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The chemical synthesis of two new glycerophosphatide analogues containing steroid groups,
i.e., 1,2-dipalmitoyl-racglyceryl-3-phosphoryl-3'g-cholesterol and 1,2-dipalmitoylrecglyceryl-
3-phosphoryl-20’{3g-hydroxy norpregn-5-ene) is described.

L Introduction

Structural analogues of naturally occurring glycerophosphatides, obtained by
chemical synthesis, are of interest in physicochemical and biochemicai investiga-
tions [1]. We have previously synthesized such analogues of phosphatidyl ethanola-
mine, i.e., 1,2-dipalmitoylsac-glyceryl-3-phosphoryl-propanolamine, -isopropanola-
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1,2-D:palrmtoyt—nw—glyceryl~3-phospho:yl~3 ﬁ-cholesteml (I} was syntheslzed by
a condensation reaction of 1, Zd:pahmtoyimc-glyceryt 3—siiver benzyfphosphate
_(II) and 3B-cholesteryl bromide. The reaction was carried out in acetonitsile in the
dark, and after debe'zzyianon of the'condensahon product the ﬁmi*campomm (l)
was obtamed as sochum salt ing sequ
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norpregn-5-ene) (II) by a similar condensation reaction were unsuccessful, There-
fore, compound (II) was nbtained by condensauon of dypakmtoylfawl giyce;ai
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 (VIHI) which was phosphorylated with dibenzylphosphochioridate, followed by

- mono-debenzylation with sodium iodide in anhydrous acetone. The resulting

s um salt was converted to the silver salt, and thus 38«2 -tetrahydropyranyloxy)

- ‘nor g0 .gneaﬂ-sliverbenzylphﬂsphﬁe (X) was obtained. The silver salt (X)

. Was o ndensed with l*:;2bdipkhnitﬁyim&‘fgiyqemi&brom‘oh‘ydrin (V) in boiling anhy-

- drol benzene in the dark. After removal of the protective groups by acid hydrolysis,
 followed by reaction with sodium fodide, the final product (1I) was obtained as the

$ § SRS

" IR spectra of both compounds (1) and (11} are shown in fig. 1.
© Attempts to obtain compound (II) by condensation of 1,2-dipalmitoyl-rac-glvcer-
 yl-3-silver benzylphosphate (I1l) and 3p-hydroxy- or 32’ -tétrahydropyranyloxy)
o norpregn-5-ene-20-bromide under various conditions failed. The latter compound
~was synthesized from the corresponding 20-01 (VII1) vig the methanesulfonate ac-
- cording to Baumann et al. [9] or by bromination of the methanesulfonate with
_ anhydrous sodium bromide in V,N-dimethyl formamide at 70°C for 16 h.
- The fact that, in contrast to the reaction with the 3p-bromide, condensation of
~the silver benzylphosphate (11f) with the 20-bromide did not occur, can be explained
by the presence-of the double bond at C-5 of the steroid which may facilitate the
condensation reaction. This assumption is supported by the fact that condensation
of the silver benzylphosphate (1I) with 3g-cholestanyl bromide also failed under
the same conditions. rac-Glycerol-1-bromohydrin used as the starting material in the
preparation of compound (If) was easily prepared from commercially available epi-
" bromohydrin by acid hydrolysis; this one-step reaction should be convenient for the
synthesis of optically inactive phospholipids.
" ‘The physicochemical, biochemical and immunochemical properties of compounds
) and (1) will be discussed elsewhere. '

T Experimental

o Wﬁn& fpbihti,wzréfdctemined on a Kofler heatizig»stage (Leitz, Mode! 350) and
. were corrected. Elemental analyses were carried out by the Faculty of Pharmacy,
~Chiba University, by the Faculty of Science, Tokyo Metropolitan University and by

fat the Laborator) gfuie:malyais, Eisai Co. Infrared spectra were recorded with a

" Nihon Bunko Model IRG spectrophotometer on KBr disks, and ultraviolet spectra
' were.tecorded in ethanol with a Hitachi Model 124 spectrophotometer. NMR were
th a Nihon Denshi Mode! MH 100 spectrometer in CDCl5. Optical rota-

sred in chloroform with a Nihon Bunko Model Dip-SL automatic
al thindayer chromatography was carried out on layers of silica
in tanks lined with filter paper and fractions were made
kovsky reagent {10] for phospliorus determination or

2. In prepatative TLC layers, 2 mm thick, were made by
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The fmctxons were elnted thh chlomform«mcthmol 2 l ',The wlvents wem dis- i

Kasex Co an:l 3ﬁ-hydmxyetmchol~5»em€:; -2 7
—1Z to —~18°) was from Merck. Dibenzylphospt i 3 to
the method of Atherton et al. {12}, and wasj chlorinated thhN’chlomsucmmnnde ,
by the method of Kenner et al, [13].1,2 Dlpaimntoylﬁc-glycexylé-bwmhydnn

and 1,2-dipalmitoyl m-glywryl&-sﬂvcr benzylphosphate were synthesized by the
msthod of Bnd etal. [14] except £or the pwepatatm ct' meglyceml-l »bmmohydnn.

A. Preparatton of rac-glyeeral-l »bromhydrm

prbromohydnn, 137 g, was heateﬁ mth 54 mi of dtsulled water and 5 rrJ
of 2 N H, 504 at 100°C; a violent reaction occurred at once and continued for
about 10 min. The homogeneous solution was heated- for about 3 hat 100°C
to complete the reaction, cooled and diluted with 3 vol of distilled water and
passed through a column of Amberlite IR45. (OH type). The celumn was. washed
with 1 liter of water and the eluent was ‘concentrated under reduced pressure. The
slightly yellow viscous liquid was punﬁed by distillation in vacuo. Pure rac-glycerol-
1-bromohydrin was obtained as a eolorless !xqmd* b p l05-106 C/.S mm Hg,

n¥ =1 5156 yleid823(5.z9%) |

B. Preparation of 1, Zdtpalmnayl~mc-giyce;y!-3«phasphorylg,?' B—cholesterol (I}

1,2-Dipalmito yI~rac-giyceryl—3-benzylphwpharyl».? Mholesreml { V) Compound
(111), 1.6 g, and 850 mg of 3p-cholesteryl bromide (purified by colurn chromato-
graphy on silica gel (Mallinckrodt, 100 mesh) eluted with benzene, and tecrystal-
lized from ethanol) were dissolved in 30 ml of anhydrous acetonitrile and refluxed
for 5 h in the dark. The solution was cooled, diluted with 3 vol of ether. mé filtered.
The precipitate was washed with several portions of ether and the filirate was col-
lected and coneentrated under reduced pressure Thﬁ :emaméng é I materisi was

38~39 C TLC (benzene»dlethyi et
(log e = 242) [a]” = 12 84“

at ~15°C, Tli'en,precy as i
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- vacuo. The sodium 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 sodium salt (1) was obtained. (m.p. 198°C (decomp‘),,

.. TLC (chloroform-—-methanol-28% aqueous ammonia, 70 : 30: 7) Rf =0.80,
[al} =-23.16" (c=0.95), NMR: 5 5.25 ppm (C = CH).)

 Analysis Caled. for CHy 204P Na (1039.534): C 71.64, H 10.86, P. 2.95.
 Found: , | C 71.72.H 10.87, P. 3.06.

- C. Preparation 0f L3-dipalmitoyl-rac-glycervil-3-phosphoryl-20'-{ 33-hydroxynor-
- pregn-S-ene} (I}

- 3f-Hydroxyetiochol-5-enic 178-acid methyl ester (V1}. 33-Hydroxyetiochoi-5-
-enic 17p-acid, 4.09 g, was refluxed with 90 m! of anhydrous 3% HC1--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 recrystallized
from methancl. The methyl ester (VI) (3.83 g; 89.8%) was obtained as needles.

~ (m.p. 179-180°C, TLC (benzene—diethyl ether, 50 : 50) R, =0.43, [a]3¥ =
~14.34° (¢ = 1.06).)

* Analysis Caled. for C;,H320; (332.486): C 75.86, H9.70.
. Found: C 75.65,H9.73.

3842 'vTetralgycbrap yranyloxy Jetiochol-5-enic 17B-acid methyl ester (VII). Com-
pound (VI), 3.5 g, and 5 mi of freshly distilled 2,3-dihydropyran were suspended in
200 mi of anhydrous benzene. 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 § min). After stirring for 0.5 hr at room temperature, 1 g of anhydrous potas-
 sium carbonate was added and stirring was continued for 0.5 hr. The filtered and

~ slightly yellow colored benzene solution was concentrated and a colored crystatline
tnaterial was obtained. The crude material was recrystallized once from a small
volume of methanol, and 3.96 g (90.2%) of pure 342" tetrahydropyranyloxy)etio-
 chol-S-enic 17f-acid methy! ester (VII) was obtained. (m.p. 152-1 53°C, TLC (ben-
* zene—diethyl ether, 50: 50) Ry = 0.60, falF} =-15.03° (c=1.53))

 Analysis Calod. for CgHyg04 (416.610): € 74.96, H9.68.
e CFound: '€ 75.05,H9.79.

P 3B42"-Tetrahydropyranyloxy jnorpregn-5-en-20-0l (VIl). Compound (VI1}, 1.6 g
_ was dissolved in 70 ml of anhydrous ether and added dropwise to 40 ml of a diethyl
" gther solution of LiAlH, ¢1.0 g) under stirring. After stirring for about 2 hr at room

' temperature, water was added and the ether layer was separated, washed with water
" and dried over NaySO4. The solvent was evaporated and 1.4 g (93.9%) of pure alco-
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hol (VI) was obtained. (m.p. 151~152°C (mrystamzed fromn ,mmi), w:'
(benzene-—d:ethyl ether, 50 50) R, = 937 {a] = -»~50 49 5 0, :

Analysis. Calcd. for c,,nmos (388.6‘.)' 7727 ,;;a;, 10438-.;[ :
med R e ,mum,ss

3642 -Temhydropymnylaxy)namegn5»ene~20~dibenzyi~ph sphate (IX). Toan
ice-cold solution of 4.86 g of compound (Vi) in 50 mlanhydmusben eneand
8 ml pyridine were added dropwise 140 ml of an anhydmns benzene sal;utioncon«
taining 15.6 g (ca. 4 times molar excess) of dibenzylphosphochioridate, within 2 hr
under \ngorous stxmng, After the solution had been stmreﬂ for 3 h'under the same
conditions, it was allowed to stand ovexmght at room temperature, The resulting
precipitate was filtered off, 2. mlof water was added to. the filtrate which was further
stirred abbut 3 hr. The solvent was evaporaied under reduced pressure and a yellow
oily material was abtamwd* it was pur:ﬁeé by column chronnmgraphy silica gel
(100 g of latrobeads 6&?-80!6@ (sphemalsﬂ!ftjgel) 100 mesh), eluted with ben-
zene-diethyi ethcr, 22 e firs 00 n nl ¢ ;,uﬁnt were concent ted’-aad the re-

d {m p: 304-195 °C, TLC Q en

pure, wmte dxbenzylphos;:hate (IX) was obta g »
a5

diethyl ether, 50:: 50) R, 048, UV hm,. = 257.5 nm (Iog e=2. 65),
~27.18° (¢=103)) S 2

Analys:s Calcd. forC;;l:ls;,OsP(m aw) »c»?z},zo,as,zz” 477,
Found . C7218. H .‘

; ,2-D¢palm;toybrac-gbeceryldebenzyi :
namregn—.S«ene] {XI} : C(rmpound (IX )

with cold water and dmd i
155 156"(:) was abtm_ !

off and the fﬂtt {
- was purified Y pr
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, (benzaﬂemdxethyi ether, 50:30) Ry = 0.63, UV Amax = 257.5 nm {log € = 2.35).
: [a}”_mxsas (c=109)) |

. Aﬂﬁiy&& CﬂCd f()! Cmﬂlnﬂwl’){ﬂ;ﬂ (1127 613) C71.37,H10.28,P2.75.
~ Found: . CTLI9HI029,P 291

1, 3-Dlgmimimyl-mt:‘gfyceryl 3 benzylpﬁas;nhoryi 20 { 38-hydroxynarpregn-5-ene)
.{XII). Compaund (X1), 1.33 g, was refluxed with 1 mi of 1 N HClin 60 m! of metha-
nol until the oﬁy material was dlssalved {about 20 min); it was cooled and held
overnight at —~15°C., The white powdery precipitate was filtered and washed with
cold methanol; 1.01'g (B1.6%) of pure 38-hydroxy compound (XII) was obtained.
~ (m.p. 27--28°C, TLC (benzene—dicthyl ether, 50: 50) Ry = 0.43, UV Ay =
- 257.5 nm (log € = 2.33), [e]“ = -20.36° (c=1.11).)

. Analysis Caled. for Cwﬂmso,,mms 480): C 72.62, H 10.32, P 3.02.

Found: C7245,H10.16,P 2.98.

L2 szaimtta ych-glyreryi—3 -phosphoryl-20'{3p-hydroxynorpregn-5-ene} (11).
- Compound (XI), 2.18 g, was refluxed with 500 mg of sodium iodide in 40 ml of
anhydrous acetone for about 6 hr. The solution was cooled and held overnight at
~15°C, yielding 1.9 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 (1) (1.70 g; 82.1%) was ob-
tained as sodium salt. (m.p. 151 152°C, TLC (chlomform~methanol~—28% aque-
ous ammonia, 70: 30: 7) R,=0.74, [a]‘“ = ~18.80° (c = 1.06), NMR: 8 5.25

ppm (C =CH) )

" Analysis. Caled. for cssﬂggogma X H,0(975.376): C 67.73,H 10.33, P 3.18.
- med € 6790, H1023,P3.20.
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