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The chemi~...l synthesis of two new glycerophosphatide analogues contaimng steroid groups, 
i.e., 1,2~almitoyl-rac-glyceryl-3-phosphoryl-Y~-cholesterol and 1,2-dipalmitoyl-rac-glyceryl- 
3-phosphoryl-20'-(3g-hydtoxy norpregn-5-ene) is described. 

L Introdutrtion 
Structural analogues of naturally occurring glycerophosphatides, obtained by 

chemical synthesis, are of interest in physicochemical and biochemical investiga- 
tions [l ]. We have previously synthesized such analogues of phosphatidyl ethanola- 
mine, i.e., 1,2-dipalm/toyl-mc-glyceryl-3-phosphoryl'propanolamine. 4sopropanola- 
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1.2-DipaNtoy!.rac-glyceryl-3,phosph~l,3 ~ o ! e s t e r o l . ( t  ) was synthesized by 
a condensation reaction of l,2~ipahrdi0yi~c~ycety!~3.silver benzylphosphate 

Attempts to,obtain 1 
norpregn.5.ene) (1i) by a similar.condensation reaction were unsuccessful, There- 
fore. compound (!I) was obtained by condensation ofr dipa~toy!.faf~l.Siycero] 
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(~H).whi~ wasphosphory~ted with dibenzylphosphochlorida re, followed b y 
m~o~ebenzyhtion with ~ u m  i ~ d e  in anhydrous acetone. The resulting 

" . :md l~ i :~ t .was : . con~ t t eA- : to thes~rsaR ,  and.thus 3~-(2%tetrahydropyranyloxy) 
~ n 0 t p m ~ 5 ~ n e - ~ ~ e r  ben~lph~phate (X)was obtained. The silver salt (X) 
W a s , ~ , d ~ i : ~ t h l .  1-~2~V,..~toyl~c, gt.ycerot,3'bromohydrin-~ ~/)in boiling anhy- 

• drom:i  n¢ ,m :darL After removal 0f the protective groups by acid hydrolysis, 
~ W e d . b y : t ~ c t i o n w i ~  ~um-iodide . thef i~ t  product (II)was obtained as the 

: 1RspeetmOfboth compounds O)and(H) are shown in fig. 1. 
Attemptsto0btairt compound:(II) by condensation of 1,2.dioalmitovl-rac~lvcer- 

yl:3-silvet be~lphosphate ( l i t ) aM 3[1.hydroxy-or 3t~-(2'-tetrahydropyranyloxy) 
norpregn,5~ne.20~bromide under various conditions failed. The latter compound 
was synthesized: from the corresponding 20-oi (VIII) v/a the methanesulfonate ac- 
cording toBaurnann et al.: [9] or by bromination of the methanesulfonate with 
anhydrous sodium bromi'de inN,  N,dtmethyl  formamide at 70°C for 16 h. 

The fact that, in contrast to the reaction with the 3~-bromide, condensation of 
. . . .  * . . . . . .  ' " " " )  e theulverbenzylphosphate(Hl) with th 20:bromide did not occur, can be explained 

by the present-of the double bond: at C-5 of the steroid which may facilitate the 
cond~sation~eaction. This assumption is supported by the fact that condensation 
of the s~verbenzy!phosphate (HI) with 3#.eholestanyl bromide also failed under 
themme eonditions:rac.Glycerobl-bromohydrin used as the starting material in the 
prepatationof compound (I1) was easily prepared from commercially available epi- 
bromohydrin by acid hydrolysis; this one-step reaction should be convenient for the 
synthesis of o~cally inactive phospholipids. 

The physi~ehemieal, biochemical and immunochemical properties of compounds 
(i) ~ d ( i l )  v,4al: be d i s c ~ d  elsewhere. 

m,:s  

(Lettz, Model 350) and 

• w~e ~ t e d i ~ e n t a l . a n ~  were carried,oUt by the Faculty of Pharmacy, 
:~ ~ a l  • ,by the FacultyOf Science, Tokyo Metropolitan University and by 

~ ~ 0 t a ~ f y  Of ~ I y s i S i :  Eimi Co. ~frared spectra were • re~rded w!th atr a 
~ : N ~ n  B u n k / o : ~ t  iR~:s~trophotometer on ger  a l s ~ , a n a  mtravmlet spe 
" ::/ W ~  ~ ¢ ~ d  wi~ a ~ t a ~  Model 124 spectro~tometer. NMR were 

"a CDCI3. Optic~ rota- 
~el Dip.SL automatic 
xl out on layers of silica 
and fractions were made 
eus determination or 
am thick, were made by 
gel60 PF~s4 (Merck). 



The frictions wen) eluted with ch lorofonn~/ ,4ne~ ,2  :>L i~i. . ,~. _ ~ n ~ w m / ~  
tilled and dried over Mole~ .lar Sieve Type. 3A(N_:~"|!l~dt~t. r t i a | ~ ) ~ ; i ~ r ~ "  ~! 
h drin 3 fester Ibromide~:2.3~ '" dro ~were. :~omTokyo 
KaseiCo. and ~y~oxyetioeh01.5~m~ l~d (m~p,2~,~.275~ !C; ![~]D: :>'~ > ~ :>' 
~i2 to ~18 -°) Was fmmMercki ~ was; :a~g~g!to: ': 

by the methedof Kenner et aL [13];i; .3 omhy ,n 
and 1,2~ipalmitoyl ~cdy.ceryL34ilver b ~ p l ~ t e :  were synth~ e ~ b y  the ' " 
method of-Bird etal. [i 4 ]except . f o r ~  p~pamCtonof mc~-y~ro[,i:l .bmmohydrin. 

.... " : . ~- : i :i " ~ : " 

rac1.~Cero l- t .bromoh ydrin A. Preparationof " : : " " 

Epibromohydrin, 137g, was heated with 54ml of d ~ - w a t e r  and 5 rr'..l 
of 2 N lI2SO4 at IO0°C; aviolem reaction occurred at onceand continued for 
about 10 min, m e  homogeneous.mtutionwas heated for ab0ut3 h a~t ~lOO°C - 
to complete the rea~on~ cooled. ~ :  diluted .with 3 vol ofdistilled water and 
passed through a column ofiAmbedite iR~5-(OHt~) . -The ce~emn waswashed 
with I. liter-of water andthe eluent wasconcentratedunder redu~d pressure, 
slightly yellow viscous, liqmd was p u ~ e d  by d ~ t i o n  in v a c t m . ~ e  raoglycerol- 

. - ; g j  

l-bromohydrm was.obtamed.asa colorless hqmd..b,p..i05. 106 C/5 m Hg, 
n~) s° =I  .5156, yield 8 2 g ( 5 2 . ~ ) ,  - 

-, : . -  . .  _ . . 

B. Preparationof 1,2,dipalmitoyt.rac'glyce~l,3-phosphory.~. /l~choleaterol (I) 

1,2-Dipalmitoyl-rac-glyceryl-3"benz~~b3 ~chole.sterol [1 V) compound 
(I11), 1.6 g, and 850 mgof 3~holesteryl bromide (purified by column chromato- 
graphy on silica-~f(Matfinckrodt'. 100 mesh), eluted With begone, ~-recrystal. 
lized from ethan01)weredi~lvedin 30 mi of anhydrous a ~ t ~ t ~ l e  .and .reflexed 
for 5 h in the dark, The sotUtion was cooled; -diluted. ~ th3.vol  0 f ~ e f _ i ~  - filtered, 
The precipitate was washed~th several portions of e ~ a n d  the r~filt~tewas col- 
!ected and c 
purified by 
1.46 g 
38-39 
(log e" 

Analysis. Calcd. for C H O. P (1107.677),.C. 74,82,..H.:.t.0,83, P ::2,97 . . . . . . .  
6 9  ! 1 9 - 8 .  - , :_, . . . . .  ............. .... 

Found: . . . .  ' . .:i:/~i<i C i74~73,:H-lO;/~:~P~-2~6L:: q.:r"' : "" : : :~ ' 
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• vacuo. The sodi~am salt was obtained as a slightly yellow powder (1.88 g; 97.5%). 
The colored material was purified by washing with boiling acetone and 1.39 g 
(72.1%) of white, pure sodi~um salt (I)was obtained. (m.p. 198°C (decomp.), 

: ~c~ro fo rm-~ thano t -28% aqueous ammonia, 70" 30: 7) R 1, = 0.80, 
[¢~]22 = ~23.16 ~' (c -- 0.95); NMR:/i 5.25 ppm (C = CH).) 

~ a l y s i s  Ca!cd, for C62 H l ~ 20aP Na (1039.534): C 7 ! .64, H 10.86, e. 2.98. 
~ou d: C 7t.72. H 10.87, P. 3.06. 

C Preparation ~ " " . . ' . o f  1 ,..dipalm!to vt-rac -glycervl-3-phosphoryl-20 -(3~-h vdr oxynor- 
p ~ . 5 ~ e n e )  H I )  

3~-Hydroxyetiochol.5.enic 17~racid methyl ester (~7). 3#-Hydroxyetiochol-5. 
-Chic 17&acid, 4.09 g, was refluxed with 90 mI of anhydrous 3% HCI-MeOH for 
about 5 hr. After cooling, the solution was allowed to stand overnight at --15°C. 
The crystalline material was filtered, washed with cold methanol and recrystaUized 
from methanol. The methyl ester (VI) (3.83 g; 89.8%) was obtained as needles. 

_~22 ° (m.p. 179-1800C, TLC (benzene-diethyi ether, 50" 50) Rf = 0.43, [~ID = 
• 1 4 . 3 4  (e = 1.06) . )  

Analysis Catcd. for C21H3203 (332.486): C 75.86, H 9.70. 
Found: C 75.65, H 9.73. 

3t].(2'.Tetrahya~opyranyloxy )etiochol-5-em'c 17~-acid tnet hyl ester (Vii). Com- 
pound (VI), 3.5 g, and 5 rnl of freshly distilled 2,3-dihydropyran were suspended in 
200  ml ~fanhydrous benT~ne. To this suspension. 5 ,ul of 70%. perchloric acid was 
added and stirring was continued at 40°C until the starting material was dissolved 
(about 5 rain). After stirring for 0.5 hr at room temperature, I g of anhydrous potas- 
siam carbonate was added and stirring was continued for 0.5 hr. The filtered and 
g~htly yellow colored benzene solution was concentrated and a colored crystalline 
material was obtained. The crude material wa~ recrystai~ized once from a small 
volume of methanol, and 3 .96  g (90.2%) of pure 3I~(2'-tetrahydropyranyloxy)etio- 
chol-5-enic 17i~.acid methyl ester (VII) was obtained. (m.p. 152-153°C, TLC (ben- 
zer  -die yl ether, 50:50) Rx:0.60, |al  --  15.03 ° (c= 1.53)3 

Af~ ~ l t  Cake. for C2f~4oO 4 (416.610): C 74.96, U 9.68. 
Found: C 75.05, H 9.79. 

3 ~ 2 , , ~ ~ l o x y ) n o r p e e g n . 5 . e n ~ O - o t  (VIII]. Compound (VII), 1.6 g 
wU ~ ~  in 70rid of anhydrous ether and added dropwisc to 40 mlof  a diethyl 
ethertoh~tion of LiAII~ (1,0 g) under stirring. After stirring for about 2 nr at room 

added land the ether layer was separated, washed witil water 
• The solvent was evaporated and 1.4 g (93.9%) of pure alco- 



. : . : .  - . . 

. .  

hol (VIII). was o b ~ d ,  (m,p. 
(benzene-~e~yl  e ~ r ,  150~: :~ 

Found: _ ..... : .::,.~.. :-;:,C 77~;H:I0~8;: :- :.;::_'. :""~:::.: ~ .... --., 
. . - . . . :..-. : : " • .. ...... ~- : . 

conditions' it was sUowed to stand overnight at morn temperatme,- The resulting 
precipitate was filtered off, 2 mlof water: Wuia~edt0!,the, filtrate w~WMfurther 

oi.l~f :' " ?' ~ . . . . . . . . . .  *. " --- " '-: " "'d m a t e ~  was o b ~ d ,  it was. pursed by. ~urnn , 

(100g Of ta~obe~s 6 ~ ~  lO0(sp~f i~:  sili~ !gel),:l:{ 
zene--diethyi etl~r,3:2iTh¢ f i ~ : . ~  ml ofe~eni  w~ 

.... .  . ~ion and:.,~,~ was added to the a~tone s o l ~  7 t u e ~ ~ t  -~ 
line material:w~.fdtered and washed w, , l lwi~ n,hexa 
put e, white dibenzylph0s p~te:(IX) was! o b . ~ ~ - ( m  
diethyl ether,50: 50 ) R/ =  0AS, ~ rVXmax ~ 

' 7  O . _ -2°.18 (c= 1,03),) 

Analysis. Calcd, for C 39 ~ .306P 
Found;:, .... . 

=257~ rim(los, 
ell~. 
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~rtz,eno-diethyl ether, 50: 50)R[ = 0.63, UV ~max = 25.7.5 nm (log e = 2.35), 
[al  2 = - l s . z s  ° (c = I.O9).) 

Analysis~ Caled. for C67HliaOIoP × H20 (1127.613): C 7t.37, H 10.28, P 2.75. 
Found: C 71A9, H 10.29, P 2.91. 

1,2-DipalmJt~'rac~glyceryl-3.benzylphosphoryl-20 '-( 3~hydrox ynorpreg~'5-ene ) 
[XII, L Compound (XI), Ii.33g, was refluxed with I rnl of I N HCI in 60 ml of metha- 
nol until the oily nmleriatwas dissolved (about 20 rain); it was cooled and held 
overnight at-:i5"C, The white powdery precipitate was filtered and washed with 
cold methanol; 1.0ii g (8t.6%)of pure 3~,hydroxy compound (Xll)was obtained. 
(m.p. 27"28°C, TLC (benzene-diethyl ether, 50: 50) Rf = 0.43, UV )'max = 
257.5 nm (log e ~- 2.33), [e~]~ 2. ~ -20.36 ° (c = 1.11)J 

Analysis. Calod. for C6aHlosOgP (1025.480): C 72.62, H 10.32, P 3.02. 
Found: C 72.45, H 10.t6, P 2.98. 

12.D~tmitoyl-rac-glyceryl-3.phosphoryl-2 O" < 3~h ydro x ynorpregn-5 -ene) ( II/. 
Compound (XII),:2.18 g, was refluxed with 500 mg of sodium iodide in 40 ml of 
an_hydrous acetone for about 6 hr. The solution was cooled and held overnight at 
- ] 5 ° C ,  yielding I ~9 g (91.8%) of  a powdery precipitate which was filtered and 
washed well with cold acetone. It was then purified by washing it several times 
with boiling acetone. A white, powdery final product (If) (1.70 g; 82.1%) was ob- 
tained as sodium salt. (m.p. 151 - ] 52°C, T LC (chloroform-methanol-28% aque- 
ous ammonia, 70:  30 : 7)  R! = 0.74, [a]~ 2 = -18 .80  ° (c = 1.06), NMR: ,5 5.25 

ppm (C = CH).) 

Analysis, Cale, d. for CssH98OgPNa X H20 (975.376): C 67.73, H 10.33, P 3.18. 
Found: C 6790, H 10.23, P 3.20. 
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