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the mixture refluxed 2 hr. Cooling, evaporation to half volume, 
and addition of 200 ml of water produced a solid. Filtration and 
thorough washing with water and ether yielded analytically pure 
material which did not melt below 340". 

N a n y  of these compounds form tenacioiis hydrates and were 
dried for analysis a t  132' tinder vacuum over P20; for 48 hr. 
Certain compounds (especially 2-methyl analogs) retained water 
of hydration even iinder these drying coridit ions. 

B.--After att,empting method A and detecting iricomplet'e 
reaction by thin layer chromat,ography, the reaction mixture was 
heated at  125' for 17-20 hr and then hydrolyzed and purified as 
above. 

C.-This method was similar to method A except that  the re- 
actaiits were combined in a pressure bottle and heated for 18 hr a t  
l"5". 

Acknowledgment.-The author is grateful t'o Dr. 
Stuart Pnulson for carrying out the biological t,esting. 
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Large amounts of unsaturated phosphatidylserines 
with defined fatty acid composition are needed for the 
systematic study of the effect of phospholipids on 
hemostasis, and these phosphatidylserines can only be 
obtained by total synthesis. The available syntheses 
have suffered in yield from the relatively energetic 
methods used for the removal of protecting groups. 

Recently, Eschenmoser's group2 ha5 introduced an 
easily removable protecting group, the k h l o r o -  
butyroyl group, and we decided to explore the ap- 
plicability of thiq group in phosphatide synthesis. 

Experimental Section3 

N-(4-Chlorobutyroyl)-O-benzyl-( +)-serine methyl ester was 
prepared exactly as described for the corresponding tryp- 
tophan derivativej2 replacing the tryptophan methyl ester 
hydrochloride with 0-benzyl-( +)-serine methyl ester hydro- 
chloride.4 The product was c tallized from CC14-hesane, mp 
42", yield 847,. 

dnal.  Calcd for Cl;,I-I&1S04: C, 57.41; II, 6.48: s, 4.47. 
Found: C, 57.30: H, 6.54: X, 4.60. 
N-(4-Chlorobutyroyl)-O-benzyl-( i )-serine. A. By Hydroly- 

sis of Methyl Ester.-The methyl ester (20 g) was dissolved iii  
60 ml of acetone and to this w~t:, added 1 .\- SaOH dropwise a- 
the alkali was consumed. The hydrolysio wa.5 ,.low at first but 
speeded up as part of the alkali was coii~umed. FVhen close to 
the theoretical amount of alkali was used up, 100 ml of water was 
added and crystals of 0-beuzyl-( =k)-seriiie were filtered out. The 
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mother liquor was cooled and acidified with ice-cold 1 AV phos- 
phoric acid, giving an oil which solidified to 8.2 g ( 4 3 5 )  of crys- 
tsls, mp 117", identical by infrared spectrum and mixture melting 
point with material obtained by method B below. 

By Ronwin6 Acylation of Acid.-Dry 0-benzyl-( =t )-serine4 
(48.5 g, 0.25 mole) was refluxed and stirred with 28 ml (0.25 mole) 
of 4-chlorobutyroyl chloride in 2 1. of dry ethyl acetate for 6 hr. 
The solution was filtered and evaporated in vacuo to  a small 
volume. Addition of CCll gave 42 g of the acylated material 
(57%). Recrystallized from ethyl acetate-petroleiim ether, it 
had mp 120'. 

Anal. Calcd for ClaH18C1SOl: C, 56.09; H, 6.05. Foiind: 
C, 56.2i; H, 6.04. 

Phthalimidomethyl Ester of O-Benzyl-N-(4-chlorobutyroyl)- 
(+)-serine.-A solution of 3 g (0.01 mole) of the preceding 
acylated 0-benzylserine in 20 ml of dry DXF was treated with 
1.97 ml (0.01 mole) of dicyclohexylamine and a solution of 1.9.5 g 
(0.01 mole) of phthalimidomethyl chloride in 20 ml of d r ~ ,  DlIF. 
The mixture was kept a t  3 i "  overnight. It w-as diluted w-ith w-ater 
and allowed to crystallize. Recrystallized from ethaiiol the 
collected crystals had mp 1 2 5 O ,  yield 2.8 g. 

Anal. Calcd for C23H23C1X208: C, 60.19; H, 5.05; S, 6.11. 
Found: C, 60.44; H I  5.24; N, 5.89. 

Phthalimidomethyl Ester of N-(4-Chlorobutyroyl)-( &)-serine. 
-The benzyl ester (10 g)  was suspended in peroxide-free tetra- 
hydrofuran (THF)  and hydrogenated at  3 atni over the Pd 
catalyst of Tausz and Von Putnokg.6 After the addition of 
boiling acetone to dissolve precipitated product, the catalyst was 
filtered, and the solution was concentrated in part and cooled 
to give crystals, mp 145O, yield 5 g. This hydrogenation did not 
always proceed as smoothly as described aiid the product gave a 
test with ninhydrin indicating an S -+ 0 shift. Such material 
was purified by chromatography on silica gel (British Driig 
Houses, Inc.) by eluting the desired product with acetone. The 
purity of the material was conveniently investigated by tlc 
using the solvent system n-butyl ether-propionic acid-water 
(120:90:11) with silica gel H (E. Nerck, Darnistadt) and the 
staining procedure of Pataki.7 

dnal.  Calcd for C16H,,ClN20s: C, 52.11: H, 4.65: ?;, 7.60. 
Found: C, 51.84; H,  4.53; 31, 7.49. 

DL-Phosphatidyl-( oleoyl stearoyl)-~~-serine.*-l-Ole~iy~-"-.te~~- 
ro~-lglycerol'~ (9 g)  was brought into reartion with equivaleiit 
quailtitie3 of P0C13 and the protected serine iii the presence of 
pyridine and quinoline under standard c o n d i t i i ~ i i ~ . ~ ~ ~ ~  T ~ Y  
crude product was extracted with anhydrous ether aiid with 
hesane, and the material insoluble in these two solvents \vas re- 
jected. The phosphatide appeared to be in the soluble portioii 
by infrared 3pectrum. This portion weighed i g. The material 
was dissolved in 7 5  ml of peroxide-free THF (distilled over excehs 
triphenylphosphine) and to the solution was added a mistlire of 
48 ml of 0.5 A\- aqueous silver perchlorate and 7 5  nil of water. 
The mixture was shaken mechanically under nitrogen i n  the 
dark for 40 hr. The T H F  \vas removed by distillation and the 
aqueous layer was extracted (CHCI,). The CHCI, solution was 
washed a-ith dilute KC1 solution, dried, and distilled finally in a 
high vacuum. The dry residue was dissolved in 90 nil of ethanol 
and cooled in an ice bath. To the solution was added 8.4 m.ll 
hydrazine in 90 ml of ethanol. The reaction mixture vas  stored 
at  room temperature for 30 min and then evaporated.12 The 
crude product was purified by the ustial techniqiies of chroniatog- 
raphy on silicic acid and DEAE-cellulose (acetate The 
yield was 727 mg of crude phosphatidylserine (one chromatogram) 
of xhich half could be recovered as completely homogeneoiis 
material after a second chromatograph. The product showed 
only one spot moving opposite to natural phosphatidylserine 
when chromatographed in amoiints of 250 pg on silicic acid 
impregnated paper; it had the infrared spectruni of phtrs- 
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gave poorer yields, possibly connected with the presence of colloidal silver. 



1.3,2-Diazaphosphorine 2-Oxides. 111.' 

Preparation and Biological Evaluation of Some 

1,3-Bis(aralkyl)-2-halo-1,3.2-diazaphosphorine 

2-Oxides and Related Compounds' 

I I 

I 
( ' I  

I 
('1 

\r' 0 SH I 
( '1 

I' - 0. A" 

.ilthougli Schenie I I> in  general quite satisfactory, 
it is limited in its scope due to the fact that  phos- 
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( 3 )  C y l o \ u n ' ~  

Conipouiids oi t y l r  I1 n-cre the first to be syritlic5izcd 
111 the hope of firidiiig a inore versatile routc to  the 1.3-  
bis(aralkyl)-2-(S-nrylaniino)-l,~3,2-diazaphos~~lioriii~ 2- 
oxides (VIII) whivh have been of interest ns potential 
antitumor agents in  this 1sboratory.l The original 
method used for iiialiirig these latter compounds in- 
volved the reaction of a dianiine (VI) with a phosphor- 
amidic dichloride (YII),  as shown below in Scheme 1V 
in the equation labeled path A. S o w  that compouiitls 
of type I1 are available. it is anticipated that the samc 
products VI11 c:in he 5yiithesized according to path 13. 


