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Synopsis. NMR spectroscopic studies of 3-acetyl-
tetramic acidt (3-acetyl-2,4-azolidinedione), 3-acetyltetronic
acidt (3-acetyl-2,4-oxolanedione), 3-acetylthiotetronic acidt
(83-acetyl-2,4-thiolanedione) and their anilidest (3-(2-phenyl-
iminoethyl) derivatives) showed variations in the tautomeric
equilibria with certain polar solvents. For example, the
strong solvation effect of DMSO-d; causes a predominance of
the lactim forms of 3-acetyltetramic acid over the lactam
forms and up-field shifts of the enolic protons.

Previously, the tautomeric equilibria of 3-acetyl-
tetramic acid analogs (I—III)* and their anilides (IA—
IITA)* in chloroform-d were studied by means of NMR
spectroscopy.»? In chloroform-d, the spectra of I—III
showed the splitting of methylene proton signals by
“external” (cis-trans) tautomerization (a, b = c, d),
besides the splitting of methyl proton signals by the
“internal” prototropy (a=b, c=d), caused by the
different anisotropic effect of the carbonyl group in each
tautomer (Chart 1, a—d).?
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Chart 1.

However, with some exceptions, the splittings in
methyl and methylene signals could not be observed in
any solvents other than chloroform-d (Table 1). For

* A preliminary report of this work was presented at the
36th National Meeting of the Chemical Society of Japan,
Osaka, April 1977.

** Present address: Department of Applied Chemistry,
School of Science and Technology, Waseda University, Nishi-
Okubo, Shinjuku-ku, Tokyo 160.

+ Common names are consciously introduced for these
compounds in order to express the mixed systems of the com-
plicated tautomers. However, the IUPAC names of their
keto forms are as follows: 3-acetyl-2,4-azolidinedione (I), 3-
acetyl-2,4-oxolanedione (II), 3-acetyl-2,4-thiolandione (III),
3-(2-phenyliminoethyl)-2,4-azolidinedione (IA), 3-(2-phenyl-
iminoethyl)-2,4-oxolanedione (IIA), and 3-(2-phenylimino-
ethyl)-2,4-thiolanedione (IIIA).

this disappearance of the splittings, two reasons can be
considered. The one is the rapid tautomeric inter-
conversion accelerated by the polar solvent over the
NMR time-scale. The other is the inclination of the
tautomeric equilibria to one side as a result of the
solvation effect. When DMSO-d; was added to the
solution of 3-acetyltetramic acid (I) in chloroform-d,
the intensity of the methylene signal of the ¢, d form was
successively decreased and extinguished at a DMSO-dg
content of ca. 25%,, whereas that of the a, b form was
increased. Figure la shows the variations in the intensity
ratio (c+d)/(a-+b) with the DMSO-dg content. From
this fact, it can be concluded that the acceleration of
the prototropy by the polar solvent does not happen
in this case.
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Fig. 1. Variations of the chemical shifts and the tauto-
meric ratio of 3-acetyltetramic acid (I) in CDCl;-
DMSO-dg mixed solvent system.

A : Ratio of ¢, d form to a, b form, @: enolic proton,
I : lactam-lactim proton.

Furthermore, along with the addition of DMSO-d,,
the down-field shift of the NH proton signal and the
up-field shift of the enolic proton signal were observed
throughout this experiment (Fig. 1b). The down-field
shift of the NH proton signal suggests the formation of
the lactim form, which is then rapidly interconverted
with the corresponding lactam form. With the addition
of DMSO-dg, the lactim form should become predomi-
nant over the lactam form, since DMSO-d; might
solvate and stabilize the more polar lactim form.?

The up-field shift of the enolic proton is probably
caused by the formation of an intermolecular hydrogen



652 NOTES [Vol. 51, No. 2
TaBLE 1. NMR CHEMICAL SHIFTS AND TAUTOMERIC POPULATIONS IN VARIOUS SOLVENTS AT 34 °C
Chemical shifts Tautqmeric
N Compound Solvent (0 ppm, 100 MHz) populations (%)
[0 8 X Z —_—

CH, CH, ZH a,b® c,d®

I NH O CDCl, 2.49 2.46 3.84 3.97 11.42 77% 23
CD,CO,D 2.48 3.75 3.96 ) 249 76

CF,CO,D 2.58 4.18 c) 0 100

CD,OD 2.72 4.08 c) 0 100

DMSO-d; 2.31 3.70 10.11 100® 0

1T O O CDCl, 2.55 2.56 4.46 4.68 11.38 36 64
CD,CO,D 2.50 4.60 c) 100 0

CF,CO,D 2.64 4.82 c) 100 0

CD,OD 2.80 4.96 c) 100 0

DMSO-d; 2.63 4.92 8.20 0 100

C,D;N 2.78 4.53 14.72 0 100

111 S O CDCl, 2.54 2.56 3.83 4.04 14.96 24 76
CCl, 2.84 3.97 4.20 15.83 17 83

CD,CO,D 2.52 4.05 9] 100 0

CF,CO,D 2.69 4.13 c) 100 0

CD,OD 2.80 4.30 c) 100 0

DMSO-dg 2.63 4.93 9.62 0 100

IA NH NPh CDCl, 2.53 2.57 3.76 3.82 12.09 12.03 53D 47
CD,CO,D 2.52 3.78 3.86 c) c) 32D 68

CF,CO,D 2.85 4.18 c) c) 0 100

CD,0OD 2.78 4.02 4.08 c) c) 64 36

DMSO-dg 2.17 2.20 3.56 3.64 12.22 12.31 72® 28

IIA O NPh CDCl, 2.54 2.58 4.48 4.53 11.66 12.44 26 74
CD,CO,D 2.50 4.60 c) c) 100 0

CF,CO,D 2.64 4.82 c) c) 100 0

DMSO-d 2.48 4.51 12.01 0 100

IIIA S NPh CDCl, 2.73 4.04 4.13 13.83 14.09 22 78
CD,OD 2.78 4.08 c) c) 100 0

CF,CO,D 2.66 4.12 c) c) 100 0

DMSO-d, 2.78 4.22 c) c) 0 100

a) For TA-IITA, the a and c forms were not detected.
included in the populations of the a and b form.
the deuterated solvents.
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Chart 2.

bonding between I and the DMSO-d; molecule.
Similar shifts could be observed with respect to II and
III. However, further investigations might be necessary
with regard to this problem.

In a similar way, major tautomers of the other
analogs in various solvents were determined by the
measurement of the variations in the methylene signal
intensities in mixed solvent systems with chloroform-d.

b) For I and IA, the corresponding lactim forms are

c) Extinguished by the rapid H-D exchange reactions with

Experimental

The compounds (I—IIIA) were prepared by the methods
of the literature cited in the preceding papers.l»? All the
deuterated solvents were obtained from E. Merck, Ltd.
Solutions for the measurements were made so as to contain
1.5%x 10~ mol of the compounds in 0.4 ml of the solvents.
The NMR spectra were recorded on a JEOL PS-100 spectro-
meter at 100 MHz at 34 °C, using TMS as the internal
standard.
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