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conformation, A (~=COOH [[]i7¢ trans @4 @), B (-OCOCH; 73 trans © 3 D)
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The Rotatory Dispersion Studies IIP

The Rotatory Dispersion and Configuration

of Derivatives of Tartaric Acids

In the past many studies?® were made on the conformation of tartaric acid,
but conclusive information has not vet been obtained. One? of the authors
examined the rotatory dispersion (RD) of the alkylidene and benzylinene
derivatives of diethyl d-tartrate. As a result, the conformations of tartaric
acid derivatives with five-membered acetal ring were made clear. IHowever,
it is not so casy to find a preferable conformation in the flexible system
as in the compounds of comparatively rigid conformation with such an in-
tramolecular ring. In this paper the preferable conformation in the solution
of diacetyl d-tartaric acid (Compound 1) with flexible conformation has been
studied by means of RD and circular dichroism (CD). Furthermore, the RD
and CD curves and NMR spectra of two different ring derivatives of tartaric
acid, namely, dimethyl cthylidene d-tartrate (Compound II) and diacetyl d-

tartaric anhydride (Compound III) have been studied for the purpose of

comparison,
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Fig. 1. Structures of three Compounds (Ac=COCHs).
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Results and Discussion

In fig. 2 are given the RD, CD, and UV curves of diacetyl d-tarttaric acid.

The absorption band at 218 nm of the UV curve is due to the weak n—m¥
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Fig. 2. RD, CD and UV of Compound I.
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transition of the carboxyl group. While the RD curve shows a negative
Cotton effect with a negative first extreme at 230 nm, the CD curve shows
a very small positive peak at 272nm and a large negative peak at 216 nm.
This slight positive Cotton effect is due to the splitting of n—=* transition
of the carboxyl group and shows the presence of interaction, though very
little, within the carboxyl group. Compound [ may take any one of the
following three staggered conformations, all of which can bring about car-

bonyl interaction (Fig. 3).

COOH OAc H
H OAc HOOC H AcO COOH
H OAc HOOC H AcO COOH
COOH OAc
A B C

Fig. 3. Three Conformations of Compound I.

In order to obtain information about the above conformations the com-
pounds II and 1II were studied.

The RD, CD and UV curves of dimethyl ethylidene d-tartrate are shown in
Fig. 4. As is clear from the RD curve, Compound II exhibits a negative
Cotton effect with a negative peak at 218 nm. As may be seen from UVyay,
this is due to the n—x* transition of the carboxylate group.

On the other hand, as two hydrogen atoms attached to two asymmetric
carbons give spin-spin coupling in the case of Compound II, the conforma-
tion of the acetal ring can be examined by measurement of NMR spectra.
When the dihedral angle of HaA-C-C-Hp was calculated by applying Shimizu's
equation®), Jap=C+A|cosf|, to the results of NMR measurement, 1t was 54°

This approximates to the angle 60° which is formed when the two carboxyl

— B
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Fig. 4. RD, CD and UV of Compound II.

groups of tartaric acid are of the trans-form. Therfore it can be concluded
that the five-membered ring is not of the plane structure but of the half-
chair conformation as in Fig. 5.

Two conformations of the acetal ring are possible: one in which the

COOCHj3 groups are of the trans-form, and the other in which hydrogen

— 5 —
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COOCH, atoms are of the trans-form. The results
H 0 of the measurement of NMR spectra
supported the former (Fig. 5). From
53;[ cuch, M g
this fact it can be deduced that, in the
H 0
cace of Compound I, either, conformer
COOCH;,

C (which has naturally large repulsion

Fig. 5. Conformation of Compound IL

and is considered energetically unsta-
ble) does not contribute (Fig. 3).

The RD, CDand UV curves of diacetyl d-tartaric anhydride (Compound
II) are given in Fig. 6. Compound III shows a weak absorption due to
the n—7x% transition at 208 nm, and the negative Cotton effect at 215 nm
observed in the CD curve is to be assigned to this absorption. If the
lactone rule® of the plane five-membered ring is applied to this anhydride
ring, regarding it as a sort of lactone, the oxygen atom attached
to the asymmetric carbon enters the negative octant, and the sign of
Cotton effect is in accordance with this. Furthermore, the CD curve in
Fig. 6 shows a positive peak at 243 nm, showing the existence of a positive
Cotton effect. It is considered that this is due to the exciton band® which
arises from the coupling of two carbonyl groups. Therefore it may be con-
sidered that, in the case of Compound I too, the two carbonyl groups are in
a site (conformer C) which can give rise to coupling, because a weak positive
Cotton effect is observable. But the fact that negative CDmax at 216 nm of
Compound 1 is almost equal to that of Compound II, while positive CDmax
is less than 1/3 of the latter suggests that the probability of the coupling
of the carboxyl groups is slight.

In the conformation of Compound I the two conformers A and B are in

the relation: A*=B.



64 Bulletin of Nippon Dental College General Education, No.3 March, 1974

+8L
o A |
0
=0k
)
-
b
—\
=
e
=]
(¢
&
.:\:
A
o
413
—8l-
o
o 1S
%
—10}
41
f 1 \\T“ !
200 250 300 350 400
A, nm

Fig. 6. RD, CD and UV ot Compound III.

Experimental

The samples were all prepared according to the method described in the

literature®, The rotatory dispersion and circular dichroism were measured
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in ethanol at about 25°C in the wavelength region from 200 nm to 600 nm
with a JASCO optical rotatory dispersion recorder of the ORD/UV-5 type.
The ultraviolet absorption was measured in ethanol with self-recording spec-
trophotometer of Hitachi EPS-3T type. The NMR spectra were measured
with a Varian A-60 spectrometer in carbon tetrachloride with tetramethy-
silane as an internal reference.

Diacetyl d-tartaric acid (Compound I). — Colorless needles; mp 118-119°C.
The RD and CD were measured at 25°C (c 0.049) : [aleo —39.5°, [alsgg —40. 8°.
[aleze —3710° (trough), [alase —1630°, [aluwr +3550° [0 0°, (01272 +90.0°
(peak). [0l —10100° (trough), (0Js2 —9450°. The UV spectrum was mea-
sured at 20°C. emax 208 at 218 nm.

Dimethyl ethylidene d-tartrate (Compound II). — Colorless liquid; bp
140°C/17 mmHg. The RD and CD were measured at 25°C (c 0.396). [algo
—75.3°% (alssa —77.0° [alsp —195° (als —495°%, (aleyy —3560° (trough), [alys
+1360°, [0Jass 0°, [0as —9780° (trough), [0l —4220°. The UV spectrum was
measured at 25°C.  emax 190 at 216 nm.

Diacetyl d-tartaric anhydride (Compound) III). — Colorless needles; mp
135.0-136.0°C. The RD and CD were measured at 25°C (c 0.194). [alio
+10.3°, [alas +25.8° (peak), [almp —2220° (trough), [alsy —1950°, [0sr 0°,
(67243 +720° (peak), [0Jy; —10500° (trough), [6Jas —6680°. The UV spectrum

was measured at 24°C.  emax 330 at 208 nm.

The authors are grateful to Professor Seishi Shinoda, Niigata Faculty, Nippon
Dental College, for revising the English manuscript.
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