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Abstract - A short and convenient synthesis of phosphatidyl-a-diglucosyldi- 
glyceride (i.e. compound g) and two related Streptococci glycolipids (i.e. 
compounds & and 6&) will be presented. 4’,6’-Tetraisopropyl-disiloxane-1.3- 
diyl (TIPS) protected a-glucosyl diglyceride (i.e. compound 2) turned out 
to be a suitable protected precursor. Thus, compound 2 was selectively con- 
densed with glucosyl bromide 3 to afford 4. Removal of the protecting 
groups from 5 gave glycolipid &. The “dynamic” properties of the TIPS pro- 
tecting group ware utilized to convert 4’ ,6’-TIPS protected 5 into 3’,4’- 
TIPS protected derivative 5a. Compound 5a could then be condensed with 
either a stearoyl fatty ac% or a phospGtidy1 moiety to give the fully 
protected derivatives z and e, respectively. Finally, removal of all the 
protecting groups from & and fi afforded the glycolipid @ and glycophos- 
pholipid g, respectively. 

Introduction 

A special and well defined class of glyco(phospho)lipids occurs in Streptococci bacteria. The 

structure as well as the mutual relationship of many of these Streptococci glyco(phospho)lipids 

has been established’-14. Thus, the structure of practically all glyco(phospho)lipids found in 

Streptococci is characterized by the presence of a central a-glucosyldiglyceride moiety (i.e. frag- 

ment I in Scheme I). - which carries substituents on the 2’- and/or 6’-hydroxyl group. The substitu- 

ent on the 6’-hydroxyl function may be a phosphatidyl or a fatty acid residue, whereas the substi- 

tuent on the 2’-hydroxyl function proved to be an a-glucosyl moiety which, in turn, may be further 

functionalised. 

Pieringer and Fischer 2,5,6,8.9 
showed that the above mentioned Streptococci glyco(phospho)lipids 

have a metabolic relationship in which a-diglucosyldiglyceride (i.e. compound J& in Scheme 2) tur- 

ned out to be the most important precursor. The latter a-diglucosyldiglyceride (&) is also the 

precursor of an acylated glycolipid 4.10.11 
(i.e. compound 6b in Scheme 2), which was isolated from - 

Streptococcus Lactis Kiel 42712. From the same species a lipoteichoic acid was isolated and it was 

established that glycolipid E functioned as its metabolic precursor 4,10,11 . In this paper I5 we 

wish to describe the synthesis of some major Streptococci glyco(phospho)lipids. i.e.: phosphatidyl- 

a-diglucosyldiglyceride (i.e. compound aa in Scheme 3). a-diglucosyldiglyceride (i.e. compound 6a - 

in Scheme 2) and also the 6’-acylated derivative of a-diglucosyldiglyceride (i.e. compound e in 

Scheme 2). 

Synthesis of protected a-diglucosyldiglyceride 4 (Scheme I) 

In a previous report 16 
we presented a convenient synthesis of a-glucosyldiglyceride (i.e. compound 

1_). In the same paper we also demonstrated that the O-glucosyldiglyceride I, could be selectively 
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and simultaneously protected with the recently developed 17,18 tetraisopropyldisiloxane-1,3-diyl 

protective group to give 2 in 70% yield. At this stage we were anxious to find out if the 2’-hydro- 

xyl function of compound 2 could be selectively condensed with a suitably protected a-glucopyrano- 

syl moiety (i.e. compound 2 in Scheme If. The feasibility of the selective glyeosidation has been 

endorsed by several reports 
19-21 

which emphasized the enhanced reactivity of the 2-hydroxyl, in 

comparison with the 3-hydroxyl function, of a-glucopyranosyl derivatives. The difference in reacti- 

vity between the 2’- and 3’-hydroxyl group has been attributed 22 to the presence of an intramolecu- 

lar hydrogen bridge between the 2’-hydroxyl function and the oxygen of the a-glycosidic bond. Fur- 

thermore, in our case we observed, by examining a molecular model of compound 2, that the 3’-hydro- 

xyl function was shielded by an isopropyl substituent of the TIPS protecting group. The enhanced 

reactivity of the 2’-hydroxyl function of compound 2 was demonstrated by an acylation experiment 

in which compound 2 was treated with acetic anhydride in pyridine. After one hour at room tampera- 

ture, TLC analysis indicated the formation of only one product. I H-NMR spectroscopy revealed the 

formation of a mono-acylated derivative, which turned out to be the expected 3-0-[2-0-acetyl-4,6-O- 

~tetraisopropyldisiloxane-l,3-diyl)¶-D-glucopyranosyl~-l,2-di-O-palmitoyl-sn-glycerot. 

Scheme1 

We now. having established an enhanced reactivity of the 2 ‘-hydroxyl function of compound 2, turned 

our attention to the selective introduction of a 2,3,4,6-tetra-0-benzyl-a-D-glucopyranosyl moiety 

(i.e. formation of compound 5 in Scheme 1). 

It should be noted that the silyl-primary oxygen bond of the 4’ ,6’-TIPS protected derivative 2 is 

easily cleaved in an acid catalysed reaction 
18.28 . Unfortunately, most of the a-glucosidations are 

performed under acidic conditions 23-27 . However, the a-glucosidation procedure developed by 

Lemieux et al. 23 may be conducted under essentially basic conditions. 
29,30 

Reacting together compound 2 and the bromide 3 under these reaction conditions afforded 4 in 

45% yield. The structure of compound 5 was corroborated by ’ 3C-NMR spectroscopy. 

Two resonances were observed in the anomeric region, the chemical shifts of which (i.e. 96.6 and 

97.9 ppm) are characteristic for a-glucosidic bonds 
31,32 

- 33 
Further, the C2, resonance at 80.4 ppm 

(7.8 ppm downfield in comparison with compound 2 confirmed the selective glycosidation of the 2’- 

hydroxyl function of derivative 2. 

Isomerization of 4’,6’-TIPS protected derivative.4 into 3’ .L’-TIPS protected 5a and preparation of 

glycolipids 6a,b (Scheme 2) 

At this stage of the synthesis we utilized the dynamic properties of the TIPS protecting group: 

i.e. conversion of the 4’,6’-TIPS protected derivative 5 into the 3’ ,4’-TIPS protected derivative 

2. Thus, compound 2 dissolved in dry DMP was treated with a catalytic amount of mesitylene sulfo- 

nit acid 18 to afford 58 in 04% yield. In order to locate the exact position of the TIPS protecting 

group we acylated derivative 2 , with acetic acid anhydride in pyridine and in the presence of 4- 
34 

dimethyfaminopyridine . Analysis of the thus obtained acylated product by NMR spectroscopy, showed 

the formation of solely 2. Thus, 
I H-hXR revealed the presence of one acetyl group, whereas ’ 3c-NMR 

spectroscopy indicated the acylation of the 6-hydroxyl function of &. The fully protected deriva- 
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Scheme 2 

2. R’. CH,@X~~F~, RI-H 
0 
II 

b R’.CH,KH~l~: Rz=CH~-C-. 

c: R’.CM,(CHI)F~ Rz*CH,WAs -. 

“4 “i&$& 
R 0-c-R' 

tive of glycolipid 5 (i.e. compound SC) was obtained by reacting compound 2 with stearoyl chlori- 

de. The naturally occurring glycolipid &was obtained by complete removal of the benzyl and TIPS 

protecting groups from 2. Deblocking of the TIPS group wss effected by treating z with excess 

tetra-n-butylammoniu fluoride (TBAF) in dry THF 
35 . Hydrogenolysis of the above intermediate with 

hydrogen in the presence of palladium on charcoal afforded & in 74% yield. In the same way com- 

pound k was deblocked to afford a-diglucosyldiglyceride f& as B white solid in 74% yield. 

Figure I. Part of the ‘3C-NMR spectrum of compound e 

The I3 C-NMR spectrum of glycolipid c is depicted in Figure 1 36 . Important resonances are: (i) 

three carbonyl resonances (at 173.8. 174.4 and 174.6 ppm); (ii) two a-anomeric resonances (at 97.6 

and 97.1 ppm); (iii) the C2 ‘-carbon resonance (at 76.8 ppm). which due, to the glycosidation of the 

2’-hydroxyl function. has been shifted downfield; (iv) the C6 ‘-carbon resonance (at 63.9 ppm). 

which is deshielded due to the presence of the 0-stearoyl function (compare C6” at 62.0 ppm). 
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Preparation of fully protected glycophospholipid 8a and removal of the protecting groups to afford 

glycophospholipid 8d (Scheme 3) 

Coupling of the alcohol zwith an excess of the triethylammonium salt of phosphatidyl part 16 
1 in 

the presence of activating agent 2,4.6-triisopropylbenzenesulfonyl-3-nitro-l,2,4-triazole (TPSNT)3? 

8 a : R’=CH,(CH2)G : R’=CH,(CW21, C= ; RLO-R”=-j-0-$hZYL, 

I 

OXIMATE~THF IORYI 

!b R’.H 

I 

Bu‘ No F” 

Scheme 3 

31 
P-W spectroscopy of compound & showed in its proton decoupled spectrum two resonances, which 

are due to the presence of two diastereomers. Complete deblocking of the fully protected glycophos- 

pholipid &was accomplished in three distinct stages. Firstly, the 2,4_dichlorophenyl protecting 

group was deblocked quantitatively by the action of N’ ,N’,N3,N3-tetramethylguanidinium-syn-4-nitro- 

benzaldoximate38 in dry THFJ6 to give pure & in a quantitative yield. Secondly, the TIPS protec- 

ting group was removed from 8b by treatment with excess tetra-n-butylammonium fluoride in the pre- 
16 sence of pyridinium chloride . After work-up compound 8c was obtained as its triethylammonium - 

salt in 95% yield. Finally, the triethylammonium salt of & was converted into the sodium salt of 

*. which was then submitted to catalytic hydrogenolysis (10% Pd/C). Under these conditions the 

benzyl ethers were cleaved and the oleoyl fatty moieties converted into stearoyl groups. Pure gly- 

cophospholipid &J was isolated as its triethylammonium salt in 75% yield. The homogeneity and iden- 

tity of phosphatidyl-a-diglucosyldiglyceride &3cJ were established by TLC and GLC analysis, as well 

as by ‘H-MR. 13C-NMR and 31 P-M spectroscopy. TLC analysis of compound J3cJ revealed a single spot. 

Further, the chromatographical behaviour of g on TLC was compared with other synthetic Streptococ- 

ci glyco(phospho)lipids: i.e. a-monoglucosyldiglyceride 1, a-diglycosyldiglyceride 5, its acylated 
16 

derivative & and phosphatidyl-a-monoglycosyldiglyceride . The Rf-values of the synthesis glyco- 

(phospho)lipids were identical with the corresponding naturally occurring derivatives5’g’3g. COm- 

pound @was also subjected to a sodium methanolate treatment in dry methanol/ether. GLC analysis 
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of the resulting fatty acid methyl esters indicated the presence of methyl palmitate and methyl 

stearate in equimolar amounts. 
13 C-NMR spectroscopy of compound g (see Fig. 2) gave spectral data, 

which were in complete accordance with the structure of glycophospholipid g. For instance, (i) 

four low field carbonyl resonances; (ii) two coinciding resonances (at 97.1 ppm) of the a-anomeric 

carbon atoms C ’ and C “* (iii) one deshielded C I I ’ 2’-carbon resonance (at 77.0 ppm); (iv) one des- 

hielded C6’-carbon resonance with a small phosphorus coupling (at 63.8 ppm). 
31 

P-NMR spectroscopy 

of compound fl showed one resonance in the proton decoupled spectrum, which is additional prove for 

the homogeneity of glycophospholipid g. In conclusion, the data presented in this paper demonstra- 

te that 4.6-TIPS protected a-glucopyranosyl derivatives (e.g. compound 2 in Scheme I) are versatile 

and easily accessible building units for the synthesis of 1,2,6-tri-substituted glucose molecules 

(e.g. compounds $& and @). As such, they may present a convenient alternative for differently pro- 

tected, and far from easily accessible, glucose derivatives. For instance, Eby et al. 
40 

described 

Figure 2. Part of the 
13 

C-NMR spectrum of compound @. 

the synthesis of 2-0-allyl-3,4-di-0-benzyl-l,6-di-O-(N-phenylcarbamoyl)-B-D-glucopyranose, which 

derivative appeared to be a suitable precursor for the synthesis of 1,2.6-tri-O-substituted glucose 

derivatives, required for the preparation of dextran fragments. Furthermore, Gigg et al. 
41.42 

pre- 

pared, in a twenty-step synthesis, 3-0-(3,4-di-0-benzyl-U-D-glucopyranosyl)-l,2-O-isopropylidene- 

sn-glycerol and postulated that this glucosyl glycerol derivative would be a suitable precursor for 

the synthesis of Streptococci glycophospholipids. 

Experimental* 

3-0-~2-0-(2,3,4.6-tetra-0-benzyl-a-D-glucopyranosyl)-4,6-O-(tetraisopropyldisiloxane-l~3-diyl)-a-D- 

glucopyranosyll-l,2-di-0-palmitoyl-sn-glycerol (4) 

p-~itrobenzoyl-2.3,4,6-tetra-O-benzyl-a-D-glucopyranose (3.1 g, 4.5 mmol) was treated with a satu- 

rated solution of hydrogen bromide in dichloromethane (150 ml) for IO min. The p-nitrobenzoic acid 

was removed by filtration and the solvent was evaporated under reduced pressure to give glucosyl 

bromide 3. Compound 2. was redissolved in a mixture of methylene chloride (30 ml) and N,N-dimethyl- 

formamide (0.7 ml). containing tetraethylawonium bromide (975 mg) and activated molecular sieves 

(48, 8 g). After 2 hr in the dark, the mixture was filtered off under dry nitrogen and the filtrate 

was added to a mixture of the 4’.6’-TIPS protected derivative 2 (1.3 g. 1.34 mmol), diisopropyl- 

ethylamine (0.65 ml) and activated molecular sieves 48 (6 g). The reaction mixture was stirred for 

* For general methods and materials see part III. 
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5 days under nitrogen at 2O’C in the dark. TLC analysis (ether/petroleum ether. 4:1, v/v) indicated 

the formation of a more lipophilic product (Rf 0.80), a trace of p-nitrobenaoyl-2.3,4,6-tetra-O- 

benzyl-D-glucopyranose (Rf 0.72), decomposition products of glucosyl bromide 3 and non reacted al- 

cohol 2 (Rf 0.3-0.5). The reaction mixture was filtered off and the filtrate was diluted vith chlo- - 

reform (100 ml) and washed with 10% aqueous NaHC03 (2x50 ml) and water (50 ml). The dried (MgS04) 

organic layer was evaporated to dryness and the resulting oil was redissolved in ether/petroleum 

ether (I:], v/v) and applied to a column of Kieselgel H (120 g) suspended in ether/petroleum ether 

(2:5). Elution of the column with the same solvent mixture and evaporation of the appropriate frac- 

tions afforded compound 4 as a syrup. Yield 902 mg (45%). Rf 0.75 (ether/petroleum ether, 7:2). 

q +50.0 (c I, chloroform). 

3-0-~2-0-(2.3,4,6-tetra-0-benzyl-o-D-glucopyranosyl)-3.4-O-(tetraisopropyldisiloxane-1,3-diyl)-a-D- 

glucopyranosyll-1,2-di-0-palmitoyl-sn-glycerol (5a) 

To a solution of 4’.6’-TIPS protected derivative 5 (400 mg, 0.267 mmol) in DMF (7 ml) was added a 

catalytic amount of mesitylene sulfonic acid (12 mg, 0.06 mmol). After I8 hr at room temperature, 

TLC analysis (chloroform/acetone, 97:3, v/v) indicated nearly complete conversion of derivative 4 - 

(Rf 0.54) into the 3’.4’-TIPS protected derivative &x (Rf 0.22). The reaction was stopped by the 

addition of 10% NaHC03 (2 ml), and the reaction mixture was diluted with chloroform (150 ml) and 

washed with water (2x50 ml). The organic layer was dried (MgS04), concentrated to an oil and ap- 

plied to a column of Kieselgel H (60 g) suspended in chloroform. Elution of the column with the 

same solvent and evaporation of the appropriate fractions afforded compound 5a as an oil. Yield 336 - 

mg (84X). Rf 0.22 (chloroform/acetone, 97:3. v/v). 
1 
H-NMR (CDC13): 6 values almost the same as for 

compound 4. - ‘3C-NMR (CDC13): 6 14.1, 22.7, 31.9 (s,2xCH2CH2CH3); 11.7, 12.2. 12.7, 12.9 (s.OxSiC 

TIPS); 24.9, 34.0. 34.2 (s,2xCH2CH2COO); 17.4 (s,8xCH3 TIPS); 62.4, 69.9, 66.1 (s.CI-C3 glycerol); 

94.0, 75.6, 73.8, 72.5, 71.9. 62.0 (s,CI’-C6’ glucose); 95.8, 79.5, 81.9, 77.5, 70.3, 68.3 (s,Cl”- 

C6” glucose); 73.4, 74.5 (s,4xCH2 benzyl); 137.9, 138.4. 138.7, 138.9 (s.4xCI benzyl); 172.9, 173.1 

(s,2xC=O). 

Fully protected glycolipid SC 

To a solution of the 3’,4’-TIPS protected derivative 2 (267 mg, 0.177 mmol) in dry pyridine/methy- 

lene chloride (3 ml, 1:2, v/v) was added dropwise, stearoyl chloride (66 mg, 2.2 mmol) dissolved in 

dry methylene chloride (I ml). After I hr at 20°C, TLC analysis (chloroform/acetone, 96:4, v/v) in- 

dicated a complete acylation of the alcohol 2 (Rf 0.40) to give & (Rf 0.75). The reaction mixture 

was taken up in chloroform (IO0 ml) and washed with 10% aqueous NaHC03 (50 ml) and water (50 ml). 

The chloroform extract was dried (MgS04) and evaporated in vucuo to give the crude derivative SC, 

vhich was chromatographed on a small column of Kieselgel H (15 g). Elution of the column with 

ether/petroleum ether (I : I, v/v) afforded pure protected glycolipid 5~. Yield 302 mg (962). Rf 0.74 - 

(ether/petroleum ether, 8:3, v/v). ’ H-NMR (CDC13): 6 0.8-1.8 (c,l19H,2x(CH2)13CH3.(CH2)15CH3,4xSiCH- 

(CH3)2); 2.2-2.4 (c,6H,3xCH2COO); 2.9-5.4 (c,28H,2x glucose, glycerol.4xCH2 bensyl); 7.0-7.3 (c,20H, 

4xbenzyl-arom). ‘3C-NMR (CDC13): 6 14.1, 22.7, 31.9 (s,3xCH2CH2CH3); 11.8, 12.2, 12.7, 12.9 (6,4x 

Sic TIPS); 24.9, 34.0, 34.2 (s,3xCH2CH2COO); 17.3 (s,8xCH3 TlPS); 62.5, 69.8, 66.0 (s,CI-C3 glyce- 

rol); 94.2, 75.7. 73.9, 72.6, 69.8, 63.1 (s,Cl’-C6’ glucose); 95.7, 79.4, 81.9. 77.5, 70.4, 68.3 

(s,CI”-C6” glucose); 73.5, 74.5 (s,4xCH2 benzyl); 137.9. 138.4, 138.7, 139.0 (s,4xCl benzyl); 170.6, 

172.8, 173.1 (s,SxC-0). 

3-0-(2-O-(a-D-glucopyranosyl)-6-0-stearoyl-a-D-glucopyranosyl~-I,2-di~-palmitoyl-sn-glycerol (i.e., 

glycolipid 6b) 

Fully protected derivative & (230 mg, 0.12 mmol) was dissolved in dry THF (3 ml) and treated with 

tetra-n-butylammonium fluoride (0.5 ml of a 0.8M solution in THF). After IO min at 20°C, when TLC 

analysis (chloroform/acetone, 96:4. v/v) revealed complete conversion of starting material ,C (Rf 

0.75) into a desilylated intermediate (Rf 0.21). The reaction was stopped by the addition of ace- 

tic acid (0.1 ml) and the reaction mixture was concentrated under reduced pressure to give an oil, 

which was applied to a column of Kieselgel H (50 g) suspended in chloroform. Elution of the column 

with chloroform/acetone (97:3, v/v) and collection of the appropriate fractions afforded, after 

evaporation of the solvent, the desilylated intermediate as a white solid in quantitative yield. 

The latter intermediate was now dissolved in ethylacetate/ethanol (30 ml, 5:l) and treated with 
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hydrogen (3 arm.) in the presence of 10% palladium on charcoal (250 mg). After 16 hr. the catalyst 

was filtered off and washed with warm pyridine (50 ml, 40-6O’C). The solvent was removed under re- 

duced pressure and the crude material was chromatographed on a column of Kieselgel H (12 g) sus- 

pended in chloroform/methanol (92:8. V/V). The column was developed with the same solvent mixture 

and after collection of the appropriate fractions pure glycolipid & was obtained as a white waxy 

solid. Yield 112 mg (74%). Rf 0.33 (chloroform/methanol, 88:12, V/V). [ali +65. I (c I. chloro- 

form). ‘H-NMR (CDC13/CD30D): 6 0.8-1.8 (c,91H.2x(CH2)13CH3,(CH2)15CH3); 2.2-2.4 (c,6H.3xCH2COO); 

2.9-4.5 (c,glucose and glycerol resonances except H2,HI’ ,HI”); 4.88, 4.98 (2xd,2H,HI’,HI” glucose, 

Jl-2=3.2 Hz); 5.0-5.4 (c,IH.H2 glycerol). ‘%-NMR (CDC13/CD30D): 6 14.2. 23.0, 32.2 (s.3xCH2CH2- 

CH3); 29.5, 29.7, 30.0 (III,(CH~)~); 25.2, 34.4, 34.6 (s,CH2CH,COO), 62.0 (s.C6”); 63.9 (s,Cb’); 

74.0 (s,C3”); 70.7, 70.3 (m.C2’,C4’,C5’,C4”); 72.4, 72.7 (m,C3’,C2”,CS”); 63.1 (s.CI); 66.1 (s, 

C3); 76.8 (s,C2’); 97.1, 97.6 (s,CI’.CI” glucose); 173.8, 174.4. 174.6 (s,3xC=O). 

3-O-[2-O-(a-D-glucopyranosyl)-a-D-glucopyranosyl~-l,2-di-O-palmitoyl-sn-glycerol (i.e. glycolipid 

6a) - 

Fully protected a-glucosyldiglyceride 4 (120 mg. 0.948 mmol) was deprotected as described for the 

preparation of +. The thus obtained crude glycolipid 62 was purified on a column of Kieselgel H 

(15 g). Elution of the column with chloroform/methanol (92:8 + 88:12. v/v) afforded pure glycoli- 

pid & as a white solid. Yield 64 mg (74%). Rf 0.38 (chloroform/acetone/acetic acid/methanol/water, 

50:20:10:10:5, v/v). [al;’ +69.4 (c I. chloroform). ‘H-NMR (CDC13/CD30D): 6 0.8-l .8 (c,58H,2x(CH2)- 

13(CH3); 2.2-2.4 (c,4H.2xCH2COO); 2.9-4.5 (c,glucose and glycerol resonances except H2,HI’.Hl”); 

4.80, 4.90 (2xd,2H,Hl’,HI” glucose,JI-2=3.2 Hz); 5.0-5.4 (c.lH.H2 glycerol). L3C-NMR (CDC13/CD30D): 

6 14.1. 22.8, 32.0 (s,2xCH2CH2CH3); 29.4, 29.6, 29.9 (III.(CH~)~); 25.1, 34.3, 34.4 (s,CH2CH2COO); 

61.6 (s,C6’); 62.0 (s,C6”); 74.0 (s,C3”); 70.5, 70.3 (m,CZ.C4’,C4”); 72.4, 72.7, 72.8 (s,C3’,C5’, 

CS”,C2”); 63.1 (s.CI); 66.1 (s,C3); 76.8 (s,C2’); 96.8, 97.0 (s.Cl’,Cl” glucose); 173.6, 174.1 (s, 

zxc-0). 

Fully protected glycophospholipid 8a 

A mixture of the alcohol z (330 mg. 0.218 mmol) and the triethylannnonium salt of z (260 mg, 0.31 

mmol) was dried by repeated coevaporation with anhydrous pyridine (3x10 ml) and TPSNT (110 mg, 

0.29 mmol) was added to the resulting solution (ca 2 ml). After I.5 hr at ZO’C, TLC analysis 

(chloroform/acetone, 96:4, v/v) showed complete disappearance of the alcohol k (Rf 0.40) and the 

formation of the fully protected glycophospholipid & (Rf 0.68). The reaction mixture was diluted 

with chloroform, washed with 10% aqueous NaHC03 (50 ml) and water (50 ml). The organic layer was 

dried (MgS04) and evaporated to dryness. The crude material was purified on a column of Kieselgel 

H (40 g) suspended in petroleum ether/ether (I .5:l. v/v). Elution occurred with the same solvent 

mixcure and after evaporation of the appropriate fractions pure glycophospholipid 8a was obtained - 

as an oil. Yield 424 mg (85%). Rf 0.65 (ether/petroleum ether, 8:l. v/v). ta1i5 +42.5O (c I, chlo- 

reform). L3C-NMR (CDC13): 6 14.1, 22.7, 31.9 (s,4xCH2CH2CH3); 11.7, 12.2, 12.9 (s,4xSiC TIPS); 

17.3 (s.8xCH3 TIPS); 24.8, 34.0 (s,4xCH2CH&OO); 62.5, 69.7, 66.3 (s.CI-C3 glycerol); 61.6. 69.1 

(3Jc-p=6.8 Hz); 66.4 (broad,m,CI’“,C2’“,C3”’ phosphatidyl); 94.1, 75.7, 73.5, 72.6, 70.3 (broad); 

67.7 (broad,m.Cl’-C6’ glucose); 95.7, 79.4, 81.9. 77.5, 70.4, 68.3 (s,CI”-C6” glucose); 73.5, 

74.3, 74.5 (s,4xCH2 benzyl); 129.6, 130.0 (s,2xC-C cis); 139.0, 138.7, 138.4, 137.9 (s,4xCI ben- 

syl); 145.3 (2Jc-p=5.4 Hz); 126.3 (3Jc-p=6.9 Hz); 130.2, 130.8, 128.0, 122.3 (m.CI-C6 2,4-dichloro- 

phenyl); 172.6, 172.8, 173.0 (s,lrxC=O). 31P-NMR (CDC13): 6 -6.71, -7.01 (s. two diastereomers). 

Preparation of partically protected derivative 8c 

The fully protected glycophospholipid @ (250 mg, 0.110 mmol) was dissolved in dry THF (2 ml). To 

this solution was added syn-4-nitrobenaaldoxime (130 mg, 0.62 mmol) and N1,N’,N3,N3-tetramethyl- 

guanidine (67 rag, 0.58 mmol). After 4.5 hr at 20°C, when TLC analysis (chloroform/acetone, 96:4, 

v/v) revealed quantitative removal of the 2.4-dichlorophenyl group, the solution was neutralized 

with acetic acid (33 ul) and the solvent was evaporated under reduced pressure. The thus obtained 

crude 8b was purified on a small column of Kieselgel 60 (7 8). Elution of the column with chloro- - 

form/methanol (lOO:O + 9O:lO. v/v),afforded, after collection of the appropriate fractions and ex- 

traction of these fractions with triethylammonium bicarbonate (TEAB, 2x10 ml. IM, pH 7.5). pure 8b - 
(triethylammonium salt) in quantitative yield (244 mg). The thus obtained derivative 8b (0.110 - 
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ssaol) was now dissolved in dry THF together with some pyridinium hydrochloride (28 mg. 0.24 mmol) 

and tetra-n-butylammonium fluoride was added (I ml of I 0.8M solution). After 3 hr at 20°C, TLC 

analysis (chloroform/acetone/methanol/acet’ic acid/water) indicated complete conversion of compound 

& (Rf 0.73) into & (Rf 0.65). Dowex SOW cation-exchange resin (100-200 mesh. 3 g) was added to- 

gether with methanol (2 ml). The resin was removed, after 10 min. by filtration and washed with 

THF/methanol (3: I, v/v). The combined filtrates were concentrated and the residue was applied to a 

column of Kieselgel 60 (8 g). Elution of the column with chloroform/methanol (1OO:O + 85:15, v/v) 

followed by TRAB extraction of the appropriate fractions (2x10 ml) afforded pure compound & (tri- 

ethylammonium salt) as an oil. Yield 202 mg (95%). 13C-NMR (CDC13): 6 14.1. 22.7. 31.9 (s,CH2CH2- 

CH3); 24.9, 34.1. 34.3 (s,4xCH2CH2COO); 29.3, 29.7 (uI.(CH~)~); 27.2 (CH2C-C); 8.6, 45.7 (s,tri- 

ethylammonium); 62.7, 69.8, 66.3 (s,Cl-C3 glycerol); 62.7, 70.3 (broad); 64.0 (2Jc-p=5 Hz,m.CI”‘- 

C3”’ phosphatidyl); 97.6, 80.6, 70.6, 68.9, 71.0 (broad); 63.7 (2J~-p=6 Hz.m.CI’-C6’ glucose); 

97.9, 79.6, 82.0, 77.6, 70.6, 68.4 (s,Cl”-C2” glucose); 73.1, 73.4, 75.0 (s,4xCH2 benzyl); 129.7. 

129.9 (s,4xC=C); 137.9, 138.1, 138.3, 138.8 (s,ltxCI benzyl); 172.9, 173.2 (s,4xC=O). 31 
P-IBlR 

(CDC13): 6 1.53 (s). 

Glycophospholipid 8d 

Compound &was converted into the sodium-form by running a solution of the triethylanrmonium salt 

of & (120 mg. 0.065 rmsol) d’ issolved in methanol/THF (2:l. v/v) through a column (12x2 cm2) of Do- 

wex SOW cation-exchange resin (100-200 mesh, sodium-form), suspended in the same solvent mixture. 

After concentration of the appropriate fractions, the sodium salt of l3c was dissolved in a mixture - 

of isopropanol/ethylacetate/acetic acid (3:3:1, v/v, 20 ml) and hydrogenated over IO% palladium on 

charcoal (300 mg) at 4 atm for I8 hr. TLC analysis (chloroform/acetone/methanol/acetic acid/water, 

50:20:10:10:5. v/v) indicated ca 90% conversion of the starting material (Rf 0.72) into the glyco- 

phospholipid E (Rf 0.30). The catalyst was filtered off and washed with warm pyridine/methanol 

(50 ml, 4:l. v/v, 40-60°C). The solvent was evaporated under reduced pressure and the residue was 

coevaporated twice with toluene (50 ml). The crude material was then chromatographed on a small 

column of Kieselgel 60 (IO g), suspended in chloroform/methanol (80:20, v/v). The column was eluted 

with chloroform/methanol (80:20 * 60:40) and the appropriate fractions were collected and concen- 

trated in vacua. The glycophospholipid 3 was redissolved in chloroform/methanol (100 ml, 3:l, v/v) 

and extracted with TRAB (2x20 ml, IM, pH 7.5) to give the triethylammonium salt of g as a waxy 

solid. Yield 72 mg (75%). Rf 0.30 (chloroform/acetone/methanol/acetic acid/water, 50:20:10:10:5, 

v/v). [cxI~~ +36. I (c I, chloroform). ‘H-NMR (CDC~~/CD~OD): 6 0.8-1.8 (~.~33H,2x(cH,),,cH,.2x(c~~),~ 

CH3,3xCH3 triethylasssonium); 2.1-2.4 (c,8H,2xCH2COO); 3.10 (q,6H.3xCH2 triethylammonium); 3.3-4.5 

(m,glucose and glycerol except H2’,H2”’ glycerol and HI’,HI” glucose); 5.0 (dd,2H,HI’.Hl”,J=3.2 

Hz); 5.1-5.4 (c.2H.2xHCOOR). 13C-NMR (CDC13/CD30D): 6 14.2. 23.0, 32.3 (s,4xCH2CH2CH3); 29.7, 30.0 

(m.(CH2)“); 25.3, 34.6, 34.4 (s.4xCH2CH9COO); 8.7. 46.3 (s,triethylammonium); 63.1, 70.3, 66.4 (s, 

Cl-C3,glycerol); 97.1, 77.0, 71.6, 69.4, 71.9 (broad); 63.8 (m.Cl’-C6’ glucose); 97.1. 72.6, 74.2, 

70.9, 72.6, 62. I (s.CI”-C6” glucose); 63.1. 70.6 (3Jc-p-7.5 Hz); 63.8 (broad,m,CI”‘-C3’” phosphati- 

dyl); 173.7, 173.9, 174.2, 174.4 (s.~xc-0). 31~-~ (CDC~~/CD~OD): 6 0.87 (5). 
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