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Previously [ 1] we described a series of newly synthesized
N“-nitrosocarbamoy! derivatives of o,0-diaminocarboxylic
acids and showed that activity against experimental solid tu-
mors and leukemia was observed for a mixture of Né-nitroso-
NE-[N'~(2-chloroethyl)carbamoyl}-L-lysine (II) and Ne-[N'-
(2-chloroethyl)-N’-nitrosocarbamoyl]}-L-lysine (III) obtained
by nitrosation of NE-[N'-(2-chloroethyl)carbamoy!]-L-lysine
(I) with NaNO, in diluted HCL. 1t is impossible to separate
this mixture by conventional preparative methods because of
the closely related physicochemical properties and high labil-
ity of compounds II and III, which are positional isomers
with respect to the nitroso group.
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In order to elucidate the special features of antitumor ac-
tion and the contribution of each isomer to the antitumor ac-
tivity of the mixture, we have synthesized and studied pure
isomers If and II1.
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Since an isomer with the NO group at the nitrogen atom
bound to the 2-chloroethyl (or methyl) residue was consid-
ered responsible for the antitumor effect of compounds of the
nitrosoalkylurea (NAU) series, attempts were undertaken to
synthesize III [2, 3]. Compound Il was regioselectively syn-
thesized with the use of dangerously explosive N-(2-chlo-
roethy!)-N-nitrosocarbamoyl azide [2]. However, details of
purification and yields were not presented. Another method
[3], based on the nitrosation of a copper complex of com-
pound I with excess NaNQ, in absolute formic acid, followed
by decomposition of the copper complex of isomer 1] and the
isolation of I11, did not ensure the isomer purity. It was estab-
lished by the HPLC method that compound [Il synthesized
under the conditions described in [3] contained a consider-
able fraction of isomer II.

To obtain isomer 11, we used the difference in the hydro-
lytic stability of isomers II and III. Isomer I, whose content
in the mixture is about 80% [1], is more stable in aqueous so-
lutions than isomer lI[. The conditions were experimentally
found when isomer {1l was virtually completely decomposed
while only a partial decomposition took place for isomer II.
Thus, isomer [l was obtained after prolonged (120 — 140 h)
holding of an aqueous solution of the isomer mixture at room
temperature, followed by concentration of the solution and
the isolation and recrystallization of the target product. The
yield of compound 11 was 53%, as calculated for the initial
amount of isomer II.

To synthesize isomer 1II, we used a regioselective path-
way based on the use of “activated” N-alkylnitrosocar-
bamates, which were obtained according to the methods de-
scribed in [4, 5].
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Copper complex VI, formed upon the carbamoylation of
copper complex of L-lysine (V) with pentachiorophenyl ester
of N-(2-chloroethy!)-N-nitrosocarbamic acid, was decom-
posed with hydrogen sulfide in diluted HCI, and then com-
pound IIl was isolated after neutralization of the reaction
mixture with aqueous ammonia. Compound HI was purified
by additional reprecipitation from diluted HCI with aqueous
ammonia. The total yield of compound IIl was about 20%, as
calculated for L-lysine hydrochloride.

Structures of compounds I and III were confirmed by IR,
UV, and 'H NMR spectroscopy data. Physicochemical char-
acteristics are given in Table 1.

Compounds Il and Il as well as their mixture are yel-
lowish-white crystalline substances melting above 100°C.
The compounds have limited solubility in water, isomer II
being somewhat more soluble than isomer II1.

Thin-layer chromatography (TLC) in various solvent sys-
tems is unable to separate a mixture of isomers II and II1, be-
cause they have equal Ry values. Separation of isomers Il and
11l can be achieved only by using the HPLC method.

The UV spectra of isomers I and III display absorption
maxima at A 230 and 398 nm, which are due to the presence
of the nitroso and carbonyl groups. As is seen from Table 1,
solutions of isomers have virtually equal optical densities of
the 230 nm peaks in the UV range. In the region of longer
waves (240 - 270 nm), the UV spectrum of isomer II has (un-
like the spectrum of isomer III) a small shoulder whose mo-
lecular extinction coefficient (for example, €554 ) is consider-
ably higher than that for isomer 1II. On the contrary, in the

TABLE 1. Physicochemical Characteristics of Compounds II and [I1
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visible range isomer 1l1 absorbs more intensively than iso-
mer Il

There are no distinctions in the position of bands due to
the nitrosourea carbonyl stretching vibrations at v about
1700 cm = in IR spectra of isomers II and 111. Some insig-
nificant distinctions were observed in the positions of bands
due to the stretching vibrations of NH groups.

The 'H NMR spectra of compounds Il and 11l showed
distinctions in the signals from protons of the 2-chloroethyl
group. Methylene protons of the 2-chloroethy! group of iso-
mer |l show a singlet at & 3.86 ppm (4H), representing an ex-
ample of the “accidental” equivalence of protons, i.e., of the
coincidence in the chemical shifts of structurally nonequiva-
lent nuclei. This is apparently due to the close magnitudes of
the electron-induced effect of substituents on the shielding of
methylene protons in isomer i1. However, the influence of the
NO group in isomer 111 results in a sharp distinction in chemi-
cal shifts of methylene protons of the 2-chloroethy! group (3,
ppm): 3.68 (t, CICH,) versus 4.25 (t, CH,N(NO)). A similar
phenomenon is observed for the other nitroso derivatives of
N’-(2-chloroethyl)carbamoylamino acids [1]. The assignment
of signals of CH; groups was made by the method of double
'H{'H} resonance.

EXPERIMENTAL CHEMICAL PART

The purity of the obtained compounds was checked by
the TLC method on Silufol UV plates in the n-butanol-acetic
acid—water (6 : 2 : 2) system, followed by visualization in UV
light upon development with a ninhydrin solution. Melting
points were determined on a Boetius heating device. UV
spectra were recorded on a Specord UV-VIS spectro-
photometer using water as solvent. The IR spectra were re-
corded in vaseline oil using a Specord [R-75 spectrophotome-
ter. The '"H NMR spectra were measured on a Bruker WH-
360 spectrometer operated at a working frequency of
360 MHz, using D,O as the solvent and as the internal stand-
ard (8 4.80 ppm). The specific rotation angles of the polariza-
tion plane were determined on an A1-EPO polarimeter. The
isomer purity of compounds obtained and the composition of
isomer mixtures were determined by the HPLC method on a
Milikhrom 4-UV chromatograph (detection at 230 nm; col-
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Solubility %o d
Com- " i . (n-butanol-  HPLC: UV spectra
ot grade !
pound 202](,“:[;{{[61_ .2 acetic acid~  fg.min A nm(e) H NMR spectra, D,0. 8, ppm
-~ INHCh  water)
I 152 + 145 042 38-42  230(5740), 1.37 m (2H, CH,CH,CH(NH,)COOH), 1.54 m (2H,
254(4610), CH,CH,CH,;CH(NH,)COOH), 1.89 m (2H, CH,CH(NH,)COOH). 3.75 t (11,
398(78.8) CH). 3.86 5 (4H, CH,CH,CI), 3.91 t (2H, N(NO)CH,)
Il 107 +150 0.42 49-52  230(5780), 1.54 m (2H, CH,CH,CH(NH,)COOH), 1.75 m (2H.
254(4050), CH,CH,CH,CH(NH,)COOH), 1.96 m (2H, CH,CH(NH,)COOH), 3.51 t (2H.
398(86.1) NHCH,), 3.68 t (2H, CH,Cl), 3.79 t (IH, CH), 4.25 t (2H, N(NO)CH,)
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umn size, 62 x 2 mm: Silasorb C-18). The elution was per-
formed with a mixture of ethanol and 0.01 M KH,PO, (1:9)
at a rate of 100 pl/min.

The elemental analysis data of compounds correspond to
the calculated values.

Nf-nitroso-N*-[N'-(2-chloroethyl)carbamoyl}-L-lysine
(I1). 25 g of a mixture of isomers II and III {I] containing
75% of isomer 11 were dissolved in 5 liters of water. The so-
lution was allowed to stand at room temperature for 140 h.
Water was distilled off under vacuum on a rotary evaporator
at a temperature of 35 — 40°C until formation of a thick sus-
pension. The reaction mixture was cooled to 0°C and the pre-
cipitate was filtered off, washed with water and ethanol, and
dried in vacuum over P,O;s to obtain 12.8 g of compound I1.
Additionally, 2.5 g of compound I were isolated by evapora-
tion of the filtrate and washing solutions. For the final purifi-
cation, the product was recrystallized from 150 ml of 50%
ethyl alcohol to yield 9.9 g of II (the total yield 53%).

NE-{N’-(2-chloroethyl)-N’-nitrosocarbamoyl|-L-lysine
(TH). A solution of 2.80 g (0.011 mole) of CuSQ, - SH,0 in
25 ml of water and then 20 ml of water and 15 ml of DMF
were added under stirring to a solution of 4.10 g (0.022 mole)
of IV and 2.51 g (0.045 mole) of KOH in 25 ml of water. The
resulting solution of V was cooled to 0°C and added drop-
wise with stirring at 0 - 5°C for 45 min to a solution of 9.0 g
(0.022 mole) of pentachlorophenyl ester of N-(2-chlo-
roethyl)-N-nitrosocarbamic acid [4] in 90 ml of DMF; simul-
taneously, 2.25 ml (0.016 mole) of TEA were added in por-
tions. The reaction mixture was held under cooling and stir-
ring for 2 h. Then 150 ml of water were added, and the pre-
cipitate of VI was filtered off, washed several times with
water and then with acetone, and dried in vacuum over P,O;
to obtain 4.9 g of VI (70%).

4.9 g (0.008 mole) of VI were thoroughly triturated and
dissolved in 32ml of 1 N HClL Then H,S was bubbled
through the solution under cooling (0 ~ 5°C) until complete

TABLE 2. Antitumor Action of Isomers 11 and [!1 and Their Mixture
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precipitation of CuS. The precipitate of CuS was filtered off
and the filtrate was neutralized with NH4OH to pH 6 on cool-
ing and held at this pH and 0 — 5°C for 30 min. The precipi-
tate was filtered off, washed with ethanol, and dried in vac-
uum over P,Os to obtain 2.0 g of Il (45%, as calculated
for VI).

EXPERIMENTAL BIOLOGICAL PART

Experiments were carried out on C 57B1/DBA2 hybrid
mice. Leukemia was induced in mice with an intraperitoneal
injection of 1.0 — 1.2 x 10° cells, and solid tumors by subcu-
taneous injection of 50 mg of the tumor suspension into the
axillary region. The antitumor activity was studied in mice
with lymphoblast leukemia L 1210 and solid tumors, includ-
ing mammary adenocarcinoma (Ca-755), large intestine can-
cer (AKATOL), Lewis lung carcinoma (LLC), cervical carci-
noma (RShM-5), hepatoma (22s), and gastric cancer
(OZh-5).

The therapeutic efficiency was evaluated by the tumor
growth inhibition factor (TGI, %; 50% TGI is a minimum
significant for the number of animals used), by the lifetime
increase (LTI, %; 25% LTI is minimum significant), and by
the percentage recovery (the animals were considered as
cured after having no relapse over a period of not less than
3 months after complete tumor regression). Compounds were
used in maximum tolerated doses. Results of the comparative
study of the antitumor action of isomers II and Il and their
mixture are presented in Table 2.

As expected, compound I1I exhibited a high antitumor ef-
fect against the experimental tumors studied. Compound Il at
high doses (1000 - 1250 mg/kg) exhibits moderate antitu-
mor activity against a number of tumors. The pure isomers
exhibited a potentiation (synergistic) effect with respect to
some tumors. For example, a protective effect was achieved
in none of tumor localizations when Il was used in doses
(150 - 130 mg/kg) equivalent to the content in the II - IlI

Leukemia Solid tumors TGL, %
Compound Dose, mg/kg L 1210,
% recovery LLC RShM-5 Ca-755 AKATOL OZh-5 Hepatoma 22s
I 150 No effect no effect no effect -
600 - 800 No effect 76 no effect -
1000 49 51 29
1250 (39%LTDH toxic 75(toxic) 38 -
1300 (61 % LT (17 % LThH -
11 40 — 43 96 98 (38 % recovery) 77 90 68 - 55
(18% LTI
475-350 100 99.9 99.6 70 80 toxic -
(100 % recovery) (100 % recovery) (69 % LTI)
I~ 111 1somer 175200 100 99.9 98.9 84 91 73 52
mixture (73:23) (isomer I, (80 % recovery) (94 % recovery) (32% LTI (42 % LTI
130 - 150),
(1somer I,

45 - 50)
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mixture studied. Isomer IIl taken in doses of 40 ~ 45 mg/kg
inhibited the growth of gastric cancer by 68% (with a de-
crease in effect) and increased the lifetime of animals only by
18%. and was toxic in a dose of 47.5 — 50 mg/kg. At the
same time, the Il — [l isomer mixture in doses of 175 -
200 mg/kg (a dose of isomer Il is 45 — 50 mg/ kg) exhibited
a stable antitumor effect: 73% TGl was retained over a period
of 3 weeks after a single administration and the animal life-
time increased by 42%.

Therapeutic doses were determined for isomer Il and the
I - I isomer mixture, which produced 100% recovery of
mice with leukemia L 1210. The range of therapeutic doses is
37.5-47.5 mg/kg for isomer Il and increases twofold for
the Il -1l mixture isomer, which corresponds to 26 -
57 mg/kg as calculated for isomer II1I.
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Thus, the comparative study of the antitumor activity of
the pure positional (with respect to the NO group) isomers I
and 111 and their mixture allows us to conclude that the mix-
ture of isomers possesses better therapeutic properties as
compared to the active isomer III.
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