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Abstract Monogalactosyl diacylglycerols (MGDG, la-t) were synthesized utilizing p-methoxybenzyl 
group for protection of hydroxyl groups at sugar moiety. Inhibitory activity of MGDG (la-t) and related 
compounds on Epstein-Barr virus early antigen activation was evaluated as anti-tumor-promoting activity, and 
MGDG with oleoyl group (IO-j,p,s) showed strong activity. 

Glyceroglycolipids are major constituents of the chloroplast membrane in the plant kingdom and attract 

much attention in recent years because of their biological activities. Monogalactosyl diacylglycerols (MGDG, l), 

a class of glyceroglycolipids, were reported as antifauling substances.3 a Dams cucurbitae attractant, and anti- 

infhunmatory substances.~ On our course of the investigation of biologically active compounds from fresh-water 

microalgae. we have also isolated 8 MGDG as anti-tumor-promoting substances as well as 9 digalactosyl 

diacylglycerols (DGDG).~ Although some MGDG and DGDG were more potent than the others, no appsrent 

relationship was observed between acyl pairs and the activity. Since it is difficult to get various MGDG as 

natural products, we attempted to synthesize MGDG with various acyl pairs to clarify the relationship. As 

satmated acyl groups of natural MGDG are mainly at sn-2 position and unsaturated ones are at sn-1 position in 

the case that they possess both types of acyl groups, we planned to prepare MGDG with saturated ones at sn- 1 

position and unsaturated ones at sn-2 position. We also planned to obtain MGDG with highly unsaturated acyl 

groups such as docosahexaenoyl and icosapentaenoyl groups which were supposed to prevent carcinogenesis.7 

We now report synthesis of MGDG (1) with desired acyl groups at desired positions and elucidation of their 

anti-tumor-promoting activity. 

The synthetic route to MGDG (1) is shown in Scheme. Several examples of MGDG synthesis were 

reported.8 and in most cases, the hydroxyl groups at sugar moiety were protected as acetyl or benzyl groups 
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Scheme : (a) HgO, HgBrz, Drier&e, ClCH$H&‘l, r,t., 4 h; (b) Hz, 10% WC, AcOEt-EtOH-AcGH, 5 atm, 
r.t., 2 d; (c) (MeO)@ez, ~-~luenesulfo~c acid (T&H), DMP, r.t., 1.5 fi; (d) MeONa, MeOH, r.t., 10 min; 
(6) MPM-Cl, NaH, DMP, r.t., 5 h; (f) TsOH, MeOH, r.t., 2 h; (g) TBDPS-Cl, pyridine, r.t., 4 h; (h) 
dihydropyrane, pyridiuium ~-~luenes~fonate (PPTS). CH$&, r.t., 3 h; (i) n-BwNP, THP, r.t., 5 h; (i) fatty 
acid, ~cyciohexylc~~imide, dimethylaminopyridine, CH2Cl2, r.t., 2 h; (k) PPTS, MeOH, r.t., 13 h; (1) 
CAN, MeCN-H20, r.t., 45 min 

which were removed at the final steps under reductive conditions. gb-e At the conditions, MGDG with highly 

psalm acyl groups were obtained only in low yield.9 Thus we undo-me~oxy~nzyl WM) group which 

cau bt easily cleaved under mild conditions. Dibenzyl-sn-glycerol(3) from D-maunitolsb+lu was reacted with 

211 iu the presence of HgG and HgBq to give p anomer (4,9X%). After the benzyl groups of 4 were converted 

to an isopropylidene acetal group, the acetyl groups at sugar moiety were cleaved followed by protection of the 

resulting hydroxyl groups as MPM ethers. 12 Then the isop~pylidene acetal group was removed to afford 

Sq86% from 4). In order to introduce desired acyl groups at desired positions in good yield, the hydroxyi 

groups at sn-1 and -2 positions were protected individually as r-buty~diphenylsi~yl (TBDPS) ether12 and 

tetrahydropyranyl (THP) ether, respectively, to give 7*2(84% from 5) The TBDPS ether was cleaved to St2 

(98%). then acyl groups was incorporated at SW-1 Position to give corresponding 912(86-95%). After removal 

of the THP ether of 9, corresponding acyi groups were condensed at sn-2 position to afford 1012zt3 (77-98%). 

Finally, the MPM ethers of 10 wm removed by treatment with ceric ammonium nitrate (CAN), and MGDG 
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Table Inhibitory Activity of Synthetic MGDG (la-t) and Related Compounds (lla-c and 12) on 
TPA-induced BBV-BA*) Activation 

Concentranon (mol rauflA) 
Compounds AcYl group 1OOO 500 100 10 

sn-1 (OR’) ~2-2 (COR2) % to control fS .E.b) (%I viability) 
lac) myrrstoyl a=tyl 17.4f2.2 (>70) 36.8f2.5 52.M3.8 77.43r3.0 
lb@ 
ICC) 
ldc) 
let) 
IF) 
W 
lh 
lit) 
ljc) 
lk 
11 
lm 
lnc) 
lo@ 
W) 
1qc) 
lrc) 
16) 
IF) 

lla 
llb 
llc 

myristoyl 
myristoyl 
myristoyl 
myristoyl 
myristoyl 

oleoyl 
oleoyl 
oleoyl 

linoleoyl 
linoleoyl 

a-linolenoyl 
a-linolenoyl 

icosapentaenoyl 
icosapentaenoyl 
icosapentaenoyl 

docosahexaenoyl 
docosahexaenoyl 
docosahexaenoyl 

mvristovl 

myristoyl (C14:O) 
oleoyl (C18:l) 

linoleoyl (C1&2) 
a-linolenoyl (C18:3) 

icosapentaenoyl (C20z5) 
docosahexaenoyl (C22:6) 

oleo yl 
icosapcntaenoyl 

dccosahexaenovl . 
palmitoleoyl (C16:1) 

1in01eoY1 

0 MS (>70) 
0 fo (>70) 

17.lfS.O (70) 
0 M.3 (80) 

26.1fl.l (>70) 
0 f1.5 (XX) 
Of0 
0 M.3 (>$ 
0 MO.6 670) 

15.4*1.9 
16.9zt1.8 
39.6zt4.4 
20.2f4.6 
52.853.6 
64.7f4.2 
1 l.of2.0 
18.5f2.8 
26.4&l .8 

53.3f4.2 ‘(70) 
14.7f4.4 (70) 
19.4f3.9 isoj 
8.7f3.0 (70) 

15.8f2.9 (80) 
0 fo (>70) 
0 M.4 (80) 

13.8f2.2 (80) 
0 dIO.3 (>70) 
OM (80) 
0 MO.6 (>70) 
O M (z-70) 

88.2k2.0 100 
80.4f4.4 100 
88.2il.O loo 
73.Ml.l loo 
84.1kl.8 100 
88.3f2.0 100 
21.3k1.8 61.ofo.5 
69.6k3.3 93.2f2.0 
68.1k3.2 88.4f3.1 

&0yi 
linoleoyl 

palmitoyl (i316:O) 
linoleoyl 
myristoyl 

oleoyl 
icosapentaenoyl 

myristoyl 
oieoyl 

docosahexaenoyl 
H 
H 

74.6f1.5 100 
35.8f2.3 79.0i1.3 :: 
57.6f3.0 
22.2f2.6 
30.6fl.9 

0 fo.5 
54.3f3.0 
29.7f2.9 
12.8f3.0 
26.3f1.5 
22.5zh1.4 

0 fo.8 

92.&o. 1 
64.5f2.5 
72.8f2.8 
53.ti3.9 
89.0f1.7 
68.9i2.6 
62.9f4.2 
64.8f3.1 
65.3f2.9 
84.7f1.8 

loo 
84.939.3 
9O.7ti.6 
81.7f3.5 

100 
100 
83.2f2.7 
86.8il.O 
90.7M.4 

100 
0 M.7 (z-70) 24.1f2.0 79.8f3.5 RJO 

12 H : 0 M.2 (>70) 15.8f2.5 66.7f3.7 100 
a) Epstein-Barr Virus Early Antigen. b) Standard error (n=3). c) New MGDG.12 

with different acyl groups (la,c-g,i-k,m-p,r-s) were obtained in moderate yield (2642% from 3 for 13 

steps). MGDG with the same acyl groups at sn-1 and -2 positions (lb,h,l,q,t) were obtained by acylation of 5 

followed by cleavage of the MPM ethers. Sn-2 lyso derivatives (lla-c) were directly given from corresponding 

9 by treatment with CAN. Galactosyl glycerol (12) was obtained by removal of the protective proups of 4. 

The anti-tumor-promoting activities of the compounds were determined using a short-term in vitro assay 

of Epstein-Brur virus activation in Raji cells induced by 12-O-tetradecanoylphorbol-13-acetate (TPA) as 

described before.eJ4 The activity of each compound is shown in Table. No samples exhibited cytotoxicity at the 

concentration of 1OOO mol ratio / TPA. The synthetic MGDG with same acyl pair that we isolated from alga was 

checked its activity and indicated almost the same activity as the natural one. Considering of the activity of 

MGDG including natural ones at the 1OOO mol ratio / TPA concentration,15 MGDG with a myristoyl group at 

sn-1 position (la-g) were more potent than those at m-2 position. Although MGJX with highly unsaturated 

acyl group including lo and lr, which have myristoyl group at sn-2 position, showed relatively strong effect. 
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MGDG with oleoyl group (lc,h-j,p,s) also completely inhibited EBV-EA activation at the concentration of 

1000 mol ratio per TPA. It is noteworthy that galactosyl glycerol (12) indicated the anti-tumor-promoting 

activity as well as sn-2 lyso derivatives (11). This fact suggests that 12 is the principal sttucture for appearance 

of the activity of MGDG, and the strength of the activity should depend on the acyl groups. Although most 

MGDG were less potent than 12, only MGDG with oleoyl group (lc,h-j,p,s) exhibited almost the same or 

stronger activity than 12. Dioleoyl derivative (lh) was the most potent in the MGDG we tested. 

In summary, we established sufficient synthetic route to MGDG (1) with desired acyl groups at desired 

positions by use of MPM ether for protection of the hydroxyl groups at the sugar moiety, and obtained 20 kinds 

of MGDG including 16 new ones. As the result of the evaluation of their anti-tumor-promoting activity, we 

clarified that oleoyl group contributed the most to the activity of MGDG among various acyl groups we tested, 

and dioleoyl derivative (lh) indicated the strongest activity. 
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