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Synopsis. A NMR spectroscopic study of 15N-
enriched Schiff bases of such tenuazonic acid analogs as
3-acetyltetramic acid, 3-acetyltetronic acid, and 3-acetyl-
thiotetronic acid showed the predominance of ketamine
forms in their tautomeric equilibria in CDCl;. The ratios
of “external tautomers” between two different ketamine
forms, as calculated from the ®N-H signal intensities, were
compared favorably with the ratios obtained from the ring
methylene signals.

In connection with the study? of the antitumor
activities of Schiff bases of tenuazonic acid analogs,?
their tautomeric structures were examined by means
of NMR spectroscopy. These Schiff bases® may
exist in a solution in any form of “external tautomers”
(By, Bo=Cy, Cy), besides “internal tautomers” (By=
By, Cy=2C,), as Forsén and coworkers have suggested
for unsymmetrical B,8'-triketones.) They have also
estimated the ratios of the ‘“‘external tautomers” of
unsymmetrical cyclic f,5’-triketones from the intensities
of the split NMR signals of the ring methylene.
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Results and Discussion

The presence of “external tautomers” in the Schiff
bases of these tenuazoinc acid analogs was detected
from the splitting of the ring methylene (5-position)
signals (3.70—4.53 ppm) in their NMR spectra. The
counterpart in the higher field of the split methylene
signals can be assigned to the tautomeric pair of By
and B, and the lower one, to the pair of Cy and C,,
since the anisotropic effect® of the neighboring carbonyl
group (4-position) can be expected to be more pro-
nounced in the forms of Cy and C, than in By and B,
in which the carbonyl groups are hydrogen-bonded
(By) or enolized (By). The ratios of the “external
tautomers”, By+B, to Cy+C,, for these Schiff bases

were calculated from intensities of the corresponding
signals (Table 1).

The observed NMR spectra of these Schiff bases
showed a broad doublet arising from the active hydro-
gen in the region of 11.66—13.67 ppm (Table 2).
In order to elucidate the exact assignment of these
signals to the tautomeric structures, the Schiff bases
of tenuazonic acid analogs were synthesized using
commercially available aniline-15¥, since sharp signals
can be expected for protons bonded to the
BN-nucleus (I=1/2), and the »N-H spin coupling
constant of ca. 90 Hz makes possible a ready detection
of any “internal” tautomerization between N-H
and O-H.%

The spectrum of the ¥N-substituted Schiff base
(IA) from 3-acetyltetramic acid contained two pair
of sharp doublets at nearly the same position relative
to the corresponding !4N-compound (Fig. 1). The
observed N-H spin coupling constant was 90.0 Hz
for each doublet at 34 °C in CDCl;. Upon raising
the sample temperature to 460 °C or lowering it to
—70 °C, no changes were observed in the chemical
shifts, signal intensities, or coupling constants of this
compound. Therefore, it can be concluded that
IA primarily exists in the ketoamine forms, By and
Cy. The intensity ratio of the higher-field doublet
to the lower one showed a good coincidence with the
ratio of ‘“‘external tautomers” calculated from the
intensities of the ring methylene signals (Table 1).
Accordingly, the higher-field doublet can be ascribed

TABLE 1. RATIOS OF “EXTERNAL TAUTOMERS’’ CALCULATED
FROM THE INTENSITY RATIOS OF RING METHYLENE SIGNALS
AND NH siGNALs

No. Compounds By-+Bo/Cx+Co Bx/Cx
X R (from CH,) (from 15NH)
IA NH H 1.13 1.17
IB NH CH,CH, 1.39 1.41
II (0] H 0.37 0.36
IIIr s H 0.34 0.32

TaBLE 2. CHEMICAL SHIFTS OF ACTIVE HYDROGENS

8 oy Y
g ppm z

No. (ppm) —_————

By form Cy form

IA  12.09 12.44 12.17 (90.0) 12.52 (90.0)
B 12.08 12.40  12.11 (90.0) 12.48 (90.0)
I 11.66 12.44  11.61 (90.0) 12.57 (91.8)
I 12.89 13.67  12.86 (90.9) 13.66 (86.4)
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to the By form, and the lower one to the Cy form.
The observed spectra of the other compounds showed
patterns similar to that of IA and indicated the same
conclusion in the assignment of the signals. However,
the observed N-H coupling constant (86.4 Hz) of
the Cy form in the Schiff base (III) of 3-acetylthio-
tetronic acid is found to be markedly smaller than the
values for the others. This suggests that ca. 5% of
the C, form is present at 34 °C in the CDCI; solution
of this compound. The presence of the C, form in
III is also supported by the results for the 3C-NMR
spectrum of III, which showed an additional small
signal of enolic carbon at 193.88 ppm (from TMS)
besides two signals at 195.18 and 198.81 ppm arising
from free carbonyl carbon and hydrogen-bonded
carbonyl carbon respectively. The exceptional feature
of IIT could be explained by the geometry of the mole-
cule. Simple molecular orbital calculation are in
progress to obtain further insights in this field.

2
éppm

Fig. 1. NMR spectrum of 3-(1'-anilinoethylidene)-
pyrrolidine-2,4-dione (IA) in CDCIl; at 90 MHz.

Experimental

Materials. The IA,” IB,” IL,® and III® were prepared
according to the procedures described in the literature cited.
Aniline-1%N (959, isotopic purity) was obtained from Prochem
BOC, Ltd.

Measurements. The NMR spectra were measured with
a Hitachi Perkin-Elmer R-22 spectrometer at 90 MHz at 34 °C,
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using TMS as the internal standard. Solutions were made so
as to contain 1.5 X 10~ mol of compounds in 0.4 ml of CDCI,.

The *C-NMR spectra measured on a JNM-FX60 spectrom-
eter equipped with a PFT-100 Fourier transform accessory
at 25.1 MHz, using TMS as the internal reference and a
10-mm-diameter NMR tube. The spectra were obtained by
5000-times accumlations measured on a broad-band proton
decoupler. The solution contained 200 mg of the sample
in 2 ml of CDCl,.

The authors are grateful to Mr. Muneki Ohuchi
of the Japan Electron Optics Laboratory for the 13C-
NMR measurement.
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