SEARCH FOR NEW DRUGS

SYNTHESIS AND ANTITUMOR ACTIVITY OF ALKYLNITROSOUREA DERIVATIVES OF
L~-FPHENYLALANINE

S. V. Skryabina, V. F. Gopko, UDC 615.277.3:547.586.2%495,41.012.1
G. M. Anoshina, and L. B. Radina

Alkylnitrosoureas (ANUs) are currently considered to be one of the most promising groups
of antitumor drugs [1l, 3]. Many compounds of this type have been synthesized and tested,
and some of them have found clinical applications. It has been shown that the spectrum of
antitumor activity of ANUs is dependent on the substituents R* and R? at the nitrogen atom
of the urea residue:

R’N (NO)CONHR?.

Compounds with alkyl radicals (R' = CHa, C.Hs, CH,CH,Cl, CgH,:, etc.) at the nitrosated
nitrogen atom decompose in the body to formalkyl diazohydroxides, which are cytotoxic. The
substituent at the other nitrogen atom (R®*) functions as a carrier for this cytotoxic group—
ing. It has been shown that ANUs in which the carrier is a metabolic molecule (sugar, purine
or pyrimidine bases, nucleosides, etc.) differ markedly in tueir biological activity.

Tn order to examine the effects of the type of carrier on the antitumor activity of ANUs,
some novel derivatives of the natural amino acid L-phenylalanine, containing an alkylnitro-
sourea grouping in the side chain of the amino acid (VIIa-c), and their formyl (VIIa-c) and
di(alkylnitrosoureido) derivatives (XIa, b) have been synthesized. These compounds were ob-
tained from L-phenylalanine as follows:
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For (V"VIII), R = CH3 (a), Cuz {zcl (b), and Csl‘{11 (C)-

For (VII) and (VITI), a, and b, X =N0O, Y = E; ¢, X = H and NO, 7 = NO and H (a mixture
of positional NO isomers).

4-Nitro-N-phenylalanine (I1), 4-amino-N-phenylalanine (IX), and their a-formyl derivatives
(117 and IV) were obtained as described in [4]. The formyl group was chosen as the protect-
ing group for ghe a—amino group in view of the fact that it can easily be removed under mild
conditions. N -Formyl-4-(N'-alkylureido)-L-phenylalanines (Va-c) were obtained by carbamoyl-
ating (IV) with the appropriate alkyl isocyanates, followed either by nitrosation with
sodium nitrite in anhydrous formic acid to give N%-formyl-4-(N'-alkyl-N-nitrosoureido)-L~
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phenylalanines (VIIIa-c), or by cleavage of the formyl group with concentrated hydrochloric
acid in dixoane to give 4-(N'-alkylureido)-L-phenylalanines (VIa-c). The latter were nitro-
seted with sodium nitrite in dilute hydrochloric acid at pH 1.0-2.0. Under these conditions,
the a-amino group is protected by protonation, and nitrosation takes place selectively at the
urea nitrogen.

The di(alkylnitrosoureido) derivatives of L-phenylalanine (Xa, b) were prepared by
carbamoylating (IX) with an excess of isocyanate followed by nitrosation of the resulting
di{alkylureido) derivative of L-phenylalanine (Xa, b) with sodium nitrite in formic acid:
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NHC(O)N(NO)R
XI a.b
a: R=CHg b: R=CH,CH,Cl

The compositions and structures of the compounds obtained were confirmed by their ele-
mental analyses, and UV, IR, and PMR spectra (see Table 1).

The UV spectra of the nitroso compounds (VII), (VIII), and (XI) showed two strong maxima
at 235 and 205 nm, attributed to m»n%* transitions in the nitroso group and the aromatic rlng,
and one weak maximum at 395 nm due to n - 7% transition -in the nitroso group.

It is known that nitrosation of unsymmetrical ureas can give isomers differing in the
position of the nitroso group [5].

In the PMR spectra of (VIIa), (VIIIa), and (XIa), in which R = CHs, the single singlet
with a chemical shift of 3.20 ppm shows that the nitroso group is adjacent to the methyl
group. In the spectra of (VIIb), (VIIIb), and (XIb), an A,B. type system was present, with
a chemical shift of 3.65 ppm for the CH,Cl protons and 4.20 ppm for the CH,—NO group. This
shows that the nitroso group is attached to the nitrogen atom carrying the chloroethyl group.
In the spectra of (Viic) and (VIIIc) (R = CgKEii), the presence of two signals.at low field
for the amide protons of the nitrosourea grouping (a singlet at 8.70 ppm and doublet at 8.90
ppm) showed them to consist of mixtures of positional isomers of the nitroso group. From
the intensities of the signals for these protons, the isomer ratio was 17:83 (the isomer with
the nitroso group attached to the nitrogen bonded to the benzene ring was formed preferential-
ly). Attempts to separate these isomers by a variety of chemical and chromatographic methods
were unsuccessful

EXPERIMENTAL CHEMISTRY

Thin-layer chromatography was carried out using Silufol UV-254 plates and the solvent
system n-butanol—acetic acid—water (6:2:2). IR spectra were obtained on a UR-20 spectrometer,
as a paste in Vaseline oil. Electronic absorption spectra were recorded on a Specord UV-VIS
spectrophotometer. PMR spectra were obtained on a Perkin—Elmer 12B spectrometer, operating
frequency 60 MHz, in dimethyl sulfoxide-De (DMSO), tetramethylsilane being used as the
internal standard. Optical activities were measured on an Al-EPL polarimeter in DMSO.

"

Na-Formyl—A—(N'-methylureido)—L—phenylalanine (Va), To a solution of 2 g (0.0096 mole)
of (IV) in 20 ml of DMF was added 0.84 ml (0.0136 mole) of methyl isocyanate, with vigorous
stirring in an ice bath. The mixture was stirred for 4 h at 0-5°C. The solvent was removed
in vacuo, the residue triturated with ether, and the solid (Va) filtered off to give 2.5 g of
(Va) (yield 98%). IR spectrum, v, cm -*: 3370(NH); 1725(COOH); 1660(CONH); 1540(CNH)

N —Formyl -4~(N'-2-chloroethylureido)-L-phenylalanine (Vb) Obtained as for (Va). There
was obtained 3.1 g of (Vb) ‘yield 99%). IR spectrum, v, cm™ : 3360(NH); 1720(COOH); 1655
(CONH); 1520(CNH).

N —Formyl —4—(N'-cyclohexylureido)~L-phenylalanine (Vc). Obtained as for (Va). There
was obtained 3.0 g of (Vb) (yield 94%). IR spectrum, v, cm~': 3360(NH); 1720(COOH); 1655
(CONH); 1520(CNH).
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4-(N'-Methylureido)-L-phenylalanine (VIa). Compound (Va) was dissolved in 12 ml of
dioxane and 5 ml of water. To the solution was added 0.64 ml (0.0076 mole) of concentrated
HCl. The mixture was boiled for 1 h, the solvent removed in vacuo, and the residue dissolved
in 5 ml of water and neutralized with 12% ammonia solution to pH 6.0. The (VIa) was filter-
ed off and washed with water to give 0.56 g (89%). IR spectrum, v, cm~': 3340 (NH); 2960
(B>*); 1650(CONH); 1560 (CO0-); 1540(CNH).

4—(N'—2—Chloroethylureido)—L:phenylaianine (VIb). Prepared as for (VIa), yield 0.45 g
(83%). IR spectrum, v, cm : 3325 (NH); 2980 (NH%); 1645 (CONH) ; 1580 C00-); 1530 (CNH).

4—(N'-Cyclohexylureido)-L-phenylalanine (VIc). Obtained as for (VIa), yield 0.7 g (91%).
IR spectrum, v, cm™>: 3310 (NH); 2960 (NH;); 1640 (CONH): 1590 (COO-); 1530 (CNH).

4-({'-Nitroso-N'-methylureido)-L-phenylalanine hydrochloride (VIIa). Compound (IVa)
(0.4 g, 0.00168 mole) was dissolved in 5 ml of water and 0.33 ml (0.00368 mole) of concen-
trated HCl. The solution was cooled to 0°C, 0.14 g (0.002 mole) of sodium nitrite added,
and the mixture kept for 1 h at 0-—3°C. The mixture was then treated with 0.6 ml of concen-
trated HCl, and kept in the refrigerator for 12 h. The solid (VIIa) which separated was
filtered off and washed with cold water to give 0.32 g (62%) of (VIIa). IR spectrum, v, cm-':
3330 (NH); 1735 (COOH. CONH); 1540 (CNH): 1490 (N—NO); 990 (N—N). PMR spectrum, &, ppm: 3.2 (CHs;); 7.6
(NH of the nitrosourea grouping); 7.2 (aromatic ring .CH); 4.1 (CH—COOH).

4—(N'-Nitroso-N'-2-chloroethylureido)-L-phenylalanine hydrochloride (VIIb). Obtained as
for (VIIa), vield 0.2 g (41%). IR spectrum, v, cm - : 3300 (NH); 1730 (COOH. CONH); 1540 (CNH); 1490
(N—NO); 960 (N—N) . PMR spectrum, §, ppm: 3.65 (CH,Cl); 4.20 (CH,N-NO), 7.20 (aromatic ring
CH); 8.10 (NH of the nitrosourea grouping). )

4—(1'-Nitroso-N'-cvclohexylureido)-L-phenylalanine hydrochloride (VIIc) (mixture of
positional isomers of nitroso group). Obtained as for (VIIa), yield 0.18 g (37.5%). IR
spectrum, v, cm-': 3310 (NH); 1730 (COOH, CONH); 1540 (CNH); 1470 (N—NO); 980 (N—N) . PMR spectrum,
8, ppm: 1.40 (CH; of cyclohexane ring); 8.70-8.90 (NH of the nitrosourea grouping) 3.06
(cyclohexane ring CH); 7.16 (aromatic ring CH); 3.98 (CH—COOH).

Na—Formy1—4—(N'—nitroso—N'—methylufeido)—L-phenylalanine (VIIA).  Compound (Va) (1 g,
0.0036 mole) was dissolved in 20 ml of 99% formic acid, and the solution cooled to 0°C.
Sodium nitrite (0.74 g, 0.0108 mole) was then added, and the mixture kept for 1 h at 0—-3°C.
The (VIIIa) which separated as a solid was filtered off and washed with water to give 0.6 g
of (VIIIa) (yield 54%). IR spectrum, v, cm—*: 3360 (NH); 1720 (COOH, CONH): 1545 (CNH); 1470 (N—NO);
1000 (N—N) ., PMR spectrum, &, ppm: 3.20 (CHs); 7.50 (NH of the nitrosourea grouping); 7.20
(aromatic ring CH); 4.00 (CH-COOH).

Na—Formvl—é—(N'—nitroso-N'—2-chloroethylureido)—L—phenylalanineAﬁVIIlh). Obtained as
for (VIIfa), vield 0.77 g (73%). IR spectrum, v, cm~ : 3375 (NH); 1730 (COOH, CONH); 1545 (CNH); 1480
(N—NO); 980 (N—N)., PMR spectrum, §, ppm: 3.60 (CH.Cl), 4.20 (CE,yNNO); 7.20 (aromatic ring
CH); 8.05 (mitrosourea NH).

Na—Formyl-4—(N'—nitroso-N'—nitroso—N'—cyclohexylureido)—L—phenylalanine (VIIic) (a
mixture of positional isomers of the nitroso group). Obtained as for (VIIIa). Yield 0.44 g
(40.7%). IR spectrum, v, cm™ : 3325 (NH); 1725 (COOH, CONH); 1530 (CNH); 1470 (N—NO); 1000 (N--N)
PMR spectrum, §, ppm: 1.40 (cyclohexane ring CH.); 8.70-8.90 (nitrosourea NE); 3.06 (cyclo-
hexane ring CH); 7.16 (aromatic ring CH); 3.98 (CH-COOH).

2-(N"-Methylureido)-3-[4-(N'methylureido)phenyl]propionic acid (Xa). To a solution of
0.9 g (0.005 mole) of (IX) in 100 ml of 0.5 N sodium hydroxide was added with cooling in an
ice bath with stirring 0.95 nl (0.015 mole) of methyl isocyanate. The mixture was kept for
2 h at 0-5°C, acidified with 4% HC1 to pH 2.0, and the solid filtered off and washed with
water to give 1.37 g (93%) of (Xa). IR spectrum, v, cm~': 3340 (NH); 1720 (COOH, CONH); 1540 (CNH).

2—(N'—Z—Chloroethylureido)—3—[4—(N'-2—chloroethylureidé)phenyl]propionic Acid (Xb). Ob-
tained as for (Xa), yield 1.15 g (58%). IR spectrum, v, cm™" :3330 (NH); 1710 (COOH, CONH); 1520 (CNH).

2-(N'-Nitroso-N-methylureido)-3-[4-(N'-nitroso-N'-methylureido)phenyl]propionic Acid
(XIa). Compound (Xa) (1 g, 0.0034 mole) was dissolved in 10 ml of 997 formic acid, sodium
“nitrite (1.4 g, 0.02 mole) added, and the mixture kept for 1 h at 0-3°C. It was then extract-—
ed with ether, and the ether removed in vacuo leaving a residue of (XIa) (0.59 g, 84%). IR
spectrum, v, cm=': 3360 (NH); 1710 (COOH, CONH); 1540 (CNH); 1470 (N—NO); 970 (N—N). .
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2—(N'—Nitroso—N'—2—chloroethylureido)—3—[(4n(N'—nitroso~N'—2'chloroethylureido)phenyl]

Erogionic Acid (XIb). Obtained as for (XIa); yield 0.73 g (64% of theory). IR spectrum, Vv,
cm—1: 3340 (NH); 1720 (COOH, CONH); 1580 (CNH); 1470 (N—NO); 1000 (N—N).,

EXPERIMENTAL BIOLOGY

The antitumor activities of the alkylnitrosourea derivatives of L-phenylalanine (Vi1),
(VIII), and (XI) were examined by a well-known method [2] in C57BL and mongrel mice, using
mammary adenocarcinoma AK-755, melanoma B-16, and sarcomas C-37 and C-180. Test doses of the
compounds were administered in a single dose intraperitoneally to the animals in the form of
suspensions in 3% starch mucilage, using 180 animals. Compounds (VIIb) and (VIIIb) in a dose
of 10 mg/kg, (VIIa) in a dose of 200 mg/kg, and (VIII) in a dose of 400 mg/kg were inactive
against AK-755, C-37, and C-18) tumors, and melanoma B-16. Compound (VIITa) in a dose of
200 mg/kg, and (XIa) in a dose of 150 mg/kg inhibited the growth of sarcoma C-37 by 76 and

607 respectively.
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DEPENDENCE OF THE ANTITUMOR ACTIVITY OF SPIROBROMIN ANALOGS
ON THEIR STRUCTURE

T. S. Safonova, S. M. Minakova, UDC 615.277.3:547.861.31.015.11
V. A. Chernov, T. A. Andreyanova,
and V. V. Deev

Earlier it was reported that N,N"'-di(B-bromopropionyl)-N' ,N'"-dispirotripiperazinium
dichloride (I) (spirobromin) is effective in the treatment of acute leukemia, malignant
lymphomas, skin reticuloses, and cancer of the larnyx, cervix, and vulva. Spirobromin has
been approved for use in medicine [4].

To determine the dependence of the -antitumor activity on a chemical structure we conduct-
ed a synthesis and biological study of analogs of spirobromin and compounds related to it.

Compounds III and IV, differing from I by the presence of a bromine atom or CHs; group,
respectively, in the a-position of the B3-bromopropionyl residue, were produced by the reac-
tion of dispirotripiperazinium chloride (II) with chlorides of «,R-dibromopropionic and a-
methyl-B-bromopropionic acids in aqueous medium in the presence of lithium carbonate.

Under analogous conditions, compound V containing no bromine atoms in the acyl residues,
was synthesized by the reaction of II with acrylyl chloride. The IR spectra of compounds
III-V have the absorption bands of amide CO (1630-1640 cm™'), and the bands of the NH group
of the original substance II are absent. In an investigation of the properties of compound
V it was noted that the double bond in it possesses high reactivity. Thus, under the action
of benzylamine on V in aqueous solutiom at 20-25°C, two benzylamine residues are added at the
double bond, and compound (VI) is formed, the structure of which was confirmed by spectral
data. In the PMR spectrum of VI, in addition to the signals of the protons of the dispiro-
tripiperazinium fragment, there are signals of protons of two methylene groups, situated
between the carbonyl and the amino groups (§ 2.80 ppm), the signal of the protons of the CH,
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