The results of the present work show that affinity adsorbents with primary amino groups
can be considered as promising matrices for isolating and purifying the corresponding bio-
logically active compounds, in particular, natural anionic phospholipids.

LITERATURE CITED

1. V. L. Ganelin, Yu. O. Sazykin, I. O. Razlogova, et al., Khim.-farm. Zh., 10, No. 3, 15-
18 (1976). -

M. Kates, Techniques in Lipidology, North Holland, Amsterdam (1975).

B. A. Klyashchitskii, I. V. Mezhova, and V. I. Shvets, Usp. Biol. Khim., 27, 187-220
(1986).

4, E. A. Kuznetsova, L. S. Shishkanova, G. E. Koroleva, et al., Zh. Obshch. Khim., 48, No.
6, 1410-1413 (1978). -

M. F. Lavrova, Antibiotiki, No. 5, 55-77 (1956).

V. Kh. Mitina and B. A. Klyashchitskii, Zh. Obshch. Khim., 54, No. 4, 934-938 (1984).
Preparative Biochemistry of Lipids [in Russian], L. D. Bergel'son and E. V. Dyatlovat-
skoi (eds.), Moscow (1981).

w N

~NOowm
o« o e

8. . G. Deutsch and E. T. Mertz, Science, 170, 1095-1096 (1970).
9. . Hoffmann, R. Schmiechen, R. D. Wells, et al., J. Am. Chem. Soc., 87, 611-619 (1965).
10. . A. Klyashchitsky and V. Kh. Mitina, J. Chromatogr., 210, 55-65 (1981).

D

K

B

11. F. Le Goffic, N. Moreau, and M. Chevereau, FEBS Lett., 29, 289-291 (1973).

12. F. Le Goffic, N. Moreau, and M. Chevereau, Biochemie, 53, 1183-1186 (1973).

13, T. Miron and M. Wilchek, J. Chromatogr., 215, 355-60.

i4. F. B. St. C. Palmer, J. Lipid Res., 22, 1296-1306 (1981).

15. J. Schacht, J. Lipid Res., 19, 1063-1067 (1978).

16. B. H. Wang, N. D. Weiner, A. Takada, and J. Schacht, Biochem. Pharmacol., 33, 3257-3262
(1984).

STABILITY OF WATER-SOLUBLE VITAMINS AND COENZYMES.
VIII. KINETICS OF ACID HYDRCLYSIS CF NICOTINOYL-y-AMINOBUTYRIC ACID

E. I. Kozlov, M. Sh. L'vova, and N. I. Garber UDC 615.356:577.164].074

-Nicotinoyl-y-amincbutyric acid (I) and its salts are biologically active compounds with
pronounced psychotropic and tranquilizing properties [4].

In the present work, we carried out a comparative study of the kinetics of hydrolysis
in an acid medium of I and several of its analogs, derivatives of y-aminobutyric acid (GABA):
D-(+)-a,y-dihydroxy-8,8-dimethylbutyryl-y-aminobutyric acid (II); N-a- and N-y-pvridylcar-
bonyl-y-aminobutyric acids (III, IV). The principal kinetic parameters of the process, char-
acterizing the stability of I, were determined, and the mechanism of the hydrolytic decom-
position was discussed.

RCONH:CH,),COO¥
-1V

_ . |
R=8.Pyridyl (I). HOCH,C(CHy),CH(OH) (11). 2. Pyridyl. (IT1). y-Pyridyl (IV).

EXPERIMENTAL

In the investigation, commercial samples of I were used, mp 209-210°C, containing not
less than 997 of the main compound (method of nonagueous titration), GABA {the Aminalone
preparation) and 1T (the Pantogam preparation) were Pharmacopoeia quality (State Pharmace-
poeia (SP) 42-1903-82 and 42-2391-85). Compounds III and IV were synthesized at the Heterc-
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cyclic Compounds Laboratory of the Scientific Association "Vitaminy" [2]. The analytical
reagents and the buffer solutions were prepared according to [3, 5]. The hydrolysis was
studied in the temperature range of 70-100°C (#0.1°C). The course of the reaction was con-
trolled from the change in the concentration of the hydrolysis product, GABA. This was de-
termined spectrophotometrically according to a colored product obtained in the reaction with
a sodium salt of 1,2-naphthquinone-4-sulfonic acid (V) on a "Specord M-40" apparatus; the
method was accurate to within #1.57.

Method of Kinetic Investigations. A 0.1-1 g weighed sample of I is dissolved in 1IN-
10N hydrochloric or sulfuric acid, or in a buffer solution at pH 0.9-1.4, prepared from so-
dium acetate and hydrochloric acid. The solution obtained with an initial concentration of
the compound of not less than 0.05-0.2 mole/liter is poured into 2 ml ampules, which are
sealed and thermostated at 70-100°C. The ampules, withdrawn periodically (a total 8-10),
are opened, and an aliquot portion of 1.2 ml is transferred into a 50 ml volumetric flask.
The solution is neutralized with 5% NaOH to phenolphthalein. A 2 ml portion of the solution
is withdrawn and transferred into a 25 ml volumetric flask. Then 1 ml of a 1% borax solu-
tion and 1 ml of a 0.57 solution of V in a mixture of methanol with water [3] are added, and
the mixture is heated on a boiling water bath for 10 min. The mixture is cooled, and 1 ml
of a formaldehyde solution in a mixture of hydrochloric and acetic acids [3] and 1 ml of 0.1N
sodium thiosulfate solution are added into each flask. After 10 min, the optical density
is measured on a spectrophotometer at the absorption maximum at a wavelength of 478 * 1 nm.
A control solution of the reagents is placed in a reference cuvette. The measured optical
density D¢ corresponds to the GABA content in the reaction mixture, while the difference
Dy — D, (D, is the optical density of a solution obtained at the initial moment of time) cor-
responds to increase in the GABA content in the course of the reaction. The kinetic experi-
ment is, in general, stopped at the stage of 50-807 conversion (the limiting degree of con-
version is reached after 7-15 h in a solution of acids, and after 24-72 h in buffer solu-
tions). A similar procedure is carried out with one of the reaction products, GABA, start-
ing from a 0.0l g sample dissolved in water in a 50 ml volumetric flask.” A 2 ml portion
of the solution obtained is transferred into a 25 ml volumetric flask, and the reaction of
formation of a colored product with V is carried out as described above, and the value of
the optical density D is obtained. The degree of transformation X is calculated from the
formula

(D ""'Do)c :
X=—tD-"ED——-. ) (1)

where Cy, and C are the initial concentrations of I and GABA, respectively, in mole/liter.

The effective rate constant K; is determined from a first order equation

Ky=—F"leT—x (2)

RESULTS AND DISCUSSION

The solubility of I in water is largely dependent on the acidity of the medium: in the
pH 1.5-6.0 range, it does not exceed 1 g/liter at 20°C. Therefore it is impossible to study
the kinetics of its decomposition in this pH range by using the indirect method of determina-
tion, that requires a fairly high concentration of the starting material (4-5 g/liter). At
pH < 1.5, the solubility of I sharply increases because of the protonation of the nitrogen
atom in the pyridine part of the molecules and formation of a readily soluble salt of the
corresponding pyridinium base.

Stereochemistry and the Reaction Order. The presence in the hydrolysis products of I,
or nicotinic acid (VI, according to UV spectrum, Apsy 261 nm [6]) and GABA (detected by the
formation of a colored product with V [5, 7] and by TLC (SP 42-1903-82) indicates that in
an acid medium the hydrolysis of I proceeds with rupture of the amide bond C—N according to
the stoichiometric equation

o~ ~CONH(CH,)CO0H gy o+ - COOH
T — f < H,N{CH,),COOH (3)
N *ir/

N N

*An aqueous solution is used in the determination of GABA in the reference sample, -since
there is practically no decomposition when a solution of GABA is heated in an acid medium.
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Fig. 1 Fig. 2
Fig. 1. Absorption spectra of hydrolysis products of I (ini-
tial concentration in the ampule 0.096 mole/liter) in 6N HC1
at 90°C treated by V. 0) At initial moment of time; 1, 2, 3,
4, 5, 6, 7, 8) after 1, 2, 3, 5, 8, 12, 18, 25 h from the be-
ginmning of the reaction, respectively; 9) absorption spectrum
of GABA taken in an equimolar concentration. On abscissa)
wavelength A (in nm); on ordinate) optical density D.

Fig. 2. Semilogarithmic anamorphoses of kinetic curves of
hydrolysis of I at 90°C in solutions of IN HC1 (1), 3N HC1
(2), and 6N HC1l (3). On abscissa) time t (in h); on ordinate)
In X/(1 = X).

TABLE 1. Rate Constants K; and K, in
Acid Hydrolysis of I in Hydrochloric
Acid Medium at 90°C

1] Ky +10%, Liter*

U - f :
tICl1 concen-. , *liter -mole~!,

) | '

traton l het | mole-lh_l
IN. | 2.95 | 2.95
2N. ‘ 5.01 ! 2.50
aN. 7.85 | 2.62
oN. | 15,10 ‘ 2,52

Note. The initial concentration of I is
0.05 M5 Kyped = 2.64 £ 0.20.

with the formation of 1 mole of GABA from 1 mole of I; GABA is quantitatively determined in
the course of the kinetic experiment spectrophotometrically in the form of a Schiff base
with the sodium salt of 1,2-naphthoquinone-4-sulfonic acid.

Figure 1 shows the absorption spectra of samples of the reaction mixture treated by V
in one of the experiments, during the course of the progressing reaction, up to total com-
pletion. The optical density of completely hvdrolyzed I (curve 8) at the absorptiocn maximum
practically coincides with the optical density of GABA at the same concentration (curve 9).
The limiting degree of conversion of I into GABA, calculated from equation (1), is generally
97-997%.

In an acid medium, the hydrolysis of I proceeds practically irreversibly and is de-
scribed by a pseudo first-order equation

i/ .
—“:t—=Kl 1. (4)

Figure 2 shows examples of semilogarithmic anamorphoses of kinetic curves for certain ex-
periments. The constant Kl calculated from equation (2) is practically independent of the
initial concentration of I (which confirms the first order of the reaction with respect to
I): at an initial concentration of I of 0.030 N, K; is equal to (.153 h™+*, at 0.048 M it

is 0.157 h™%, at 0.096 M it is 0.152 h™%, at 0.192 M it is 0.146 h-! (the reaction is car-
ried out in 6N HCl at 90°C).

Dependence of K; on pH of Medium. The acid hydrolysis of I was sgudied under the con-
ditions of excess acid sufficient to neglect its consumption during the hydrolysis and to
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Fig. 3. Dependence of log K, on log [H*] for acid hydrolysis
of I. On abscissa) log [HT]; on ordinate) log K;.

Fig. 4. Dependence of effective rate constant of hydrolysis
of I on temperature in 6N HCl (initial concentration of I
0.096 M). On abscissa) reciprocal temperature 1/T; on ordi-
nate) log K,

consider the H' concentration constant in the course of the experiment.

It was found that K| increases sharply with increase in pH. At pH 0.95, K; (in h™%-10%)
is equal to 4.50, at pH 1.10, K] is 3.44, at pH 1.25 it is 2.68 and at pH 1.36 it is 1.42
(the reaction is carried out in a hydrochloric acid—sodium acetate buffer at 70°C; the ini-
tial concentraticn of I is 0.02 M. Thus, when the pH increases by 0.4 unit, there is more
than a threehold increase in Ki.

The order with respect to [H'] was determined from the dependences of logK; on log [H']
in a series of experiments, the results of which are given in Table 1. Figure 3 shows that
the experimental points lie well on a line with tan of angle of slope =1, which corresponds
to a first order with respect to HY. Hence it follows that

K;=K2[H+}' (5)
where K, is hydrolysis rate constant of a second order (first with respect to I and with re-
spect to HY, respectively). In this case, equation (4) acquires the form

d/

—— = K, U1 [H+]. (6)
From equation (6), we can find the value of K,. Table 2 shows that the convergence between
the results obtained is most satisfactory.

Influence of Temperature. The dependence of the effective rate constant of hydrolysis
of I in an acid medium on temperature is governed by the Arrhenius equation (Fig. 4). The
mean value of the effective energy of activation is 25.8 % 0.5 kcal/mole in 6N HC1, where
the reaction rate is maximal.

Reaction Mechanism. The results of the investigation of the conversion of I into GABA
and VI in an acid medium, first order at a constant pH value, and the rectilinear dependernce
of the rate constant on the acidity of the medium in log K, vs log [H'] coordinates all in-
dicate that, as in the case of another derivative of GABA, namely compound II, this reaction
can be considered to be a specific acid catalysis reaction [5]. In analogy with the acid
hydrolysis reactions of substituted amides, accompanied by splitting of the acyl carbon—
nitrogen bond [1, 3, 5], it can be assumed that the decomposition of I proceeds by the mech-
anism of a bimolecular acid catalysis Apc2. In this case, form VII, protonated at the pyri-
dine ring nitrogen atom, reversibly adds a proton to form dication VIII, which slowly adds
a molecule of water to form an intermediate form IX. The last compound decomposes rapidly
to give reaction products.

N\ fast =
\ )~ CONHICH;),COOH —H- —— | »—COXHy(CH,),COOH
N _N

H H
VIl VII1I
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TABLE 2. Effective Rate Constants of
Hydrolysis of Compounds of General For-
mula RCONH(CH,),COOH in 6N HC1

. K{ at 70T, K; a1 100C,
h=1 he!
o~Pyridyl (1II) 0,0049 0.13
8-Pyridyl () 0.0173 0,41
y-Pyridyl (V) 0,0282 0,46
O—
slow == I
HO+ VIl ——— ) CI‘—.\'Hz(CH-z)sCOOH
<N~ “oH,
H e
X
0
fast — ] fast
X — <_/>__c - HyN(CH,),COOH ——
Y7+ '
+I§ OH,
\<—_>-COOH 4 H,%(CH,),CO0H
— N-
H

Because of its electron-acceptor properties, the protonated nitrogen atom of the pyridine
part of the molecule has a strong polar influence on the stability of the C~N bond. There-
fore the acid hydrolysis of I proceeds much more slowly than in the case of aliphatic N-acyl
derivatives of GABA, to which compound II can be related. The rate constants of the acid
hydrolysis of I and II differ by approximately 3 orders of magnitude. According to the data
in [5], at pH 1.03 and at 70°C, K! for II is =0.36 h™!. Under the same conditions, for I
this value is equal to 0.00034 h‘} (see above). The higher reactivity of II is also con-
firmed by the lower value of ‘the activation energy, which at pH 1.03 is equal to 20.2 * 2
kcal/mole [5]. :

Table 2 shows not only K; for I, but also the values of the effective rate constants
of hydrolysis of III and IV. Of the three substituted N-pyridylcarbonyl derivatives of
GABA, the a-derivative is most slowly hydrolyzed, since the polar influence of the protonated
‘nitrogen, in analogy with the influence of the polar substituents in the aromatic series,
is stronger in the ortho-position, and then weakens. The small difference in the values of
K; for I and IV is possibly due to the fact that the polar conjugation effect competes with
the field effect, but in an opposite direction, and then decreases. Similar examples have
been described in the literature. For example, it is known that the intramolecular conjuga-
tion effect that is transmitted in the benzene ring, is stronger in the more distant para
position than it is in the meta-position. The dependence of the rate constants of the acid
hydrolysis of N-pyridylcarbonyl-y-aminobutyric acids on the orientation of the pyridine ring
in the molecule that we found is comparable with the dependence of the rate of hydrolysis
of substituted aromatic amides on the position of the substituents in the aromatic ring.
The relative rates of hydrolysis of ortho-, meta-, and para-aminobenzamides in 0.5N HCl at
100°C are 0.085, 0.81 and 0.85, respectively [1].

Thus, according to the ease of hydrolytic decomposition in an acid medium, the GABA
derivatives that we studied can be arranged into the following series: II > IV > I > III.
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