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In o rde r  to obtain l ess  toxic and more  act ive ant i tumor  compounds we synthesized the ethyl  e s t e r  of 
N~-phtha loyl -N-(d ie thylenimidophosphoryl ) -p-aminophenyl - f i -a lan ine ,  and the de r iva t ives  of N-(d ie thylen-  
imidophosphoryl ) -p-aminophenyl- (~-a lanine  and of the dipept ides,  in which N-(die thylenimidophosphoryl ) -  
p -aminopheny l -~ -a l an ine  is e i ther  the N - t e r m i n a l  (compounds of the A type) or  the C - t e r m i n a l  03 type) 
amino acid. 

(I) NPhth 

R ~ Z ( ' ~  - CH~C~m00a~ a ~ - - (  - ~ , - ~ c H c 0 ~ H - w ~ - 0 c ~  (A) 
~ I ~ i 

R~ R z 
(II) - (vI) (vH) - (IX) 

RI~NO2,  I'~ 2 .-:'~Phth, Rs=CH~(II) ,  (VII); I'/I=-NH2, R 2 ~ N P h t h ,  Rs=CH3(III) ,  (VIII)  

Rz:=NIiP(O)(N~) RZ=NPhth, Ra~CH3(IV), (IX); RZ=NHP(O)(N~) 
2' " ~ 

]'2.:2:\~2, [~3==(~I-]3(V); " I = . N I { P ( 0 ) ( N ~ )  R2=-NI-12, ]~3~Na(VI) 
2' 

I ~ "  \ --\I/2 
coon 2 (x)-(xlx) 

IP~Phtft--A1a. R"~-=CH~ (X); Rl~=Pbch--YaL R"-=CH3 (XI); Rt~Ae--Ala, 
R~Ct{.~ (XII); RZ=Ac--Val, R~-=CHa (XIII); Rz=H--Ala, R2=CEL (XlV); 

ID-=H--Val, R~=CEI~ (XV); R~=Ac--Ala, R~-=Na (XVI); RI=A~--Val, R~-=Na (XVII) 
Rz~H--Ala, Ba=Na (X_VIII); Rt=H--Val, t l~Na (XIX) 

The in termedia te  compounds for  the indicated syntheses  were  obtained by the following methods.  
The es te r i f ica t ion  of Nc~-phthaloyI-p-nitrophenylalanine gave the methyl  e s t e r  of N ~ - p h t h a [ o y l - p - n i t r o -  
phenylalanine (II), the reduction of whose ni t ro  group with hydrogen over  P d / C a C O  a led to the methyl  
e s t e r  of N~-phtha loyl -p-aminophenyla lan ine  (III). The condensation of Na-ph tha loy l -p -n i t rophenyla lan ine  
with the methyl  e s t e r  of valine in the p resence  of d icyclohexylcarbodi imide  gave the methyl  e s t e r  of N a -  
phthaloyI-p-ni t rophenylalanylval ine  (VII), while the reduction of the la t te r  by the above-descr ibed method 
led to the methyl  e s t e r  of Nc~-phthaloyl-p-aminophenylalanylval ine (VIII). 

The die thylenimidophosphoryl  group was inser ted into the amino compounds in the usual manner .  
Thus,  the long refluxing of the hydrochlor ides  of amines  (III) and (VKI), arid of the ethyl  e s t e r  of N~-  
ph tha loy l -p-aminophenyl@-a lan ine  with excess  POC13 led to the corresponding unstable N-d ich lo rophos -  
phoryl  compounds,  which, without isolat ion,  were  condensed with excess  ethylenimine.  In this way we 
obtained in sa t i s fac tory  yield the ethyl e s t e r  of Nf i -phtha loyl -N-(d ie thylenimidophosphoryl ) -p-aminophenyi -  
~-alanine (I) and the methyl  e s t e r  of Na-phtha loyl -N-(d ie thy len imidophosphory l ) -p-aminophenyla lan ine  {IV). 

Institute of Heteroorganic  Compounds,  Academy of Sciences of the USSR, Moscow. Institute of Bio-  
chemis t ry ,  Academy of Sciences of the Lithuanian SSR, Vilnius. Trans la ted  f rom Izves t iya  Akademii  Nauk 
SSSR, Seriya Khimicheskaya,  No. 2, pp. 407--411, F e b r u a r y ,  1976. Original a r t ic le  submitted March 4, 
1975. 
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Remova l  of the phthaloyl group f rom (IV) by hydraz inolys i s  conver ted  it to the methyl  e s t e r  of N-<liethylea- 
imidophosphoryl ) -p-aminophenyla lanine  (V),* the alkaline hydro lys i s  of which gave the cor responding  
wa te r - so lub l e  Na sa l t  (VI). The methyl  e s t e r  of Na-ph tha loy l -N- (d i e thy len imidophosphory l ) -p -amino-  
phenylalanylval ine (IX) could not be obtained in sa t i s fac to ry  yield.  It  proved imposs ib le  to avoid the f o r -  
mat ion  of a la rge  amount  of a po lymer  that was  insoluble in wa t e r  and in organic solvents ,  and whose 
s t ruc tu re  was not es tab l i shed ,  by vary ing  the reac t ion  conditions and the methods of isolat ing the product.  
The constants  of compounds (I)-(IX) a r e  given in Table  1. 

To obtain dipeptides of the B type the methyl  e s t e r  of N-(d ie thy len imidophosphory l ) -p-aminophenyl -  
alanine (V) was condensed with the N~-phtha loyl  and N(~-acetyl de r iva t ives  of alanine and vaUne by the 
d icyclohexylcarbodi imide method. In this way we obtained in good yie lds  the methyl  e s t e r s  of N a - p h t h a l o y l -  
a lanyl - ,  Na -ph tha loy lva ly l - ,  N a - a e e t y l a l a n y l - ,  and N~-ace ty lva ly l -N- (d ie thy len imidophosphory l ) -p -  
aminophenylalanine (X)-CKIII), and it was shown that the die thylenimidophosphoryl  group is s table  under the 
conditions of p repar ing  dipeptides by the d icyclohexylcarbodi imide  method. Remova l  of the phthaloyl group 
f rom dipeptides (X) and (XI) by hydraz inolys is  conver ted  them to the cor responding  dipeptides (XIV) and 
(:~V) with a f r ee  amino group. The alkaline hydro lys i s  of the methyl  e s t e r s  of the N a - a c e t y l - p r o t e c t e d  
dipeptides (XII) and (XIll), and of dipeptides CKIV) and (XV) with a f ree  amino group,  gave the c o r r e s p o n d -  
ing wa te r - so lub le  Na sal ts  (XVI)-(XIX). The constants  of compounds CK)-(XIX) a re  given in Table 2. 

EXPERIMENTAL METHOD 

Methyl Es t e r  of N(~-Phthaloyl-p-ni t rophenylalanine  Ol). With cooling, a suspension of 23.44 g of 
N~-phtha loyl -p-n i t rophenyla lan ine  in 400 ml  of abs.  methanol  was  sa tura ted  with HCI for  8 h and allowed 
to stand overnight.  Then the mix ture  was refkuxed in an HCI s t r e a m  for  3 h. The methanol  was  evapora ted  
in vacuo to incipient c rys ta l l i za t ion ,  and then cooled. The obtained prec ip i ta te  was f i l te red ,  washed well  
with wa te r ,  and r ec rys t a l l i z ed  f rom methanol .  We obtained 21 g of methyl  e s t e r  (II). 

Methyl Es t e r  of N a -ph tha loy l -p -aminopheny la l an ine  (Ill). A suspens ion of 17.7 g of ni tro product  
(iI) in 300 m l  of methanol  and 10 m l  of w a t e r  was  s t i r r ed  at  40---50 ~ in the p re sence  of 0.5 g of P d / C a C O  3 
in a H 2 a tmosphere .  Af te r  the calculated amount of H 2 had been absorbed (3.4 l i te rs )  the ca ta lys t  was 
f i l tered.  The f i l t ra te  was evapora ted  in vacuo to incipient c rys ta l l i za t ion ,  and then cooled. We obtained 14.8 
g of methyl  e s t e r  (Ill) by f i l t ra t ion,  which was r ec rys t a lUzed  f rom methanol.  A solution of 16.2 g of methyl  
e s t e r  (HI) in 150 ml  of abs.  CH2CI 2 w a s  sa tura ted  at  0 ~ with HCI for  1 h. Prec ip i ta t ion  with e ther  gave the 
hydrochlor ide  of (Ill) with mp 199-203 ~ 

In a s im i l a r  manner  we obtained the methyl  e s t e r  of Na-ph tha loy l -p-aminophenyla lany lvaUne  Will) 
( recrys ta l l ized  f rom a w a t e r - M e O t t  mixture)  and the hydrochlor ide  of (VIII) with mp 150 ~ (decomp.). 

Methyl Es t e r  of Na-Ph tha loy l -p -n i t ropheny la lany lva l ine  (VII). With s t i r r ing ,  a suspension of 79.1 
g of Na-ph tha loy l -p -n i t rophenyla lan ine  in 580 ml  of abs.  CHCI3 was added at  0 ~ to a mixture  of 50 g of 
N ,N ' -d icyc lohexy lca rbod i imide  and 30.5 g of methy l  DL-val ina te  in 230 m l  of abs.  CHC13. The reac t ion  
mix ture  was s t i r r ed  for  another  30 min and then let  stand overnight  at  ~20 ~ a f t e r  which it  was  cooled. We 
f i l tered off 46.1 g of N ,N ' -d i cyc lohexy lu rea ,  and the f i l t ra te  was evapora ted  in vacuo. The res idue  was 
dissolved in boiling e ther ,  cooled,  and f i l tered to give 80.16 g of (VII), which was r ec rys t a l l i z ed  f rom an 
EtOAc - p e t r o l e u m  e ther  mixture .  

Methyl Es t e r  of Na-Phtha loy l -N-(d ie thy len imidophosphory l ) -p -aminophenyla lan ine  (IV). A suspension 
of 26.9 g of the hydrochlor ide  of the methyl  e s t e r  of N(~-phthaloyl-p-aminophenylalanine (llI) (dried in vaeuo 
over  KOH) in 200 ml  of f resh ly  dist i l led POCI 3 was refluxed in a ni t rogen a tmosphere  for  1 h. The excess  
POCI~ was vacuum-dis t i l led  in a ni t rogen a tmosphere .  The res idue was washed with benzene and chilled 
ether .  We obtained 21.1 g of the methyl  e s t e r  of Na-ph tha lo ly l -N- (d ich lo rophosphory l ) -p -aminopheny l -  
alanine with mp 129-130 ~ which was dissolved in 200 ml  of abs.  CH2CI 2. With s t i r r ing ,  the obtained so lu-  
tion was added at  - 8  ~ in a ni t rogen a tmosphe re  to a solution of 10 m l  of e thylenimine in 80 m l  of abs.  
CHzC12. The mix tu re  was s t i r r ed  for  another  4 h at  ~20 ~ Then 80 ml  of benzene was  added, the obtained 
fi-chloroethyhamine hydrochlor ide  was f i l tered,  and the f i l t ra te  was washed with water ,  dried over  MgSO 4, 
and evapora ted  in vacuo. The syrupy res idue was rubbed in abs.  EtOAc and then washed with e ther .  We 
obtained 19.3 g of phosphoramide (IV), which was r ec rys t a l l i zed  f rom EtOAc. 

The methyl  e s t e r  of phosphoramide (IX) was obtained in a s i m i l a r  manner .  F r o m  the hydrochlor ide  
of the ethyl e s t e r  of Nfl -phtha loyl -p-aminophenyl - f i -a lan ine ,  obtained as descr ibed  in [1], was  synthesized 
phosphoramide (i) in 24.4% yield,  decomp, temp. 99 ~ Found: C 58.91; H 5.56; P 6.3%~ C23H25N4OsP. 
Calc.: C 58.98; H 5.38; P 6.6%. 

*The compound was  not isolated analyt ical ly pure.  

39O 



Methyl Es ter  of N-(Diethylenimidophosphoryl)-p-aminophenylalaniae (V). With s t i r r ing ,  to a s u s -  
pension of 2:27 g of the methyl  e s t e r  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 s t i r red  fo r  7 h, and then let stand at ~20 ~ for  4 days. We filtered off 0.8 g of phthalylhydrazine,  and 
the f i l t rate ~las evaporated in vacuo to give 1.45 g (90%) of methyl  e s t e r  (V) as a co lor less  syrup, 

The methyl  e s t e r s  of a lanyl -  and valyl-N-(diethylenimidophosphoryl)-p-aminophenylalanine {XIV) 
and (XV) we~e obtained in a s imi la r  manner .  They were ,  respect ively ,  recrys ta l l i zed  from acetone and 
an acetone " e t h e r  mixture (see Table 2). 

Methy} Es te r  of Na-Phthaloyla lanyl-N-(die thylenimidophosphoryl) -p-aminophenyla lanine  (X). With 
s t i r r ing ,  a solution of 5.7 g of Nc~-phthaloylalanine in 100 ml of abs. CHCI 3 was added at 0 ~ to a mixture 
of 8, 5 g of the methyl es te r  of N-(diethylenimidophosphoryl) -p-aminophenylalanine (V) in 40 ml  of CHC13 and 
5.42 g of dicyclohexylearbodiimide in 40 ml of CHCI 3. The react ion mixture  was s t i r red  for 30 min, and 
then let s~an,J overnight at  ~20 ~ We fi l tered off 4.4 g of N ,N ' -d icyc lohexy lu rea ,  the fi l trate was evaporated 
in vacuo, and the residue was rubbed in acetone. We obtained 5.9 g of dipeptide (X), which was r e c r y s -  
talUzed f rom acetone. 

Methyl e s te r s  (XI)-(XIIt) were  obtained in a s imi la r  manner .  They were  rec rys ta l l i zed  as follows: 
(XI) f rom a ]. : 1 e t h e r - a c e t o n e  mixture ,  and (XII) and (XIII) f rom EtOAc. 

Sodium Salt of N-(Diethylenimidophosphoryl)-p-aminophenylalanine (V-I). To a solution of 1.45 g of 
the methyl  es te r  of N-(diethylenimidophosphoryl)-p-aminophenylalanine (V) in 25 ml of methanol were 
added 4.3 m] of 1 N MeONa solution in methanol and 0.1 ml of water ,  and the mixture was let stand for  
4 days. The so lvent  was evaporated in vacuo. The residue was dried by the azeotropic  distil lation of the 
water  with benzene, and then rubbed in boiling acetone. Fi l t ra t ion gave 1.28 g of (VI), which was r e p r e -  
cipitated f rom methanol  solution with ether.  

The Na salts  of N-ace ty la lanyI -  (XVI), N-ace ty lva ly l -  (XVII), a lanyl -  (XVIII), and va ly l -N-  (diethylen- 
imidophosphoryl)-p-aminophenylalanine (XIX) were  obtained in a s imi la r  manner .  

C ONC LUSIONS 

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

2. Some dipeptides were  obtained, in which N-(diethylenimidophosphoryl)-p-aminophenylalanine is 
e i ther  the N - o r  C- te rmina l  amino acid. 

1. 
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