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Abstract-Starting from the natural mono- and digalactosyl diglycerides, l’-O-acyl-3’-O+n-galactopyrano- 
syl-sn-glycerol and l’-O-acyl-3’-O-(6-O-a-n-galactopyranosyl-gD-gala~op~an~yl)-~~-~y~rol were syn- 
thesized. In an attempt to prepare the 2’-0-acyl-isomer, only a mixture of the l’- and 2’-0-acyl-isomers was 
obtained. 

INTRODUCTION 

LYSDGLYCOLIPIDS have been recently found in small amounts in plants and bacteria,14 
but very little is known about their metabolism. Formally they are derived from the corres- 
ponding glycosyl diglycerides by the loss of one fatty acid. Lysoglycolipids are readily 
obtained from the corresponding glycosyl diglycerides by hydrolysis with pancreatic lipase, 
by which the positional distribution of fatty acids has been investigated.5-s Monogalactosyl 
monoglyceride has been demonstrated to be an intermediate product in the enzymatic 
hydrolysis of monogalactosyl diglyceride by galactolipase.Q It is very likely that lyso- 
galactolipids are also involved as intermediates in acyltransfer reactions leading to the 
formation of acyl galactosyl diglyceride’O and acylated steryl glucoside.” Apart from these 
catabolic reactions it would be very interesting to see if lysogalactolipids in analogy to 
1ysophospholipidP are involved in anabolic reactions, which may contribute to the specific 
esterification of different fatty acids at C-l’ and C-2’ of the glycerol moiety in galacto- 
lipids.5,6*8 To start such investigations, we have prepared mono- and digalactosyl 
monoglycerides by a deacylation-reacylation sequence,13 which also makes possible the 
preparation of doubly labelled compounds. 

RESULTS AND DISCUSSION 

I’-O-Acyl-3’-O-SD-galactopyranosyl-sn-glycerol 

With minor modifications, hydrogenated monogalactosyl diglyceride was carried 
through the reaction sequence described in detail previously to obtain 3’-0-(2,3,4,6-tetra-O- 
[l-methoxyethyl]-~-D-galactopyranosyl)-~~-glycerol. l3 The primary hydroxyl group of this 
1 F. A. EXTERKATE and J. H. VEERKAMP, Biochim. Biophys. Acta 176,65 (1969). 
z T. A. CLAYTON, T. A. MACMURRAY and W. R. MORRISON, J. Chromatog. 47,277 (1970). 
3 T. A. MACMURRAY and W. R. MORRISON, J. Sci. Food Agric. 21,520 (1970). 
4 H. MEYER and F. MEYER, Biochim. Biophys. Actu 231,93 (1971). 
5 M. NODA and N. FUJTWARA, Biochim. Biophys. Acta 137, 199 (1967). 
6 R. SAFFORD and B. W. NICHOLS, Biochim. Bzbphys. Acta 210,57 (1970). 
‘I K. SAITO and K. MUKOYAMA, J. Biochem. 69,83 (1971). 
* G. AULXNG, E. HEINZ and A. P. TULU)CH, 2. Physiol. Chem. 352,905 (1971). 
9 T. GALLS, Phytochem. 9,1725 (1970). 

lo E. HEINZ, Biochim. Biophys. Actu 144, 333 (1967). 
l1 W. EICHENBERGER and E. C. GROB, Chimia 24,394 (1970). 
l2 W. J. LENNARZ, Ann. Rev. Biochem. 39,359 (1970). 
I3 E. HEINZ, Biochim. Biophys. Acta 231, 537 (1971). 

815 



816 OLAF M. R. A. HEISIG and ERNST HEINZ 

compound was selectively acylated with acyl chloride at -20”,14 and the blocking groups 
were subsequently removed by hydrolysis with boric acid.lSJ6 For the final purification 
silicic acid chromatography was avoided, since it has been observed that 2’-0-acyl-3’-O-/I-D- 
galactopyranosyl-sn-glycerol, which was produced by lipase hydrolysis of monogalactosyl 
diglyceride, was recovered as the l’-0-acyl-isomer after purification by silicic acid column 
chromatography.8 Therefore we used Sephadex LH-20 for the final purification, which has 
been used successfully in the isolation of lysophospholipids. l7 In this way I’-0-acyl-3’-0-/3-D- 
galactopyranosyl-sn-glycerol was obtained. No contamination by the 2’-0-acyl-isomer could 
be detected by NMR spectroscopy (Fig. lc), which would have shown up as a multiplet due 

FIG. 1. NMR-SPECTRAOF(~)TMS-DE~VA~~~OF~',~'-D~-~-A~~L-~'-~-~-D-~ALACTOPYRANOSYL 
GLYCEROL IN CDCIJ; (b) TMS-DERIVATIVE OF PARTIALLY ISOMERIZED 2‘-0-STEAROYL-3'-O+D- 
GALACTOPYRANOSYL-Sn-oLYCEROL IN CDCIB; (C) I'-O-STEAROYL-3'-O-p-D-GALACTOPYRANOSYL-S?Z- 

GLYCEROLINPYRILXNE. 

to the deshielded proton at C-2’ downfield of the doublet of the anomeric proton at 4.65 
ppm.l* By the same method l’-O-acyl-3’-O-(6-O-a-D-galactopyranosyl-8_D-galactopyrano- 
syl)-sn-glycerol was prepared. 

I4 G. H. DEHAAS and L. L. M. VANDEENRN, Biochim. Biophys. Actu 106,315(1965). 
I5 J. B. MARTIN, J. Am. Chem. Sac. 15,5482 (1953). 
I6 J. GI~G and R. Groq J. Chem. Sot. 431 (1967). 
I7 A.J. SLOTBOOM,G.H.DE HAAS,G.J. BURBACH-WESTERHUIS and L. L. M.VAN DEENEN, Chem. Phys. 

Lipids 4,30 (1970). 
Is E. HEINZ and A. P. TuLLOCH, Z. Physiol. Chem. 350,493 (1969). 
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For the preparation of the 2’-0-acyl-isomer, 3’-O-(2,3,4,6-tetra-O-[l-methoxyethyl]-p-D- 
galactopyranosyl)~sn-glycerol was reacted with triphenylchloromethane to protect the 
primary hydroxyl group. After purification by silicic acid column chromatography, the 
secondary hydroxyl group was acylated with acyl chloride. Subsequent removal of the 
blocking groups by boric acid hydrolysis and final purification by chromatography on 
Sephadex LH-20 gave a crystalline product, the melting points of which were lower than 
those of the l’-0-acyl-isomer. According to the NMR-spectrum(Fig. lb), it was a mixture of 
l’- and 2’-0-acyl-isomers in a ratio of about 3:2. This ratio was calculated from the in- 
tegrated signals of the tertiary proton of C-2’ at 5.05 ppm and the a-methylene protons of the 
acyl group at 2.32 ppm. Because of the missing deshielding acyl group at C-l’, the multiplet 
at 5.05 ppm, which is attributed to the proton at C-2’ of the 2’-0-acyl-isomer, appears at 
slightly higher field than the signal of the same proton in the 1’,2’-di-0-acyl-compound at 
5.25 ppm (Fig. la). This upfield shift of the tertiary proton in glycerides can be observed 
going from triglycerides, through a, Bdiglycerides to @-monoglycerides.1g-21 Although con- 
ditions which cause acyl migration22 were avoided as far as possible, we were not able to 
obtain a pure 2’-0-acyl-isomer. These and the previous result9 show that the 2’-O-acyl- 
isomer apparently is readily isomerized to the l’-0-acyl-isomer. A similar situation is found 
with diglycerides, where acyl migrations cause the accumulation of 1,3-diglycerides, 
amounting to about 60% of an equilibrated mixture.22 Wehrli and Pomeranz, who ob- 
tained a monogalactosyl monoglyceride as a byproduct in their synthesis of monoga- 
lactosyl diglyceride, were not concerned with this problem,23 and in the other lysoglycolipids 
described so far, the location of the acyl group has not been investigated.1-7*g 

EXPERIMENTAL 

As solvents for TLC, CHCl,-MeOH (13 :7) for monogalactosyl monoglycerides and CI-R&MeGH 
(1:l) for digalactosyl monoglycerides were used. Compounds were detected by spraying with 50% aq. 
H*SO., and subsequent charring. Monogalactosyl diglyceride (l/,2’-di-o-acyl-3’-O-/l-D-galactopyranosyl-sn- 
glycerol), s.p. 9%96”, m.p. 152-153”, [a]$j - 2.31 (c, 4.1 in pyridine) and digalactosyl diglyceride [1’,2’-di-O- 
acyl-3’-O-(6-O-a-o-~lactopyranosyl-~-~-g~~top~osyl)-~~-~y~rol], s.p. 78-80”, m.p. 213-215”, [a]:: 
+38*2 (c, 1.3 in pyridine) were isolated from lyophilized leaves of Sinupis &a and hydrogenated. Reaction 
with methyl vinyl ether gave the 0-(1-methoxyethyl)-derivatives as described before.13 

1’-0-S~euroyl-3’-0-~-~guB-Dgalactopyranosyl-sn-g~~cero~.1’,2’-di-0-acy1-3’-0-(2,3,4,6-tetra-0-[1_1]- 
/3-n-galactopyranosyl)-sn-glycerol (5.8 g) was reduced with LiAlH, (0.6 g) in Et20 (20 ml) at room temn. 
for 30 min.24 After addition of wet ether and filtration the solution was dried over Na$O.,. Solvent remov*al 
and column chromatography on silicic acid (Merck Kieselgel 0.05-0*2 mm) save 3’-O-(2.3.4.6tetra-O- 
[l-methoxyethyll-p-o-g&&opyranosyl) sn-glycerol (0.6 g). This compound was-acylated at-1 20’ in py- 
ridine with 1 molar equivalent of stearoyl chloride exactly as described before.13 Subsequently the blocking 
groups were removed with boric acid and the mixture was fractionated on a Sephadex LH-20 column 
(100 x 3 cm) by using CHC&MeOH (1: 1) for elution and collecting 10 ml fractions. Fractions containing 
the pure compound were pooled and yielded 180 mg (6% with respect to monogalactosyl diglyceride as 
starting material), s.p. 103-104”, m.p. 175-177” (crystalliid from CHC13-MeOH), [a]‘,1 - 4.86 (c, 1.8 in 
pyridine), reported s.p. 104-107”, m.p. 172-175’, [a]:: - 4.84.8 (Found: C, 62.21; H, 10.11. C2, Hsz O9 
required: C, 62.28; H, 1007%) 

In the same way the following compounds were prepared: l’-0-Palmituyl-3’-0-fi-D-gaZuctopyrunosy6sn- 
glycerol. S.p. 99-lOl”, m.p. 126128”, [a]B - 460 (c, 0.3 in pyridine). (Found: C, 61.02; H, 992. Gas Hd8 O9 

I9 D. CHAPMAN, J. Chem. Sot. 131 (1963). 
2o G. Kaasze, K. BEDERKE and F. SC&~UFFELHUT, 2. Anal. Chem. 209,329 (1965). 
21 R. J. WARREN and J. E. ZAREMBO, J. Phurm. Sci. 59,840 (1970). 
22 B. SERDAREVICH, J. Am. Oil Chemists’ Sot. 44,381 (1967). 
23 H. P. WEHRLI and Y. POMERANZ, Chem. Phys. Lipids 3,357 (1969). 
24 S. S. BHAT~ACHARJEE, R. H. HASKINS and P. A. J. GORIN, Carbohydrate Res. 13,235 (1970). 
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required: C, 60.95; H, 9.82 %.) l’-O-PalmitoyZ-3’-O-(aO-a-~g~actopyr~syl-~-~-g~topyr~syl~- 
glycerol. Overall yield IO%, [a]:: + 49.1 (c, @3 in pyridine) (Found: C, 5666; H, 8.76 . Csl Hds OX* 
required: C, 56.86; H, 8,93x.) According to the NMR spectrum, this compound was contaminated to 
10% by the 2’-O-a&-isomer, as indicated by the multiplet of H-2’ at 500 ppm of the TMSderivative in 
CDC13. The doublet at 472 ppm (J 3 cycles/set) is attributed to the a-anomeric proton of the second 
galactosyl residue. The remaining sugar and glycerol protons, forming a highly overlapping complex 
between 3.3 and 4.3 ppm, could not be assigned. l’-O-OleoyI-3’-O-(6-O-a-~-gafactopyranosyl-~-~-gafacto- 
pyratzosyf)-m-glycerol. Overall yield 12 %, [a]g + 55.2 (c, l-4 in pyridine). (Found: C, 58.07; H, 8.99. Cs3 
H,jo O,d required: C, 58.22; H, 8.88%.) 

2’-O-StearoyI-3’-O-~-~-galactopyranosyf-sn-glycero~. 3’-0-(2,3,4,6-tetra-O-[l-methoxyethyl]-&n-galacto- 
pyranosyl)-m-glycerol (1.1 g) in pyridine (30 ml) at 5” was mixed with a cooled solution of Ph&Cl(2*6 g) in 
CHzClz (20 ml). After 4 days TLC with CHCI,-MeOH (100: 1) showed almost complete conversion to a more 
hydrophobic product. The mixture was diluted with ether, extracted several times with NaHC!&-solution 
and dried over Na2SOb. After removal of the solvents the triphenylmethyl ether was puritied by silicic acid 
column chromatography using CHClj-hexane (2: 3) for elution. The purified compound (1.0 g) in pyridine 
was acylated with stearoyl chloride at room temp. overnight and hydrolysed with boric acid as described. 
Purification by chromatography on Sephadex LH-20 gave a product (400 mg, 6% overall yield) with s.p. 
93-94”, m.p. 166-168” (crystallized from CHCI,-MeOH) and [al&l - 473 (c, 3.7 in pyridine). (Found: C, 
62.15; H, 9.94 . Cz, Hsn O9 required: C, 6228; H, 10.07%.) 

For NMR spectroscopy (Varian HA lOO), the compounds were trimethylsilylated in pyridine with 
trimethylchiorosilane, since especially the digalactosyl monoglycerides were precipitated from pyridine 
solution by the addition of tetramethylsilane, which was used as internal standard. 
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