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ABSTRACT 

Silver trifluoromethanesulfonate-promoted condensation of 3,6-di-O-acetyl- 

2-deoxy-2-phthalimido-4-0-(2,3,4,6-tetra-~-acetyl-~-D-galactopyranosyl)-8-~-gluco- 

pyranosyl bromide with benzyl2,4-di-O-benzyl-6-0-(3,4-di-O-benzyl-cc-D-mannopyra- 

nosyl)-3-0-(3,6-di-O-benzyl-a-D-mannopyranosyl)-~-D-mannopyranoside gave nona- 

saccharide and undecasaccharide derivatives. The nonasaccharide 2 and the undeca- 

saccharide 3 were obtained by removal of the protecting groups followed by N- 

acetylation. 
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INTRODUCTION 

The N-glycosylically linked carbohydrate portions in glycoproteins are of two 

major types, namely, high-mannose (oligomannosidic) and complex (N-acetyl-D- 

lactosaminic)‘. The latter type has been found with two, three, or four N-acetyl-D- 

lactosaminyl residues which usually are substituted with N-acetylneuraminic acid 

(sialic acid) on the D-galactosyl groups. Structure 1 is a representative example of 
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such a carbohydrate portion without sialic acid groups. Several syntheses of oligo- 

saccharides derived from these structures have been reported’-r3. 

We now report the synthesis of the nonasaccharide 2 and undecasaccharide 3. 

These oligosaccharides constitute parts of the most highly branched carbohydrate 
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portions of the complex type of glycoprotein (i.e., structure 1). Such structural 

elements have been found, for instance, in orosomucoid (xl-acid glycoprotein). which 

is present in human blood strum”“. 

RESULTS AUD DISCUSSION 

For the preparation of 2 and 3, a block synthesis \vas used. The trisaccharide 

derivative benzyl 2,3-di-o-be nzyl-6-0-(3,3-di-0-be~~zyl-x-D-ma~~~~opyra~~osyl)-3-0- 

(3,6-di-~-benr;yl-x-n-mannopyranosyl)-x-~-mannopyranoside (4) was condensed 

with 3,6-di-O-acetyl-?-deoxy-~-phth3l~al~mjdo-~-~~(~.3.~.~~-tetr~~-~-acct~l-~~-~~-galacto- 

pyranc,syl)-lo-D-glucopyranosyl bromide”” (5 ). 

The preparation of the blocked mannotrisaccharide -l rcyuircd two glycosyla- 

tions. I ,~.6-Tri-O-acrtyl-3,I-di-C)-be~~zyl-~-~~-m~tnn~~p~r~t~i(~s~’ ’ ~vab treated v,ith 

hydrogen bromide in dichloromethane to give 3,6-di-@-acetyl-3.4di-0-benzyl-D- 

mannopyranosyl bromide (6). Bromide 6 was condensed uith bsnql Z,-Ldi-O-benzyl- 

x-D-mannopyranosidc’, using silver trifluot-ornethanes~~lfo~iate(sil\r triflatc)P?,4,6- 

trimethylpyridine as promoter’ ‘,’ ‘. The disaccharide 7 was ubtaincd 111 37”,, yield 

after chromatography on silica gel. That a (I -6)~linhed disaccharide derivative had 

been obtained was indicated by its ‘“C-n.m.r. spectrutn. in \\,hich only one signal 

at 5 - 63 v,as discernible, i.t’., the other primary hydroxq,l group M&S glycosylated. 

?.~-Di-O-acetyl-3,6-di-O-benryl-n_maratl[~syl bromide!” ~a< condensed 

with 7 by the foregoing procedure. to yield. after chromatography. the trlsaccharide 

derivative 8 (59”,,). The ‘“C-n m.r. spectrum of 8 showed, iutw trlio. three signals 

in the anomeric region at (5 99.X (‘Jc_l,rr_l 169 Hz), 9S.O (‘J,~,,,,., I71 FIT), and 96.3 

( ‘Jc-, ,H-l 169 132). These couphng constants indlcatc’ * that both glycos> latlons gave 

x-D-mannosidic linkages. Compound 8 wab 0deacetylatcd with &ium methoxlde 

in methanol to give 4 (77 ‘IL, ). 

Bromide .5’.” \tas condensed with 4% using silver trifiate-~.3.6-triniethylpyridine 

as promoter’ b.’ ’ Chromatography of the products gave the pure nonasaccharide 

derivative 9 (19 I’,,) and contaminated undccasaccharidc dcri\ atl\,c 10. Attempted 

further purilication of 10 \vas unsuccessful. 

The 3-dcouy-?-phthalimido groups in 9 were exchanged for ?-Ucetamido-l- 

deoxy groups by treatment \vlth hydrazinc hydrate follobved by acetic anhgdride- 

pyridine. to give, after chroni:ttography, 11 (61 ” ,,). Similar treatment of crude IO 

gabe, after chromatography. pure 12. The yield of’12 from 4 fc)r the condensation :\nJ 

hydrazinolysis-acetylation rcuctions \vas 5.3 ‘I,~. 

The protecting groups wore rernoled from 11 and 12 by treatment \\ith methano- 

lit sodium methoxide followed by catalytic hydrogenolysis (Pd:C), to gi\e, after gel 

filtration and freeze-drying. amorphous 2 and 3 in yields of 77 and 67 ‘I,,. respectively. 

The structures of 2 and 3 Lucre evident from their ‘H- and ‘“C-n.m.r. spectra, 

which appeared as expected from comparisons with related natural and synthetic 

compounds 2~3~5~7~8~‘3~“‘, Methylation analysis’(’ of the alditol of 2 gave 2,3,3,6- 

tetra-O-methyl-D-galactose. 7-deoxy-3,6-di-O-mcthyl-2-N-methylacetamido-~-gluco- 
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se, 2,3,6-try-O-meth~I-D-mannose, 3,4-di-U-methyl-D-mannose, and 1,2,4,5-tetra-0- 
methyl-~-mannitol. Methylation analysis of the alditol of 3 gave the same methyl 
ethers except that 2,3,6-tri-O-methyl-o-mannose was replaced by 3,6-di-O-methyl-D- 
mannose. 

Biological experiments performed with these oligosaccharides will be reported 

elsewhere. 

EXPERIMENTAL 

Gxeraf r?let~~ods. - These were as described earlie?. Elemental analyses were 
not obtained for syrupy products, but they were shown to be pure by chromato- 
graphy and n.m.r. spectroscopy. 

2,6-Di-O-acetpi-3,4-di-O-hen=.~i-D-~~~a~z~~o~yranos~~ bromide (6). - 1,2,6-Tri- 
U-acetyl-3,4-di-O-benzyl-cr-D-mannopyranose’5 (1.97 g) was stirred in dichloro- 
methane (75 mL) saturated with hydrogen bromide, for 25 min at 0”. The solution 
was concentrated to dryness, yielding crude 6 as a syrup which was used in the next 
step. T.1.c.: RF 0.67 (toluene-ethyl acetate, 3 : 1). The ‘H-n.m.r. spectrum (99.60 
MHz, CDCl~)contained, inter a&a, a doublet at 6 6.33 (-0.9 H, f, ,2 1.2 Hz), indicating 
that mainly a-bromide had been obtained. 

Een:_sI 2,4-~~-O-ben~~~~-6-0-(~,6-di-O-acet~l-3,4-di-O-benz~~-ft-~-~~n~o~~rano- 
s~l)-cr-r,-/?~~~z/~u~~ru~os~de (7). - Silver triflate (I .54 g), 2,4,6-trim~tbylpyridine (343 
mg), and ground molecular sieves (- 5 g, 3A) were added to a solution of benzyl 
2,4-di-~-benzyl-~-D-mannopyranos~de’ (I .‘70 g) in dichloromethane (50 mL), and 
the mixture, under nitrogen, was cooled to -25 O. Bromide 6 [from 1,2,btri-O-acetyl- 
3,4-di-O-benzyl-cc-D-mannopyranose (1.97 g) (see above)] in dichloromethane (10 
mL) was added during 20 min with stlrring. The mixture was allowed to attain room 
temperature and pyridine (0.5 mL) was added. The mixture was filtered and the 
solution was washed with dilute aqueous sodium thiosulfate, dilute hydrochloric 
acid, water, saturated aqueous sodium hydrogencarbonate, and water, and concen- 
trated. The product was purified on silica gel with light ~et~oleu~~thyl acetate 
(2 : I), to yield 7 as a syrup (I .24 g, 37 SJ, [%I’,:, +52’ (c I .i, chloroform); t.l.c. 
(solvent as above): R, 0.41; j3C-n.m.r. (25.05 MHz, CDCl,): 6 20,8, 21.0 (OAc), 
63.2 (C-6’), 66.6-78.5 (CH,Ph, C-6, ring C), 95.7 (C-l), 97.7 (C-l’), 126.9-138.3 
[aromatic), 169.9, and 170.6 (c’= 0). 

Benz-v/ 2,4-di-O-ben~~~l-3-0-(2,4-di-O-aeet~f-3,6-di-O-benzyi-cc-~-mannopyrano- 
s~,I)-6-0-( 2,6-di-O-acetyl-3,4-di-O-benzyI-a-D-mannopyranosyI)-cc-~-mannop~ranoside 
(8). - Compound 7 (1. IO g) and 2,4-di-O-acetyl-3,6-di-O-benzyl-D-mannopyranosyl 
bromideI (954 mg) were condensed by using silver triflate (771 mg) and 2,4,6- 
tril~ethylpyridine (108 mg) as promoter, as described for the preparation of 7. The 
product was purified on silica gel with light petroleum-ethyl acetate (2: I), to yield 
8 as a syrup (972 mg, 59x), [r~-& -t-33” (c 0.4, chloroform)~ t.1.c. (solvent as 
above): RF 0.34; ‘3C-n.m.r. (25.05 MHz, CDCI,): 6 20.6, 20.7, 20.9 (OAC), 63.3 
(C-6’), 65.2-7’7.5 (GH,Ph, C-6’s, ring C), 96.2 (C-la, ‘J,.,,N-l 169 Hz), 98.0 (C-lb, 
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to dryness. The residue was acetylated with acetic anhydride-pyridine (45 mL, 2: 1) 

at 100” for 1 h. After concentration, the product was purified on silica gel with 

chloroform-acetone (3 :2), to yield 11 as a syrup (154 mg, 61%), [a]::, + 15” 

(~0.3, chloroform); t.1.c. (solvent as above): R, 0.53; ‘3C-n.m.r. (25.05 MHz, CDCl,): 

6 20.5-24.8 (NHAc, OAc), 54.4, 54.6 (3 C, C 2d.e*g), 61.0-78.6 (CH,Ph, C-6’s, 

ring C), 96.8 (C-l”), 97.9, 98.1 (2 C, C-lb*‘), 99.5 (C-l’), 100.9, 101.4 (5 C, 

C-ld*gVh.iSk), 126.8-139.2 (aromatic), and 169.0-171.8 (C=O). 

Benzyl 2,4-di-O-benzyl-6-O-{3,4-di-O-benzyZ-2,6-di-0-[0-(2,3,4,6-tetra-O-ace- 

tyl-~-D-galactopyranosyl)-(l-t4)-(2-acetamido-3,6-di-O-acetyl-2-deoxy-~-~-glucopy- 

ranosy~)]-cr-D-manno~~ranosyl)-3-O-{3,6-di-0-benz)~~-2,4-di-O- [0-(2,3,4,6-tetra-O- 

acety~-~-D-ga~actopyranosy~]-(~-,4)-(2-acetamido-3,6-di-O-acet~l-2-deo.~y-~-D-gluco- 

pyranosyl)]-a-D-mannopyranosyl)-a-D-mannopyranoside (12). - Crude 10 (690 mg) 

was treated sequentially with hydrazine hydrate and acetic anhydride-pyridine, as 

described above for the preparation of compound 11. The product was purified on 

silica gel with chloroform-acetone (3 : 2), to yield 12 as a syrup (80 mg, 5.3 % from 4) 

bl::, +0.4” (c 0.5, chloroform); t.1.c. (solvent as above): R, 0.32; 13C-n.m.r. 

(25.05 MHz, CDCl,): 6 20.6-23.5 (OAc, NHAc), 53.9-54.6 (4 C, C-2d*e,f.g), 60.9- 

78.5 (CHzPh, C-~‘S, ring C), 96.7 (C-la), 97.5, 97.9 (2 C, C-l b,e), 99.4 (C-If), 100.0 

(C-l’), 100.8, 101.1, 101.4 (6 C, C-ld,gph*iSj,k ), 126.2-139.3 (aromatic), and 169.2- 

170.5 (C=O). 

6-0-{2,6-di-O-[O-~-D-galactopyranosyl-(I-t4)-(2-acetamido-2-deo,~y-~-D-glu- 

copyranosyZ)]-a-D-ma~n~pyranos~~}-3-O-{O-~-D-galactopyranosyl-(l -+4)-O-(2-acet- 

amido-2-deoxy-/3-D-ghcopyranosyl)-(I + 4)-‘r-D-mannop~ranosJI)-D-mannose (2). - 

A catalytic amount of sodium was added to a solution of 11 (124 mg) in methanol 

(20 mL). The mixture was left at room temperature overnight, neutralised with 

acetic acid, and concentrated to dryness. The product was dissolved in 90 7; aqueous 

acetic acid (50 mL) and hydrogenolysed at 400 kPa over 10 “/, palladium-on-charcoal 

(220 mg) overnight. After filtration, the product was de-salted on a column (2.5 x 

90 cm) of Sephadex G-25 by elution with water. After freeze-drying, 2 was obtained 

as an amorphous powder (51 mg, 77x), [z]::, +5” (c 0.2, water); ‘II-n.m.r. 

(99.60 MHz, D,O, 85”): 6 2.05, 2.08 (2 s, 3 H, 6 H, NHAc), 4.46 (d, 3 H, J,,Z 7.5 Hz, 

H-lh~i*k), 4.60 (broad d, 3 H, J,,, -8 Hz, H-ld*‘sg), 4.87 (broad s, 1.4 H, H-lb and 

H-l”/?), and 5.12 (broad s, 1.6 H, H-l” and H-1”a); r3C-n.m.r. (25.05 MHz, D,O): 

6 23.4, 23.6, 23.7 (3 C, NHAc), 56.4 (3 C, C-2d*‘*g), 61.3-79.8 (C-~‘S, ring C), 95.0 

(0.3 C, C-lag), 95.4 (0.7 C, C-l”a), 98.1 (C-lb), 100.8 (C-le), 102.6 (2 C, C-ldSg), 

103.1 (C-l’), 104.1 (3 C, C-lhViVk), 175.5, and 175.7 (3 C, C=O). 

6-O-{2,6-di-O-[0-p-D-gUkzCtOpyrUnOSy~-(I+ 4)-(2-acetamido-2-deoxy-P-D -g/u- 

copyranosy/)]-a-D-mannopyranosyl)-3-0- { 2,4-di-O- [ 0 - 0 -D -ga/aCtopyranosyb(I + 4)- 

(2-acetamido-2-deoxy-~-D-g~ucopyranosy~~]-a-D-mannop~ranosy~}-D-mannoSe (3). - 

Compound 12 (74 mg) was treated with sodium methoxide in methanol, followed by 

catalytic hydrogenolysis, as described above for the preparation of compound 2. 

After de-salting and freeze-drying, the undecasaccharide 3 was obtained as an 

amorphous powder (27 mg, 67x), [a]::, +3” (c 0.4, water); ‘H-n.m.r. (99.60 
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MHz, D,O. 85”): 6 2.02 (s. 12 H, NHAc), 4.51 (d. 3 H, J,.z 7.5 Hz, H-ih,i.j,k), 4.60 

(broad d, 3 H, J,_, -8 Hz, H-ld.e.f.g), 4.85 (broad s, 1.3 H. H-lh and H-l”fi), and 

5.12 (broad s, 1.7 H, H-l’ and H-1”~); 13C-n.m.r. (15.05 MHz, D,(I). 3: 23.7, 74.0 

(4 C, NHAc), 56.5, 56.7 (1 C, C-?d,e.f.g 1, 61.7-80.4 (C-6’s. ring C), 95.3 (0.3 C. 

c-lab), 95.7 (0.7 c. c-l”x), 98.6 (C-lb). 100. (C-l’). 101.2 (2 c. C-I’,‘). IO’.‘> 

(2 C, C-ld.g), 104.5 (3 C. C-lh.i”.k). and 175.G176.1 (4 C. C-0). 
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