DERIVATIVES OF p~AMINOPHENYL-5-ALANINE AND
OF p-AMINOPHENYL-a~ALANINE AND ITS DIPEPTIDES
THAT CONTAIN THE DIETHYLENIMIDOPHOSPHORYL GROUP
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A, P. Puzerauskas, O. V. Kil'disheva,
and I. L. Knunyants

In order to obtain less toxic and more active antitumor compounds we synthesized the ethyl ester of
N B—phthaloyl—N—(diethylenimidophosphoryl)—p—aminophenyl—ﬁ-alanine, and the derivatives of N-(diethylen-
imidophosphoryl)-p-aminophenyl-o—alanine and of the dipeptides, in which N~(diethylenimidophosphoryl)-
p-aminophenyl-o -alanine is either the N-terminal (compounds of the A type) or the C-terminal (B type)
amino acid.
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The intermediate compounds for the indicated syntheses were obtained by the following methods.
The esterification of N, -phthaloyl-p-nitrophenylalanine gave the methyl ester of N, -phthaloyl-p-nitro-
phenylalanine (II), the reduction of whose nitro group with hydrogen over Pd /CaCO; led to the methyl
ester of Ny -phthaloyl-p-aminophenylalanine (IIl). The condensation of N -phthaloyl-p-nitrophenylalanine
with the methyl ester of valine in the presence of dicyclohexylcarbodiimide gave the methyl ester of N, -
phthaloyl-p-nitrophenylalanylvaline (VII), while the reduction of the latter by the above-described method
led to the methyl ester of N -phthaloyl-p-aminophenylalanylvaline (VII).

The diethylenimidophosphoryl group was inserted into the amino compounds in the usual manner.
Thus, the long refluxing of the hydrochlorides of amines (III) and (VII), and of the ethyl ester of NB'
phthaloyl-p-aminophenyl-g-alanine with excess POCl; led to the corresponding unstable N-~dichlorophos-
phoryl compounds, which, without isolation, were condensed with excess ethylenimine. In this way we
obtained in satisfactory yield the ethyl ester of N 5—phthaloyl—N -(diethylenimidophosphoryl)-p-aminophenyl-
p-alanine (I) and the methyl ester of N, ~phthaloyl-N-(diethylenimidophosphoryl)-p-aminophenylalanine (IV).

Institute of Heteroorganic Compounds, Academy of Sciences of the USSR, Moscow. Institute of Bio~
chemistry, Academy of Sciences of the Lithuanian SSR, Vilnius. Translated from Izvestiya Akademii Nauk
SSSR, Seriya Khimicheskaya, No. 2, pp. 407411, February, 1976. Original article submitted March 4,
1975,

©1976 Pleman Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No parr of this publication may be reproduced,
stored in a retrieval svsten, or transmitted. in anv form or by anv means, electronic, mechanical, photocopying, microfilming,
recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $15.00.

388



1°s | og'e| — |os'9|ar'ey OYH - eNd*OSN&HD | 667 | 619 — |w'e oy | 12 08 eN 1eA-H (X1%)
8’ | 1ga ] — | 1e‘e | 09°9%| orHG 0 eNdOSNEIID | 267 | 0L | — |es'c|esov | ez 06 eN e[v-H (I11Ax)
98’7 {18°c| — 169'0|7a'SH| OFHE-eNdPOINSH®) | 86°C {geG | — [99'9{99'ar | 007 88 N [eA-OV (1ITAX)
8Ly | ev'ol — 10°0 ) W6'%W|  omHZ-eNdtOSN®WHED | LYl zra | — |es'c|evr| oL €6 eN ey-oy (IAX)
- | - — %10 | 68°¢eq AYOSN®HSD | — 1 — 1 — istL | w've | 007 08 £HD 1eA-H (Ax)
— 1e8‘L| — |e‘ea}arg dPOSNSHAD | — jog'L | — |ze'aloe'is| 08 06 $HD e[y-H (a1%)
— 1go9) — lego| — JPOONHHEO | T 289 — 089 — 08 0% | eHD feA-OY (11x)
- i80'L| — (@9l — dfosNmHeD | T lus'e ) — ee'e | — 0z’ 98 | *HD eIV-oV (11x)
— lec'e |eotgr | zac | 1a‘sg JPOSN®H®D | — | eg'e |Lger | ve's | ss‘es | oot 06 | *HO| feA-miud ax
— | 68°¢ {ge'sy | L&°¢ | ¥I°LS deoeN®HeE) | — | 18'% |06‘ey | 99'c | sviaa | 093 w | esmp | ervepug %)
I i H js] EN d . N H _ 0 “ ;
e ‘ _ N _ ernuio} yeornduy uw a“vu . 9@ P 2t punoduion
o) ‘pRIETNOTED o ‘punog e D_ PISHA
29000
{
[ / \“ﬁ/
-— -0 .
(> 0)ovame- - smonomnya 2 aava
“950L°9 BN ‘POIEINO[Ed ‘QT°g BN PUNOL
* .02 srmeradure; uonrsodwona(,
65'c |29°2 |28‘e|Lg Re JPOSNERHD (g9‘coe‘el {16°¢] ~— ELVULY | og'R | TIDO-teA-HN 1IAN A_vzyoazz xD
— lz6‘6 |c6‘g|%g a0 SOSNSEH®D | — (0€°0F (£6°G|¥L'GO | 18F—6LI ZL | FHDO-[CA-TIN WdN N (111A)
— ez |11'e]16'09 LOENSEH®D | — [12'6 | 0B'C|PIII9 | 39Y—ig) 9L HDO7BA-HN YUAN TON (114)
0'6 | c0% |L9%c|oL ey | + eNJEOTNFHED |02°8 o6 97 oL e [98'SY | xo0g@ a8 eNO N | {([D)oans | (1a)
189 | — |ov'g|gries AONFHTD |9L'9| — |ogel|gRiLs | 18T—geT ag THDO oudN | (Dn)oans | (D
- — 18'7]L9°99 FOSNTHFTO | - | - |e0'e|i8'09 | Tei—og) 18 $HD0 YWIAN HN 1y
— — |s8'e|20'10 SOBNVIIFD | | | €F R0 19 16'60I—S6 L0T| 99 S0 qdN ON an
N H ) d # N * H D _
4 ey nunof eorndiuy il A sdur % o o w | punod
o, ‘parernoreD 9, ‘punog protx _ -wop
&

!
9ODHOWHO~_y — ¥ 1 ATaVL

389



Removal of the phthaloyl group from (IV) by hydrazinolysis converted it to the methyl ester of N-diethylen-
imidophosphoryl)-p-aminophenylalanine (V),* the alkaline hydrolysis of which gave the corresponding
water-soluble Na salt (VI). The methyl ester of N, -phthaloyl-N-(diethylenimidophosphoryl)-p-amino-
phenylalanylvaline (IX) could not be obtained in satisfactory yield. It proved impossible to avoid the for-
mation of a large amount of a polymer that was insoluble in water and in organic solvents, and whose
structure was not established, by varying the reaction conditions and the methods of isolating the product.
The constants of compounds (I)-(IX) are given in Table 1.

To obtain dipeptides of the B type the methyl ester of N-~(diethylenimidophosphoryl)~p-aminophenyl-
alanine (V) was condensed with the N, -phthaloyl and N ~acetyl derivatives of alanine and valine by the
dicyclohexylearbodiimide method. In this way we obtained in good yields the methyl esters of Ny ~phthaloyl-
alanyl-, N, -phthaloylvalyl-, N, -acetylalanyl-, and N, -acetylvalyl-N-(diethylenimidophosphoryl)-p-
aminophenylalanine (X)-(XIII), and it was shown that the diethylenimidophosphoryl group is stable under the
conditions of preparing dipeptides by the dicyclohexylcarbodiimide method. Removal of the phthaloyl group
from dipeptides (X) and (XI) by hydrazinolysis converted them to the corresponding dipeptides (XIV) and
XV) with a free amino group. The alkaline hydrolysis of the methyl esters of the Ny -acetyl-protected
dipeptides (XII) and (XIH), and of dipeptides XIV) and XV) with a free amino group, gave the correspond-
ing water-soluble Na salts (XVI)-XIX). The constants of compounds X)-XIX) are given in Table 2.

EXPERIMENTAL METHOD

Methyl Ester of N, ~Phthaloyl-p-nitrophenylalanine (II). With cooling, a suspension of 23.44 g of
N, -phthaloyl-p-nitrophenylalanine in 400 ml of abs. methanol was saturated with HCI for 8 h and allowed
to stand overnight. Then the mixture was refluxed in an HC1 stream for 3 h. The methanol was evaporated
in vacuo to incipient crystallization, and then cooled. The obtained precipitate was filtered, washed well
with water, and recrystallized from methanol. We obtained 21 g of methyl ester (II).

Methyl Ester of N, -Phthaloyl-p-aminophenylalanine (III). A suspension of 17.7 g of nitro product
(W) in 300 m! of methanol and 10 ml of water was stirred at 40~50° in the presence of 0.5 g of Pd/CaCO;
in a Hy atmosphere. After the calculated amount of H, had been absorbed (3.4 liters) the catalyst was
filtered. The filtrate was evaporated in vacuo to incipient crystallization, and then cooled. We obtained 14.8
g of methyl ester (II) by filtration, which was recrystallized from methanol. A solution of 16.2 g of methyl
ester (III) in 150 ml of abs. CH,Cl, was saturated at 0° with HC1 for 1 h. Precipitation with ether gave the
hydrochloride of (III) with mp 199-203°,

In a similar manner we obtained the methyl ester of N, -phthaloyl-p-aminophenylalanylvaline (VIII)
(recrystallized from a water —MeOH mixture) and the hydrochloride of (VII) with mp 150° (decomp.).

Methyl Ester of N, ~Phthaloyl-p-nitrophenylalanylvaline (VII). With stirring, a suspension of 79.1
g of N -phthaloyl-p-nitrophenylalanine in 580 ml of abs. CHCl; was added at 0° to 2 mixture of 50 g of
N,N'-dicyclohexylcarbodiimide and 30.5 g of methyl DL-valinate in 230 m!l of abs. CHCl;. The reaction
mixture was stirred for another 30 min and then let stand overnight at ~20°, after which it was cooled. We
filtered off 46.1 g of N,N'-dicyclohexylurea, and the filtrate was evaporated in vacuo. The residue was
dissolved in boiling ether, cooled, and filtered to give 80.16 g of (VII), which was recrystallized from an
EtOAc —petrolenum ether mixture.

Methyl Ester of N, -Phthaloyl~-N-(diethylenimidophosphoryl)-p-aminophenylalanine (IV). A suspension
of 26,9 g of the hydrochloride of the methyl ester of N, -phthaloyl-p~aminophenylalanine (III) (dried in vacuo
over KOH) in 200 ml of freshly distilled POCl; was refluxed in a nitrogen atmosphere for 1 h. The excess
POCI; was vacuum-distilled in a nitrogen atmosphere. The residue was washed with benzene and chilled
ether. We obtained 21.1 g of the methyl ester of N, -phthalolyl-N~(dichlorophosphoryl)-p-aminophenyl-
alanine with mp 129-130°, which was dissolved in 200 ml of abs. CH,Cl,. With stirring, the obtained solu-
tion was added at —~8° in a nitrogen atmosphere to a solution of 10 ml of ethylenimine in 80 m1 of abs.
CH,Cl,. The mixture was stirred for another 4 h at ~20°, Then 80 ml of benzene was added, the obtained
B-chloroethylamine hydrochloride was filtered, and the filtrate was washed with water, dried over MgSOQ,,
and evaporated in vacuo. The syrupy residue was rubbed in abs. EtOAc and then washed with ether, We
obtained 19.3 g of phosphoramide (IV), which was recrystallized from EtOAc.

The methyl ester of phosphoramide (IX) was obtained in a similar manner. From the hydrochloride
of the ethyl ester of Ng ~phthaloyl-p-aminophenyl-g-alanine, obtained as described in [1], was synthesized
phosphoramide (1) in 24.4% yield, decomp. temp. 99°. Found: C 58,91; H 5.56; P 6.3% . CogHyN,O:P,
Cale.: C 58.98; H 5.38; P 6.6%.

*The compound was not isolated analytically pure.
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Methy'. Ester of N-(Diethylenimidophosphoryl)-p-aminophenylalanine (V). With stirring, to a sus-
pension of 2.27 g of the methyl ester of N, -phthaloyl-N-(diethylenimidophosphoryl)-p-aminophenylalanine
(IV) in 10 m! of abs. methanol was added 0.26 g of hydrazine hydrate in 10 ml of methanol. The mixture
was stirred for 7 h, and then let stand at ~20° for 4 days. We filtered off 0.8 g of phthalylhydrazine, and
the filtrate v7as evaporated in vacuo to give 1.45 g (90%) of methyl ester (V) as a colorless syrup,

The methyl esters of alanyl- and valyl-N-(diethylenimidophosphoryl)-p-aminophenylalanine (XIV)
and {(XV) were obtained in a similar manner. They were, respectively, recrystallized from acetone and
an acetone —ether mixture (see Table 2).

Methy! Ester of N, -Phthaloylalanyl-N-(diethylenimidophosphoryl)~p~aminophenylalanine (X). With
stirring, a solution of 5.7 g of Ny-phthaloylalanine in 100 ml of abs. CHCI; was added at 0° to a2 mixture
of 8,5 g of the methyl ester of N-(diethylenimidophosphoryl) -p-aminophenylalanine (V) in' 40 ml of CHCI; and
5.42 g of dicyclohexylearbodiimide in 40 ml of CHCl;. The reaction mixture was stirred for 30 min, and
then let stand overnight at ~20°, We filtered off 4.4 g of N,N'~dicyclohexylurea, the filtrate was evaporated
in vacuo, and the residue was rubbed in acetone. We obtained 5.9 g of dipeptide (X), which was recrys-
tallized from acetone.

Methyl esters (XI)-(XIII) were obtained in a similayr manner. They were recrystallized as follows:
XI) from a L :1 ether —acetone mixture, and (XII) and (XIUI) from EtOAc.

Sodiunt Salt of N-(Diethylenimidophosphoryl)-p-aminophenylalanine (VI), To a solution of 1.45 g of
the methyl ester of N-({diethylenimidophosphoryl)}-p-aminophenylalanine (V) in 25 ml of methanol were
added 4.3 m! of 1 N MeONa solution in methancl and 0.1 ml of water, and the mixture was let stand for
4 days. The solvent was evaporated in vacuo. The residue was dried by the azeotropic distillation of the
water with benzene, and then rubbed in boiling acetone. Filtration gave 1.28 g of (VI), which was repre-
cipitated from methanol solution with ether.

The Ne. salts of N-acetylalanyl-(XVI), N-acetylvalyl~XVII), alanyl-(XVIII), and valyl-N-({diethylen-
imidophosphoryl)-p-aminophenylalanine (XIX) were obtained in a similar manner.
CONCLUSIONS

1. Some N-diethylenimidophosphoryl derivatives of p~aminophenyl-a-alanine and p-aminophenyl-3~
alanine were synthesized.

2. Some dipeptides were obtained, in which N-(diethylenimidophosphoryl)-p-aminophenylalanine is
either the N- or C-terminal amino acid.
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