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SYNTHESIS OF 2,3-DI-0-PHYTANYL-1-0-[GLUCOSYL (GALACTOSYL)~-g (1—>6) -MANNOSYL~a (i—>2) -GLUCOSYL~a
(1—=1) ] -SN-GLYCEROL. PURPLE MEMBRANE GLYCOLIPIDS

C.A.A. van Boeckel, P. Westerduin and J.H. van Boom *

Gorlaeus Laboratory, P.0. Box 9502, 2300 RA Leiden, The Netherlands

Summary: A convenient approach to the synthesis of triglycosyl-2,3-di~O-phytanyl-sn-glycerols
will be presented. Special attention will be paid to the use of the following protec~
tive groups in carbohydrate chemistry: the 2,2,2-trichloroethoxycarbonyl, the 1,1,3,3
-tetraisopropyldisiloxane~1,3-diyl and the o-dibromomethyl benzoyl group.

The lipid composition of the purple membrane of extremely halophilic bacteria has been

1,2,3) and shown to be of considerable interest in connection with the well

discussed in detail
knownA) function of this membrane as a light-driven proton pump. Some of the major polar lipids
which are exclusively present in the purple membrane, have been identified as triglycosyl-2,3-

di-O-phytanyl-sn-glycerol derivativesl’z’s’s).

6)

As part of our programme ° to synthesize naturally occurring glyco(phospho)lipids we pre-
sent, for the first time, a convenient route to the preparation of purple membrane constitu-
ents e.g. the triglycosyl-diphytanyl-glycerol (compound §y)5) of Halobacterium marismortui.
The molecule to be synthesized contains three sugar units and one di-phytanyl-sn-glycerol
moiety which is a-linked to the glucose at the reducing end of the trisaccharide. The glucosyl
glycerol part of the molecule is o-linked via the 2-hydroxyl group of the glucose with manno-
se. The mannose-glucose-di-phytanyl-glycerol moiety is an invariable part of a class of glyco-
lipids present in the purple membrane. For this reason we synthesized first the properly pro-
tected diglycosyl derivative ZP (see Scheme) which has a free hydroxyl group at the 6-posi-—
tion of the mannose residue. The latter alcoholic function can now be B-linked to different
sugars (e.g. glucose or galactose) which are naturally components of the triglycosyl-diphy-

tanyl-glycerol of the purple membrane.
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The strategy we followed for the synthesis of the diglycosyl derivative 7a(b) is illustra-
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ted in the Scheme. The first step involves the preparation of 2,3-di-0O-phytanyl-sn-glycerol(2).
Treatment of 1-O-benzyl-sn-glycerol (1;14.8 mmol)7) with phytyl bromideg) (40 mmol) in dry DMF
with sodium hydride (60 mmol) for 20 h at 200, afforded, after work-up and purification by
short column chromatography, 1-O-benzyl-2,3-di-O-phytyl-sn-glycerol (10.4 mmol) as a colour-

less oil. The removal of the benzyl group and the reduction of the double bond in the phytyl
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moiety was simultaneously effected by catalytic hydrogenolysis (10% Pd/C). Purification of the
crude product afforded 2 »3=-di-O-phytanyl-sn-glycerol 2 [8.7 mmol; [cx]25 7.1 (¢ 3 CHC1 )] as a
homogeneous 0il. The introduction of the required o-linkage between glycerol unit 2 and a pro—
perly-protected glucose derivative was accomplished by using the conditions of Lemleuxg). Thus,
tetraethylammonlum bromide was added to a solution of 2,3,4,6- tetra~O-benzyl-D-glucosyl brom—
O) and 2'1n the presence of molecular sieves (42). Work-up of the reaction mixture afford-
ed the benzylated derivative as an oil in 707 yield (]3C NMR 6C +=97.1 ppm). Removal of the
benzyl groups by catalytlc hydrogenolysis and purification of the product afforded pure 3 as
a waxy compound ( H NMR; GHI.—A 82 ppm, (d),J 3.3 Hz).
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We now turned our attention to the introduction of the a-glucosydic linkage between mannose

6d)

and the 2-hydroxyl group of the glucose derivative 3. Previously ‘, we showed that it was pos~
sible to introduce selectively an interglucosidic linkage between the 2-hydroxyl group of a
4-6 tetraisopropyl-1,3-diyl (TIPS) protected o-glucosyl-glycerol derivative and a suitable pro-
tected glucose derivative. In this particular case the interglucosidic linkage was introduced
under essential basic conditions, which do not lead to isomerization of the TIPS function.
However, the formation of the required o-linkage had to be performed under the acidic condi-

tions of Helferichll) 13)

, which may induce isomerization of the TIPS group. Nonetheless, we
attained key-intermediate 29(R1=Ac;R2=H) by the following five-step procedure. The TIPS-group
was used for the temporarely blocking of the 4'-6'-hydroxyl groups oftg. The o-di-bromomethyl-
benzoyl (DBMB)IZ) group could be applied for the selective protection of the 2'-hydroxyl group
of the 4'-6'-TIPS protected derlvatlve of 3 to give 4. Removal of the TIPS group from 4 with
fluoride~ions gave compound 5a (R =H; RZ—DBMB) which, after acylation followed by removal of
62513) 3 (1.2 mo1)
was treated with o-dibromomethyl benzoyl chloridelz) (1.4 mmol) at 0° to give, after work-up,
compound 4 [1.1 mmol;lH NMR: H1.=5.30 (d),Jl,_2,3.7HZ;H2,=5.0(dd),Jl,_2'3.7 and Jz,_3,9.7Hz].
The TIPS group was removed from & (1 0 mmol)with fluoride-ions to afford, after column
chromatography, pure 5a [0.6 mmol; H NMR: H «=5.30 (@), H +=5.00(dd)]. Compound 23 was quanti-

tatively converted into the 3', 4', 6'—tr1acetylated derlvatlve 29 by standing overnight in a

the DBMB group, afforded the required compound 3¢c. Thus 4'-6'-TIPS protected

mixture of Ac20 and pyridine. The DBMB group was now removed by adding silver triflate to a
stirred solution of Sb (0.5 mmol) in acetone/water/lutldlne (98:2:3). After 2hat 200, the
silver salts were removed and morphollne 2) (15 mmol) was added to the filtrate. After 5 wmin,
the reaction mixture was worked-up and purlfled by short colum chromatography, to give 5c
(0.48 mmol) as a homogeneous oil [[a] +49.0 (c=1 CHC13), H NMR (6ppm).Hl.—4.94(d),H3,-5.00
(t)3H

the protection

4,—5.3O(t)]. Derivative 5c can now be coupled with a properly protected mannose unit. For

14) of the hydroxyl groups of mannose (e.g. 6b) we used the acetyl and the 2,2,

2-trichloroethoxycarbonyl (TCEC) 13) protective groups. The 6-hydroxyl group was protected with
the acid-stable TCEC group, and the other alcoholic groups with acetyl groups. This choice had
the following advantages. The acid-stable TCEC group survived the acid conditions necessary to
convert the acetoxy group at the anomeric center into the bromide QS and also the subsequent
Helferich coupling condition. Furthermore, the TCEC group could be removed selectively and
without migration of the remaining acetyl groups. Thus, mannose derivative 6a (5 mmol)16) and
2,2,2-trichloroethyl chloroformate (5.5 mmol) were treated together in THF/pyridine at 0°.
Work-up of the mixture after 1 hgave fully protected 6b (4.9 mmol) as a white foam (lH NMR:
H =5.94 ppm). Compound 6b was converted into the required bromo derivative 6¢ by adding water
t ). After 1hat 0°

work-up of the reaction mixture afforded 6c ( H NMR: H =6.25 ppm) in 957 yield. The synthe51s

to a stirred solution of 6b in phosphorus trlbromlde and acetic anhydride

of 7a was now undertaken. Bromide 6c (2.4 mmol) was added dropwise to alcohol 5c (0.8 mmol) in
acetonitrile/nitromethane (25:1 v/v) and in the presence of Hg(CN)Z’l) (2 mmol) After 4 h at
200, the reaction mixture was worked—up and purified by column chromatography, to give 7a

(0.68 mmol) as a colourless oil [ C NMR (&ppm) 3 C,1=94.8,C,,=95.5, Jq 175Hz]. Quantitative re-

]"
moval of the TCEC group was performed by treatlng 7a (0.34 mmol) in THF/ACOH with activated
21nc—dust18) for 20 min at 20°. Work—up of the reaction mixture afforded ZP in a quantitative

yield. 13C NMR data of ZP indicated that no acetyl migration had occurred (13C NMR (6ppm) :
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C6,=61.8;C6"=61.O). The free 6"-hydroxyl function of ZE was now condensed with a glucose mole-
cule to afford the required B-glucosidic bond. Thus, ZP (0.32 mmol) and 2,3,4,6-tetra-O-acetyl
-0-D-glucopyranosyl bromide (0.7 mmol) in dry acetonitril were reacted together in the pres-—

ence of HgBr2 (0.35 mmol) and Hg(CN)2 (0.35 mmol)ll). After | h, the reaction mixture was work-
ed-up and purified by short colum chromatography, to afford pure 8a 0.26 mmol: []3C NMR (6ppm) ;

C],=94.7;Cl"=95.4;C]",=100.7]. The desired glycolipid QE was obtained quantitavely after com-

plete deprotection of 8a with base (NaOMe in MeOH/Ether). The identity and homogeneity of §b

was unambiguously affirmed by ]H NMR, ]3C NMR(6C1,=97.1;C1"=98.9 and Cl"'=103'9 ppm), MS, TLC

analysisS) and optical rotation [a]%f+35.0 5);c=1 CHC13.)In the same way, starting from 7b, we
2

. s : . . . 1 .
prepared the glycolipid from Halobacterium cutirubrum by introducing a B-galactose in-

stead of a B-glucose terminal unit.
In conclusion, the methodology described in this paper presents an elegant route to the

synthesis of purple membrane glycolipids. For instance, key-intermediate ZP is also a conve-

3)

nient precursor for the synthesis of the glycolipid sulfate of Halobacterium salinarium™’ and

2)

Halobacterium cutirubrum ’.

ACKNOWLEDGEMENT
We wish to thank Mr. C. Erkelens for recording the ]H and 13C NMR spectra.

REFERENCES AND NOTES

1. M.Kates in Ether Lipids Chemistry and Biology, Ed. F.Snyder, Academic Press, New York,

p. 351-398 (1972).

M.Kates, Prog.Chem.Fats Lipids, 15, 301-342 (1978).

. K.E.Falk, K.A.Karlsson and B.E.Samuelsson, Chem.Phys.Lipids, 27, 9 (1980).

. Energetics and Structure of Halophilic Microorganisms, Eds. S.R.Caplan and M.Ginzburg,

Elsevier Biomedical Press (1978).

5. R.W.Evans, S.C. Kushwaha and M.Kates, Biochim.Biophys.Acta, 619, 533 (1980).

6. a) J.G.Lammers and J.H. van Boom, Recl.Trav.Chim. (Pays-Bas), 98, 243 (1978); b) C.A.A.
van Boeckel and J.H. van Boom, Tetrahedron Letters, 3561 (1979); c) C.A.A. van Boeckel and
J.H. van Boom, Tetrahedron Letters, 3705 (1980); d) C.A.A. van Boeckel and J.H. van Boom,
Chemistry Letters, 5, 581 (1981).

7. Glycerol derivative 1 was prepared by benzylation of 2,3-O-isopropylidene-sn-glycerol fol-
lowed by removali of the isopropylidene group with acid.

8. O.Isler et al., Helv.Chim.Acta, 39, 897 (1956) .

9. R.U.Lemieux, K.B.Hendriks, R.V.Stick and K.James, J.Am.Chem.Soc., 97, 4056 (1975).

10. T.Ishikawa and G.Fletcher,Jr., J.Org.Chem., 34, 563 (1969).

11. a) B.Helferich and W.Olst, Chem.Ber., 95, 2612 (1962); b) H.M.Flowers, Methods Carbohydr.
Chem., 6, 474 (1972).

12, J.B.Chattopadhyaya, C.B.Reese and A.H.Todd, J.Chem.Soc.Chem.Comm., 987 (1979).

13. C.H.M.Verdegaal, P.L.Jansse, J.F.M. de Rooij and J.H. van Boom, Tetrahedron Letters, 1571
(1980) .

14. The levulinoyl protective group (H.J.Koeners, J.Verhoeven and J.H. van Boom, Recl.Trav.
Chim. Pay-Bas, 100, 65,1981) gave unsatisfactory results in this particular case.

15. T.B.Windholz and D.B.R.Johnston, Tetrahedron Letters, 2555 (1967).

}16. D.D. Reynolds and Wm.Lloyd Evans, J.Am.Chem.Soc., 62, 66 (1940).

17. M.Birczai-Martos and F.Korosy, Nature, 165, 369 (1950).

18. J.H. van Boom et al., Nucleic Acids Res., 4, 1074 (1977).

Y . . 1
19. The homogeneity and identity of this glycolipid was ascertained by TLC analysis, H NMR
and 13C NMR spectroscopy (anomeric carbons: Cl,=96.9,C]"=98.7 and Clu,=104.2 ppm) .

~wn

(Received in UE 22 April 1381)



