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Synthesis of Galactosylglycerol from Melibiose as
M-5 Intermediate
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Abstract — The galactolipid M-5, which showed anti-inflammatory activity, is glycoglycerolipid isolated
from the Okinawa marine sponge Phyllospongia foliascens. Glycolipids have been synthesized by various
methods, especially it were generally known that synthetic method of M-5 analogue and synthetic method
of various glycolipids by glycosidation after synthesis of glycerolipid part. The others, it was not suggested
that synthetic method via glycosylglycerol obtained by degradation from diglycoside. This study was car-
ried out to investigate the synthesis of galactosylglycerol from melibiose as M-5 intermediate. Synthesis
of galactosylglycerol was accomplished by selective protection of hydroxy group of sugar and diol cleavage
by Pb(OAc),. As a result, galactosylglycerol was synthesized by 8 steps pathway and their structures were

elucidated by analysis instrument.

Keywords [] M-5, Antiimflammatory, Glycolipid, Galactosylglycerol, Melibiose.

FAZAL acylglycerol, ceramide % = T3 %
X429 Fd FEAZEA glycoconjugatett s £
= Adl BX79] shuolnt. oF PR FAXA
F2-2] zloldll )& glycoglycerolipid®} glycosphing-
olipid®. A thEs=,P A 752 E HES
Fo] QlA|, Als} ME Aol Asag, MEFF,
ot W WY 53 22 bkt 7] gk Sl
oz geix ok

M-5F Okinawa®] 3% sponge?l Phyllospongia
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Octa-O-acetylmelibiose (1)2] ¥4 — Melibiose(5
g, 15mmol)Z pyridine 20 mloll %<1 & FAd
30m9} ZvlEA DMAP(dimethylaminopyridine, 219
mg, 1.8 mmol}S 73l 3 Alzt ALex wulksls
o} BEglS WR HMAZ) § EtOAcE st &
HjAlA EtOAc & Y1 5% HCl, %3} 5%, %3}
NaCl &MZ Al&gE & MgSO,2 2953 & %3t
o AL ARITH105g). HolX HALE m-hexane :

ether = 3: 12 A% 3ste] M4 FHFHEEI
octa-O-acetylmelibiose (1) 9.5 g8 96%)yS> ATt

Rf = 051 (n-hexane : acetone = 1: 1); "H-NMR (200
MHz, CDCly) &: 1.99 (3H, s, COCHy), 2.02 (3H, s,
COCHa), 2.03 (3H, s, COCH,), 2.04 (6H, s, COCH;X
2), 206 BH, s, COCHjy), 2.11 (3H, s, COCHjy), 2.14
(3H, s, COCHy); IR (KBr)em™ : 1695 (CO).

1'-Bromo-hepta-O-acetylmelibiose (2)2) &3 — Octa-
O-acetylmelibiose(5 g, 7.4 mmol)E CHCl; 50 m/*]
<91 & HBr-AcOH 10 miE 718 0°ColA] 12413
R whEAs £ MM T CHCLE 718
of Falx]H CHClL 32 93 5% HCl, X3} F=Z,
323} NaCl A2 Al4eh & MgSO.E 28 ¥+ &
#3}o] 1-bromo-hepta-O-acetylmelibiose (2) 545 g
& 100%)S LS.

Rf = 0.6 (#2-hexane : acetone =1:1)

1-O-Methyl-hepta-O-acetylmelibioside (3)2] ¥Hd —
1'-Bromo-hepta-O-acetyl melibiose(4 g, 5.7 mmol)
£ 7 MeOH 20 miell %% ¥ Ag,CO43 g 10
mmolE 7}st] A2eM 2 AZF wRlsIgc) Hhe-d
< g7 F FH3] Lo FAME n-hexane:
acetone = 2: 1% Z+e] I3 2vulE7)yo) 2J3) FA3
T AAAEs] WA 33 EEQ 1-O-methyl-
hepta-O-acetylmelibioside (3) 3.2 g(+& 86%)y= ¥
et

Rf = 045 (n-hexane : acetone = 1:1); 'H-NMR
(200MHz, CDCly) 3 : 2.00 (3H, s, COCHy), 2.04 (6H, s,
COCH3x2), 2.05 (6H, s, COCH;%2), 2.13 (3H, s,
COCHy), 2.14 (3H, s, COCH,), 349 (3H, s, OCH,),
442 (1H, d, J=75 Hz, H-1); IR (KBr)era™ : 1705
(CO).

1-0-Methylmelibioside (4)2] ¥4 —1'-0-Methyl-
hepta-O-acetylmelibioside(3 g, 4.6 mmo)E ¥+ MeOH
20 mel 591 ¥ 10% NaOMe-MeOH 10 miE 7}
3fo] A2oja 20 B3 wRrdch WREHS Dowex
(GOWx8, H form)2 2 F3loti o3 F 553}
1-O-methylmelibioside (4) 1.6 g&F& 100%)&
At

Rf = 0.32 (CHCl,: MeOH : H,0 = 6 :4: 1); "H-NMR
(200MHz, pyridine-ds) 8 : 3.59 (3H, s, OCHy); “C-
NMR (50MHz, pyridine-ds) &: 56.3, 61.9, 67.4, 69.9,
703, 71.0, 71.0, 71.9, 74.3, 75.6, 77.8, 99.8, 104.8; IR
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(KBr)em™ : 3402 (OH).
6-0-(4-Methoxytriphenylmethyl)-1'-O-methylmeli -
bioside (53)8 T4 —1'-0O-Methylmelibioside (1 g,
2.8 mmolyZ pyridine 20 mPl =< & MMTCl (1.73
g, 56 mmol)¥} Zv|Z4] DMAP (22mg, 0.19 mmol)
£ 7Bl 3 AlIRE Aol myksigith. vksdE &
2 AN T 4-BuOHE 751 ¥4jAIA n-BuOH
2% d1 33 $xF Ikt T ¥3} NaCl2 Al
F EFI] AN ES A3tk dolR ME
CHCI3 :MeOH : H,0 = 10:3: 12 2] 3 2v}E 78}
o o3 AAste] WA FHHE EAA 6-0-¢-
methoxytriphenylmethyl) 1'-O-methylmelibioside (5)
127 g & 72%)S LSt

Rf = 0.28 (CHCl; : MeOH : H,0 = 10:3: 1); "H-
NMR (200MHz, pyridine-ds) &: 3.61 (3H, s, OCHy),
3.63 (3H, s, OCHy), 6.92 (2H, d, /=8.6 Hz, CgH,), 7.20
~7.85 (12H, m, CgH,+CgHs X 2); IR (KBr)em™ : 3400
(OH), 1595, 1450 (C=C); MSmy/z (relint.) : 628 (M ¥,
1.5), 551 M-C,H;, 2.5), 273 (MMT;, 100).

6-0-(4-Methoxytriphenylmethyl)-3,4-O-isopropy -
lidene-1-O-methylmelibioside (6)%] ¥/ —6-0-¢4-
Methoxytriphenylmethyl) -1'-O-methylmelibioside(1
g, 1.6 mmol}g F< DMF(dimethylformamide) 20
miell =21 3 2 2-dimethoxypropane 2 mi(16 mmol)
£ 7¥3t & Zn] CSA(camphorsulfonic acid)(400 mg,
16 mmol)E 7}t & A2oA 5 AlZE mRkget. vt
S8E Dowex(1x2, OH form)© 2 F3}3tn 7
Fatol ZANES Aok Vol WALE
CHCI3.MeOH =20:12 Z¥ A=ZckETgEbd 2
3 AAste] B TPy FL 6-0-(4-methoxy-
triphenylmethyl)-3 4-O-isopropy11dene-1' O-methylme -
libioside (6) 920 mg (& 87%)S UUTt.

Rf = 0.55 (CHCI; : MeOH : H,0 = 10: 3 : 1); 'H-
NMR (200MHz, pyridine-ds) 8: 1.44 (6H, s, CH;X2),
3.62 (3H, s, OCH,), 3.65 3H, s, OCH,), 4.72 (1H, d,
J=6.6 Hz, H-1"), 5.44 (1H, d, /=3.3 Hz, H-1), 6.92 (2H,
d,/=9.0 Hz, CgH,), 7.36~7.85 (12H, m, CgH, + CgH;%
2); IR (KBr) cm™ : 3403 (OH), 1584, 1440 (C=C); MS
m/z (relint.) : 668 (M™, 39), 591 (M-CgH;, 2.2), 273
(MMTy, 100).

1-0-[6-0-(4-Methoxytriphenylmethyl)-3,4-O-isopro-
pylidene-o-D-galactopyranosyl]-2-O-(1-methoxy-

S _‘.r_
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ethanoylglycerol (7)2] 33 — 6-0-(4-Methoxytriphen
-ylmethyl)-3,4-O-isopropylidene-1'-O-methylme -
libioside (900 mg, 1.3 mmoly& < benzene 10 ml
of %<9l ¥ Pb(OAc), (860 mg, 1.9 mmol)S 7}st
F 0°CollA] 3A17 mHkgict. REEOE HSE §]@./\]
71 & EtOAcE 7151 &
5% HCl, X3} % ¥3} NaCl £42 H]#
MgSOE 53 & 553}o] EtOAc A& @9}‘3}.
A&ste] @ojxl IAFE MeOH 10midl =91 F
NaBH,(700 mg, 18 mmol)Z 7}ste] A2eilx 3417t
oHEic}, BRSNS acetone, EtOAc, W42 34471
? EtOAcE 713t 2HliAIA EtOAc 38 ¥ 5%
, ¥3} FZF, 3} NaCl &=AZE AE F
MgSOﬁ 257 $ 553510] EtOAc TS I3
dojR FALE henzene : acetone = 2: 12 7 2
shEeise] o8 AAlsle] WA By Budl 1.0-
[6-0-(4-methoxytriphenylmethyl)-3,4-O-isopropy -
lidene-a-D-galactopyranosyl]- 2 O-(1-methoxye-
thanoyl)glycerol (7) 730 mg (& 85%)2 Uit
Rf = 0.58 (benzene : acetone = 1 : 1); *H-NMR (200
MHz, CDCly) &: 1.26 (6H, s, CH;%<2), 3.39 (3H, s,
OCHs,), 3.80 (3H, s, OCHy), 4.90 (1H, d, /=3.8 Hz, H-
1), 6.83 (2H, d, /=9.0 Hz, C;H,), 7.22~7.59 (12H, m,
CeH,+CgHs < 2); *C-NMR (50MHz, CDCly) 8: 26.3,
28.2, 29.9, 32.0, 54.2, 55.0, 62.9, 68.1, 68.8, 69.1, 704,
74.3, 77.5, 79.1, 86.6, 99.7, 105.3, 109.0, 113.5, 136.0,
145.3, 159.0; IR (KBr)em™ : 3400 (OH), 1594, 1450
(C=C); MSm/z (rel.int.) : 640 (M*, 5.3), 563 (M-CcH;,
1.7), 273 MMT;, 100).
1-O-(c-D-Galactopyranosyl)glycerol (8)2] /3 -1-
0-[6-0-(4-Methoxytriphenylmethyl)-3,4-O-isopropy -
lidene-a-D-galactopyranosyl]-2-0-(1-methoxyetha-

= a2

noyl)glycerol(500 mg, 0.8 mmol)E +F5 MeOH 10
mio] =9 ¥ p-toluenesulfonic acid(19 mg, 0.1
mmolE 7}51] 0°CollM 3 AlRE muketct, whgolg
Dowex (1X2, OH™ form)o.2 F3sla o3 & &
F3lo] ZAFES At dolRl W E CHCL
MeOH:H,0 = 6:4: 12 Z¥ I=nfE72l9d] o3
HAs] WA 24 2Ek)l 1.0-(o-D-galactopy-
ranosyl)glycerol (8) 190 mg (& 95%)& A3}
Rf = 0.32 (CHCl;: MeOH:H,0 =6:4:1).
1-0-(2,3,4,6-Tetra-O-acetylgalactopyranosyl)-2,3-O-
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diacetylglycerol  (9)%] /3 -1-O-(o-D-Galactopyra- ~ AE|o1# 00, 53] marine algaQ) Irideae lami-
nosyDglycerol(100 mg, 0.4 mmol)E pyridine 5 mioll narioides 258 2-0-(o-D-galactopyranosyl)glycerol

miE 78l 3 A7 Aol 1
gkt ¥hg-As W XA § EtOACE 715t
o] FulAlA EtOAc & 91 5% HCl, %3 F%,
I3} NaCl $AZ A & MgSO2 258 & %
%3t EtOAc RAME Aot Aozl FAME n-
hexane : acetone = 2: 12 A 2A3)5}0] s g
242 1-0-(2,3,4,6-tetra-O-acetylgalactopyranosyl)-2,3-
O-diacetylglycerol (9) 190 mg (& 100%)y& LSIc).

Rf = 0.48 (-hexane : acetone =1:1)

"H-NMR (200MHz, CDCl3) &: 1.99 (3H, s, COCH,),
2.05 (3H, s, COCHy), 2.08 (9H, s, COCH,X3), 2.14
(3H, s, COCH3), 4.28 (1H, d, J=2.8 Hz, H-1); IR (KBr)

111702 (CO).
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a: AcQ/ pyridine / DMAP, b HBr-AcOH / CHCl,, c: dry-MeOH / Ag,CO,
d: 10 % NaOMe-MeOH / dry-MeOH, e : MMTrC! / pyridine / DMAP

Scheme 1 — Synthesis of compounds 1-5 from melibiose
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A &) 15 ¢IS) dgHo® MMTrol 2%
HSS #E;IT 4 33T} Scheme 29 WERA A
3} Zo) 33E 52 2,.2-dimethoxypropanes ©}-83}
o] Q1A cisd 9 FA)E B33 isopropylidene
712 £3589 3hE 62 BTk THE FHE 62
TH-NMRIA & 1.44°04 isopropylidene® =€7]
#e) 937} § 3.629 3.65°14 methoxy 2] =
37}, 8§ 6.92~7.8501A4 WAl 2] H=7t ERIE5
AR m/z 668 RIS 23 3EE 69
F2E 423) & 5 St AFE 6 Pb(OAc)H
£ o]g3lo] AHEAIS & NaBH,Z $9AIA 35HE
78 49t $8E 3RIE 7 'H-NMReIAM § 1.26
4] isopropylidene®] =€7] F#¢ =7} § 3.39
9} 3.80014 methoxy f-21¢] #3271, § 6.83~7.599]
A A e H3E AT AR mz
6402 ERIgH) 23 FxF ERlE E 72
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%E_‘g
H

MTr

[o]

|

H,
jfojMe

b, ¢
—_—

O, _ OMe O PMe
H HOHC
H HO CHOH
HO H
5 6 7
H,OH H,0Ac
H O, A O,
H Ac
d HO P — . AcO §
- "
(l.‘,HOH CHOAc
CH,OH CHOAc
8 9

a: 2,2-dimethoxypropane / dry-DMF / CSA, b: Pb(OAc),/ dry-benzene,
c: NaBH,/ MeOH, d: p-TsOH/dry-MeOH, e Ac O/ pyridine

Scheme 2 — Synthesis of compounds 6-9 from compound 5.
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