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Abstract

A hydroxyl protected tetrasaccharide intermediate, corresponding to a segment of the rhamnogalacturonan |
polysaccharide, has been synthesized using the glycosyl imidate technique. This tetrasaccharide is designed to
allow for further elongation and branching. © 1999 Elsevier Science Ltd. All rights reserved.

The study of the molecular mechanisms of plant glycobiology is a new and expanding field. It is
becoming clear that the role of complex carbohydrates in plants goes beyond energy storage mol-
ecules or structural elemeritst Rhamnogalacturonan | (RG-I) is a complex polysaccharide found in
plant tissues. The backbone of RG-I is composed of arg-galactopyranosyluronic acid-(1-&-L-
rhamnopyranosyl-(1-4)-] repeating unit. The 4-position of the rhamnosyl residues are substituted with
side chains containing-arabinosep-galactose| -fucose and-glucuronic acid residues in linear and
branched configuratior’sMonoclonal antibodies are being used as molecular probes to investigate
the function of this and other plant polysaccharides in plant growth and develop@&he results
of these types of studies are meaningful only if the binding specificities of the antibodies in use are
fully understood. Oligosaccharides of known structure and high purity are invaluable, when used in
competitive binding assays, in characterizing the specificity of an antibody binding site. It is difficult
to obtain pure samples of oligosaccharides in sufficient quantities for such studies, hence the need to
prepare such structures by chemical synthesis. This paper describes the overall strategy for the synthesis
of branched RG-I oligosaccharides, and the synthesis of a tetrasaccharide intermediate corresponding to
a segment of the RG-I polysaccharide backbone (Fig. 1).

Tetrasaccharidd is a key intermediate in our overall synthetic strategy to synthesize RG-I oligo-
saccharides. The protecting group pattern of compduigldesigned so that the @-acetyl group of
the terminal rhamnosy! unit may be selectively removed. This allows for chain extension by addition
of disaccharide1. Alternatively, removal of the ©-allyl groups of the rhamnosyl residues allows for
addition of further glycosyl units to give branched oligosaccharides. Finally, removal of the blocking
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Figure 1.

groups, and oxidatichof the primary hydroxyls of the galactosyl residues introduces the carboxylic acid
groups found in the native RG-I polysaccharide. This strategy allows the oligosaccharide to be built up
using the more stable galactose as a temporary substitute for galacturonic acid.

The rhamnosyl dono6 was prepared from the ethyl thioglycosi@® in a series of reactions that
was performed without purification between steps (Scheme 1). Compbwag treated with trimethyl
orthoacetate in dimethylformamide and a catalytic amounp-tdluenesulfonic acid. The resulting
orthoester3 was then treated with allyl bromide in dimethylformamide to giveThe orthoester oft
was then opened under acidic conditions to give th@-&cetyl derivatives. The hydroxyl group ob
was then benzoylated to give the fully blocked rhamnosyl dénor
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Scheme 1Reagents and conditionga) trimethyl orthoacetate, PTSA, in DMF; (b) allyl bromide, NaH, in DMF; (c) 80%
aqueous acetic acid; (d) benzoyl chloride in pyrididérom 2 69.8% yield; (e)x,x-dimethoxytoluene, PTSA, in DMF, 80°C,
8 from 7 79.3% yield,13 from 12 45% vyield; (f) benzyl bromide, NaH, in DMF: (g) HCI in MeOH (0.5 mL of a 1.0 M soln),
in CH,Cly; (h) benzoyl chloride, NaOH (1.25 M)/Gi&l,, [CH3(CH,)3]4N(HSO;), 11 from 8 70.1% yield,16 from 13 60.3%
yield

Galactosyl acceptotl was prepared starting with meth@lp-galactopyranosid€. The 2- and 3-
positions were protected as benzyl ethers by treatment of the 4,6-benzylidene de8waiikiebenzyl
bromide and sodium hydride in dimethylformamide to gieThe benzylidene group was removed
and the resulting diol0 was selectively benzoylated under phase transfer condifidosgive the 6-
O-benzoyl derivativell. The galactosyl donot6 was prepared in a similar series of reactions starting
from tert-butyl B-D-galactopyranosid@2!! (prepared from tetr&®-acetylD-galactopyranosyl bromide
andtert-butanol).

Reaction ofl1 with 6 in dichloromethane withiN-iodosuccinimide and a catalytic amount of triflic
acid?13 gave the disaccharide7 (Scheme 2). Similarly, reaction df6 with 6 gave disaccharidé9.
Selective removal of the @-acetyl group ofl7 was achieved by treatment with methanolic Qb
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give disaccharidd8. The'H-NMR spectrum ofL8 showed the loss of the signal due to the acetyl group,
and the H-2 of the rhamnosyl residue had shifted to 4.34 ppm for compb8nidom 5.61 ppm for
compoundl7, consistent with deacetylation of thé-gosition. Disaccharidd9 was transformed into

a glycosyl donor by treatment of a dichloromethane solutiod®With trichloroacetic acid to give a
mixture of hemiacetal®0,'>16 which where then reacted with trichloroacetonitrile and BBt give

the trichloroacetimidate derivati#&l. Disaccharided8and21 were then reacted together with catalytic
amounts of trimethylsilyl triflate to give the tetrasaccharide!® The newly formed glycosidic linkage
between the galactosyl and the rhamnosyl residudsaafs formed in the desired-configuration. This
determination was made based on th@&-1H coupling constant for C-1 of the internal galactosy! unit.
This coupling constant was measured froftHadetected*C—H correlation spectrum df and found to

be 159 Hz; a value characteristic @fglycosidic linkages. One-dimensional and two-dimensional NMR
spectrg’ for all products were consistent with the proposed structures.
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Scheme 2Reagents and condition&) N-iodosuccinimide, triflic acid (cat.), in C}€l,; (b) methanolic HCI in CHCl,, 58.5%
yield; (c) trichloroacetic acid, in C§Cl,, 62%; (d) trichloroacetonitrile, DBU, in C¥Cl,; (e) trimethylsilyl triflate in CHCI,

In a test reaction, using disacchari@ié as a model compound for tetrasaccharidehe 4O-allyl
group of17was successfully removed. This result indicates that selective deprotection of the 4-positions
of tetrasaccharidd should be possible, and hence generation of branched oligosaccharides. Tetrasac-
charidel represents a key synthetic intermediate in the synthesis of branched chain oligosaccharides
corresponding to sequences found in the RG-I polysaccharide.
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20.'H (300.13 MHz) NMR data for selected compounds.Chemical shifts for'H and *3C were measured from a

COSY spectrum and &H-detected*C—H correlation spectrum, respectively. 8.15-7.10 (40H, aromatic), 5.77 (2H,

OCH,CH=CH, for the two allyl groups), 5.66 (H-2), 5.60 (H-3), 5.54 (H-3), 5.29 (H-1), 5.06 (H-1), 4.81 and 4.50

(ABg, OCH,Ph), 4.79 and 4.61 (ABq, O€,Ph), 4.78 and 4. 62 (ABq, Od,Ph), 4.63 (H-§), 4.56 (H-6), 4.53 (H-1),

4.51 and 4.38 (ABq, OB,Ph), 4.42 (H-2), 4.32 (H-1), 4.13 (H-4), 4.03 (H-5), 4.00 (H-5), 3.96 (H-4), 3.95 {389

(H-5), 3.88 (H-3 and H-§, 3.83 (H-2), 3.80 (H-5), 3.75 (H-2), 3.60 (3H, ®fg), 3.61 (H-4), 3.52 (H-3), 3.46 (H-4),

1.98 (3H, OCOGEl5), 1.37 (3H, H-6), 1.19 (3H, H-6); 13C (75.47 MHz) 105.23J13c_ 14 159 Hz, C-1), 99.81J13¢_ 1y

173 Hz, C-1), 98.39J1sc_ 14 168 Hz, C-1), 94.78J1s¢c_ 14 169 Hz, C-1).18 8.07 (m, 4H, aromatic), 7.63-7.20 (m,

16H, aromatic), 5.80 (m, 1H, OGIEH=CH,), 5.46 (dd, 1HJy y 3.0 Hz,Jy 4 7.0 Hz, H-3), 5.19 and 5.08 (m, 2H,

OCH,CH=CH,), 5.17 (1H, H-1), 4.93 and 4.74 (ABq, 2H]ag 11.0 Hz, OGi,Ph), 4.79 and 4.61 (ABq, 2Has 11.5

Hz, OCH,Ph), 4.59 (dd, 1HJep 5 6.5 HZ,J626,11.0 Hz, H-Q), 4.51 (dd, 1HJeb 5 5.9 Hz, H-6), 4.34 (m, 1H, H-2), 4.30

(d, 1H,J:1, 7.5 Hz, H-1), 4.23 and 4.11 (m, 2H, ®GCH=CH,), 4.05 (m, 1H, H-4), 3.97 (dq, 1Hly » 9.0 Hz, H-B),

3.77 (m, 2H, H-5 and H-2), 3.58 (s, 3H, ®), 3.54 (dd, 1HJ34 3.0 Hz,J3, 8.5 Hz, H-3), 3.50 (dd, 1H, H‘}, 2.29

(m, 1H, CHy), 1.31 (d, 3HJgs 6.0 Hz, K-6"). 19: 8.01 (m, 4H, aromatic), 7.61-7.17 (m, 16H, aromatic), 5.79 (m, 1H,

OCH,CH=CHy), 5.64 (t, 1H,Jy 14> 3 5.5 Hz, H-2), 5.56 (dd, 1HJy » 3.2 Hz,J3 4 8.5 Hz, H-3), 5.20 (d, 1HJy »

2.5 Hz, H-1), 5.18 and 5.07 (m, 2H, OGI€H=CH,), 4.97 and 4.77 (ABq, 2H]Jag 10.5 Hz, O®i,Ph), 4.77 and 4.63

(ABq, 2H, Jag 11.3 Hz, O®1,Ph), 4.53 (m, 2H, H-$and H-6), 4.51 (d, 1HJ;, 7.5 Hz, H-1), 4.18 and 4.09 (m, 2H,

OCH,CH=CHy), 4.06 (m, 1H, H-4), 4.02 (dg, 1Hg 4 9.2 Hz, H-B), 3,80 (dd, 1H,),3 9.5 Hz, H-2), 3.75 (m, 1H, H-5),

3.52 (dd, 1HJ34 3.0 Hz, H-3), 3.48 (t, 1HJy 3445 17.5 Hz, H-4), 1.95 (s, 3H, OCO#3), 1.35 (d, 3HJgs 6.0 Hz,

Hs3-6"), 1.30 (s, 9H, OC(El3)3).

o ~N o ol



