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Synthesis of 3- O-(6- 0- [6- 0- (a-~-GalactopyranosyI)-a-~-galactopyrano- 
syl] -~-~-galactopyranosyI)-1,2-di-O-stearoyl-L-glycerol, a ' Trigalactosyl 
Diglyceride ' 

By Patricia A. Gent and Roy Gigg,' Laboratory of Lipid and General Chemistry, National Institute for Medical 

2,3,4-Tri-0-benzyl-6-0-but-2-enyl-a-~-galactopyranosy~ chloride w a s  condensed with 3-0-[6-0-(2,3,4-tri- 
0- benzyl-a-D-galactopyranosyl) -2,3,4-tri-0-benzyl-~-D-galactopyranosyl] -1,2-O-isopropylidene-~-glycerol 
under conditions shown previously to give predominantly 1.2-cis-glycosides. The product was converted into 
the crystalline tris-p-nitrobenzoate of 3-0-{6-0-[6-0-(2,3,4-tri-0-benzyl-a-~-galactopyranosyl)-2,3,4-tri-0- 
benzyl-a-D-galactopyranosyl] -2,3,4-tri-0-benzy~-~-~-ga~actopyranosy~)-L-g~ycero~ which was further elaborated 
to  afford the title compound. 

Research, Mill Hill, London NW7 1AA 

' TRIGALACTOSYL DIGLYCERIDES ' have been isolated 
from potato tubers and from spinach chloroplasts 
and tentatively identified as 1 ,Z-di-O-acy1-3-0-(6-0- 
[6-0- (a-D-galact op yranos yl) - a-D-galac t opyranos yl] - @-D- 
galactopyranosy1)-L-glycerols. A similar material has 
been shown to be present in Mycoplasma pnezcmoniae 
and this shows serological activity similar to that of the 
trigalactosyl diglycerides of spinach. 

We have recently4" described the synthesis of a 
' digalactosyl diglyceride ' { 3-0-[6-0-( a-D-galactopyran- 
osyl) - p-D-galactopyranos yl] -1,2-di-O-stearoyl-~-gly- 
cerol} by way of the intermediate 3-0-[6-0-(2,3,4- 
t~-0-benzyl-a-~-galactopyranosyl)-2,3,4-tr~-0-benzy~- 
p-D-galactopyranos yl] -1,2-O-isopropylidene-~-glycerol 
(1). Compound (1) is suitably substituted for the 
addition of a further molecule of galactose and, applying 
the method which we have previously described4 for 
the preparation of 1,2-cis-glycosides, we have condensed 
the protected galactosyl chloride (2) with compound (1) 
to give a product containing the protected trigalactosyl 
glycerol (3). This method for 1,2-cis-glycoside synthesis 
usually gives ca. 10% of the 1,2-trans-glycoside in the 
product and in our previous work with this reaction 
the separation of the trans-glycoside was readily achieved 
because of the ease of crystallisation of the perbenzylated 
disaccharides. However compound (3) did not crystal- 
lise from the mixture and therefore the but-2-enyl group 
was cleaved from the crude product (3), by the action 
of potassium t-butoxide in dimethyl sulphoxide, to give 
the crude alcohol (4). Compound (4) and various 
derivatives were also non-crystalline and the crude 
alcohol (4) was therefore converted into the crude triol 
(6) from which the crystalline tris-p-nitrobenzoate (7) 
was obtained. Alkaline hydrolysis of compound (7) 
and subsequent hydrogenolysis gave the trigalactosyl 
glycerol (8), which had an optical rotation similar to  that 
reported for a trigalactosyl glycerol isolated from 
potatoes and tentatively characterised as compound (8). 

For the preparation of the trigalactosyl diglyceride, 
compound (7) was hydrolysed with base to give the triol 
(6), which was converted into the isopropylidene deriv- 
ative (4). Compound (4) was converted into the per- 
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benzyl ether (5) and the isopropylidene group was 
subsequently removed by acidic hydrolysis to give the 
diol (9), which was acylated with stearoyl chloride in 

CHiO.CHiCH:CHMe 
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(1) R=CH2Ph ( 2 )  R=CH,Ph 
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( 3) R' =CH2.CH : CHMe, R2= CH, Ph 
(4) R1=H, R2=CH2Ph 
( 5 )  R' =R2=CH2Ph 
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(6)  R' =R3=H,R2 =CH2Ph 
( 7 )  R '  =R3 =CO.C6H,-NO2-p ,R2=CH2Ph 
( '8 )R '=R2=R3=H 
(9) R'=R2=CH2Ph,R3=H 
(10) R1 = R 2  = CHZPh, R3= CO. [CH2],6Me 

(11) R'=R2=H,R3=C0. CH2,sMe [ I  
pyridine to give the ester (10). Hydrogenolysis of the 
ester (10) gave the trigalactosyl diglyceride (1 1) which 
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ran concurrently on t.1.c. with material present in com- 
mercial dehydrated potato or in ' leaf protein concen- 
trate '.6 The ' leaf protein concentrate ' contains quite 
high concentrations of the mono-, di-, and tri-galactosyl 
di glycerides. 

The serological activity of the synthetic trigalactosyl 
diglyceride will be compared with that of the presumed 
trigalactosyl diglyceride of Mycoplasma pnezlmoniae. 

EXPERIMENTAL 

General experimental details were as described previously.6 
3-0-(6-0-[&0-( 2,3,4-Tri-O-benzy1-6-O-p-nitro- 

benzoyl-a-~-galacto~yranosyl)-2.3,4-t~~-O-benzyl-a-~-galacto- 
pyrunosy& 2,3,4-tr~-O-benzy~-P-~-galactopyranosyl}- 1,2- 
di-O-p-nitrobenzoyl-L-gZyEeroZ (7) .-A mixture of 2,3,4- 
t~i-O-benzyl-6-O-but-2-enyl-a-~-galactopyranosyl chloride 
(2) (2.1 g, 4 mmol), 3-0-[6-0-(2,3,4-tri-O-benzyl-a-D- 
galactopyranosyl) - 2,3,4-tri-O-benzyl- P-D-galactopyr anosyl] - 
1,2-O-isopropylidene-~-glycerol (1) 4a (2.1 g, 2.1 mmol), dry 
tetraethylammonium chloride (0.63 g, 3.8 mmol), and dry 
triethylamine (1.3 ml, 9 mmol) in dry dichloroethane (20 ml) 
was heated under reflux for 24 h. T.1.c. (ether-light 
petroleum, 2 : 1) then showed the presence of a major pro- 
duct (RF 0.5), a small amount of a presumed unsaturated 
product (RF 0.7) [from the dehydrochlorination of compound 
(2)], a trace of the galactosyl chloride (2) (RF 0.8), a trace of 
alcohol (RF 0.4) [from the hydrolysis of the galactosyl 
chloride (2)] and some of the aglycone (1) (RF 0.2). Dry 
triethylamine (0.5 ml, 3.5 mmol) and the chloride (2) 
(0.8 g, 1.5 mmol) in dry dichloroethane (6 ml) were added 
and the mixture was heated under reflux for a further 17 h, 
after which only a trace of the aglycone (1) was present 
(as observed by t.1.c.). Water (0.5 ml) was added and the 
mixture was heated under reflux for 1 h to decompose the 
excess of galactosyl chloride (2). The mixture was diluted 
with chloroform, washed with water, and dried (MgSO,), 
and the crude product was chromatographed on alumina. 
Elution with ether-methanol(l99 : 1) gave at first a mixture 
of the presumed unsaturated product (RF 0.7) and the glyco- 
side fraction (RF 0.5) (2 g), and then the pure glycoside 
fraction (1.75 g). 

A solution of the mixed products (RF 0.5 and 0.7) (2 g) in 
dioxan-0. IN-hydrochloric acid (9 : 1; 10 ml) was heated a t  
100 "C for 20 min. T.1.c. (ether-light petroleum, 2 :  1) 
then showed that the glycoside fraction (RF 0.5) had been 
completely converted into a more polar product (RF 0.05), 
whereas some of the presumed unsaturated product (RF 0.7) 
was still present. An excess of sodium hydrogen carbonate 
was added and the solvents were evaporated off. The 
product (1.95 g) was extracted from the residue with chloro- 
form and chromatographed on alumina ; elution with 
ether-methanol (99 : 1) gave the presumed unsaturated 
product (0.33 g), which was recrystallised from light 
petroleum (b.p. 60-80") to give 2,3,4-fri-O-bemyl-6-0- 
but-2-enyl- l-deoxy-D-lyxo-hex- 1 -enopyra?zose, m .p. 64-66", 
[ctID25 -48.8" (c 0.9 in CHCl,) (Found: C, 76.8; H, 6.9. 
C,,H,,O, requires C, 76.5; H, 7.0%). A portion of this 
compound was treated with potassium t-butoxide in dry 
dimethyl sulphoxide at 20 "C to remove the but-2-enyl 
groyp. T.1.c. (ether-light petroleum, 1 : 1) showed con- 
version of the starting material (RF 0.8) into a product 
(RF 0.1) which still gave a positive test for unsaturation 
with the potassium permanganate spray reagent. 

The pure glycoside fraction (1.75 g) from the initial 

condensation reaction was treated with potassium t-but- 
oxide in dry dimethyl sulphoxide at room temperature for 
1 h. T.l.c. (ether-light petroleum, 2 : 1) showed complete 
conversion of the starting material (RF 0.5) into a major 
product (RF 0.4) [crude alcohol (4)] together with minor 
contaminants (RF 0,0.2, and 0.7). The product was isolated 
in the usual way and chromatographed on alumina; 
elution with ether removed the trace contaminant (RF 0.7) 
and elution with ether-methanol (199 : 1) gave the crude 
alcohol (4) (0.8 g). This was dissolved in N-hydrochloric 
acid-dioxan (1 : 9; 10 ml) and heated under reflux for 10 
min; t.1.c. (ether-light petroleum, 4 :  1) then showed 
complete conversion of the starting material (RF 0.7) into 
a single product ( R p  0.2). An excess of sodium hydrogen 
carbonate was added, the solvents were evaporated off, 
and the product was extracted with chloroform. The 
product was then treated with p-nitrobenzoyl chloride 
(1.6 g) in dry pyridine (10 ml) at 20 "C for 1 h; t.1.c. (as 
above) then showed complete conversion of the starting 
material (Rp 0.2) into a product ( R p  0.8). This was isolated 
in the usual way and recrystallised from ethanol-ethyl 
acetate to give the iris-p-nztrobenzoate (7) (0.73 g), m.p. 
125.5-127.5", $63.8" (c 0.8 in CHC1,) (Found: C, 
68.6; H, 5.6; N, 2.4. Clo6H,olN,02, requires C, 68.65; 
H, 5.5; N, 2.3%). 

3-0-{ 6-O-[6-0-( u-D-Ga~ac~o~yranosyl)-a-~-ga~acto~y~ano- 
syg -p-D-galactopyranosyl)- 1,2-di-O-octadecanoyZ-~-glyceroE 
(1 1) .-A solution of the tris-p-nitrobenzoate (7) (0.7 1 g) in 
dioxan (6 ml) and N-sodium hydroxide in methanol (6 ml) 
was heated a t  50 "C until t.1.c. (ether-light petroleum, 
4 : 1) showed complete conversion of compound (7) (RF 0.8) 
into the triol (6) ( R p  0.2). Solid carbon dioxide was added, 
the solvents were evaporated off, and the product (0.63 g) 
was extracted with chloroform. 

A portion of the triol (6) in glacial acetic acid-methanol 
(1 : 1) was treated with hydrogen in the presence of pal- 
ladium-charcoal for 15 h. T.1.c. (butan-1-ol-acetic acid- 
water, 1 : 2 : 1) then showed a single product (RF 0.4). 
The product (8)  was isolated in the usual way and obtained 
as a solid glass, [.ID + 117" (c 1.2 in H,O) {lit.,' + 114" 
(c 2.0 in H20) for a compound tentatively identified as 

A solution of the triol (6) (0.5 g) in dry acetone (50 ml) 
containing toluene-p-sulphonic acid (25 mg) was kept at 
20 "C for 1 h. T.1.c. (ether-light petroleum, 4 :  1) then 
showed complete conversion of the triol (6) (RF 0.2) into 
the isopropylidene derivative (4) (RF 0.7). An excess of 
sodium hydrogen carbonate was added, the solvent was 
evaporated off, and the product was extracted with chloro- 
form. Compound (4) was treated with benzyl chloride 
and sodium hydride in NN-dimethylformamide a t  50 "C 
until t.1.c. (toluene-acetone, 9 : 1) showed complete con- 
version of the alcohol (4) (RF 0.4) into the perbenzyl ether 
(5)  (RB 0.6), which was isolated in the usual way. A solution 
of compound (5) in N-hydrochloric acid-dioxan (1 : 9; 
10 ml) was heated under reflux for 10 min; t.1.c. (toluene- 
acetone, 4 :  1) then showed complete conversion of com- 
pound (5)  (RF 0.8) into the diol (9) (RF 0.6). An excess of 
sodium hydrogen carbonate was added and the solvents 
were evaporated off. The product was extracted with 
chloroform and treated with stearoyl chloride (0.5 ml) in 
dry pyridine (10 ml) a t  20 "C until t.1.c. (toluene-acetone, 
9 : 1) showed conversion of the diol (9) (RF 0.3) into the bis- 

(8) 1. 
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stearoyl ester (10) (RF 0.9). The product was isolated in 
the usual way and chromatographed on neutral alumina. 
Elution with ether gave the ester (10) (0.2 g), which was 
dissolved in chloroform-methanol-acetic acid (5  : 5 : 1 ; 
11 ml) and treated with hydrogen in the presence of pal- 
ladium-charcoal for 12 h. T.1.c. (chloroform-methanol- 
water, 4 :  2 : 0.3) then showed a major product (RF 0.7) 
together with trace contaminants (RF 0.1 and 0.5) (possibly 
clue to deacylation) and the product was isolated in the 
usual way. Recrystallisation from methanol gave com- 
pound (11) (47 mg), which softened over a wide temperature 
range and gave a meniscus at 220-230'; [.ID 3-61.6" 

(c 0.9 in pyridine) (Found: C, 60.1; H, 9.8 CS,H108020,- 
2MeOH requires C, 60.3; H. 9.8%). This material ran 
concurrently on t.1.c. (in several solvent systems) with 
samples of ' trigalactosyl diglyceride ' present in commercial 
dehydrated potato and ' leaf protein concentrate '. 

We thank Mr. N. W. Pirie for a sample of ' leaf protein 
concentrate ' and Mrs. S. N. Payne for comparing the chro- 
matographic behaviour of the synthetic and natural 
' trigalactosyl diglycerides '. We are indebted to Mr. R. 
Conant for skilled technical assistance. 
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