chem. 2001; 14: 201–204

*Correspondence to: R. Gawinecki, Department of Chemistry,
Technical and Agricultural University, Seminaryjna 3, PL-85-326
Bydgoszcz, Poland.
E-mail: gawiner@mail.atr.bydgoszcz.pl



reported that protonation induced chemical shifts of the
ring nitrogen atom in aza aromatic compounds are very
large.8 Consequently, 15N NMR spectroscopy provides
valuable information on their tautomerism.9–12 The aim
of this paper is to show the effect of the presence of the
—CH=CH— fragment in the molecule on tautomerism
of 2-phenacylquinolines (Scheme 2) 1H NMR spectro-
scopy seemed to be the best method to evaluate such
tautomeric equilibria quantitatively.
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1H and 13C NMR spectra of tautomeric mixtures are often
very complex. Therefore, the identification of all signals
belonging to a specific (minor) tautomer was not always
possible,13 even by comparing the spectra with those of
the fixed tautomeric form.14 Thus, only well-resolved
chemical shifts for the ketimino form are collected in
Table 1. It is noteworthy, however, that missing signals
are not necessary for calculation of the content of the
corresponding tautomer.

Some spectral parameters are indicative of particular
tautomeric forms. 15N chemical shifts of the ketimine
tautomers vary in the range �68 to �75 ppm.2 On the
other hand, 15N chemical shifts of the enolimine and
enaminone forms are shielded significantly varying in the
limits �120 to �126 and �226 to �228.5 ppm,
respectively.2 13C NMR spectra allow also one to
distinguish between different tautomers.2 Thus, the
chemical shifts of Cl1 are in the limits 47.5–49.5, 89–
90.5 and 91–97 ppm for K, E and O, respectively. �(C12)
values are also helpful: 194.5–196 (K), 181.5–185 (E)
and 161.5–163.5 (O).2

The chemical shifts of H1 (Table 1) confirm that
enaminones are strongly hydrogen bonded, which is
possible only in the Z-isomers. There are no signals
typical of the 2K form [2-(cinnamoylmethyl)quinoline]
seen in the NMR spectrum of 2 (Table 1). On the other
hand, an upfield shift of C12 in the 13C NMR spectrum, as
compared with similar signals of the E forms for other
tautomeric mixtures studied, suggests that chloroform
solution may contain also some O tautomer [(Z)-4-
phenyl-1-(2-quinolyl)-1,3-butadien-2-ol]. A broad sing-
let for Hl in the 1H NMR spectrum of 2 shows that the
proton exchange between E [(Z)-2-(cinnamoylmethy-
lene)-1,2-dihydroquinoline] and O is fast. This is also
confirmed by the value of 15N chemical shift, which is an
average of typical chemical shifts for these two
tautomeric forms.

Both 1H and 13C NMR spectra for the tautomeric
mixture of 4 are very complex. Moreover, positions of
some signals differs from those typical for K, E and O
tautomeric forms.1,2 This refers especially to the
chemical shift of C12 (Table 1). 15N chemical shifts
show that in addition to 4K there are also 4E and 4O
forms present in solution. There is a slow proton
exchange between 4K and 4E and also between 4K and
4O, and fast proton exchange between 4E and 4O
(Scheme 3) that causes the 13C signals of E and O
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Compound Forma N1 C11 C12 H11 K (%)b

1 K �73.8c 49.36c — 4.69c 4.7c

E �228.7c 89.88c 183.81 6.07c

2 K 0.0
E � O �203.0 96.45 177.53 5.61

3 K �75.8 49.06 194.46 4.60 39.3d

E �239.4 88.66 185.11 6.00
4 K �74.7 47.56 f 4.34 12.5e

E � O �184.5 95.28 180.40 5.53
�214.4

a K, E and O refer to the ketimine, enaminone and enolimine forms, respectively.
b Content of the K form based on integral intensities of H11 signals in the 1H NMR spectra. Accuracy: �1%.
c Ref. 1.
d 32.3% at �50°C.
e 14.9 and 2.2% at 40 and �50°C, respectively.
f This signal is not seen in the spectrum.
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tautomers to appear as the averaged ones. The proton
transfer between 4O and 4E is slow enough allowing to
observe the separate 15N signals for each form and fast
enough to affect the typical 15N chemical shifts2 for these
tautomers. Such a complex equilibrium is possible owing
to the effect of the strong electron donor 1-pyrrolidino
group in 4 (no separate 15N signals for each tautomer are
seen in the spectrum of 2). Since there is no 3O present in
chloroform solution, an effect of the —CH=CH—
fragment on tautomeric equilibria seems very important.
The partial negative charge at the nitrogen and oxygen
atoms causes that both of these basic centres attract the
proton strongly.

In order to determine more quantitatively the relative
contributions of the E and O tautomers, variable-
temperature NMR studies were performed in chloroform.
The frozen E and O tautomeric forms could be assigned
by their different 1J(H,N) coupling constants. Unfortu-
nately, even at �50°C only an average NH/OH signal
was observed for 2 and 4. This is why the PFG 1H,15N
HMBC spectrum measured at �50°C did not show any
splitting along proton axis due to 1J(H,N) coupling
although the low-pass filter was adjusted so that it should
not remove this direct coupling. However, the 15N
satellite signals observed in the 1H NMR spectra of 2
measured at �30 and �50°C showed a clear temperature
dependence. The separation of satellite signals corre-
sponding to the average 1J(H,N) coupling constant
increases when the temperature is decreased [1J(H,N)
= 76.1 and 81.5 Hz at �30 and �50°C, respectively].
This means that lower temperatures favour the E
tautomer because in this form 1J(H,N) coupling constant
is certainly larger than in the O form.

The results obtained allow us to conclude that insertion
of the —CH=CH— fragment into 2-phenacylquinoline
affects the tautomeric equilibria by decreasing the
contribution of 2-(cinnamoylmethyl)quinoline (the K
form). At the same time the tautomeric equilibrium is
shifted to (Z)-4-phenyl-1-(2-quinolyl)-1,3-butadien-2-ol
(the O form) and (Z)-2-(cinnamoylmethylene)-1,2-dihy-
droquinoline (the E form), both being present in chloro-

form solution and low temperatures further favouring the
formation of the E form. In addition, the molar ratios of
the O/E and K forms can be influenced by substitution
(strong electron donor substituents favour the K form).
Thus, for example, in the case of 2 only 2E [(Z)-2-
(cinnamoylmethylene)-1,2-dihydroquinoline] and 2O
[(Z)-4-phenyl-1-(2-quinolyl)-1,3-butadien-2-ol] forms
are present in solution [no 2K, i.e. 2-(cinnamoylmethyl)-
quinoline, was detected].
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The synthesis of 1 has already been described.1

Compounds 2–4 were obtained similarly by treating
quinaldyllithium (2-lithiomethylquinoline) with, respec-
tively, substituted ethyl or methyl benzoates or cinna-
mates according to known procedures.15 The reaction
products were purified by column chromatography [silica
gel (230–400 mesh), hexane–acetone (5:1)] followed by
their crystallization from the eluent or from 95% ethanol.
Satisfactory analytical data (�0.3% for C, H and N) were
obtained for all new compounds. Their m.p.s are as
follows (°C): 2, 168–170; 3, 208–210; 4, 240–242. 1H
and 13C NMR at 30°C (�): 1E, 6.83 (H3), 7.61 (H4), 7.48
(H8), 15.70 (H1), 154.14 (C2), 122.24 (C3), 136.05 (C4),
118.18 (C8), 2E � 2O, 6.89 (H3), 7.73 (H4), 7.56 (H8),
15.86 (H1), 155.29 (C2), 121.83 (C3), 136.41 (C4),
120.18 (C8); 3E, 6.75 (H3), 7.50 (H4), 7.35 (H8), 15.38
(H1), 153.06 (C2), 122.85 (C3), 136.23 (C4), 117.53
(C8); 3K, 8.08 (H4), 156.98 (C2), 126.03 (C3), 135.01
(C4), 129.29 (C8); 4E � 4O, 6.80 (H3), 7.62 (H4), 7.50
(H8), 15.70 (H1), 154.53 (C2), 122.12 (C3), 135.76 (C4),
119.24 (C8); 4K, 8.09 (H4), 7.45 (H8), 122.12 (C3),
129.04 (C8). Other chemical shifts for these compounds
are given in Table 1.

The NMR spectra were recorded for 0.1–0.2 M CDCl3
solutions at 30°C (unless stated otherwise) with a Bruker
Avance DRX500 FT NMR spectrometer equipped with
an inverse detection 5 mm diameter broadband probe-
head and z-gradient working at 500.13 MHz (1H),
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125.76 MHz (13C) and 50.59 MHz (15N). In order to
distinguish the spin systems belonging to the different
rings and assign the 1H NMR spectra reliably, 2D double
quantum filtered (DQF) 1H,1H COSY16,17 experiments
were also run. 2D z-pulsed field gradient (PFG) selected
1H,13C HMQC18,19 and 1H,13C HMBC20 experiments
were run to assign reliably the 13C NMR spectra. In order
to determine 15N NMR chemical shifts, z-PFG 1H,15N
HMBC experiments were run. The 15N NMR chemical
shifts were referenced to an external neat nitromethane (�
0.0 ppm) sample in a 1 mm diameter capillary tube
inserted coaxially inside the 5 mm NMR sample tube.
Other experimental details are available in a previous
paper.1

�%5%�%)-%.
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