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Undevet Reaeat c h Lahot ator), The Fr~ the, W e l .  ~ n, Hert s , Eneland 

The condensation of N-trltylazlridme with phosphahdlc acid Js facde and gwes a good 
iyleld of N-tntyl phosphahdytethanolamme which is demtylated to a phosphatldylethano- 
lamlne This novel route is dlustrated by the s~nthesls of 0-(l,2-dloctadecanovl-~n-glycero- 
3-phosphoryl)-ethanolamlne 

Introduction 

Several total syntheses of 0-(l ,2-dmcyl-sn-glycero-3-phosphoryl)-ethanol-  

amine 1) (P E ) have been published a), and ~elcome improvements  and modi- 

fications to the most successful of the t radi t ional  methods cont inue to 

appear ~ 5) Attempts  to develop new routes have also been made, but have 

met with partml success only u) We describe now a sholt  and practical syn- 

thesis by a no~el route in x~hlch the key step is the condensat ion of an 

azlrldme(I1) ~t th a phosphatldlc acid (1) 

O 

CHe- O -  C--R 
O ' R 
[, I 

R" C O CH N 
O 

CH2 O P - - O H  CHa  
I 

OH 

O 
I 

R'C O 

\ 

CH2 

O 
i 

CH2 O C R' 

CH 
O 

i p 4 
CHa--O P--O-CHe--CHz--NHaR 

1 
O 

1 11 1II 

T h e  c o n d e n s a t t o n  o / a z w u h n e  a tu l  p h o s p h o r  lC ac tds  

The r ing-opening-addi t ion of phosphoric acids to azlridme has received 

scant a t ten tmn in the literature T\~ o early studies of the reaction of (syrupy) 

phosphoric acid with azlrldlne variously describe the products  as 2-amlno- 

ethytdthydrogen phosphate v) and as ms-(2-ammo-ethyl)-phosphate  8) In 
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contrast. 2-ammoethyl-d~benzyl phosphate was not obtained by the action 
of azJrldme on dlbenzylhydrogen phosphate 9) More recently, the successful 
condensation of azmdlne with cytldlne dlphosphatelO~), and w~th mono- 
phenylphosphatel°~'), gave moderate y~elds However, early m the present 
stud~, the reaction of phosphatldlc acid (1) wzth azlrldlne (II, R = H )  gave 
P E (llI .  R = H) albeit m poor yield 

By analog~ to the other ring-opening reactions of az~ndme 1~), the conden- 
sation probably proceeds vm the lnmal formation of the strained protonated 

species H 

)N< 
H 

which then undergoes nucleophdlc attack by the phosphate amon,  nucle- 
ophfllC attack by another azlrldlne molecule leads to dl- (and ultimately) 
polymerlsatlon and presumably is a major cause of the poor yield 12) 

N-trttllaztrtdme [11. R = C  (C6H5)3] 

It would appear, therefore, that an azuldme derlvatwe, e g .  with an 
electron attracting substltuent on the nitrogen atom 13) would be more stata- 

ble. since it ~vould be less prone to polymerlsahon, whereas the ring carbon 
atoms would be more susceptible to nucleophlhc attack The resulting 
product v, ould be an N-subsmuted P E .  and, therefore, the substltuent 
chosen must be easdy removable to yield P E (III. R = H )  

Imttally. however, the mtyl  group was selected as the N-substltuent 
N-mty lazmdme was readdy prepared tn good y~eld by the reaction of mtyl-  
bromide and azlrldme m the presence of tnethylamlne In this case the large 
bulk of the trn~l group should pre~ent N-mtylazlrldme from acting as an 
efficient nucleophfle and preclude its polymerlsatlon It is not certain if the 
N-mtyl  group enhances the electrophfltc character of the azlrldme ring 
carbon atoms a ~). and its choice was influenced by the fact that the recovery 
of P E from N-mtyl  P E is strmghtforward3) 

Phosphat;dw acids 

The phosphatldlc acld. 1.2-dloctadecanoyl-~n-glycero-3-phosphorlc acid 
(I, R '=  R"=C17H3s ), used m this x, ork ~,as prepared by the method of Bird 
and Chadha 1~) 

However. several other methods are available ')  The DL-compound~ are 
readily accessible by acylatlon of glycerol-3-phosphorlc acid ~,) The action ~7) 
of phosphollpase D on natural ~7n) or synthetic ~7~) 1.2-dmcyl-sn-glycero-3- 
phosphor~lchohnes (or other phosphohplds) could be an attractive alterna- 
t l ,e m certain cases 
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O-(1,2-dtoctade~anoyl-sn-glycero-3-phosphol pl)-ethanolamlne 

The new procedure is illustrated by the synthesis of  the htle compound 
(1II. R ' = R " = C l v H 3 s .  R = H )  

The condensatmn of N- tn ty lazmdme [11 R =  C (CoH5)3] and 1,2-dlocta- 
decanoyl-sn-glycero-3-phosphorlc acid (i R ' =  R"=C17H35) was effected m 
chloroform solutmn at room temperature during 40 hours The product 
N-mtyl-0-(l ,2-&octadecanoyl-sn-glycero-3-phosphoryl)-ethanolamme [ii1. 

R ' = R " = C 1 7 H 3 5 .  R = C ( C o H 5 3 ) ]  recovered m 66°,, yield, was identical 
(m p .  [7]o, P m r ) with an authentic sample prepared by the &rect trltyla- 
non of 0-(l,2-dmctadecanoyl-~n-glycero-3-phosphoryl)-ethanolamme De- 
tntylatmn was camed  out by hydrogenatmn using a 10°o Pd/C catalyst, 
alternattvely, hot 90°,0 acettc acid may be employed 5) The final product was 
identical with authentic 0-(1.2-dloctadecano31-vl-glycero-3-phosphoryl )- 
ethanolammea ~s 19) 

E x p e r i m e n t a l  

Genel al method~ 

Infrared spectra were determined on a Perkm-Elmer mfracord spectro- 
photometer,  model 257 Optical rotatmns were recorded for ethanol-free 
chloroform solutions on a Perkm-Elmer 141 Polanmeter P m r spectra 
were measured on a Perkm-Elmer R 12 spectrometer for deuterochloroform 
solutmns, w~th tetramethylsdane as the internal standard Melting points 
were determined on a Kofler hot stage apparatus and are uncorrected 
Elemental analyses were camed  out by Dr F Pascher, Bonn 

1.2-Dwctadecanovl-sn-gO'~eto-3-pho~phorw acM 
(I, R ' =  R"=ClvH3s )  

This compound was prepared by the method of Bird and Chadha15). 

m p  72-73 ~ , [ e ] D + 3 5  ) ( C , 1 2 5 ) ( h t , ' ° , m p  75 5-765 ° and [ c ~ ] 0 = + 3 7  ) 

AztrMme (I1. R = H )  

The compound ~as  a generous gift from the Dow Chemical Company 
Limited 

N-tttty/azntdme [11, R = C  (C6H5)~] 

A solution of azmdme (2 g, 0 046 mole) and methylamme (6 g, 0 059 mole, 
drwd over KOH) m dry benzene (150 ml) was cooled to 0 ° A solution of 
trttylbromlde (20 g, 0 061 mole) in benzene was added with stirring over a 
lhr period and further stlrred for 1 hr at room temperature The precipitate 
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of methylamme hydrobromlde was removed, the solvent evaporated from 

the filtrate and the residue m hexane chromatographed on alumina (basic 
Woelm, grade I, 80 g) lmtlal fractions eluted with hexane contained tntyl- 
bromide and some N-tntylazmdlne,  but subsequent fractions contained pure 
N-mtylazirldme, which crystalhsed from hexane as fine needles, (11 g, 83°o), 
m p 125-126 ~, ~max(nujol mull), 3060, 695,710 750 and 770cm-1 ,  PMR, r, 
2 4 2 9 (15H, multlplet), 8 14 (2H, broad), 9 0 (2H, broad) 
Found C88 13 H 6 6 1  N 4 8 4 ° o  
Calcd f o r C 2 1 H l o N ( M = 2 8 5 3 )  C 8 8 3 8  H 6 7 1  N491° , ,  

N-tt tt ~ l-O- ( 1,2-dto~ tadecano ~ [-sn-g[ 3 ~ et o-3-phoaphor) ' l )-ethanolamme 

[1II R ' = R " = C l v H 3 s ,  R = C ( C o H s ) 3 ]  

A ml×ture of N-trltylazindme (99 rag, 0 35 mmole) and 1,2-dioctadecanoyl- 
~n-glycero-3-phosphollc acid (237 rag, 0 32 mmole) m ethanol-free dry chloro- 
form (6 ml) ~as allowed to stand at room temperature for 40 hr, and then 
refluxedfor 1 5 i m n ( t h e f o r m a t i o n o f N - t n t ~ l P E  was m o n l t o r e d b ~ T L C  
on Sdicagel G using chloroform methanol, 4 I N-tnt31 P E ,  R f ~ 0 8 ,  
appeared blue when sprayed ~lth Zmzadze phosphate reagent, but became 
yello~ on warning, the yellow colour is characteristic of tntyl compounds) 

N-mtyl  P E was isolated from the reaction mixture by chromatography 
on sdlca impregnated ~lth methylamme A sdlca column was prepaled by 
stirring slhca (SdlcAR, CC-7, Malhnkrodt, 40 g) with chloroform benzene 
(1 1. v/\ containing 20"0 trlethylamme, 150 ml) and then pourmg the slurry 
into the column The column was washed ~vlth benzene chloroform ( 1 1. v/v 

containing I°o methylamme,  100 ml), the reaction mixture apphed and 
elutmn continued with benzene chloroform ( 1 1. v/v containing 1 o,, methyl- 
amine, 150 ml) follo~ed by chloroform benzene (4 I, v/v containing 1",, tll- 
eth>lamme 2 5 0 m l ) ~ l t h  x~h~ch N-trltyl P E  ~ase lu ted  Al te revapora tmn 
to dryness the last tJaces of the solvent and all tnethylamme ~ere removed 
by e~acuatmn under high ~acuum (0 01 mm Hg) at room temperature The 
residue (210 mg, 66",,), m p 113 114 ~, [~]~°+6 45 '~ (C,2 5) was identical 
'alth N-mtyl  P E (111 R ' =  R " = C l r H 3 s ,  R = C  (CoH5)3) prepared as follo~s 

Tt it I latton o/O- ( 1,2-choctadec ano vl- rn-gll'cel o-3-pho whot  ~ 1) -e thanolamme 

The title compound 4) (100 nag, 0 13 mmole, dried by continuous evacu- 
atmn over P20 s) and mtylbromlde (108 rag, 0 33 mmole) m dry chloroform 
(10 ml, ethanol free, freshly &stdled over P2Os) ~ere treated with anhydrous 
trmttDlamme (0 I ml drmd over KOH and distilled) The mixture was stirred 
at room temperature for 30 mm The solvent was removed on a rotary 
evaporator  and the compound purified by chromatography on SlhcA R CC-7 
( 17 g) as described m the foregoing experiment The product obtained, after 
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drying on the pump o~er P205 for 30 hr (bleld 128 rag, 97<'<,) had m p 114- 

t5 °, [c¢]zD2+6 6°(C, 2) 

Found C 7 2 2 9  H 9 5 6  N 1 49°,, 

Calcd for Co0HgoOsNP ½ H 2 0  (M =999  35) C 7 2  l0 H 9 7 8  N I 40°,, 

O- ( 1 ,2 -Dtoc tadecanoyL  yn-gll ~ ero-3-pho *phoo' l )  - e t h a n o t a m m e  ( 1 t I, R '  = R " = 

CI~H~5, R = H )  

A suspension of  N-trltyl P E  ( t l l ,  R ' = R " = C I : H 3 ~ ,  R = C ( C 6 H s ) ~ )  

(120 rag, 0 12 mmole)  in glacial acetic acid (25 ml) together with 10°o Pd/C 

catalyst (150rag) was hydrogenated (Parr hydrogenat ion apparatus)  at 

2 5 p s i  for 2 0 h r  The mixture was diluted with methanol  (60ml)  and 

ch loroform (60 ml), and filtered through a bed of  hyflo supercell The solvent 

was removed,  the residue tr i turated w~th anhydrous  ether to gixe P E as a 

white insoluble pounder, which crystalhsed from dioxan (80 lag 87"o) m p 

187 [~]D= + 6  15' (C, l, chloroform-acet ic  acid 9 1), lit m p  188-89',  

[~]D= + 6 2  (ref 4 ) , r a p  180-182 (ref 20), [U]D~+60 (C, 4 4 ) ( r e f  19) 
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