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The Solvent Effects on the Optical Rotatory Dispersion of
N-Thioacyl Derivatives of g-~Amino Acids

Various types of solvent effects on the optical rotatory dispersion (ORD) and circular
dichroism (CD) measurements of a-substituted cyclohexanones,»® bridged bicyclic
ketones®® have been reported, and they have been reviewed recently by Dijerassi,
et al.” together with other cases. Very recently studies on ORD and CD curves,
associated with thionamides by changing the solvents, have been presented® and the
conformational and/or solvational equilibria in solution have been discussed by the
same group.”™®

In the previous communication, the present authors have reported the remarkable
solvent effects on the ORD and CD measurements of the dithiocarbamates of amino
acids.!™ We tried to extend our findings to the other thiono derivatives of a-amino
acids in order to ascertain whether or not similar striking solvent effects would occur.
In this communication, the authors wish to present the results of the solvent effects
on the measurement of ORD curves of N-phenylthioacetyl-, and N-thioacetyl-cc-amino

- acids in various solvents, though the
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i I : R=-COOH ragine which was not a salt form also

CHs '?‘R ¥V : R=-COO-NH,;*-C¢H;; had a negative Cotton effect in the same
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solvent, cyclohexylammonium salts of N-phenylthioacetyl derivatives of L-alanine (II),
L-proline (), L-asparagine (Vl[) and of N-thioacetyl derivative of L-alanine (V), exhi-
bited a positive Cotton effect, respectively (Fig. 1), and the location of the Cotton effect,
with the first extremum appearing near 360 mp, showed quite clearly that this ano-
malous character of dispersion curve was responsible for the optically active >C=S
ultraviolet absorption band, therefore in this instance, L-proline derivative was not
found to be exceptional, and the fact that ¥V without phenyl group in a thiocarbonyl
moiety, also exhibited a positive Cotton effect, has proved that the phenyl group of
phenylthioacetyl part was indifferent to the Cotton effect.

On the other hand, when the solvent used on the measurements of the above
derivatives, I, N, VI, and VI, was changed from water to methanol, the Cotton effect
of I, V, and VI was inversed respectively to exhibit a negative one, but the inversion
of the Cotton effect of VI, being cyclic compound, was not observed (Fig. 2).

®)>10 7
S

\\

Fig. 1. Optical Rotatory Dispersion Fig. 2. Optical Rotatory Dispersion
Curves of I, V¥V, VI, VI in Water Curves of II, V, VI, VIl in Methanol
I: V:-————- V: ——— W: ——

The ORD curve of N-phenylthioacetyl-L-alanine (I), -L-proline (V) and N-thioacetyl-
L-alanine () was determined in methanol as a polar solvent and in chloroform as a
nonpolar solvent. In methanol solution I, II, and V exhibited a positive Cotton effect
(Fig. 3) which was consistent with the generalization that dithiocarbamates of the
L-amino acids showed a positive Cotton effect in methanol solution,'® as well as the
N-thionocarbethoxy derivative of L-amino acids, except those of L-hydroxyproline and
L-acetoxyproline,’® moreover, a sign of the Cotton effect of I in water was also posi-
tive as expected (Fig. 5). However, when the ORD curves of these compounds were
examined in chloroform solution, the inversion from a positive Cotton effect to nega-
tive was taken place in the cases of I and I, but no change was observed in the case

12) C. Djerassi, K. Undheim, R.C. Sheppard, W.G. Terry, B. Sjoberg: Acta Chem. Scand., 15, 903
(1961).
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of V (Fig. 4). This observation is very similar to those of dithiocarbamates of a&-amino
acids, *10

Sjoberg, ef al. also reported that the ORD curve of N-phenylthioacetyl-L-aspara-
gine (VI) exhibited a negative Cotton effect in methanol solution. If the phenylthio-
acetyl derivative of L-amino acids produces generally a positive Cotton effect in a
polar solvent such as methanol (Fig. 3), a negative Cotton effect of V[ in methanol
solution would be exceptional, contrary to the Sjoberg’s proposal. However, a change
of solvent from methanol to water, more polar solvent, gave rise to the Cotton effect
of V[ from negative to positive, being different from the cases of I and . In chloro-
form a sign of Cotton effect of VI was negative as in methanol, its amplitude being
larger than the case in methanol (Figs. 4, 5).

Tasre I. Signs of Cotton Effects of Some N-Phenylthioacetyl-
a-Amino Acids and Their Salts

r—-Alanine derivatives L-Proline derivatives r-Asparagine derivatives

Solvents . . ’ . . )

Free acid Salt Free acid Salt Free acid Salt Free acid Salt

(I) () (1) (V) (V) (1) (V) (Vi)

H,0 (+) (+) (+) (+) (+) (+)

CH;OH (+) (—) (+) (-) (+) (+) (—)® (=)
CHCl; (=) (—) (+) (+@

(+) : Positive Cotton effect (=) : Negative Cotton effect

a) The amplitude is smaller than that in chloroform.
b) The chloroform solution contains 1095 methanol because of insolubility of the substance.

*1 Cotton effect of N-dithiocarbethoxy-L-proline has been found to be positive in every solvent, such
as methanol, dioxane, and chloroform. The data are not published.
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The table I summarizes the ORD data obtained in water, methanol and chloroform
with N-phenylthioacetyl and N-thioacetyl derivatives of L-alanine, L-proline, and
L-asparagine.

The solvent-induced inversion in sign of the Cotton effect remains unexplained.
However, it seems to be not enough to discuss the causes of these solvent effects and
also to be difficult to establish a general rule on these phenomena because of the
limited number of derivatives, but the following matters may be said,

1) In the case of salt forms such as I, ¥, and VI, the inversion of & sign of the
Cotton effect occurs by changing the solvent from water to methanol, and in the case
of free acid forms, I, I, and VI similar inversion occurs by changing the solvent from
methanol to chloroform (I and M) or from water to either methanol or chloroform (VI),
however no change of a sign occurs in the cases of N and V. It may be supposed that
a sign of the ORD curves of N-thioacyl-L-amino acids and their salts changes from
positive to negative by changing the solvent from ‘‘polar” to ‘“ nonpolar’ except V
and VI. Hence this inversion appears to be associated with the participation of the
rotation of bonding between asymmetric carbon atom and nitrogen atom.

2) The contradiction proposed by Sjéberg, ef al.* has been resolved and proline
derivative was found not to be exceptional, but asparagine derivative would be rather
anomalous because of the probable participation of neighboring amide group. The
solvent effects on N-thioacyl and N-dithiocarbethoxy derivatives of amino acids are
alike since thione group seems to play an important role, although the transition 'states
of >N~('3=S and >N—§—S— might be a little different.

CH,
We are now continuing on the studies pursuing the causes of these phenomena
and our findings will be extended to various types of thiono amino acids and amines.

Faculty of Pharmaceutical Sciences, Shun-ichi Yamada (14 H # —)
University of Tokyo,| Kiyoyasu Ishikawa (& )il i H¢)
Bunkyo-ku, Tokyo, Japan Kazuo Achiwa (BT 41— )

Received July 12, 1965

NII-Electronic Library Service





