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The molecular diversity of oligosaccharides has been recog-
Pentasaccharides

nized in their involvement in numerous important biochemical

recognitions. The efficient synthesis of oligosaccharides for the  gcheme 2
study of their structure and function is, however, still a very
significant challenge for synthetic organic chemistfRecent OTBDPS

development in the field includes approaches such as one-pot LEVOIEO\ d 97% LevO o
1
PMBO” ™" “OR OH  HO OR

OTBDPS

synthesis, enzymatic glycosylatiof glycal strategy,and com-
binatorial chemistry. With regard to combinatorial carbohydrate
synthesis, a major problem is the lack of an efficient orthogonal
protection-deprotection strategy. To tackle this problem, we
describe here an effective library approach to oligosaccharides 90%| a 99D PMBO™ ™" "OR Fi= (CHa)sCOMe
using a designed building block with four selectively removable OTBDPS OTBOPS 2C'A°

protecting groups as the core for the source of acceptors and high-

yielding coupling with different donors. As illustrated in Scheme HO o Levo o

1, we envisaged that if seven gly(_:osy[ donors_ are used in this 54 NOR  PMBO”"OR

orthogonal strategy, the disaccharide library will have 56 com- SClAc OH

pounds generated after the first glycosylation. These disaccharides 2 3

can produce 168 acceptors from the core moiety, which, after aReagents and conditions: (a) M¥Hz/ACOH, THF/MeOH (10:1);
glycosylation with seven donors, will generate 1176 trisaccharides. (b) NaHCQ, MeOH/H,0 (5:1), 60°C; (c) HF—pyridine, HOAC/THF
Following the same strategy, a library of 38 416 pentasaccharides(1:4); (d) trifluoroacetic acid, CkCl,, —20 °C.

will be generated.

To demonstrate the feasibility of this strategy, the monosac-
charide building blocK with four selectively removable protect-

OClAc

LevO
¢ 5
0]
98%

OClAc

Scheme 3
OH OTBDPS

ing groups was designed (Scheme 2). The four chosen protecting H® o a,b,c,d LevO o e
groups, chloroacetyl (CIAcp-methoxybenzyl (PMB), levulinyl HO SPhM - - 1
(Lev), andtert-butyldiphenylsilyl (TBDPS), can be selectively . ¢ PMBO 6CIACSPhMe

removed in high yields with sodium bicarbonate, trifluoroacetic 6

7
acid, hydrazine, and hydrogen fluoridpyridine, respectively,

a2 Reagents and conditions: @BuPhSIiCl, imidazole, DMF, 100%;
(b) i. BuzSnO, toluene/benzene, reflux; p-CHsOCsH4CH,Cl, BuNI,
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= N-iodosuccinimide; TMSOTf= trimethylsilyl trifluoromethane-
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using the conditions reported previoushith slight modifications
to ensure that deprotection of each group in the presence of the
others is highly selective. The synthesis Jofs illustrated in
Scheme 3. Starting from the thioglycosiflethe four hydroxyl
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Scheme 4 Table 1. Oligosaccharide Library
PhYO R4O
O ~o R3O0 O(CH,)5C0OsMe
OTBDPS Ph OTBDPS
LevO. o BnO s OBn SPhMe LevO:éK
HO”~"~OR " 5?”3?@ Entry R, Rs Ry Yield®
ociac 0°Ctort. Bn GeiAc 1 L-Fuc(e1-2) | D-Gal(o1-3) Lev TBDPS | 87
s 99 % 2 | L-Gal{a1-2) | D-Gal(e1-3) Lev TBDPS | 60
3 L-Gal(B1-2) | D-Gal(c1-3) Lev TBDPS | 33
4 D-Man{a1-2) | D-Gal{a1-3) Lev TBDPS 78
OTBDPS X . 5 D-Fuc(al-2) | D-Gal(o-3) Lev TBDPS 53
NaHCOg oo BnO "SPhMe 6 | D-Fuc(B1-2) | D-Gal(a1-3 Lev TBDPS 38
MeOH / H,0 OBn 11 (a1-3)
0 e 7 | D-GalNa(a1-2) D-Gal(o1-3) Lev TBDPS | 72
98 % MS / CH,Cly 8 | D-GalN3(B1-2)| D-Gal(al-3) Lev TBDPS | 14
0°Ctort. 9 | L-Fuc(o1-2) | D-GalNg(ai-8)  Lev TBDPS | 29
92 % 10 L-Fuc(B1-2) | D-GaiNg ﬁoﬂ-sg Lev TBDPS 5
B o, OBn 11 | D-Man{x1-2) | D-GalN3(a1-3 Lev TBDPS 34
12 ClAc D-Gal(a1-3) | L-Fuc(a1-4)| TBDPS | 65
OTBDPS Y OTBDPS 13 gllﬁc D-Gal{c1-3) Lev L-Fuc(gﬂ -6)| 59
(1) NHNH, / AcOH 14 C D-Gal(a1-3) Lev L-Fuc(B1-6)| 22
ﬁevoﬁ ’9 e B J\l) ﬁ 15 ClAc D-Gle(cd-3) | L-Fuc(cl-4) LTFBD(PS ) 59
MS / CH,Cl 16 C D-Glc(a1-3) Lev -Fuc(a1-6)| 67
0%Cont 17 ClAc D-Glchﬂ -3g Lev L-Fuc(B1-6)| 22
O _CHs 90% CHs 18 L-Fuc(at-2) | D-Gle(a1-3 Lev TBDPS 76
12 : 13 , 19 | L-Fuc(B1-2) | D-Gle(o1-3) Lev TBDPS 13
BnO" 0Bn BnO" 0Bn 20 | L-Fuc{a1-2) | D-Man(oi-3) Lev TBDPS | 35
OBn OBn OBN g, 21 L-Fucéa1-2§ PMB Lev L-Fuc(a1-6)| 57
- . 22 L-Fuc({a1-2 PMB Lev L-Fuc(B1-6)| 16
BnO  OBn _.0Bn BnO  OBn 00BN 23 L-Fuc(a1-2) PMB D-Glc(1-4) TBDPS 65
o 24 | L-Fuc(a1-2) | L-Fuc(ol-3) Lev TBDPS | 85
015G ~0Bn “OBnpy, 15 o OB “OBn 25 ClAc D-Gal(a1-3) Lev D-Glc(B1-6)| 26
" HF_pyridme o, 0Bn Y % 08n 26 ClAc D-Gal(or1-3) Lev D-Gle(o1-6)| 52
0 o o o , © o o % L-Fg?£%1-2) PMB o GLeIEI 14) II[))-CCiallc(q'né?) 8(6)
al(1- -Glc(1-
(2)BnO Bno7 07N V0R Bno” " 07 > YOR 29 | L-Fuc(a1-2) | D- GP 'onn -3) | L- Fucéoﬂ 4; TBD?’S 74
BrO o Sen 0. o. .cH oBn 0. o__cHs 30 | L-Fuc(a1-2) | D-Gal(a1-3) | L-Fuc(oi-4)| D-Gal(a1-6)| 45
RI ? q 31 | L-Fuc(a1-2) | D- Gal(a1 -3) | L-Fuc(o1-4)| D-Gal(p1-6)| 18
BnO” Y “SPhMe- - 32 | D-Gal(a1-2) PMB D-Gal{ci-4)| TBDPS 76
BnO OB
DM?sBTn " o OBn OB:au‘o ~25:1 ’ OBn ’ 33 ClAc L-Fuc(a1-3) | D-Gal(c1-4)| TBDPS 54
MS / CH,Cl 18 16 34 ClAc L-Fuc(a1-3)| D-Gal(B1-4)| TBDPS 14
0°Ctort. R = (CH,)sCO,Me 35 L‘FUC((X1 '2) PMB D-Gal(od -4) TBDPS 61
85% DMTST = (dimethylthio)methylsulfonium triflate gg L-Fuc(a1-2) PMB g'ga:(( 133 L'll':BD(P? 6 133
ClAc PMB -Gal(ou1- -Fuc(a1-
. - . . o 38 ClAc PMB D-Gal(o1-4) | L-Fuc(B1-6)| 19
With building block1 in hand, an oligosaccharide library was 39 | L-Fuc(a1-2) PMB L-Fuc(a1-4)| TBDPS 46
prepared as examplified in Scheme 4. Acceftovas coupled j,? “:'fb’cc((g} g; gmg ‘l-';ld‘é((%]i; ;gggg 12
vv_ith donor8 in the presence of_ (dimethylt_hio)met_hylsulfonium 42 | LFuc(p1-2) PMB L-Fuc(B1 4| TBDPS 9
triflate (DMTST) to give exclusively thex-linked disaccharide 43 L-Fuc(a1-2) D-Gal§a1-3g TBDPS 832
; O \si 0 44 Lev D-Gal(o1-3) | D- GalB -4)| _TBDPS 46
91in 99% vyield. After removal of the CIAc group fro® (98% P Lev e D-Gal(31- 4 D G816 49°

yield), the acceptoflO was coupled with donotl in the same

manner to give trisaccharide2 (92% vyield). Removal of the

Lev group from 12 followed by glycosylation produced the

tetrasaccharidd.3 smoothly (90% vyield). Interestingly, after

deprotection and coupling with dont#, tetrasaccharid&3 can

be further converted to the very bulky pentasaccharideand

16 in 85% vyield. Thus, using seven glycosyl donors (see

Supporting Information) for glycosylation, we have prepared 45

protected oligosaccharides (Table 1, for tetra- and pentasaccharide, /([)Levo:([/k

see Scheme 4). Most reactions were rapid and efficient, and the

products were indentified with proton and carbon-13 NMR and Bsno O(CHy)sC0zMe

further confirmed by high-resolution mass analysis. These ociAc

protected oligosaccharides can be fully deprotected (Scheme 5)
In summary, we have developed an effective orthogonal

strategy for the synthesis of a library of oligosaccharides as

individual entities £¢30 mg per molecule), using a designed

building block containing four selectively removable protecting

groups as acceptors for glycosylation. Though the pentasaccha-  acknowledgment. We thank Novartis Pharma for support of this

rides prepared in this manner are fully branched, the di-, tri-, and work. we would like to thank Professor Glenn J. McGarvey for his helpful
tetrasaccharides are biologically relavent, and work is in progresssuggestion and discussion.

aQverall isolated yield from the building block ® Based on another
building block with CIAc for R and Lev for R.

Scheme 5
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to increase the number of the library and to screen for binders to
certain lectins and antibodies. Although the synthesis was carried
out in solution phase, the strategy should be applicable to solid-
phase synthesis.

“1CHy

1) NaOMe
2) NHNH;
3) Pd/C, H,

4%

(8) Flgedi, P.; Garegg, P. Carbohydr. Res1986 149 9. For the improved
preparation of (dimethylthio)methylsulfonium triflate (DMTST): Methyl .
triflate (320 uL, 2.82 mmol) was added dropwise to an oven-dried flask Procedures, and data for compounds (36 pages, print/PDF). See any
containing methyl disulfide (28@L, 3.10 mmol). The mixture was stirred current masthead page for ordering information and Web access
under argon at room temperature. After 5 min, a colorless precipitate of instructions.

DMTST formed. Addition of CHCI, (1 mL) gave a stock solution that was
used immediately in the glycosylation reaction. JA9813616
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