CANCEROLYTIC PEPTIDES
COMMUNICATION 12. DERIVATIVES OF I~ORNITHINE, BEARING
THE p~DI- (2~CHLOROETHYZL)AMINO GROUP

M. I. Dagene, N. K. Potsyute, UDC 542.91:547.466.1
L. P. Rasteikene, O. V. Kil'disheva,
and I. L. Knunyants

As an expansion of our studies on the synthesis of antitumor compounds employing the principal
amino acids [1-3], we inserted p-di- (2-chloroethyl)aminophenylacetic acid* into o,6~diaminovaleric acid
or ornithine. It is known that ornithine does not enter into the composition of proteins, but it is an im~
portant intermediate metabolism product and, being an arginine anfagonist, it possesses a quite strong
cancerostatic action [4].

The following ornithine derivatives were obtained in the present study:

N«, No-bis -M-L-Orn — OR... (DR = Bzl, (I R =H
Ne.M, N3Cbzo-L-Orn — OR... (III) R = CH;, (IV) R = Bal
Ne.M-L-Ormn — OR ... (V) R=CH,, (VIR =H
Ne-M, N3-Phth-L-Orn — OR ... (VI) R = Bzl, (VII) R = H
For the synthesis of compounds (I)- (VIII) we prepared the following key compounds: ornithine benzyl
ester p-toluenesulfonate (IX) and NO-Phth- I-ornithine benzyl ester p-toluenesulfonate (X). The condensa-
tion of M —OH with N~hydroxysuccinimide in the presence of dicyclohexylecarbodiimide (DCC) gave

/CO*CHz
M—0—N (X1)
© GO—CH:

The No‘,Né—bis—M-acyl derivative of L-ornithine benzyl ester (I) was obtained by the condensation
of the L-ornithine benzyl ester: a) with M — OH in the presence of DCC, b) with (IX), and c) with the p-
nitrophenyl ester of M —~OH. For comparison, the results of these experiments are given in Table 1.

Benzyl ester (I) was converted to N% NS-bis-M- L~ornithine (IT) by catalytic hydrogenolysis. The
methyl ester of N¥~M, NO6-Chzo-L~ornithine (III) was obtained by the condensation of the methyl ester of
N®-Cbzo-L~ornithine with M — OH in the presence of DCC. The condensation of the benzyl ester of Nb-
Cbzo-L~ornithine with the p-nitrophenyl ester of M —~ OH gave N®M, N 0-Cbzo-L~ornithine (IV). Removal
of the carbobenzoxy group from the methyl ester of No-M, NO-Chzo-L-ornithine was effected by catalytic
hydrogenolysis over palladium black in the presence of concentrated hydrochloric acid. Here the methyl ester
of N@-M-L-ornithine was obtained as the hygroscopic hydrochloride. Removal of the carbobenzoxy group
with a solution of hydrogen bromide in glacial acetic acid gave the hydrobromide of the methyl ester of NO-
M-L~ornithine, also as an oil.. In both cases the methyl ester of the N®-acylated ornithine (V) was identi~
fied by conversion of the corresponding hydrohalides to the more stable solid picrate, The simultaneous
removal by catalytic hydrolysis of the protective carbobenzoxy and benzyl groups from Na-M, N9 -Cbzo-
L-Orn-OBzl (IV) led to N%-p-di-(2-chloroethyl)aminophenacetyl~L~ornithine (VI), with a free amino group

*Here and subsequently this acid will be designated by the letters M — OH, while its acyl moiety {(CICH,CH,),
‘N=¢_ CH,CO will be designated by the letter M.
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IABLE 1 ‘ in the &-position. The condensation of the benzyl ester of NO-phth-

: \ L~ornithine (X) with the p-nitrophenyl ester of M- OH gave the benzyl
b E 8 ester of N@-M, NO - Phth~ L~ornithine (VI1I), which was converted by
“?“2 | wedium|vie1d. % 3 catalytic hydrogenolysis of N@~M, NO-Phth-I-ornithine (VII). Usual-
2 § S E © Iy (C;H;)3N is used to remove the p~toluenesulfonic acid when the ben~
§’§ g oy zyl ester of ornithine is isolated as the free base. However, an
=R Z5 attempt to use a solution of NHy in CHCI, for this resulted in cycliza-
a CHCls | 32,06 | 102—110 tion of the benzyl ester of ornithine to the known 3-L-aminopiperidone.
Ig Eﬁgi ‘2‘3"8 1??,:%?% The acylation of the latter with M — OH in the presence of DCC led to
CHClz| 60.0 | 113—145 3-N~- [p-di- (2-chloroethyl)aminophenacetyl jaminopiperidone

M—NH—CH-—CO—NH(CH,),CH, (XII)
f. [

The constants of all of the synthesized ornithine derivatives and the analysis results are given in
Table 2. '

EXPERIMENTAL

- L~Ornithine Benzyl Ester Di-p-toluenesulfonate (IX). Obtained in the same manner as L-~histidine
benzyl ester di-p-toluenesulfonate [3}. The reaction was practically ended in 5-6 h.

Benzyl Ester of NY,N 6_Bis- [p-di- (2—chloroethyl)aininophenacetyl]—L—ornithine (I). Under cooling, a
chloroform solution of 1.3 g of (IX) was mixed with chloroform solutions of 0.55 ml of (C,Hg)3N, 1.1 g of
M —OH and 0.8 g of DCC. The obtained solution was allowed to stand at room temperature for 2 days. The
precipitate of 1,3-dicyclohexylurea was filtered (0.38 g), the filtrate was evaporated in vacuo, and the oily
residue was dissolved in ethyl acetate and washed with water. The organic layer was dried over MgSO;
and then evaporated. The residual oil was recrystallized from ethyl acetate —ether,

N-Hydroxysuccinimide of p-Di- (2-chloroethyl)aminophenylacetic Acid (XI). Equimolar amounts of
M - OH, DCC and N-hydroxysuccinimide [5] were dissolved in the minimum amounts of either dioxane or
THF. The obtained solutions were cooled, mixed, and allowed to stand for a day in the refrigerator.
After removal of the 1,3-dicyclohexylurea, the filtrate was evaporated in vacuo. The residue was dissolved
in CH3CO,C,H; (150 ml) and washed in succession with 5% NaHCO, solution, 5% HCI solution and water.
The ethyl acetate layer was dried over MgSO, and then evaporated in vacuo. The residual syrupy ester
(XD) is readily soluble in THF and CHCl,, and is insoluble in water and ether. Yield 75%. Found: C 51.70;
H 5.04; Cl 18.60%. CH,3O,N,Cl,. Calculated: C 51.50; H 4.86; C1 19.00%.

A solution of 1.13 g of (IX), 0.55 ml of (C,H;);N and 1.4 g of (XI) in CHCl;was allowed to stand at
room temperature for 2 days. Then 0.5 ml of (CH;);NH was added to destroy the unreacted (XI). After 30
min the solution was washed with 1 N HC1 solution and then with water until neutral. The ethyl acetate
layer was dried, evaporated in vacuo, and the residue was recrystallized from either ethyl acetate —ether

or absolute ethanol.

To a solution of 1.13 g of (IX) and 0.55 ml of (C,Hg);N in CH,Cl, was added 1.48 g of the p-nitrophenyl
ester of M— OH [6], and the mixture was allowed to stand at room temperature for 2 days. Then the mix-
ture was diluted with CH,Cl,, washed in succession with 1 N HCI solution, water, 5-7 times with 5% NaHCO;
solution, and again with water until neutral. After drying over MgSO, the solvent was vacuum-distilled,
while the residue was recrystallized from ethyl acetate —ether. The yield was lower when the reaction was
run in CHCl, (see Table 1).

The diacylated benzyl ester (I) is a white powder that darkens in the light. It is readily soluble in
acetone or CHCl,, and insoluble in ether or water.

N%N 0_Bis- [p~di- (2-chloroethyl)aminophenacetyl]- L-ornithine (II). A solution of 1 g of benzyl ester
(I) in 30 ml of an acetone — absolute ethanol mixture (2:1) was hydrogenated over Pd black. The product
was recrystallized from ethyl acetate —ether. The free acid (II) is readily soluble in acetone, THF and
dioxane, and in hot CH;CO,C,H; and CHCls, and is insoluble in ether, water, and aqueous NaHCO; solution.
For biological testing we prepared the water-soluble salt of acid (I) with diethanolamine, for which 4 g of
acid (II) was dissolved in THF and the solution was mixed with 0.6 g of (OHC,H),NH. The clear mixture
was evaporated in vacuo, while the residue was rubbed with anhydrous ether. The obtained salt is not very
hygroscopic, is readily soluble in ethanol, and is soluble in water.
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Methyl Ester of No~-[p-Di- (2—chloroethyl)aminophenacetyl]—Né-carbobenzoxy—L—ornithine (II). To a
solutionof 1.2 g Né—carbobenzoxy—L—ornithine methyl ester hydrochloride [7] in CHCl; (15 ml) was added
40-50 ml of anhydrous ether, containing 0.55 ml of (C,H;)sN. The mixture was stirred well and, after
cooling, the (C,H;);N-HCl was filtered. The filtrate was evaporated in vacuo to a volume of 10 ml, and
then mixed in the cold with chloroform solutions of 0.8 g of DCC and 1.1 g of M — OH. The solution was
allpwed to stand at room temperature. The next day the 1,3 -dicyclohexylurea was filtered, and the filtrate
was evaporated in vacuo. The residue was dissolved in 2-3 ml of CH;CO,C,H; and filtered again. The
filtrate was placed in the refrigerator overnight. Product (III) was obtained as white crystals, which are
soluble in CHCl;, methanol and ethanol, and insoluble in water or ether.

Methyl Ester of N [p-Di- (2~chloroethyl)aminophenacetyl}- L~ornithine (V). a) To a solution of 1.06
g of methyl ester (III) in methanol was added 0.17 ml of conc. HCI solution and the mixture was hydrogenated
over Pd black. The catalyst was filtered, and the filtrate was evaporated in vacuo. The residual oil was
rubbed with anhydrous ether to give the hygroscopic hydrochloride of compound (V), which was identified
as the picrate.

b) A mixture of 1.06 g of (III) and 2 ml of a saturated solution of HBr in glacial acetic acid was shaken
until all of (III) had dissolved (20-30 min). Then 20 ml of anhydrous ether was added to give the oily hydro-
bromide of compound (V).

Preparation of Picrate. The oil, obtained by either method a) or b), was dissolved in the minimum
amount of methanol and poured into a saturated aqueous solution of 0.6 g of picric acid. The obtained red
oil was washed well with water and then dried in a vacuum-desiccator. The picrate of compound (V) was
obtained as a brownish-red powder.

N6-Carbobenzoxyornithine benzyl ester p-toluenesulfonate was obtained by the procedure described
in [8].

N‘S—Phthalyl—L—ornithine Benzyl Ester p-Toluenesulfonate (X). A mixture of 6.25 g of NO® - phthalyl-
L-ornithine hydrochloride {9}, 3.97 g of p~-toluenesulfonic acid monohydrate, 9 ml of C;H.CH,OH, and 4.5
m! of benzene was refluxed in an apparatus equipped with a Dean — Stark water separator. To the cooled
reaction mixture was added 1.5 ml of anhydrous ether and the mixture was placed in the refrigerator. The
crystals of the p-toluenesulfonate (X) were filtered and washed with anhydrous ether. Compound (X) is
soluble in CH,CO,C,H; and water.

Benzyl Esters of N%- [p-Di- (2—ch10roethy1)aminophenylacetyl]—N5—carbobenzoxy-L-ornithine (IV) and
N@- [p~Di- (2-chloroethyl)aminophenacetyl]-N®-phthalyl-L~ornithine (VII). To a solution of 2 mmoles of the
p-toluenesulfonate of the corresponding benzyl ester and 0.27 ml of (CyH;)3N in the minimum amount of
CH,Cl, was added 0.79 g of the p-nitrophenyl ester of M ~OH [6]. The mixture was let stand at room tem-
perature for 2 days. Then the solution was diluted with CH,Cl, and washed in succession with 1 N HCI solu-
tion, water, 5-7 times with 5% NaHCO; solution, and again with water until neutral. The organic layer
was dried and the solvent was vacuum-distilled, while the residue was recrystallized from CCl, in the case
of (Iv}), and from CH4CO,C,H; —anhydrous ether in the case of (VII).

NY- [p-Di}(2-chloroethyl)aminophenacetyl]- L~ornithine (VI). Benzyl ester (IV) in an acetone —ethanol
mixture (1:1) was hydrogenated over Pd black. The hydrogenation product deposited in the precipitate.
The mixture of catalyst and substance was filtered and then recrystallized from methanol —ether. Com-
pound (VI) at room temperature is insoluble in water and in the common inorganic solvents. It is soluble
in hot water, methanol and HCON(CHjg);, and is readily soluble in acidulated water. The test with ninhydrin
is negative.

N@- [p-Di- 2-chloroethyl)aminophenacetyl |-N@-phthalyl- L-ornithine (VII). A solution of 3 g of benzyl
ester (VII) in an acetone —absolute ethanol mixture (3 :1) was hydrogenated over Pd black, and the product
was recrystallized from absolute ethanol.

3-L-Aminopiperidone. A suspension of 11.3 g of (IX) in 30 ml of a 2% solution of NH; in CHCl; was
stirred at room temperature for 30 min. The ammonium p-toluenesulfonate was filtered and the filtrate
was evaporated in vacuo. The oily residue was recrystallized from anhydrous ether. The compound was
obtained as white hygroscopic crystals that darken rapidly in the light, mp 40-42°. The constants and prop-
erties of the compound coincided with those given in {10].
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3- [p-Di- (2-chloroethyl)aminophenacetyl |- L-aminopiperidone (XII). The oil, obtained from 11.3 g of
(IX) by the above described method, was dissolved in CHCl; and mixed in the cold with chloroform solu-
tions of 5.52 g of M —OH and 4.12 g of DCC, and the whole was allowed to stand at room temperature until
the next day. The 1,3-dicyclohexylurea was filtered, the filtrate was evaporated in vacuo, and the residue
was dissolved in a small amount of ethyl acetate. Compound (XII) was obtained. It is readily scluble in
methanol, dioxane, CHCly and acetone, and is insoluble in ether and water.

CONCLUSIONS

We synthesized N@-p~di- (2~chloroethyl)aminophenacetyl~L~ornithine, NO‘,Né-—bis-p~di— {(2-chloro-
ethyl)aminophenacetyl~ L~ornithine, and some of their derivatives.
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