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Abstract - In this study we demonstrate that the tetraisopropyldisiloxane-
1,3-diyl protecting group could be introduced, in a two step procedure, at
the 3'- and 4'-hydroxyl functions of a-glucosyldiglyceride 3 to give deri-
vative 6. Compound 6 could be selectively condensed with a suitably protec-

ted phosphatidyl part 9 at its primary hydroxyl function to afford the pro-
tected glycophospholipid 10a. The phosphatidyl part 9 was obtained by phos-
phorylation of optically pure 1,2-di-O-oleoyl-sn-glycerol (8a) with phos-
phoditriazolide 7b. Finally, the 2,4-dichlorophenyl and TIPS protecting
groups were removed from 10a by syn-4-nitro-benzaldoximate and fluoride
ions, respectively, to afford glycophospholipid 10c.

Introduction
Glycolipids and glycophospholipids are important membrane components which have been identified in
virtually all kinds of organisms. A well establishedl’2 class of glycolipids consists of glycosyl-
diglycerides which have been isolated in particular from plants and bacteria. The latter membrane
substances are carbohydrate derivatives of 1,2-diacyl-sn-glycerol in which the carbohydrate part
is joined to the 3-hydroxyl of the sn-glycerol moiety by a glycosidic bond.
The glycophospholipids in Fig. 1 (e.g. II, IV and V) are closely related to glycolipids (e.g. I,
III and VI) but they differ in one important aspect: certain hydroxyl functions are joined by phos-
phodiester linkages to other diglyceride residues. Thus they form an intermediate class between
the phospholipids and glycolipids.
It is of interest to review briefly the occurrence and mutual relationship of some glyco(phospho)-
lipids. Compound 1 (see Fig. 1) is the basic glycolipid of glycophospholipids II and V and also of
the glycolipids Vla and VIb, which have all been identified in Gram-positive Streptococci bacte-

..1,2,3,4
ria

. The glyco(phospho)lipids I, 11, V, VIa and VIb have a metabolic relationship. Some of
these glyco(phospho)lipids are precursors of the lipoteichoic acids. For instance, glycolipid VIb
proved to be the precursor of lipoteichoic acid VII of Streptococcus Lactis Kiel 42]725. Further,

6,7

glycolipids I and VIa have been found in Acholeplasma ’'", while glycophospholipid II has been iso-
lated from Pseudomonas diminutas. Glycolipid III is the B-glucosyl analog of 1 and its occurrence
has been established in Mycoplasmag. On the other hand glycophospholipid IV, which is the B-gluco-
syl analog of compound II, has not yet been isolated. In this paper we describe the synthesis of
glycolipid I and glycophosphelipid 1I. Furthermore, we wish to emphasize the use of a new bifunc-
tional silyl protective group: i.e. the 1,1,3,3~tetraisopropyldisiloxane-1,3~diyl (TIPS) protective
group!0 11,

The fatty acid composition of the naturally occurring glycophospholipid II has been establishedlz:
the main components are oleic and palmitic acids. It was for this reason that we decided to synthe-

size compound II (R]=pa1mitoy1, R2=oleoy1) having unsaturated acids in the phosphatidyl and satura-
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ted acids in the a-glucosyldiglyceride moiety.
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Synthesis of a-glucosyl diglyceride 3 (1)

For the preparation of the a-glucosyl diglyceride part 3 a suitably protected glycerol derivative
was required. It has been shown that optically active 1,2-0-isopropylidene-sn-glycerol racemisesl3,
due to intramolecular migration of the isopropylidene group, under Koenigs-Knorr coupling condi-
tions. We, therefore, decided to use the optically pure and very stable 1,2-di-0-(but-2-enyl)-sn-
glycerol derivative which was prepared according to a method of R. Giggla starting from 3,4-0-iso-
propylidene—D—mannitoll5. The above mentioned 1,2-di-0O-(but-2-enyl)-sn-glycerol was now condensed

under the conditions of Lemieuxl6 7,18 to

with 2,3,4,6-tetra-0O-benzyl-glucopyranosyl bromide (l)]
afford fully protected 3-0-(2,3,4,6-tetra~0-benzyl-a-D~glucopyranosyl)~-1,2-di-0-(but-2-enyl)-sn-—
glycerol (2) as a syrup in 73% yield. Removal of the temporary but-2-enyl protecting groups was

19 to give 3-0-(2,3,4,6-tetra-O-benzyl-o-

performed by treating 2 with potassium-t-butoxide in DMSO
D-glucopyranosyl)-sn-glycerol in 79% yield. The two hydroxyl groups present in the latter inter-
mediate were acylated with palmitoyl chloride and in the next step, the benzyl groups were debloc-

ked by hydrogenolysis over palladium on charcoal to afford a-glucosyl diglyceride 3 in 73% yield.
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Preparation of suitably protected a-glucosyl diglyceride (i.e. compound 6 in Scheme 1)

R. Gigg et al. describedzo, in a ten-step procedure starting from 1,6~anhydro-2,3,4~tri~O-benzyl-B~
pP~glucopyranose, the synthesis of 3-0~(2,3,4~tri-O-benzyl-a-D~glucopyranosyl)-1,2-di~0~stearoyl-sn~
glycerol and noted that this compound could be a suitable precursor for the synthesis of glycephos—
pholipid II. However, in our case the presence of the benzyl groups excludes the introduction of a

phosphatidyl part containing unsaturated fatty acids.
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Recently, we showed“ that the tetraisopropyldisiloxane~1,3-diyl (TIPS) protective group‘e, could
be introduced selectively to protect the 4- and 6-hydroxyl functions of methyl-a-D-glucopyranoside.
It was also demanstratedll that the 4,6~TIPS protected glucose derivative could be easily isomeri-
zed, in an acid catalysed reaction, into the 3,4-TIPS protected methyl-o~-D-glucopyranoside. The
same reaction sequence was now applied for the simultaneous protection of the 3"- and 4'~hydroxyl
functions of o-glucosyldiglyceride 3. Compound 3 was treated with 1,3-dichloro~1,1,3,3~tetraisopro~
pyldisiloxane & (TIPSCI)ZI to afford compound 5. Isomerization of compound 5 was accomplished in
the presence of a catalytic amount of mesitylenesulfonic acid in DMF. After eighteen hours the
reaction mixture was worked-up and purified by column chromatography to afford pure 3-0-[3,4~0-(te-
traisopropyldisiloxane~1,3~diyl)~-a-D~glucopyranosyll~1,2~di-O-palmitoyl~sn-glycerol (6) in 82%
yield.

Preparation of 2,4~dichlorophenyl protected phosphatidyl part 9 (Scheme 2}

For the synthesis of a properly protected and optically pure phosphatidyl unit, we started from L~-
serine as the optically pure source. Thus, L-serine was converted into 3~0-trityl-sn-glycerol accor-
ding to a slightly modified procedure described by Lok et al.22. The glycerol derivative was acyla-
ted with oleoyl chloride to afford, after column chromatography, pure 1,2-di-O~oleoyl-3-O-trityl~
su~glycerol (8a) in 891 yield. Removal of the trityl group from 8a under acidic conditions may lead,
depending on the applied conditions, to extensive migration of 8b into the thermodynamically more
stable l,3~isomer323. For this reason, we attempted a recently developed methodzé which involves
replacement of the trityl group from a diacyltritylglycerol by the action of trifluotoacetic acid
in the presence of trifluorcacetic anhydride. The latter reagent had to protect immediately the

released hydroxyl function, thereby preventing acyl migration. In a latter stage the trifluorocacetyl
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group can then be removed under very mild

24

conditions“ . Unfortunately, in our hands
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no removal of the trityl group occurredzs.
Fortunately, the removal of the trityl
group from 8a could be performed by passing
R‘:cl—Q R’=CH3(CH;)7\ /(CHz)7— it tk2n6:ough a silicic acid-boric acid co-
cl H/F=C\H lumn”". This deblocking procedure was not
’zq Tr= (CgHg)3C— ga accompanied by acyl migration and afforded

E-“ pure 1,2-di-O-oleoyl-sn—glycerol (8b) in
N SILICIC ACID / - .
N i ; -
) BORIC ACID. high yield. For the protection of the phos
phatidyl unit 9 (Scheme 2) we used the 2,4-
dichlorophenyl group. Studies on model com-

é pounds27 revealed that a 2,4-dichlorophenyl
0-C-R? protected phosphotriester function of a
N‘\I'l’(w 0 .
RNN_ -N O—U—Rz fully protected phospholipid is quite sta-
oR! HO ble and could be removed quantitatively by

7b 8b an oximate28 treatment in dry THF. The syn-

| | thesis of 9 was now accomplished by means
29,30

of a phosphoditriazolide method
Thus, 2,4-dichlorophenyl phosphorodichlori-

date31

R‘:Ck4<:zf— 4-triazole and triethylamine in THF to af-
0-C—-R? ford a solution of phosphorylating agent

7b. Freshly prepared |,2-di-O-oleoyl-sn-

(72) was reacted together with 1,2,-

Scheme 2 glycerol (8b) in pyridine was added drop-
wise to 7b.

When TLC analysis showed the reaction had gone to completion, water was added to hydrolyze the
phosphotriazolide intermediates. )

The excess of the 2,4-dichlorophenylphosphate was easily removed by high speed chromatography32 of
the crude material to give pure 1,2-dioleoyl-sn~glycero-3-phospho-(2,4~dichlorophenol) (9) in high

yield (902).

Preparation of protected glycophospholipid 10a (Scheme 3)

Compound 9 together with a slight excess of compound 6 were coupled in the presence of the activa-
ting agent 2,4,6-triisopropylbenzenesulfonyl-3-nitro-1,2,4-triazole (TPSNT)33 to afford pure 10a
as a homogeneous o0il (yield 70%Z). In this coupling process we observed, apart from the formation of
10a, a very lipophilic side product. The latter was isolated (yield 5% based on 9) and identified
as the fully protected 2',6'-diphosphatidyl derivative of compound 6. The selective condensation3of
! [

the phosphatidyl unit 9 with the primary hydroxyl function of 6 to give 10a was established by

31

NMR as well as by 3|P—NMR spectroscopy. The P-NMR spectrum of 10a showed as expected, due to the

presence of two diastereoisomers, two resonances in the proton decoupled spectrum.

Conversion of phosphotriester 10a into phosphatidyl-a-glucosyl-diacylglycerol 10c (II)

In order to obtain the fully-deprotected glycophospholipid 10c (1I) the 2,4-dichlorophenyl and
TIPS protecting groups had to be cleaved from 10a in the correct order. Firstly the 2,4-dichloro-
phenyl protective group had to be removed. Reversal of the deblocking process may lead to neigh-
bouring group participation of the 4'-hydroxyl function on the phosphotriesterSa. Furthermore, de-
blocking of a TIPS protective group with fluoride ions from a mclecule that alsoc contains a phos-
photriester unit leads to a non-specific removal35 of the 2,4-dichlorophenyl protecting group36
Thus, the 2,4-dichlorophenyl group was deblocked selectively from compound 10a by the action of

Nl,NI,N3.N3—tetramethylguanidinium-syn-é-nitro-benza1doximate28 in dry THF37

to give 10b in quanti-
tative yield. Finally, the TIPS group was removed from compound 10b by the action of tetra-n-butyl-

ammonium fluoride38 (TBAF) in the presence of pyridinium chloride39 to afford 10c as a colourless



waxy solid in 88Z yield. The identity and homogeneity of compound 10c (i.e
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value as natural occurring glycophospholipid

R,-palmitoyl, Rzﬂcleoyl) were confirmed by TLC and GLC analysis as well as by !H~NMR, 13

. compound II in Fig, 1,

C-¥MR and

P-MMR spectroscopy. TLC analysis of compound 1Qc revealed a single spot with an identical Rf-

. Further, compound 10c was treated with sodium me~

thoxide in methanol-ether. GLC-analysis of the reaction mixture showed the presence of methylpalmi~
tate and methyloleate in equimolar amounts.

The most solid structural evidence was obtained by
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13 13

The most solid structural evidence was obtained by ~C-NMR spectroscopy. The proton decoupled "~C~

NMR spectrum of 10c (Fig. 2) was completely consistent with its structure and all the carbon atoms

were assigned by comparison with assigmments made on the fragments 3 and 9 and with the aid of li-

terature dataéo—az. Some important l3C—nuc1ear resonances are: {i) the Cl'-resonance at 99.6 ppm,

42,44

which is typically for an a-substituted glucose derivative; (ii) the deshielded (~2 ppm) C6‘—

carbon atom with a small 3IP»13

C coupling; (iii) the cis substituted double bond, the chemical
shifts (129.7, 130.0 ppm) of which confirmed that no cis-trans isomerization had occurred. Finally,
proton decoupled 3‘P-NHR spectroscopy revealed the presence of only one resonance wich is a further

evidence for the structural identity and purity of compound J0c (II).

Experimental

IH-NMR spectra were measured at 100 MHz with a JEOL JNMPS 100 spectrometer; chemical shifts are

Beor and 3'p-mm

spectra were measured at 25.15 MHz and 40.48 MH2, respectively, with a JEOL JNMPFT 100 spectrome-

given in ppm (§) relative to tetramethylsilane (TMS) as internal standard.

ter equipped with an EC-100 computer, operating in the Fourier transform mode. Proton noise decou-

13

pling was used. C-chemical shifts are given in ppm (6) relative to TMS as internal standard and

3IP-chemical shifts in ppm (&) relative to 857 H3P04 as external standard. Column chromatography
was performed on Merck Kieselgel H or Kieselgel 60 (230-400 Mesh ASTM). TLC was performed on Sili-
cagel (Schleicher & Schill TLC~Ready Plastic Sheets F 1500 LS 254). Compounds were visualized by
UV-light or by spraying with the appropriate reagents, Thus, compounds containing sugar moieties
were visualized by spraying TLC~plates with 20X conc stoa in methanol and charring at 140°C for a
few minutes; lipids with molybdatophosphoric acid/ethanol (15% w/v); oleoyl esters with KMnO, in
5% aqueous K2C03. Optical rotations were measured at 25°C with a Perkin Elmer |41 Polarimeter. GLC-
analysis of the fatty acid methyl esters was carried out on a Becker 409 Multigraph with FID on
Carbowax (glass—capillary column 18m x 0.3mm) at 150°C. Acetonitrile, tetrahydrofuran (THF), tri-
ethylamine, diisopropylethyl amine and pyridine were dried by heating with Caﬁz, under reflux, for
16 hr and then distilled; pyridine was redistilled from p-toluenesulfonyl chloride (40g per liter).
N,N-dimethylformamide was stirred with CaH2 for 16 hr and then distilled under reduced pressure,.
Methylene chloride was washed with concentrated sulfuric acid, water and 10% aqueous NaHCO3, dried

on CaCl, and distilled from P20 . All solvents were stored over molecular sieves 4&. Methanol was

dried b: refluxing with msgnesiim methoxide, distilled and stored over molecular sieves 3%. petro-
leum-ether (b.p. 40-6000) and ether were distilled before use. Tetraethylammonium bromide, mercuric
cyanide, mercuric bromide, mesitylenesulfonic acid, pyridinium chloride and 1,2,4-triazole were
dried before use, at AOOC, in vacuo over P205. All products were stored in the refrigerator at
-20%. Evaporations were carried out under reduced pressure (15 mm or 0.5 mm Hg) at bath tempera-

ture below 40°C.

3-0~-(2,3,4,6~tetra-0-benzyl~a~D~glucopyranosyl)-1,2-di-0-(but~2~enyl)-sn—glycerol (2)

p-Nitrobenzoy1~2,3,4,6—tetra—O—benzy1-0—D—glucopyranose]8 (5.6 g, 8 mmol) was treated with a satu-
rated (ca. 0.6 N) solution of bromine-free hydrogen bromide in dichloromethane (250 ml) for 10 min.
After removal of the p-nitrobenzoic acid by filtration the solvent was evaporated to afford gluco-
syl bromide ! as a syrup. The syrup was dissolved in a mixture of dry dichloromethane {30 ml} and
dry N,N-dimethylformamide (3 ml) containing tetraethylammonium bromide (1.72 g) and activated mole-
cular sieves (&R, 5 g). After 2 hr in the dark, the solution was filtrated under nitrogen and added
to a mixture of 1,2-di-0-(but~2-enyl)-sn glycerol'“ (1.3 g, 6.5 mmol) and diisopropylethylamine
(1.2 ml). The solution was stirred for 4 days under nitrogen in the dark. TLC analysis (ether/pe-
troleum ether 1.5 : | v/v) revealed the presence of one major product together with some t,2-di-0-
{but-2-enyl)~sn-glycercl and decomposition products derived of bromide 4. The sclution was diluted
with chloroform (150 ml) and washed with aqueous NaRCO3 {10%, 50 ml), aqueous AgN03 {5%, 10 ml) and
finally with water. The dried (MgSOa) organic layer was applied to a column of Kieselgel H (150 g)
suspended in ether/petroleum ether (3:7 v/v). Elution of the coluwmn with the same solvent mixture
and evaporation of the appropriate fractions afforded compound 2 as a syrup. Yield 3.44 g (732);

Rf = 0.80 (ether/petroleum ether, 1.5:1 v/v); [a}gs +36.2 {c 1, chloroform). Ta-mir (CDC1,): 5



Synthesis of phosphatidyl-a-glucosyl glycerol containing a dioleoyl phosphatidyl moiety—I11 4551

1.64 (d,6H,2xCH3); 3.3-4.1 (m,15H,glucosylglycerol except H1',2xOCH
H]',&xCHz Benzyl); 5.4-5.8 (c,4H,CH=CH); 7.3-7.4 (c,20H,4x5Harom).
3~0=-{2,3,4,5-tetra~O-benzylglucopyranosyl)-sn-glycerol

2 but-2-enyl); 4.1-5.1 (m,9H,

Compound 2 (1.4 g, 1.9 mmol) was dissolved in dry dimethylsulfoxide (20 ml) and potassium t-butoxi-
de (705 mg, 6.3 mmol) was added. The mixture was left for 3 hr at 60°C under nitrogen, TLC analysis
(toluene/acetone, 1:1 v/v) indicated conversion of starting material 2 (Rf 0.96) into a fully de-
butenylated product (Rf 0.50) together with some minor impurities. The reaction mixture was diluted
with ice-cold water (25 ml) and extracted with ether {3x150 ml). The combined extracts were washed
with a saturated solution of KCl (50 ml), dried (MgSOA) and evaporated to dryness. The crude mate-~
rial was applied to a column of Kieselgel H (100 g) suspended in chloroform/methanol (96:4, v/v).
Elution with the same solvent mixture and evaporation of the appropriate fractions gave pure 3-0-
(2,3,4,6-tetra-0-benzyl-B-D-glucopyranosyl)-sn-glycerol as an oil. Yield 943 mg (79%). 1H--NMR
(CDC13): 6 3.2-4.1 {(m,11H,glucosylglycerol except H1'); 4.3-4.8 (m,SH,éxCHZ); 4.86 (d,IH,H1',J1'-2"
=3,2 Hz}; 7.3-7.4 (&,20H,4x5Harom},

3~0-(2,3,4,6-tetra~O-benzyl-a-D-glucopyranosyl)-1, 2-di~O-palmitoyl~sn~glycerol

To a solution of 3-0-(2,3,4,6-tetra~0-benzyl-a-D-glucopyranosyl)-sn-glycerol (768 mg, !.25 mmol)

in dry methylene chloride (10 ml) and pyridine (2 ml) was added dropwise palmitoyl chloride (1.2 g,
4.4 mmol) in 5 ml methylene chloride. After stirring for 16 hr at 20°C, TLC analysis showed comple-
te conversion into the diester. Water was added to the solution, which was stirred for another 3
hr. The solution was dissolved in chloroform (100 ml) and washed successively with 10% aqueous
NaHCO3 (50 m1) and water (50 ml). The organic layer was dried (HgSOA) and concentrated to an oil.
The oil thus obtained was redissolved in ether/petroleum ether (3.5:2, v/v) and applied to a column
of Kieselgel H (150 g) suspended in the same solvent. The column was eluted with this solvent to
give after pooling of the appropriate fractions, 3~0~(2,3,4,6-tetra~O-benzyl-o-D-glucopyranocsyl)-
1,2-di-O-palmitoyl-sn-glycerol. Yield 1.19 g (872); Rf 0.67 (toluene/acetone; 10:1, v/v); IH—NHR
(CDCI3): 5 0.8-1.8 (m,58ﬁ,2x(CH2)13CH3); 2.24 (t,&H.ZxCHZCOO,J-S Hz); 3.4-4.0 (m,8H,2xH3,H2" ,H3",
H4',H5',2xH6'); 4.0-5.0 (m,llH,Hl',ZxHB,loxCH2 Benzyl); 5.2-5.4 (c,IH,H2); 7.3-7.4 (c,20H,4x5Harom).
13C--NMR (CDC13): 6§ 14.1 (s,ZxCH3); 22.7 (s,2x§§2CH3); 31.9 (s,2xgg2CHZCH3); 29.7, 29.5, 29.3, 29.2
(m,2x(CH2)n); 24,9 (S’ZXEEZCHZCOO); 34.1, 34.2 (s,ZXQEQCOO); 62.4, 69.8, 66.4 (s,C1-C3 glycerol);
80.1, 81.8, 77.4, 70.6, 68.4 {s,C2'~C6', glucose); 97.7 (s,Cl', glucose); 137.8, 138.2, 138.3,
138.8 (s,4xCl Benzyl); 172.8, 173.1 {(s,2xC=0).
1,2-Di-0O-palmitoyl-3~0-a~-D-glucopyranosyl-sn-glycerol (3) (I)

1,2-Di-0~palmitoyl-3~0-(2,3,4,6-tetra-O~benzyl-a-D~glucopyranosyl)~sn-glycerol (1.0 g, 0.92 mmol)
was dissolved in a mixture of methanol/ethylacetate/acetic acid (3:3:1, v/v; 50 ml) and hydrogena-
ted over 10Z palladium on charcoal (450 mg) at 4 atm for } day at 20°C. The catalyst was filtered
off and washed thoroughly with pyridine/methancl (9:1, v/v, QO-GQOC). After evaporation to dryness
the crude material was coevaporated with toluene (2x50 ml) and applied to a column of Kieselgel H
suspended in chloroform/methanol (92:8, v/v). Elution with the same solvent afforded a-glucosyl di-
glyceride 3 as a white solid. Yield 450 mg (73%). Rf 0.39 (chloroform/methanol, 9:1, v/v). [u];5
+44 (¢ ), chloroform); m.p.: softening at 79°C and forming a meniscus at 141°C. IH-—NMR (CDC13/
CD30D): 5 0.8-1.8 (m,SSH,Zx(CHZ)]3CHB); 2.24 (t,bH,CHZCOO,J=7.5 Hz}; 3.2-4.0 (m,8H,2xH3,H2',H3',
B4',HS',2xH6'); 4.0-4.5 (AB part of ABX,2H,2xH1); 4.82 (d,IH,H1',J1'=2'=3.2 Hz)}; 5.2-5.4 {c,1H,H2).
Po-MMR (CDC1,/CDL00): 6 14.1 (s,2xCH;); 22.8 (s,2xCH,CH); 32.0 (s,2xCH,CH,CHy); 29.2, 29.4, 29.8
(m,Zx(CHZ)n); 25.0 (S’ZXEEZCHZCOO); 34.2, 34.3 (s.ZxQEZCOO); 72.1, 73.9, 70.0, 72.1, 61.7 (s,
€2'-6' glucose); 99.3 (s,Cl1' glucose); 62.6, 70.0, 66.3 (s,C1-C3 glycerol). Anal. calc. for
C41H780I0: C, 67.36; H, 10.75; O, 21.87, found C, 67.06; H, 11.02; O, 21.72.
3-0-[4,6-0-(tetraisopropyldisiloxane-1,3-diyl)~0~D-glucopyranosyll~1,2~di~O~palmitoyl-sn-glycerol
)

To a stirred solution of compound 3 (490 mg, 0.67 wmol) in 6 ml dry pyridine was added dropwise, at
21 (r1psc1 4, 0.28 ml) in pyridine
(3 ml). After stirring for 3 hr at -15°C, TLC analysis indicated that the reaction was complete.

-15°C (ice-salt), 1,3-dichloro-1,1,3,3-tetraisopropyldisiloxane

Isopropanol (0.5 ml) was added and the reaction mixture was stirred for another hour at 20°C. The

mixture was concentrated under reduced pressure to a small volume, which was dissolved in chloro-
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form (100 ml). The organic phase was washed with 10% aqueous NaHCO3 (50 ml) and water (50 ml). The
dried (MgSOA) organic layer was concentrated to an oil. TLC analysis (chloroform/acetone 94:6, v/v)
of the crude oil revealed the presence of a major product (Rf 0.40, i.e. compound 5) but also a
considerable amount of a more lipophilic product (Rf 0.90), presumably the 2',3'-4',6'-TIPS deriva-
tive of 3. The oil was dissolved in chloroform (3 ml) and applied to a column of Kieselgel H (60 g)
suspended in chloroform. Pure product 5 was eluted from the column with chloroform/acetone (100:0
- 96:4, v/v) and concentrated to an oil. Yield 456 mg (70%). [a];5 +31.5 (c 1, chloroform). Rf

0.40 (chloroform/acetone 94:6, v/v). 1H-NMR (CDC13): 6 0.8-1.8 (m,86H,2x(CH2)]3CH3,4xSiCH(CH3)2);
2.24 (t,4H,J=7.5 Hz); 3.3-4.0 (m,8H,2xH3,H2',H3',H4",H5',2xH6'); 4.0-4.5 (AB part of ABX,2H,2xHI1);
4.84 (d,IH,H1",J=3.2 Hz); 5.2-5.4 (c,IH,HI). I3C-NMR (CDC13): 6 12.5, 13.3, 13.6 (s,éxSi“S); 17.3
(s,8xCH3 TIPS); 14.1, 22.7, 24.9, 29.4, 29.7, 31.9, 34.1, 34.3 (s,2x(CH2)]3CH3); 62.2, 69.8, 66.4
(C1-C3 glycerol); 72.6, 74.4, 69.0, 72.6, 60.6 (s,C2'-C6' glucose); 99.1 (C1' glucose); 173.0,
173.3 (s,2xC=0).

3-0-{3,4-0- (tetraisopropyldisiloxane-1,3-diyl)-0-D-glucopyranosyll-1,2-di-0-palmitoyl-sn-glycerol
(6)

Compound 5 (450 mg, 0.46 mmol) was dissolved in dry N,N-dimethylformamide (6 ml). A catalytic

amount of anhydrous mesitylenesulfonic acid was added (20 mg, 0.! mmol) and the mixture was left
at 20%. TLC analysis (chloroform/acetone, 94:6, v/v) showed a slow conversion of starting material
5 (Rf 0.40) into isomer 6 (Rf 0.45). After 18 hr, when TLC analysis showed conversion of 5 into 6
for more than 90%, chloroform (100 ml) was added and the organic phase was washed with 10% aqueous
NaHCO3 and water, respectively. The dried (MgSOA) organic layer was concentrated to an oil, which
was redissolved in chloroform and applied to a column of Kieselgel H (60 g). The column was eluted
with chloroform/acetone (100:0 = 97:3, v/v). Evaporation of the appropriate fractions gave pure 6
as an oil. Yield 370 mg (82%Z). Rf 0.45 (chloroform/acetone, 94:6, v/v). [G]SS +62.8 (¢ 1, chloro~
form). IH-NMR (CDC13): almost identical with compound 5. ]3C-NHR (CDClB): & 12.2, 12.8, 13.0 (s,
4xSiC); 17.3 (s,8xCH3 TIPS); 14.1, 22.7, 24.9, 29.2, 29.4, 29.7, 31.9, 34.1, 34.3 (s,2x(CH2)l3-
CH3); 62.2, 69.8, 66.4 (s,C1-C3 glycerol); 72.3, 77.1, 72.5, 72.9, 62.0 (s,C2'-C6é' glucose); 98.7
(s,C!"' glucose); 173.0, 173.3 (s,2xC=0).

},2-Dioleoyl-3-0-trityl-sn-glycerol (8a)

Oleoyl chloride was prepared by adding dropwise oleic acid (5.68 ml, 17.7 mmol), dissolved in hexa-
ne (2.6 ml) to freshly distilled oxalyl chloride (2.3 ml) in hexane (0.7 ml). After stirring for
0.5 hr at AOOC, the mixture was slowly heated and kept at the reflux temperature for 4 hr. The sol-
vent and excess oxalyl chloride were removed at reduced pressure and the remaining oil was heated
for | hr at 60-70°C in vacuo to remove the last traces of oxalyl chloride. The thus obtained light
brown coloured oleoyl chloride was directly used in the next acylation procedure. Thus, to a stir-
red solution of 3-0—trity1—sn-g1ycerol22 (3.0 g, 9 mmol) dissolved in a mixture of dry pyridine
(5.0 ml) and dry methylene chloride (15 ml) was added, at 0°c (ice~water bath) under nitrogen, ole-
oyl chloride (6.0 g, 20 mmol) dissolved in methylene chloride. After | hr at OOC, the ice-water
bath was removed and the mixture was stirred for 48 hr at 20°C in the dark. TLC analysis (ether/
petroleum ether 1:5) of the crude reaction mixture revealed the presence of one major product (Rf
0.74) together with some minor impurities. The reaction was stopped by the addition of water (1 ml)
and the crude reaction mixture was dissolved in chloroform (200 ml) and washed with 10% NaHCO3

(100 ml) and water (100 ml). The dried (MgSOA) chloroform layer was evaporated to an oil, which was
purified on a column of Kieselgel H (200 g) suspended in methylene chloride/petroleum ether (1:1.5,
v/v). Elution of the column with the same solvent afforded pure 1,2-dioleoyl-3-O-trityl-sn-glycerol
as a waxy oil. Yield 8.86 g (89%). Rf 0.74 (ether/petroleum ether). [0]12)S +11.4 (c 1.2, chloroform).
Literature data for l-O-trityl-dioleoyl—sn-glycerol5'6: [a];s -9.4 (c 1.23, chloroform).
1,2-Dioleoyl-sn~glycerol (8b)

The trityl protected derivative 8a was now detritylated on a silicic acid/boric acid columnz6 (35
cm X 6 cmz) which was prepared as follows: Silicic acid (Mallinckrodt, 45 g, 100 mesh) was washed

5 times with water and decanted. The silicic acid was filtrated and a hot solution of boric acid in
water (30 g boric acid dissolved in 125 ml water at IOOOC) was added. After three minutes the mix-

ture was filtered and another portion of silicic acid (5 g) was added. The resulting mixture was
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now activated for 24thr at 120°C to give a dry white powder, which was suspended in petroleum ether
and used to prepare the column. Compound 8b {2 g, 2.28 mmol) was dissolved in petroleum ether (10
ml) and applied to the silicic acid-boric acid column, which was eluted with the same solvent for
18 hr, and then with petroleum ether/ether (93:7, v/v) to remove the tritanol. After another 16 hr,
1,2~dioleoyl-sn~glycerol appeared and the appropriate fractions were collected and concentrated
under reduced pressure to afford ),2-dioleoyl-sn-glycerol 8b as an oil. Yield 1.21 g (8637). [a];5
~2.3 (¢ 3.5, chloroform). lH*NMR (CDCIB): 5 0.8~1.8 (m,S&H,bx(CHz)6 and 2xCH3); 1.8-2.05 (c,8H,4x
CBZ-C=C); 2.25 (c,&H,ZxCHZCOO); 3.6-3.8 (c,2H,§§_20H); 4.2-4.4 (AB part of ABX,EH,CHZOOCR); 5.1-5.4
(c, 5H, HCOOCR, 2xCH=CH) ,

t,2-Di-0-oleoyl~sn—-glycero—3-phospho~{2,4-dichlorophenol) (9)

To an anhydrous solution of 1,2,4~triazole (283 mg, 4.1 mmol) in THF (1! ml) and triethylamine
' 7a (560 mg, 2

mmol). After stirring for 30 min at room temperature, the reaction mixture was filtered to remove

(0.56 ml, 4.1 mmol), was added at OOC, 2,lo—dichloropheny1phosphotodichlori_date3

the triethylammonium hydrochloride salt. A solution of 8b (860 mg, 1.38 mmol) in dry pyridine (7
ml) was added dropwise, during 15 min, to the stirred filtrate containing the 2,4~dichlorophenyl~
phosphoditriazolide 7b. After 2 hr at room temperature, TLC anmalysis (toluene/ether 8:2) indicated
that no starting material 8b was present. Water (0.3 ml) was added to the reaction mixture and the
mixture was concentrated under reduced pressure. The residue was dissolved in chloroform/methanol
(95:5, v/v) and applied to a column of Kieselgel 60 suspended in the same solvent mixture. Elution
of the column with chloroform/methanol (35:5 - 85:15, v/v) and concentration of the appropriate
fractions afforded pure 9, which was dissolved in chloroform (200 ml) and extracted with TEAB (2x
30 ml, iM, pH 7.5). The organic layer was concentrated to give the triethylammonium salt of 9 as

a waxy compound. Yield 1.18 g (90Z). Rf 0.45 (chloroform/methanol/25% ammonia, 80:20:2, v/v). lH-—
NMR (CDC13): & 0.8-1.8 (m,63H,4x(CH2)6,2xCH3 oleoyl,3xCH3 2
C=C); 2.25 (c,&H,CHchO); 3.05 (q,éH,JxCHz triethylammonium}; 4.0~4.5 (m,QH,CHZOP,CH200CR); 5.05~
5.5 {¢,5H,HCOOCR,CH=CH); 7.0-7.7 {(m,3H,2,4-dichlorophenyl). [3C~NMR (CDCLB): 5 8.6 (S,QEBCHZN);
14,1 (s,2xCB3); 22.7 (s,2x§§2CH3); 31.9 (s,2x§§2CR2CH3); 24.9 (s,2x§§2082C00); 34.1, 34.2 (5,2x%
CH,CO); 27.2 (s,Axggzc-c); 29.2-29.8 (m,(CHz)n); 45,8 (s,CH3§§2N); 62.4 (s,Cl glycerol); 64.3 (d,
C3 glycerol, 2Jc-p=h.2 Hz); 70.2 (d,C2 glycerol, 3Jc-pt8.b Hz); 129.7, 129.9 (s,2xC=C cis); 148.2
(d,C1 2,4-dichlorophenyl, 23c-p=6.1 Hz); 125.7 {d,C2 2,4~dichlorophenyl, 3Jc-p=7.6 Hz), 129.4,
127.7, 127.5, 122.2 (m,C3-C6 2,4-dichlorophenyl); 172.8, 173.2 (s,2xC=0). !P-NMR (CDC1.): & 5.94
{s}).

Fully protected phosphatidyl-a~glucosyldiglyceride 10a

triethylammonium); 1.8-2.05 {¢,8H,4xCH ~

3

2,4,6-Triisopropylbenzenesulfonyl=3-nitro-1,2,4~triazole TPSNT (145 mg, 0.38 mmol) was added to an
anhydrous solution of the triethylammonium salt of 9 (322 mg, 0.34 mmol) and compound 6 (350 mg,
0.36 mmol) in pyridine (2 ml) at 20°C. After 1.5 hr, water was added and the products were dissol-
ved in chloroform (100 ml) and washed with 10% aqueous NaBCO3 {30 m1) and water (30 ml), respecti~
vely. The dried (ugsoa) organic layer was concentrated under reduced pressure to give an oil. TLC
analysgis (chloroform/acetone, 96:4, v/v) of the crude oil indicated the presence of a major pro-
duct (Rf 0.43) together with some alcohol 6 and a lipophilic byproduct (Rf 0.58) which turned out
to be the diphosphatidyl derivative of 6 (5%). The oil was chromatographed on a column of Kieselgel
H (40 g). Elution of the column with chloroform/acetone (100:0 - 99:1, v/v) and evaporation of the
appropriate fractions gave the desired product 10a. Yield 421 mg (70%Z). Rf 0.43 (chloroform/aceto-
ne, 96:4, v/v). ‘H—NMR (CDC13): 6 0.8~1.8 (m,MOH,Zx(CHz)|3CH13.6x(CH2)6 and 2x(H3 oleoyl, 4xSiCH-
(CHy) ), 1.8-2.05 (c,8H,4xCH,~C=C); 2.25 (c,BH,4xCH,C00); 3.3-4.0 (m,6H,2xH3,H2' ,H3' M4’ ,BS', glu-
cosylglycerol}; 4.0-4.5 (m,SH,2xCH20P,2xCH200CR); 4.76 (dd,I1H,H1 glucose,J1'2'=3,2 Hz,2 diastereo~
isomers); 5.05~5.5 {m,6H,2xHCOOCR,2xCH=CH); 7.0~-7.5 {c,3H,2,4~dichlorophenyl). l3C*NHR (CDCI3): &
12.2, 12.8, 13.0 (s,4xSiC); 17.3 (s,8xSiCHCH,); 14.1, 22.7, 32.0 (s,4xCH,CH,CH,); 2.9, 34.1, 34.3
(s.ggzg§2c0); 29.2-29.8 (m,(CHz)n); 27.2 (s,axggzc-C); 62.2, 69.8, 66.6 (s,C1-C3 glucosyldiglyceri~
de); 61.6, 69.1, 66.4 (w,C1"-C3" phosphatidyl); 67.7 (broad,Cé' glucose); 70.9 (d,C5' glucose,
3Jc-pté.l Hz); 72.3, 77.0 (C2',C4' glucose); 9B.7 (C1' glucose); 129.7 (s,C3 2,4~dichlorophenyl);
i26.3 (d4,C2 2,4-dichloropheny1,33c-p=6.9 Hz); 145,3 (4,C1 2,&-dichloropheny1,2Jc-p-5.& Hz); 172.6,
172.9, 173.0, 173.2 {(4xC=0). 3‘P--NMR {CDCl3): & -6.85; =7.03: two diasterecisomers.
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Phosphatidyl-a-glucosyldiglyceride 10c (II)

To a solution of phosphotriester derivative 10a (364 mg, 0.205 mmol) in dry THF (2 ml) was added

],N3,Na—tetramethylguanidine (0.115 ml, 0.9

syn-4~nitrobenzaldoxime (165 mg, 1| mmol) and NI,N
mmol). After 3 hr at 20°C, when TLC analysis (chloroform/acetone 96:4) revealed quantitative remo-
val of the 2,4~dichlorophenyl group, the solution was neutralized with acetic acid (60 ul) and the
solvent was removed under reduced pressure. The crude material was chromatographed on a small bed
of silicagel (CHC13/Me0H, 100:0 -+ 90:10) to give, after collection of the appropriate fractions,
compound 10b (352 mg). Compound 10b (352 mg) was redissolved in dry THF together with some pyridi-
ne-HC1l (46 mg, 0.4 mmol) and tetrabutylammonium fluoride (TBAF) in dry THF (1 ml, 0.8 M) was added.
After 1.5 hr at 20°C, TLC analysis (chloroform/acetone/methanol/acetic acid/water, 30:40:10:10:5,
v/v) indicated complete conversion of compound 10b (Rf 0.79) into the desired glycophospholipid 10c
(Rf 0.49). Dowex 50W cation—exchange resin (100-200 mesh, ammonium-form, 2 g) was added together
with methanol (2 ml). The resin was removed, after 10 min, by filtration and washed with THF/metha-
nol (3:1, v/v). The combined filtrates were concentrated and the resulting oil was fractionated by
short column chromatography on Kieselgel (15 g). The glycophospholipid 10c was eluted from the co-
lumn with chloroform/methanol (99:1 - 92:8, v/v) and the appropriate fractions were collected and
after TEAB extraction (2x20 ml, pH 7.5, 1 M) the organic layer was evaporated to afford the tri-
ethylammonium salt of 10c as an oil. Yield 260 mg (88%). [a];5 +16.5 (¢ 1, chloroform). Rf 0.53
(chloroform/methanol/25% ammonia, 60:30:3, v/v). Rf 0.78 (chloroform/acetone/methanol/acetic acid/
water, 50:10:20:10:5, v/v). lH-NMR (CDC13): 6 0.8-1.8 (m,IZIH,Zx(CHZ)I3CH3,/¢x(CH2)6,2xCH3 oleoyl,
3xCH3 triethylammonium); 1.8-2.05 (c,8H,AxCH2C=C); 2.25 (c,8H,axCH2C00); 3.05 (q,6H,3xCH2 triethyl-
ammonium); 3.3-4.0 (m,6H,2xH3,H2’',H3',H4',H5' glucosylglycerol); 4.0-4.5 (m,BH,ZxCHZOP,ZxCHZOOCR);
4.84 (d,tH,H1',J1'2'=3.4 Hz); 5.05-5.5 (m,6H,2xHCOOCR, 2xCH=CH). |3C-NMR (CDC13): 6 8.7 (B’EESCHZN);
14.1, 22.7, 32.0 (s,AxCHZCHZCH3); 24.9, 34.1, 34.2 (s,EﬂZCHZCO); 29.2-29.8 (m’(CH2)n); 27.2 (s,4x
EEZC=C); 45.8 (s,cuaggzn); 62.7, 69.8, 66.4 (s,CI1-C3 glucosyldiglyceride); 62.4, 63.7 (m,C1",C3"
phosphatidyl); 70.3 (d,C2" phosphatidy1,3lc—p=7.6 Hz); 72.4, 73.3, 68.9 (s,C2',C3',C4' glucose);
63.4 (d,C6' glucose); 72.1 (d,C5' glucose); 129.7, 130.0 (s,2xC=C cis); 172.7, 173.0 (s,4xC=0).
lp-Nm (CDC1,): 6 1.74 (s).
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