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P H E N Y L A L A N I N E  D E R I V A T I V E S  C O N T A I N I N G  A C Y L  GROUPS 

OF S T E R E O I S O M E R I C  N - [ T E T R A M E T H Y L D I A M I D O ( T H I O )  P H O S P H O R Y L ] -  

AND N- [D IMOR PH O L i D O ( T H  IO) PHOS PHOR Y L ] -  4 -A MINOC YC L O H E X A  N E -  

C A R B O X Y L I C  ACIDS 

L.  A.  P a t o t s k e n e ,  K.  I. K a r p a v i c h y u s ,  UDC 542.91:547.586.2:547.1'118 
and  I. L .  K n u n y a n t s  

Guided by the interest attaching to the antitumor activity of the nonalkylating tetraalkyldiamidophos- 
phoryl derivatives of cyclohexylamine, morpholine, and 4-aminocyclohexanecarboyxlic acid (ACHCA) [2], we 
have continued our earlier work on the biological properties of the stereoisomeric N-[diethyleneimido(thio}- 
phosphoryl]aminocyclohexylcarbonyl amino-acids [1] by synthesizing certain compounds containing tetramethyl- 
diamido(thio}phosphoryl and dimorpholido(thio)phosphoryl groups. 

Synthesis was carried out by using dicyclohexylcarbodiimide (DCHC) to condense N-phthaloyl-cis- and N- 
phthaloyl-trans-4-ACHCA with the ethyl ester of DL-phenylalanine. Each of these isomers reacted equally 
well under the conditions in question here. The protective N-phthaloyl groups in the N-phthaloyl-cis- and N- 
phthaloyl-trans-4-ACHC*-DL--phenylalanine ethyl esters were eliminated by treatment with hydrazine hydrate 
in CH2C12-alcohol solution at 40~ PMR studies showed that complete elimination, without byproduct forma- 
tion, could be attained in 15 h. The final reaction products, the stable salts of the ethyl esters of t rans-  and 
cis-4-ACHC-DL-phenylalanine with phthaloyl hydrazide, were broken down in alcoholic HC1 solution. These 
procedures gave good yields of the chlorohydrates and free bases of the ethyl esters of trails- and cis-4-ACHC- 
DL-phenylananine which could, in ~xtrn, be converted to the ethyl esters of N-dichloro(thio}phosphoryl-trans- 
and cis-4-ACHC-DL-phenylalanine by the method described in [1]. 

The ethyl esters of N-tetramethyldiamido(thio}phosphoryl-trans- and cis-4-ACHC-DL-phenylalanine (1), 
(I1), (IX), and (X) were obtained by reacting the dichlorohydrides with excess dimethylamine in solution in in- 
ert  solvents. The ethyl esters of N-dimorpholido(thio}phosphoryl-trans- and cis-4-ACHC-DL-phenylalanine, 
(HI), (IV}, (XI), and (XII), were obtained by condensing the ethyl esters of N-dichloro(thio}phosphoryl-trans- 
and cis-4-ACHC-DL-phenylalanine with morpholine in the presence of triethylamine. 

Hydrolysis of the ethyl esters (1)-(IV) and (X)-(XI1) by the theoretical amount of MeONa in aqueous solu- 
tion gave good yields of the sodium salts of N-tetramethyldiamido(thio)phosphoryl-trans-, N-dimorpholido- 
(thio}trans-, and cis-4-ACHC-DL-phenylalanine, (V)-(VII1) and (XIII)-(XV}, as stable, water-soluble compounds. 
The characteristics of these compounds are summarized in Tables 1 and 2. 

~-~CHC designates aminocyclohexylcarbonyl. 

Institute of Heteroorganic Compounds, Academy of Sciences of the USSR, Moscow. Institute of Biochem- 
istry,  Academy of Sciences of the Lithuanian SSR, Vilnius. Translated from Izvestiya Akademii Nauk SSSR, 
Seriya Khimicheskaya, No. 2, pp. 386-390, February, 1980. Original article submitted December 14, 1978. 
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EXPERIMENTAL 

The melting points of the various compounds were determined on a Bo~tius stage; thin-layer chroma- 
tography was carried out on Al20 ~ sheets, using a I0 : 2.5 : 2 benzene-ether-methanol mL~hlre as eluant. The 
chromatograms were developed with iodine. The eis- and trans-4-ACHCA used here were pure compounds 
with melting points of 305 and 488-495~ (decomposition), respectively [3, 4]. 

Ethyl Esters of N-Phthaloyl-traus- and N-Phthaloyl-ei.s-4-ACHC-DL-phenylalanine, To a cooled solu- 
tion containing 2.73 g of N-phthaloyl-cis-4-ACHCA dissolvedinanhydrous CHCl3ther e was added a cooled solu- 
tion containing 1.93 g of the ethyl ester of DL-phenylalanine and 2.06 g of ACHC dissolved in CHCI 3 and the 
resulting mixture allowed to stand overnight at ~ 20~ The filtrate was evaporated off in vacuum; the residue 
was taken up in anhydrous ether, the resulting solution filtered, and the product reerystallized from ethanol 
solution. This procedure gave 3.85 g (86%) of the ethyl ester of N-phthaloyl-cis-4-ACHC-DL-phenylalanine, 
mp 169-171~ Found: C, 69.36; H, 6.47; N, 6.23%. C26H28N205. Calculated: C, 69.63; H, 6.29; N, 6.25%. 

The ethyl ester of N-phthaloyi-cis-4-ACHC-DL-phenylalanine was similarly obtained with a yield of 76%, 
mp 133-135~ Found: C, 69.60; H, 6.25; N, 6.07%. C2~H28N205. Calculated: C, 69.63; H, 6.29; N, 6.25%~ 

Salt of the Ethyl Ester of trans-4-ACHC-DL-phenylalanine with Phthaloyl Hydrazide. To a solution con- 
taining 2.24 g of the ethyl ester of N-phthaloyl-trans-4-ACHC-DL-phenylalanine dissolved in 20 ml of alcohol 
and 6 ml of CH2CI2, there was added 0~ g of hydrazine hydrate and the resulting mixture allowed to stand at 
40~ for 15 h, at the end of which time the solvents were evaporated off in vacuum and the residue taken up in 
ether. This procedure gave 1.82 g (76%) of salt with melting point in excess of 273~ (from EtOH, decomposi- 
tion). Found: C, 64.90; H, 6.50; N, 11.77%. C26H32N205. Calculated: C, 64.98; H, 6.71; N, 11.66%. 

The salt of the ethyl ester of cis-4-ACHC-DL-phenylalanine with phthaloyl hydrazide was prepared in a 
similar manner; yield 69%, melting point in excess of II0~ (with decomposition). Found: C, 64.86; H, 6.59; 
N, 11.81%. C2GHa2N405. Calculated: C, 64.98; H, 6.71; N, 11.66%. 

Chlorohydrate of the Ethyl Ester of trans-4-ACHC-DL-phenylalanine. A suspension of 1.2 g of the salt 
of the ethyl ester of trans-4-ACHC-DL-phenylalanine with phthaloyl hydrazide in I0 rnl of a 0.5 N solution of 
HCI in anhydrous ethanol was held at ~8~ for 2 h. At the end of this time, 0.33 g (82%) of phthaloyl hydrazide 
with mp 339-343~ was filtered off. The filtrate was evaporated in vacuum, and the residue was trihlrated with 
ether. This procedure gave 0.64 g (84%) of the chlorohydrate of the ethyl ester of trans-4-ACHC-DL-phenyl- 
alanine, mp 130~ (with decomposition), which was identical with the material described in [I]. 

The chlorohydrate of the ethyl ester of eis-4-ACHC-DL-phenylalanine , similar to the material de- 
scribed in [i], was prepared in a similar manner; yield, 7870, mp 60~ (with decomposition). 

Ethyl Ester of N-(Tefwamethyldiamidophosphoryl)-trans-4-ACHC-DL-phenylalanine (1). A solution con- 
raining 4.35 g of the ethyl ester of N-(diehlorophosphoryl)-trans-4-ACHC-DL-phenylalanine [I] dissolved in 
60 ml of anhydrous CH2CI 2 was saturated with gaseous dimethylamine at-5~ The resulting solution was 
carefully washed with H20 , dried with MgSO4, evaporated in vacuum, and the residue triturated in ether. The 
desired compound was recrystallized from a i : 1 AcOEt--EtOH solution. This procedure gave 3.62 g (80%) of 
ester (1). 

The ethyl ester of N-(tetramethyldiamidophosphoryl)-cis-4-ACHC-DL-phenylalanine (IX) was synthesized 
in a silrdlar manner. The ethyl esters of N-(tetrarr~ethyldiamidothiophosphoryl)-trans-4-ACHC-DL-phenyl- 
alanine (If) and N-(tetramethyldiarnidothiophosphoryl)-cis-4-ACHC-DL-phenyalanine (X) were prepared in a 
similar manner from N-(dichlorothiophosphoryl)-eis- and trans-4-ACHC-DL-phenylalanine, following the pro- 
cedures of [i]. 

Ethyl Ester of N-(Dimorpholidophosphoryl)-trans-4-ACHC-DL-phenylalanine (If D. A solution containing 
6.52 g of the ethyl ester of N-(dichlorophosphoryl)-trans-4-ACHC-DL-phenylalanine dissolved in 30 ml of 
anhydrous CH2C12 was added dropwise,  and with constant  s t i r r ing ,  to a solution containing 2.61 ml of morpho-  
line and 4.2 ml of t r ie thylamine dissolved in 60 ml of anhydrous CH2C12 which had been cooled to -5~  The 
s t i r r ing  was continued for 1 h a t - 5 ~  then for an additional 2 h at  ~ 20~ and the resul t ing mixture allowed 
to stand for 12 h a t  8~ At the end of this t ime the solution was washed with water,  dried with MgSO4, and the 
solvent evaporated off in vacuum. The res idue  was t r i tura ted with ether,  and rec rys ta l l i zed  f rom EtOH solu-  
tion. This procedure  gave 6.99 g (88%) of the es ter  (III) .  

The ethyl es te r  of N-(dimorphol idophosphoryl)-4-ACHC-DL-phenylalanine (XI) was synthesized in a s imi-  
tar  manner.  The ethyl es te rs  of N-(dimorpholidothiophosphoryl)- t~ans-4-ACHC-DI.-phenylalanine (IV) and N- 
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(dimorpholidothiophosphoryl)-cis-4-ACHC-DL-phenylalanine (XI1) were prepared from N-(dichlorothiophos- 
phoryl)- t rans-  and cis-4-ACHC-DL-phenylalanine by procedures similar to those used in the synthesis of (HI); 
(IV) was recrystal l ized from EtCH and (XI)-(XI1) from a 1 : 1 AcOEt-EtOH mixture. 

Na Salt of N-(Tetramethyldiamidophosphoryl)-trans-4-ACHC-DL-phenylalanine (V). To a solution con- 
taining 2.26 g of ester  (I) dissolved in 25 ml of CHaOH there was added 4.16 ml of 1.2 N CH3ONa (methanol) and 
0.1 ml of H20 , and the resulting m i m e  allowed to stand for 4 days at  ~20~ The insoluble residue whichhad 
formed at  the end of this time was then filtered off and the solvent vaporized in vacuum. The residue was dried 
by azeotropic distillation of water and benzene, and then tri turated with a 1 : 1 mixture of anhydrous ether and 
acetone. This procedure gave 2.06 g (89%) of the Na salt of (V). 

The Na salts of (VI)-(VIII) and (XII1)-(XV) were prepared in a similar manner. 

C O N C L U S I O N S  

The ethyl esters  and Na salts of N-(tetramethyldiamido(thio)phosphoryl)- and N-(dimorpholido(thio)phos- 
phoryl)-cis-  and trans-4-ACHC-DL-phenylalanine have been synthesized. 

1 .  

2, 

3 .  

4. 
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S Y N T H E S I S  OF THE M E T H Y L A M I D E  

OF O- [ 2 - A C  E TA M I D O -  2 - D E  s e x Y -  a - D -  GA LAC T O P Y R A N O S  Y L ] -  

N - C A R B  OBE NZ OXY-  L - S E R  INE 

N. K. K o c h e t k o v ,  V. A.  D e r e v i t s k a y a ,  
and  O. S. N o v i k o v a  

UDC 542.951.1:547.455 

An N-acetyl-D-galactosamine residue joined to either serine or threonine by an ~-glue0side bond is 
found in the O-glucoside earbon-pept ide  bond center of many glucoproteins [1, 2]. Study of the behavior of 
glucopeptides containing a natural carbon-pept ide  bond shouId contribute to an understanding of various 
aspects of the selective cleavage of bonds of this type. 

We have accordingly carr ied out the synthesis of the methylamide of O-[2-acetamido-2-desoxy-~-D- 
galactopyranosyl]-N-carbobenzoxy-L-serine (IV) : 

CII20Ac 
AcO~____O ~ (~If20Ac 

k ~ ,M " k ~176 ,A 

N~--CHCsH4OCH a N~CHCsH4OCHa 
(I) (II) 

1. CH2CH COOCH 3 
I t oe NH Carbo 

2. Ac20, Py 

C H2OAo CH2OH 

"~ ~ OH 
CH2CHCOOCH3 CH2CHCONHCH3 

i l I 
NHAc NHCarbo NHAc NHCarbo 

(iii) (~v) 

N. D. Zelinskii Institut0 of Organic Chemistry, Academy of Sciences of the USSR, Moscow. Translated 
from Izvestiya Akademii Nauk SSSR, Seriya Khimlcheskaya, No. 2, pp. 390-393, February, 1980. Original article 
submitted December 7, 1978. 
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