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In the previous work,? the optical rotatory dispersion (ORD) of o-nitrobenzoates of opti-
cally active secondary alcohols was studied. The relation between the sign of their Cotton
effect and their absolute configuration was found and interpreted by assuming unsymmetrical
twisting of the nitrobenzene chromophore induced by the neighbouring asymmetric center.
In this paper, the ORD behaviour of similar derivatives of a-amino acids was examined.

Nine N-o-nitrobenzoyl r-z-amino acids were prepared and their ORD curves were meas-
ured in methanol. They showed Cotton effect centered at 330 nm, whose first extrema ap-
peared near 370 nm and the second near 310 nm. Their molecular amplitudes with sign are
presented in Table I together with those of the corresponding carboxylate ions and some methyl
esters.

Taste I. Molecular Amplitudes of N-o-Nitrobenzoyl r-¢-Amino
Acids and Their Methyl Esters

Compound Parent Free Carboxylate

No. amino acid acid® ion?) Methyl ester?
I lysine® —48.2 —34.5 (+14.3) —33.9 (+13.7)
II leucine —46.2 + 7.8 (+54.0)
11 valine —42.9 — 2.6 (+40.3) —24.9 (+18.0)
IV isoleucine —41.6 — 2.4 (+39.2) —28.2 (+13.4)
—33.49

v alanine —36.1 — 1.6>h
V1 serine —35.6
VII tyrosine® —12.5 + 7.5<N
VIIT phenylalanine  —11.3 +15.8 (+27.1) — 0.9 (+10.4)
IX tryptophan — 05 +27.5 (428.0)

The values in parentheses mean the difference from those of the corresponding free acids.

a) measured in methanol b) measured in 4% NaHCO,

¢) measured in methanol d) bis (o-nitrobenzoyl) derivative

e) measured in chloroform

f) The molecular rotation values at the first extrema divided by 100 are presented since the second extrema were not
determined.

1) Part I: U. Nagai and H. Iga, Tetrahkedron, 26, 725 (1970).
2) Location: Kita—12, Nishi-6, Sapporo; a) Present address: Reseurch Laboratory, Torii Seiyaku Co.,
Ltd., 3~14-3 Minamiyahata, Ichikawa.
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Following facts can be pointed out from Table I.  First, all the compounds so far examined
show negative Cotton effect. This fact is useful in determining the absolute configuration of an
a-amino acid. But, it seems peculiar since these compounds have S-configuration and are ex-
pected to exhibit positive Cotton effect by analogy with o-nitrobenzoyl esters. However,
this is not surprising because the effective bulkiness of a carbonyl group (sp*-carbon) may be
smaller than that of an alkyl residue (sp®-carbon).

Second, large positive shift of the molecular amplitude is observed when measured in an
alkaline solution. Third, the methyl esters exhibit slightly less negative Cotton effect than
those of the corresponding free acids. These facts can be rationalized as follows on the assump-
70 0 tion that an N-o-nitrobenzoyl amino acid is
Z E a mixture of conformers A and B (Fig. 1)

' “ by analogy with o-nitrobenzoyl esters.? The
C C conformer A in free acid form can be sta-

2 g bilized by the hydrogen bond between the
ROOC H H R carboxyl group and the amide carbonyl
N N group, and the conformer A in carboxylate
| | ion form is destabilized by the Coulomb
H H repulsion between the carboxylate ion and
] the polarized amide carbonyl group. Ac-
NR ~0 o NCOOR cording to the explanation adopted in the
/ \ previous paper,) the conformer A (B) con-
0 0 tribute negatively (positively) to the Cotton
,/‘E %\ effect through the induced unsymmetrical
0 0 twisting of the nitrobenzene chromophore.
\ / Fourth, derivatives of aliphatic amino
N N acids exhibit more negative Cotton effect
’/\ / than those of aromatic amino acids and the
, 0 0 trend is retained in the series of methyl esters
b AN and of carboxylate ions, too. This fact sug-
gests that the conformer B in the latter
A B compounds is more stabilized than in the
Fig. 1. Two Possible Conformers of an N- former ones. It seems peculiar from the
o-Nitrobenzoyl L-a-Amino Acid and Their . ; ; .,
Projections which indicate the Favoured viewpoint that the bulkiness of their side
Twisting Direction of Nitrobenzene Chro- chains would not differ significantly in both
mophore viewed from the Nitro Group groups. Therefore, the presence of some
Side unknown factor which stabilizes the confor-
Shaded Area means the Benzene Ring. mer B in the aromatic derivatives is sug-

gested. But, no plausible reason to explain the fact could not be found. Further investi-
gation is necessary.

In connection with our findings, it is interesting to note that the reversal in sign of the
Cotton effect is observed between the xanthates of secondary alcohols of S-configuration®
and N-methylmercaptothiocarbonyl derivatives of r-a-amino acids,® and that solvent effect
changes the sign of the Cotton effect of N-methylmercaptocarbonyl derivatives of x-amino
acids and a-phenethylamine but not that of the sec-butylamine derivative.®

Compound (IV) showed negative Cotton effect (¢=—33.4) when measured in chloroform,
so there seems to be no appreciable solvent effect in our case.

3) B. Sjoberg, D.J. Cram, L. Wolf, and C. Djerassi, Acta Chem. Scand., 16, 1079 (1962).

4) C. Djerassi, H. Wolf, and E. Bunnenberg, J. Am. Chem. Soc., 84, 4552 (1962).

5) Sh. Yamada, K. Ishikawa, and K. Achiwa, Chem. Pharm. Bull. (Tokyo), 13, 892 (1965); idem, ibid., 14,
921 (1966).
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Experimental®

General Procedure to Prepare o-Nitrobenzoyl L-a-Amino Acids and Their Methyl Esters An L-a-amino
acid was dissolved in a slight excess of 1n NaOH. To the solution an equivalent amount of o-nitrobenzoyl
chloride was added dropwise in an ice-water bath under vigorous stirring. During the addition the solution
was kept slightly alkaline by adding 1~ NaOH at intervals, Stirring was continued until the oily particles
of the chloride disappeared. The reaction mixture was then acidified with 4~ HCI to give oily or crystalline
precipitates. The oily precipitates crystallized by cooling and scratching the wall of the vessel. They
were collected by filtration and recrystallized from a suitable solvent described in the respective item. Their
methyl esters were prepared by treating the solution of the acids in ether or CH,Cl, with CH,N, in ether,

N,N’-Bis(o~nitrobenzoyl)-L-lysine (I) mp 141—144°, from MeOH-ether. ORD (¢=0.041, MeOH)
[«] (mu): —64.1° (500), —84.0° (450), —271° (400), —399° (372) (trough), +690° (316) (peak); (c=0.064,
4% NaHCOy): —37.5° (550), —59.3° (500), —84.5° (450), —200° (400), —281° (372) (trough), - 493° (316)
(peak). Amnal. Caled. for C,0H,(OgN,: C, 54.05; H, 4.54; N, 12.61. Found: C, 54.06; H, 4.55; N, 12.59.

Methyl Ester of I mp 143—145°, from MeOH-EtOAc. ORD (¢=0.051, MeOH) [«] (mu): —78.0°
(590), —88.0° (550), —98.0° (500), —118° (450), —236° (400), —295° (374) (trough), +315° (316) (peak),
0° (300). Amnal. Caled. for C,;H,,04N,: C, 55.02; H, 4.84; N, 12.22. Found: C, 55.17; H, 5.07; N, 12.10.

N-o-Nitrobenzoyl-L-leucine (II) mp 111—112°, from CHClg-benzene. ORD (¢=0.111, MeOH) [«]
(mu): —90.0° (550), —144° (500), —224° (450), —665° (400), —745° (365) (trough), +910° (310) (peak);
(¢=0.079, 4% NaHCO,): —17.7°(590), —17.7° (550), —18.9° (500), —15.2° (450), +29.0° (400), +101°
(366) (peak), —177° (318) (trough), —101° (310). Amnal. Calcd. for C;;H,,04N,: C, 55.71; H, 5.75; N, 10.00.
Found: C, 55.26; H, 5.78; N, 9.75.

N-o-Nitrobenzoyl-L-valine (II) —mp 153—155°, from acetone~benzene. ORD (c=0.036, MeOH) [«]
(my): —55.6° (500), —111° (450), —389° (400), —556° (372) (trough), +1055° (310) (peak), -+ 389° (300);
(¢=0.044, 49 NaHCO;): —36.8° (450), —73.6° (400), —96.5° (374) (trough), 0° (324) (peak), —115° (315).
Anal. Caled. for C,,H,,O;N,: C, 54.13; H, 5.30; N, 10.52. Found: C, 54.16; H, 5.38; N, 10.31.

Methyl Ester of III mp 100—102°, from ether-hexane. ORD (¢=0.113, MeOH) [«] (my): —54.8°
(590), —70.7° (550), —91.9° (500), —159° (450), —390° (400), —538° (372) (trough), +631° (318) (peak), +
355° (300). Amnal. Caled. for C;jH,,0O;N,: C, 55.71; H, 6.17; N, 9.52. Found: C, 55.79; H, 5.78; N, 9.74.

N-o-Nitrobenzoyl-L-isoleucine (IV) mp 169—170° from acetone-benzene. ORD (¢=0.039, MeOH)
(o] (mp): —103° (590), —103° (550), —154° (500), —205° (450), —461° (400), —564° (370) (trough), +923°
(313) (peak), +308° (300); (¢=0.180, CHCL;): —41.0° (500), —68.9° (450), —232° (400), —349° (372) (trough),
+840° (315) (peak), -+517° (305); (c=0.081, 4% NaHCO;): —37.0°(375) (trough), +49.4° (330) (peak).
Anal. Caled. for C;3H,4O4N,: C, 55.71; H, 5.75; N, 10.00. Found: C, 55.86; H, 5.75; N, 10.02.

Methyl Ester of (IV) mp 98—100°, from ether-hexane. ORD (¢=0.113, MeOH) {a] (mu): —63.4°
(590), —77.9° (550), —92.0° (500), —150° (450), —359° (400), —512° (372) (trough), --631° (318) (peak),
+519° (310). Amnal. Caled. for C,;H,(N,Oq: C, 57.13; H, 6.17; N, 9.52. Found: C, 57.31; H, 6.27; N, 9.74.

N-o-Nitrobenzoyl-r-alanine (V) mp 159—162°, from ether. ORD (¢=0.033, MeOH) [«] (mpu):
—60.6° (450), —364° (400), —546° (370) (trough), +970° (315) (peak), 0° (300); (c=0.144, 4% NaHCO,):
—21.5° (590), —27.8° (500), —34.7° (450), —41.7° (400), —69.4° (370) (trough). Amnal. Calcd. for C,;H,,-
O;N,: C, 50.42; H, 4.23; N, 11.76. Found: C, 50.40; H, 4.58; N, 11.72.

N-o-Nitrobenzoyl-L-serine (VI) mp 164—166°, from acetone-benzene. ORD (¢=0.050, MeOH) [«]
(mu): —40° (590), —50° (550), —60° (550), —100° (450), —280° (400), —440° (377) (trough), +960° (315)
(peak), +240° (300). Anal. Calcd. for C,,H,,O¢N,: C, 47.25; H, 3.97; N, 11.02. Found: C, 47.45; H, 3.83;
N, 11.15.

N,0-Bis(o-nitrobenzoyl)-L-tyrosine (VII) mp 179—182°, from acetone-ether. ORD (¢=0.108, MeOH)
[o] (mu): —27.9° (590), —37.2° (500), —93.0° (400), —130° (375) (trough), -+130° (315) (peak); (c=0.090,
4% NaHCO,): +22.2° (590), +27.8° (500), +111°(400), +156° (370) (peak), 0° (335). Amnal. Calcd. for
Cy3H,,N30,4: C, 57.62; H, 3.57; N, 8.77. Found: C, 57.25; H, 3.46; N, 8.57.

N-o-Nitrobenzoyl-L-phenylalanine (VIII) mp 100—102°, from benzene. ORD (c=0.045, MeOH)
[o] (mp): —22.5° (550), —22.5° (500), —45.0° (450), —90.0° (400), —112° (380) (trough), +202° (315) (peak),
+67.5° (300); (c=0.56, 4% NaHCO,;): +432.4° (590), +37.8°(550), +50.5° (500), --83.0° (450), -+ 189°
(400), +343° (362) (peak), —108° (310) (trough). Anal. Calcd. for C,(H,,O0;N,: C, 61.14; H, 4.49; N, 8.91.
Found: C, 61.07; H, 4.47; N, 8.78.

Methyl Ester of VIII mp 94—96°, from ether-hexane. ORD (c=0.096, MeOH) [«] (mp): —26.1°
(590), —28.2° (550), —31.4° (500), —41.8° (450), —52.2° (400), —62.9° (370) (trough), —34.5° (314) (peak).
Anal. Caled. for C;H,,0;N,: C, 62.19; H, 4.91; N, 8.53. Found: C, 62.23; H, 4.98; N, 8.64.

N-o-Nitrobenzoyl-L-tryptophan (IX) mp 201—203°, from acetone-benzene. ORD (c=1.020, MeOH)
[o] (mp): +13.8°(590), +14.8°(550), +19.7°(500), +27.6° (450), -+35.5° (420), +25.6° (384) (trough),

6) All melting points are not corrected. ORD spectra were measured with JASCO ORD/UV-5 Optical
Rotatory Dispersion Recorder at room temperature ranging 10—30°,
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+39.2° (340). CD (¢=0.215, MeOH) [6] (mp): 0 (400), —108 (345) (negative maximum), —32.4 (330). ORD
(¢=0.063, 4% NaHCO,) [a] (mu): +25.4° (590), +38.2° (550), +57.2° (500), +102° (450), -+286° (400),
4429° (370) (peak), —349° (318) (trough), —254° (310). Amal. Calcd. for C,sH,;0.N;: C, 61.19; H, 4.28;
N, 11.89. Found: C, 61.13; H, 4.21; N, 12.03.
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Aminolysis of esters3% and a number of acyl transfer reactions of acetylimidazole, includ-
ing hydrolysis® have been reported to be subject to classical general base catalysis. Schowen
and Zuorick® have reported the superimposed general-base catalysis by glycine-sodium gly-
cinate buffer solution in the hydrolysis of anilides. Schwartz has recently reported the partici-
pation by general base catalysis in the aminolysis of benzylpenicillin by aliphatic diamines.”

However, very little work has been reported concerning the general catalysis of hydrolysis

of hydrazones.
, In our previous investigation on the hydrolysis of antitubercular agents like furylmethyl-
ketone isonicotinoylhydrazone (FKI)® and other isoniazid hydrazones in biological media,”
amino acids such as glycine, asparagine, and glutamic acid exhibited a dominant effect to ac-
celerate the degradative reaction and the data seemed to support the view that nonprotonated
amino group acts as catalytic species.

To test this hypothesis, studies were conducted of the reaction of FKI with a series of
amino acids and a few aliphatic amines, and kinetic deuterium solvent isotope effect was tested
for the certification of general catalysis. An investigation of the mechanism of the catalytic
reaction should aid in a better understanding of biopharmaceutical mechanisms involving such
compounds.

Experimental

Materials FKI (Daiichi Seiyaku Co., Ltd.) was used as received. Amino acids, aliphatic amines,
and all other chemicals were of reagent grade. Deuterium oxide (Merck Sharp & Dohme of Canada Ltd.)
was more than 99.7% in its isotopic purity.

1) This paper forms Part III of “Studies on the Stability of Drugs in Biological Media,’’ Preceding paper,
Part II: K. Kakemi, H. Sezaki, K. Iwamoto, and Y. Sano, Ckem. Phaym. Bull. (Tokyo), 17, 1623 (1969).

2) Location: Yoskida—Shimoadachi—cho, Sakyo-ku, Kyoto. '
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5) W.P. Jenks and J. Carriuolo, J. Biol. Chem., 234, 1272, 1280 (1959).

6) R.L. Schowen and G.W. Zuorick, J. Am. Chem. Soc., 88, 1223 (1966).
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