SYNTHESIS AND NOOTROPIC ACTIVITY OF OXAMOYLAMINO ACIDS

G. P. Petyunin, A. S. Zaks, V. N. Petyunina, . UDC 615.214.31:547.583.5].012.1
Zh, V. Dmitrievskaya,.and T. A. Kapitonenko

Amino acids are known to possess a zwitterionic structure [2], and they are acylated by
acid halides [4-6] or acid anhydrides [1, 4, 7]. For the synthesis of N-R- oxamoyl deriva-
tives of amino acids, it was desirable to use the more accessible oxamate esters rather than
the above mentioned acylating agents.

Attempts to obtain oxamoylamino acids by the direct reaction of amino acids with an es-
ter were unsuccessful, as a result of the reduced nucleophilicity of the amino group in the
zwitterionic form. For this reason, it was desirable to carry out the reaction between the
ester and the amino acid in the presence of an equivalent amount of alkali, when the nucleo-
philicity of the amino-group in the amino acid should be increased as a result of the exis-
tence of the anion (I).

The reaction between the amino acid and the ester was carried out in an aqueous organic
solvent in the presence of KOH at room temperature, as follows:

H,NXCO00-
1
RNHCOCOOEL RY(NHCOCDOE),
RNHCOCONHXCOO- «—I |, RYNHCOCONHXCOO-),
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11 a-i 11,k
R = l-adamantyl (I18,b.), 4AcNHC,_sH (11b-d), 4-andpyryl (Ile), PhCH, (I1f),

CyoHay (ug)n- C,:Hys (Mi); Ri= 2-phe nylene (1§ ), 4-methyl-1,3« nenylene (Ilk); £ =
CH, (Ila c,e), (CH2)2 (IIb), (Cripz)y (I1f=R), CHCH,COOH IId)

Completion of the reaction was indicated by disappearance of the alkali (universal indicator
paper). The reaction took from a few minutes to several hours. The reaction mixture was
acidified with HCl to pH 1.0-2.0, and the desired product isolated in the usual way. The
yvields of product were 59-817.

The oxamoylamino acids (II) were obtained (Table 1) as colorless, crystalline solids,
soluble in solutions of alkalies and in organic solvents, but sparingly soluble in water.
The structures of (II) were confirmed by their UV and IR spectra, and by elemental analysis
(Table 1). The purity of the compounds was shown by chromatography.

The UV spectra of (IIb-d), f, j, k) showed "benzene absorption" at 268-294 nm (lge 4.15-
4.04).

+
The IR spectra showed no absorption for NH; or COO~ at 3070 and 1600-1500 c¢m™!, charac-
teristic of amino acids. Stretching vibrations of the NH groups were seen as broad bands at
3380-3250 cm™!. A series of bands located at 3030-2500 cm™! were due to vibrations of the
carboxyl hydroxy groups. COOH carbonyl absorption was present at 1760-1710 cm™*, and CONH
vibration at, 1700-1660 cm™1.

The ionization constants of some of the compounds were measured (Table 1). The pK,; val-
ues show that the oxamoylamino acids are less strongly acidic than the parent amino acids.
This effect of acylation on the acid properties of the amino acids is due to the less pro-
nounced electron-acceptor properties of the amide group as compared with the ammonium group.
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TABLE 1. Properties of Compounds (IIa-k)

Com-~ . Found, N, . . Calcu~

pound Yield, % mp, € % Empirical formula }‘?;ted, N, Ry | pK,
1la 73 159—60 10,2 | CiaHzoN:O; 100 | — | —
Ib 68 | 279—80 142 | Ci3HisN:Os 143 | 0,63 42
I 61 282—4 14,9 12H1sN305 150 | 0,67 ] 5.2
Iid 59 | 211—2 12,3 1aH15N30+ 124 | 082] —
Ile 70 265 (decomp.. 17,1 15H16N505 16,9 0,52 —
Tif 85 | 208—5 10,4 15H1gN204 106 | — | —
11g 64 58—60 8.8 C;6HaoN:Oy 8,9 0,82 —_—
1k 68 | 246—8 9.3 CaeHasNzO4 9.1 | 0,55 4.9
j9i 55 1302 10,1 CiaHagN:Oy 10,3 0,75 | 4,1
1j 81 66—8 13,0 1sH22N;Os 183 | — | =
Hk 69 149—51 12,9 C,oHzaN4O4 12,8 -] -

TABLE 2. Antiamnesic and Antihypoxic Activity of (IIf-h, k)
and Aminalone

- Pressure chamber
Conditioned .
Compound Dose, mg/ kg reflex amnesia] mean lifespan,|number of ani-
% sec %als surviving,
It 300 100 728 17
500 — 98422 60
Ty 300 67 737 34
500 — 7343 40
1Ih 300 50 55415 75
Ik 300 100 501 60
. 500 — 72418 60
Arninalone 300 67 4546 0
500 — 5443 . 0
|
Control —_ 72 l 4844 0

EXPERIMENTAL (CHEMISTRY)

UV spectra were obtained on an SF-26 spectrophotometer (USSR) in 0.05 N KOH, and IR
spectra on a UR-20 (East Germany) in KBr disks (c 0.5%). Ionization constants were measured
by potentiometric titration in 607 aqueous dioxane using an EV-74 pH meter (USSR).

Chromatography was carried out on Silufol UV-254 plates in the solvent system n-butanocl—
AcOH—water (4:2:2.2). Development was by iodine vapor and UV light.

4-Acetylaminophenyloxamoyl-g-aminopropionic Acid (IIb). To a solution of 2.51 g (0.01
mole) of ethyl 4-acetylaminooxanilate in 5 ml of DMF was added 2 ml of an aqueous solution
containing 0.89 g (0.0l mole) of B-aminopropionic acid and 0.56 g (0.01 mole) of KOH, and
the mixture stirred. After a few minutes, the mixture began to crystallize throughout its
bulk [the K salt of acid (IIb)], and became neutral as shown by testing with universal indi-
cator paper. The mixture was then treated with 10 ml of water, and acidified with HC1 (1:1)
to pH 2.0. The solid which separated was filtered off and crystallized. Compounds (IIc-g,
i) were obtained similarly.

The oxamoylamino acids (IIa, h) were obtained as described above, but using dioxane as
the organic solvent.

1,2-Phenylenedioxamoylbis(y-aminobutyric acid) (IIl). To a solution of 1.54 g (0.005
mole) of diethyl 1,2-phenylenedioxamate in 3 ml of DMF was added a solution containing 1.33
g (0.01 mole) of y-aminobutyric acid and 0.56 g (0.01 mole) of KOH, and the reaction mixture
acidified with HC1 (1:1) to pH 2.0. The solid which separated was filtered off and recrys-
tallized. (IIk) was obtained similarly.

EXPERIMENTAL (PHARMACOLOGY)

The oxamoylamino acids (IIf, g, h, k) were tested for nootropic activity. The compounds
were examined in two tests, namely ability to modify memory (antiamnesic activity), and abil-
ity to reduce the oxygen requirement of the brain (antihypoxic activity) [3]. In examining
antiamnesic activity in rats, a conditioned reflex (CRF) was established to passive avoidance
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of a darkened chamber in response to an electrical pain stimulus while the animal was located
therein. Immediately after this, an electric shock was administered. The test compounds,
together with the reference drug aminalone, were administered to the animals in a dose of 300
mg/kg intraperitoneally in starch mucilage one hour before establishment of the CRF. Persis-
tence of the CRF was checked 24 h following its establishment, by placing the rats for 3 min
in a lightened section of the apparatus. If they entered the dark chamber during this time,
they were regarded as having amnesia for the CRF [8].

The test results are shown in Table 2, from which it will be seen that in the control
test using rats, amnesia developed in 727 of cases. Compound (IIg) and aminalone had no ef-
fect on the development of amnesia in the animals, while (IIf) and (IIk) even increased it,
the number of amnesiac rats being increased to 100%7. The effect of (IIh) was limited to
slight inhibition without disturbance, and gave rise to amnesia in only 507 of the rats.
This compound therefore shows antiamnesic activity.

The antihypoxic effects were examined in mice in a pressure chamber, the atmospheric
pressure in which was reduced to 198 mm (the "lethal platform'"), and held at this level for
3 min. The test compounds and aminalone were administered intraperitoneally in starch muci-
lage 1.5 h before introduction into the pressure chamber, in doses of 300-500 mg/kg. After
the pressure chamber, the mean lifespan of the animals was measured, together with the num-
ber of surviving animals. It.will be seen from Table 2 that all the test compounds increased
the mean lifespan and the survival of the animals following the pressure chamber, i.e., they
showed antihypoxic activity. Compound (IIh) was of greatest interest, displaying types of
activity characteristic of nootropic compounds (antiamnesic and antihypoxic), being superior
in these respects to the reference compound aminalone. These results encourage an extension
of the search for nootropic compounds in oxamoyl derivatives of y-aminobutyric acid.
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