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ABSTRACT 

The synthesis of a branching hexasaccharide unit, methyl 3-O-[2-O-(2-aceta- 

mido-2-deoxy-P-D-glucopyranosyl)-cc-D-mannopyranosyl]-6- O-[2,4-di-O-(2-acetami- 

do-2-deoxy-P-D-glucopyranosyl)-rA-D-mannopyranosyl]-cc-D-mannopyranoside, a core 

structure of the complex type of glycans of glycoproteins, is described. 

INTRODUCTION 

Complex types of glycan chains of glycoproteins exhibit, for the glycans, 

unique branching modes’ that have not been observed in the case of high-D-mannose 

types of glycan chains. Although high-D-mannose types of glycans show the 3,6- 

branching mode at the D-mannopyranosyl residues in the core structure, complex 

types of glycans exhibit the 2,4- and 2,6-branching modes, in addition to 3,6-branching, 

at the D-mannopyranosyl residues. 

For example, in 1979, Baenziger and Fiete3 reported that the complete structure 

of the glycan chain of fetuin, the major glycoprotein in fetal-calf serum, is 1, which 

shows both 2,4- and 3,6-branching modes. Svensson et a1.4, however, proposed a 

similar, but isomeric, structure for this glycan. Complex types of glycans of similar 

structures have recently been reported for such glycoproteins as human cx,-protease 

inhibito?, the membrane glycoprotein of vesicular stomatitis virus6, cc,-acid glyco- 

protein of human plasma’, and the membraneglycoprotein ofcalf-thymocyte plasma*. 

The unique, branching structure having three antennae, as depicted in 1, and 
the presence of similar structures in several glycoproteins of biological importance, 

have stimulated our efforts directed toward their chemical synthesis. In this context, 

unambiguous synthesis of di- and tri-saccharides having’ the sequence [P-D-Glc- 

NAc],-(1 +X)-&D-Man-(1 +OMe, and synthetic routes towards lactosaminyl 

donorsiO,“, were recently reported. As the next step towards the synthesis of 1, we 

*Synthetic Studies on Cell Surface Glycans, Part XXII. For Part XXI, see ref. 1. 
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designed, as the target, compound 2, the inner-core hexasaccharide unit of 1, and 

developed a synthetic route” towards 2. 

A retrosynthetic analysis of the target structure 2 indicated, as a key inter- 

mediate, the partially protected mannotriose 3, which can accept three molecules 

of the fi-D-GIcNAc donor13 4. The key intermediate 3 should, in turn, be retro- 

synthesized into one a-D-mannopyranosyl acceptor, 5, and two a-D-mannopyranosyl 

donors, 6 and 7 (see Scheme 1). 

Among the four monosaccharide synthons (4, 5, 6, and 7) thus designed, three, 

namely, synthons 4 (ref. 13), 5 (ref. 14), and 6 (ref. 15), had already been prepared. 

Therefore, a synthetic route towards the monosaccharide synthon 7 was first studied. 

Acetolysis of methyl 2,4-di-0-acetyl-3,6-di-O-benzyl-cc-D-mannopyranoside14a~1 6 (8) 

afforded the desired triacetate 9 in only 14.4:/, yield. The other two products, 10 

and 11, were obtained in 36.0 and 7.47: yield, respectively, in addition to a 7.0% 

recovery of starting material 8. It may be noted that a parallel experiment on the 

acetolysis of the 3,6-di-O-ally1 derivativeI 12 gave an 80% yield of triacetate 13. 

Thus, the relative ease of cleavage of the C-O linkages in acetolysis was found to be 

in the order 6-0-benzyl 3 l-O-methyl > 6-O-allyl. The facile cleavage of the 6-0- 

benzyl group on a-D-Man in acetolysis had been reported by Ponpipom’ 7 and 

Schuerch et al.18. Therefore, in order to synthesize the mannopyranosyl donor 7, 

the ally1 group’ 9 was chosen as the protective group for the anomeric oxygen atom, 

as it can be removed under mild conditions’ 9*20 without causing cleavage of the 

6-0-benzyl group. 

RESULTS 

Ally1 a-D-mannopyranoside (14) was regioselectively benzylated via the partially 

stannylated intermediate”, to give the 3,6-di-O-benzyl derivative 15 in 547; yield. 

Acetylation of 15 to 16, and deallylation of 16 with PdCl,-NaOAc-aq. AcOH, 

afforded 17 in 64”; yield. The hydroxyl derivative 17 was quantitatively converted 
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into the chloride 4 by treatment with the complex22 [Me,N’ =CH-OSOCI] Cl , 

formed in sim from SOCI, and a catalytic amount of ,I’.,~-dimethylforrnamide 

(DM F) in I .2-dichloroethnne. 

Having prepared the new x-r>-mannopyranosyl donor 7. regioselecti\~e in- 

troduction of 7 at the pnmary hydroxyl group of 5 was now e*arnlned. Treatment oi 

5 with I.7 molar equivalents of 7 in the presence of AgOSO,CF, I. I.3.?-tetramethyl- 

urea, according to Hanessian and Banoub’.‘. alToforded the desired I>-mannobio~yl 

derivative 19 111 50”,, yield. The stereochemistry at C-lb was expected to be Y, due 

to be presence” of tho J-O-AC group in the n-mannosyl donor 7, and this was 

supported by the ” C-n.m.r. data for the final product (2). Introductic)n of anothet 

x-D-mannopyranosyl group, at 0-31 of 19, was achieved, to give the rj-mannolr~osyl 

derivative 20 in 63 ‘lo yield, by using the 3c-I)-ni3nnopyrunosq,l donor 6, which was 

readily available from the orthoestcr 18 hy ;I rcportcd procedurc’J~‘i. Subscqucnt 

deacetylation of 20 afforded the key Intermediate 3. 

i’ 

18 6 
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The transformation of 3 into the target compound 2 was performed by using 

a method developed by Lemieux et ~1.~~. The reaction of 3 with 6.25 molar equivalents 

of the &amino-2-deoxy-b-D-glucosyl donor 4 in the presence of AgOSO,CF,- 

collidine in 1,2-dichloroethane produced hexasaccharide 21 in 35 y0 yield. Deacylation 

of 21 withz5 BuNH, in MeOH, and N-acetylation of 21 with Ac,O-MeOH afforded 

22 in 20 % yield, and catalytic hydrogenolysis of the benzyl groups of 22 in the presence 

of 10% Pd-C gave the target hexasaccharide 2. 

4 

Scheme 6 

OMe 
_I 

21 R’ = Bn,f = Ac,R3,R4 = Phth 

22 R’ = Bn,R2 = R3 = H, R4 = AC 
2 R’ = A’ zz R3 = H , R4 = /+c 

The structure of 2 was proved by the following ’ H- and ’ 3C-n.m.r. data for 2. 

The 400-MHz, ‘H-n.m.r. spectra of 2 and the reference D-mannotrioside’4 23 are 

shown in Fig. 1. Because we had reported’ that introduction of a P-D-G~cNAc 

group on O-2, or O-4, or both, of an a-D-Man residue does not cause any substantial 

effect on the chemical shift of the anomeric proton of the E-D-Man, a close similarity 

between the chemical-shift values of H-la, H-lb, and H-lc in the spectrum of 2 and 

in that of 23 was expected. Therefore, the assignment of each signal of 2 was made as 

follows. The signals for H-la, H-lb, and H-lc were respectively assigned to three 

doublets (J 2 Hz) at 6 4.740,4.936, and 5.155, in close agreement with the signals for 

H-la, H-lb, and H-lc inz6 23, which, respectively appeared as three doublets (J2 Hz) 

at 6 4.738,4.920, and 5.117. These observations strongly supported the 3,6-branching 

mode at Man-a in 2. Signals for H-ld, H-le, and H-If appeared at 6 4.605, 4.600, 

and 4.575 as three doublets, with J 8-9 Hz. Although three doublets for the anomeric 

protons of the GlcNAc groups could not be definitely assigned to any specific group, 

the observation of the vicinal coupling-constant of 8-9 Hz supported the P-D con- 



figuration for each GlcNAc group. We had also observed “. for the model compounds, 

that, when an r-o-Man residue carries a /I-rl-GlcNAc group at O-Z, or two such. at 

O-3 and O-3, the signals for the anomeric carbon atoms of the I-u-hlan residues arc 

shielded by 3.3 or 3.X p.p.m., respectively. As the signals [‘or C-1‘1. <‘-I b. and C-I 

of 23 had been reported” to rtppear at 5 101 .X. 100.7. and 1(1?.?. the c~~rrcspondin~ 

(2) 

Fig. I. (1) lH-N.m.r. spectrum (400 MHz) of methyl u-mannotrioslde 23 m L)& at 57”. (2) ‘H- 
N.m.r. spectrum (400 MHz) of hexasaccharicic 2 in DAO at 75 . [‘H-N.m.t-. ~pcc‘~ra i+rl-e ~~~or&d 
mith a JEOL JNM-RX 100 sptxtl-omcter opcratlng at 400.5 Utlz. T hc \;I~LIC\ of,!,, ‘UC e-qxuxcl III 
p.p.rn. clo~.nuard from the Internal ~tandarcl , sodium 2.l,f.3-tetra~icuter~c~--l.l-ll~rnethyi-3-il~~- 
pentanoate. Samples were prepared hy “cuchnnging” them I\ rth I>,(-). !.P . by tirk\olving them 
several tlme5 in 99.Y”,, DzO and e\sporatrng i/r WCUO.] 
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Fig. 2. 13C-N.m.r. spectrum of hexasaccharide 2 in DzO at 80”. [The 13C-N.m.r. spectrum was 
recorded with a JEOL JNM-FX IOOFT spectrometer operating at 25.05 MHz. The values of & 
are expressed in p.p.m. downward from tetramethylsilane, referenced indlrectly with an internal 
standard of 1,Cdioxane (SC 66.9).] 

signals for C-la, C-lb, and C-lc in 2 would be expected to appear at 6 101.8, 96.4 

(100.2 - 3.8), and 100.0 (103.2 - 3.2). In fact, three signals, with ‘Jcn 170 Hz, 

were observed, at 6 101.5, 100.0, and 97.5, in the spectrum of 2 (see Fig. 2), and were 

readily assigned to the signals for C-la, C-lc, and C-lb, respectively. The remaining 

two signals, observed at 6 101.9 and 100.4 in the ratio of 1 : 2, with ‘Jcu 156 Hz, were 

assigned as follows. As it had been reported9 that the anomeric carbon atoms of 

/?-D-G~cNAc groups linked to O-2 or O-3 of a-D-Man are relatively shielded, and 

appear at 6 99.6-100.3, whereas those of P-D-G~cNAc groups linked to O-4 or O-6 

of a-D-Man appear at 6 101.8-102.0, the signals at S 101.9 and 100.4 were readily 

assigned to C-ld, and C-le and C-If, respectively. The 13C- and ‘H-n.m.r. data for 

the anomeric carbon atoms and protons of 2 were reasonably assigned, based on our 

previous observations, and were found to be compatible with the target structure 2. 

In conclusion, a regio- and stereo-controlled, synthetic sequence leading to the 

hexasaccharide unit 2, a core structure of the complex type of glycans of glyco- 

proteins, has now been developed. In close connection with our approach to the 

synthesis of 2, it may be noted that an approach to complex types of glycans having 

two antennae was recently reported by Arnarp and Lonngren”. 

EXPERIMENTAL 

General. - Melting points were determined with a Yanagimoto micro melting- 
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point apparatus and arc uncorrected. Optical rotations were dctcrminrd \vith a 

Perkin-Elmer 241 MC polar-imeter for solutions in CHCl, at ‘5 . unless noted 

otherwise. Column chromatography was performed on coiumns of Sliicn Gel Merck 

(70- 230 mesh: E. Merck. Darmstadt, Germany). Thin-layer chrc-,matngraph4 \\a> 

conducted on prccoated plates (layer thickncsh. 0.25 mm: E. tlcrck. Dnrmstadt. 

Germany) of Silica Ccl 60 F,,,. Flnsh chromatography w;15 pcrfi~rmrci on column\ 

of Silica Gel C-300 (WI -300 mesh: W&o-Pure Chcmicai Industrisb. Osaka. Japan 1. 

1.r. spectra were recorded with an EPI-G’ Hitachi spcctrvpflotom~ter. as KBr disks 

for the crystalline samples. and as neat films for the liquid samples. ’ H-Y.m.r. spectra 

were recorded with a Varian HA-100 n.m.r. spectrometer. and ‘-‘C-n.m.r. spectra 

with a JNM-FX IOOFT n.m.r. spectrometer operated at ‘5.05 MHz. The values of 

8, and (Sk, are expressed in p.p.m. downward from the internal stnndnrd, tetramethyi- 

silune, for boiutions in CDCI,, unless noted otherwi,c. 

.-1~~tui.1 sis of nwth~,l ,7.4-r/~-O-f1~~~t~~~-~.6-iii-O-ht~rr~~l-r-u-~~~ut~~~o~~~~~~~~i~~~~si~~~ (8 1. 

-- To a solution of 8 (307.7 mg), Lx],, +56.8 ((, 0.48. MeOH), III AczO (3 mL) 

was added. dropwise, 7”,, H,SO,- AcOH (3 mL) at U--5 After stlrrmg for 30 min 

at o--5 . NaOAc (0.3 g) was added. and the mixture was e\r:lporatcd i/i ~nc~/c~. The 

residue was partitloncd between EtOAc and H,O, and the organic iaycr \~a?; succw 

siveiy washed with aq. NaHCO, and H,O, dried (MgSO,), and evaporated irk IYR’UO. 

The residue was flash-c1iromatographecl on SiO, C-300 (30 2) \+iith 7 1 I toiuene~ 

EtOAc, to give the following fractions. 

(i) A I : 1 mixture (32.X mg) of 8 (R, 0.47 in 5: 1 toiurne+EtOAc) and 9 [(S $- 

9): 6, 6.10 (d, J 2 Hz, H-l of9) and 3.38 (s, OMe of 8) in the ratio of I :3]. 

(ii) 9 (75.6 mg), R,- 0.41. [xl0 +9.1” (c 0.96); Ls,, 6.09 (d, I H. .I? Hz), 5.37 

(q,l H,J2.3fiz,H-2),5.7V(t, 1 H..Ii0Hz,H-4),7.14(s~3H,Ac),3.10(~, 3 H, AC). 

and I.91 (s, 3 H. Ac). 

/Ina/. Calc. for C2c,H300L): C, 64.18; H, 6.33. Found: C, 64.10: H, 6.26. 

(iii) Compound 10 (34.0 mg), R, 0.36, [zjD -- 1.0 (c 1.37): ,jll 5.36 (q, 1 H, 

J 3.4 Hz, H-T!), 5.24 (t, I H, J IO Hz. H-4), 4.74 (d, I H, ./ 2 Hz. H-i ). 3.38 (s, 3 H, 

OMe), 2.16 (s, 3 H, AC), II.1 I (8, 3 H. Ac), and ‘7.01 (s, 3 H, AC). 

jfnnl. Calc. for Cz,H,,O,: C. 58.53; H. 6.39. Found: C, 5X.59: H. 6.41. 

(iv) A 3: I mixture (86.8 mg) of 10 and 11 (R, 0.71): (10 t 11): ii,, 6.08 (d, J 

2 Hz, H-l of ll), 4.71 (d, J 3 Hz, H-l 01’ 10, partially o\,erlapped with CH,Ph 

signals), and 3.36 (s, OMe of 10). The combined yields of 9. 10, and 11 \\crc 14.4. 

36.0, and 7.4:‘,,, respectively. A 7.0”,, recovery of 8 was also obser\/cd. 

3.6-Di-0-ull~~l-_‘,4-dr-C~-l~~~t~~~~/-~-~-t~~~~t~t~~~~~~~~i~~~s~~l mvtcitt’ (1.3). -- To a 

solution of 12 (12.6 g) in Ac10 (100 mL) wa:, added, dropwise, II”,, tH,SO,-AcOH 

(IO0 mL) at O-5 . After stirring the mixture for IO min at 5 . NaOAc (8.0 g) was 

added, to neutralize the H,SO,. The mixture was evaporated itr wow, and the 

residue was partitioned bet\+rcn EtOAc and H,O. Tile organic Jaycr ~\a> ~ucccss~vcl~ 

washed with ay. NaHCO, and H,O, dried (MgSO,). and e\aporatcd. to give an oil 

which was chromatographed on SiOz (700 g) wltil 10: I tolucnc--EtOAc. to gibe 13 

(10.6 g, 79.1 :I,,); RE: 0.54 in 5: I toluene-EtOAc; [xjI, +3:!.7“ (U 1.06): ii,, 7.5-7.3 
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(m, 10 H, aromatic), 6.24 (d, 1 H, J 2 Hz, H-l), 6.16-5.76 (m, 2 H, 2 -CH=CH,), 

5.44-5.10 (m, 4 H, 2 -CH=CH,), 4.98 and 4.63 (ABq, 2 H, J 9 Hz, CH,Ph), 4.80 

(s, 2 H, CH,Ph), and 2.04 (s, 3 H, AC). 

Anal. Calc. for &H,,O,: C, 69.69; H, 7.10. Found: C, 69.73; H, 7.07. 

Ally1 3,6-di-O-benzyl-a-~-m~nnopyranoside (15). - A mixture of 14 (20 g, 

91 mmol) and (Bu,Sn),O (77.5 g, 130 mmol) in toluene (1.000 L) was boiled and 

stirred under reflux for 3 h with continuous, azeotropic removal of water, cooled, 

and evaporated in VLICUO. A solution of the residue in benzyl bromide (200 mL) was 

stirred under Ar for 2 days at 90”, cooled, evaporated in vacua, a solution of the 

residue in EtOAc mixed with aq. KF, and the mixture stirred for 30 min. The preci- 

pitate of Bu,SnF was filtered off, the filtrate extracted with EtOAc, and the extract 

washed with water, dried (MgSO,), and evaporated in vucuo to an oil which was 

chromatographed on SiO, (1 kg) with 1 : 1 toluene-EtOAc, to give 15 (19.5 g, 53.6 %); 

R, 0.44 in 1 : 1 toluene-EtOAc; [a]n $30.8” (c 0.39); 6, 7.30 (s, 5 H, aromatic), 

7.28 (s, 5 H, aromatic), 6.1-5.65 (m, I H, -CH= CH,), 5.4-5.05 (m, 2 H, CH = CH,), 

and 4.88 (d, 1 H, J 1 Hz, H-l). 

Anal. Calc. for C,,H2s0,: C, 68.98; H, 7.05. Found: C, 68.96; H, 7.07. 

Ally1 2,4-di-O-acet~l-3,6-di-O-benzyl-cc-D-mannopyranoside (16). - To a 

solution of 15 (1.3 g, 3.2 mmol) in pyridine (I 5 mL) was added Ac,O (7 mL) at 

O-5 ‘, and the mixture was stirred for 16 h at 20 ‘. The usual processing, and chromato- 

graphy on SiO, with 3 : 1 toluene-EtOAc afforded a quantitative yield of 16; R, 0.59 

in 3 : 1 toluene-EtOAc; [@ID + 11. lo (c 0.45); 6,7.28 (s, 5 H, aromatic), 7.26 (s, 5 H, 

aromatic), 6.0-5.64 (m, 1 H, -CH=CH,), 4.86 (bs, 1 H, H-l), 2.11 (s, 3 H, AC), 

and 1.90 (s, 3 H, AC). 

Anal. Calc. for C,,H,,O,: C, 66.92; H, 6.66. Found: C, 66.94; H, 6.66. 

2,4-Di-0-acetyl-3,6-di-0-benzyl-D-mannopyranose (17). - A mixture of 16 

(500 mg, 1.03 mmol), NaOAc (200 mg, 2.4 mmol), and PdCl, (200 mg, 1.1 mmol) 

in AcOH (2 mL)-H,O (0.1 mL) was stirred for 14 h at 20”, and evaporated in vacua 
below 30”. A solution of the residue in EtOAc was successively washed with aq. 

NaHCO, and H,O, dried (MgSO& and evaporated in vucuo. Chromatography of 

the residue on SiOZ (30 g) with 4: 1 toluene-EtOAc afforded 17 (294 mg, 64%); 

R, 0.30 in 3: 1 toluene-EtOAc; [~]n -18.9” (c 0.37), unchanged after 16 h; 6, 

(CDCl,-D,O): 7.25 (s, 5 H, aromatic), 7.24 (s, 5 H, aromatic), 5.31 (dd, 1 H, JI,Z 2, 

J2,3 3.5 Hz, H-2), 5.14 (d, 1 H, J2 Hz, H-l), 5.10 (t, 1 H, J 10 Hz, H-4), 3.90 (dd, 

1 H, J2,3 3.5, J,,, 10 Hz, H-3), 2.08 (s, 3 H, AC), and 1.88 (s, 3 H, AC). 

Anal. Calc. for C,,H,,Os: C, 64.85; H, 6.35. Found: C, 64.36; H, 6.46. 

2,4-Di-O-acetyl-3,6-di-O-benzyl-a-D-mannopyranosyl chloride (7). - To a 

solution of 17 (2.0 g, 4.5 mmol) in Cl(CH,),Cl (28 mL) were added SOCl, (0.66 mL, 

9 mmol) and DMF (0.1 mL) at O-5”. The mixture was stirred for 14 h at 15-20”, 

filtered through a bed of SiO, (2.5 g), and the filtrate co-evaporated with toluene 

(three times), to give 7 (quantitative yield). An analytical sample of 7 was obtained 

by chromatography on SiO, with 3: 1 toluene-EtOAc (RF 0.52); [cx]~ +40.0” 
(c 0.27); 6,7.26 (s, 10 H, aromatic), 6.02 (d, 1 H, J 1 Hz, H-l), 5.41 (dd, 1 H, JI,Z 2, 
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J2,3 4 Hz, H-2), 5.30 (t, 1 H, J 10 Hz, H-4). 4.12 (dd, I H. J2,i J. ./.I,J IO Hr. H-3). 

1.10 (s, 3 H, AC), and 1.89 (s, 3 H, AC). 

,+zN/. Calc. for C2,H,,CI0,: C, 6X7: H, 5.88: Cl. 7.66. Found: C, hl.69: 

H, 5.82; Cl, 7.72. 

:1fYfilJI ‘,3-&i-O&K”l /-6-O-( 2,4-~/i-0-~7(T~~~/-3,6-cli-O-htn_l./-x-1~-/~?~~~777~~~~‘~~772~~- 

s),l)-x-o-/7znn77o~~,ra~7osirii (19). -~-- To a mixture of 5 ( 1.65 g, 4.4 mmol). AgOSO,CF, 

(3.44 g, 13.4 mmol), and i,l.3,3-tetramethylurea (-I.? mL, 35 mmol) in Cl(CH,),CI 

(30 mL) wasadded, dropwlse, a solution of7 (Z.OOg, -1.3 mmol) In Cl(c’H,),CI (5 mL) 

at O-5 ‘. After stirring for 5 h at 20’~. a solution of 7 (I .5 g, 3.2 mmol t in CI(Cf-1, ),CI 

(5 mL) was added dropwise at 0 -5 ) the mixture stirred for I6 h at 20’. diluted Mith 

CI(CH,),CI (50 mL), filtered, and the liltrate processed. to g~\‘c” an OII which was 

chromatographed on SiO, (300 g) with -1: I toluenr- EtOAc. to g~\‘c‘ I9 (I .75 g. 

49.5”,,); R, 0.38 in 3: I toluene-EtOAc; [x]~ 47Y.7 ((, 0.58): (ill 7.37-7.X (m. 

20 H, aromatic), 5.33 (bs, I H, H-?b), 5.26 (t, I H, .I IO Hr. H--lb). 4.94 (bs. I fl. 

H-la or H-lb), 3.24 (.s, 3 H, OMr), Z.10 (s, 3 H. AC). and l.Xh (a, 3 H. Ac). 

.4tztrl. Calc. for C,,H,,O,,: C. 67.-+Y; H, 6.5-l. Found: C. 67.41: 11, 6.55. 

hfetl7J.l 3-O-( ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

z,jd- 6 - 0 - (-‘,3-~/~-i-O-ac~~~t~~/--3,6-~~~-0-~~~7~~~~-~-1~-/77~~7/7~~/~~~7~~77~~,~~~/)-~-r~-~77~~/7~/~~~~1~/~~/77~~~~~~/~~ 

(20). -- To a mlxturc of 19 (I.40 g, 1.75 m~nol), AgOSO,CF, ((J.Y? g* 3.6 mmol), 

and tetramethylurea (I .5 mL, 12.6 mmol) was added drop\vrsc a solutron of6 ( I .75 g. 

2.45 mmol) in CI(CH,),CI (5 mL) during 40 mm at O--5 The mi\tutr was atlrred 

for 3 days at 30 . diluted with CI(CH2),CI ( IO0 mL). filtered (Celltc 1. and the tiltrate 

processed as usual. Chromatography on SiOz (150 g:) \iith 3: I toluene -EtOAc 

afforded 20 (1.38 g. 61.9j’,,); R,. 0.39 In 3: I tnlucne--EtOAc: [Y]” +35.:! (c 0.3): 

5,, 7.4-7.2 (m, 35 H, aromatlc), 5.5-l and 5.36 (dd. 3 H, .I 3.4 Hz. H-Jb,k), 5.71 

(d, I H, J 3 Hz, H-l), 5.70 (t, I H, J Y Hz: H-lb), 1.Y6 (d, I H, .I 2 HL, H-l ), 3.20 

(s, 3 H, OMe), 2.14 (s, 3 H, Ac). 2.10 (s. 3 H, AC). and I.88 (s. 3 H. Ac). 

Anal. Calc. for C,,H,:O,,: C, 69.69; H, 6.48. Found: C. 6Y.-C2; H, 6.43. 

Mdl”Vl ~,4-di-O-he,z~J,l-6-O-( 3,6-~li-O-h~nrJ~/-x-u-l,lnrulo/.,i~~of7o.~~~~l)-3-0-(3,1,6- 

tii-O-ben~~~f-r-D-n7anno/~.l~/.~~/z~)~~~~ )-rx-u-l77a77~7u~?~,I~rnosrrl~ (3 ). A solution of 20 

(638 mg, 0.5 mmol) in oxdane (IO ml_)-MeOH (5 mL)-21tr NaOMe (O.? mL) was 

stirred for 3 h at 30.. The ~1sua1 processmg gave a quantitative y~cld (?t‘ 3. A small 

portion of 3 was purified by chromatography on Si02, to give ai analytIcal sample: 

RF 0.30 in I : 1 toluene-EtOAc: [XI,, 139.5 ’ (c 0.39): d,, 7.4 -!.I (35 fl, aromatIc). 

5.20 (bs, 1 H, H-l), 5.00 (bs. 1 H, H-l), and 3.32 (s. 3 H, OMsj. 

/I&. Calc. for C,,aH7h016: C, 71.06. H, 6.67. Found: c’, 70.70; H, 6.76. 

MethJ’/ ~,~-~i-O-h~n~~~/-6-O-[3,6-~i-O-h~~~~~~~l-_’,~-~i~-O-~_~,l,~-r~i-O-a~et~~/-~-~ft~- 

O.Yj’- 2-pl7thnlitnido -/I- D -@KOf I’lnrloSJ’l)-x-~,-t7l~t7~7U~)~‘~~ft7U,~l’l]-_~-~-~3.~. 6-tr+O-hen- 

:J‘I- -?-O-(3, 1,6-tri-O-uc~et~~l-~-~i~~o.~-~~-~-~~htl~alinti~~~-/i-~~-~~rr~~o~~~ I.uI~~~.v~~I )- x-v-fnantwpJ~- 

mrros,‘I]-r-D-f7?c7f7nol?l’rLtnosiL/~ (21). ~- To a mixture of 3 1,516 mg. 0.48 mmol). 

AgOSO,CF, (771 mg, 3 mmoi), and collidine (0.6 mL) in Cl(Cti, )?Cl (15 mL) was 

added, dropwise, a solution of 4 (680 mg, I .5 mmol) m CI(CH, )?CI (3 mL) at 0 -5’. 

After stirring for 6 h at 20 . compound 4 (680 mg. I.5 mmol) III CI(CH, k,CI (3 mL) _ - 
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was added, and the mixture was stirred for 16 h at 20”. Processing, and chromato- 

graphy on SiO, (50 g) with 50:3 CHCl,-acetone, afforded 21 (400 mg, 34.7%); 

RF 0.70 in 25:2 CH,Cl,-acetone; [x]~ +22.4” (c 0.38); 6, 7.8-7.0 (m, 47 H, 

aromatic), 3.24 (s, 3 H, OMe), and 2.04, 2.00, 1.98, 1.94, 1.92, 1.88, 1.84, 1.82, and 

1.78 (9 s, 9 AC). 

Anal. Calc. for C128H133N3043: C, 64.02; H, 5.58; N, 1.75. Found: C, 64.02; 

H, 5.56; N, 1.60. 

Meth~~l3-0-[2-0-(2-acetamido-2-deoxy-~-D-glucop~~ranos~~l)-3,4,6-tri-O-benzyI- 

cc-D-mannopyranosyl]-2,4-di-O-benz~l-6-0-[2,4-di-O-(2-acetanzido-2-deoxy-~-D-glu- 

cop~ranos~~l)-3,6-di-O-ben=)‘l-cr-D-nlannop~ranosy~]-~-D-~na~znop~ranoside (22). - A 

mixture of 21 (350 mg, 0.15 mmol) and BuNH, (4.0 mL, 41 mmol) in MeOH (15 mL) 

was stirred under reflux for 72 h. After addition of further BuNH, (5.0 mL, 51 mmol), 

the mixture was boiled under reflux for 6 h, cooled, and evaporated in vacua. To a 

solution of the residue in MeOH (5 mL) was added, dropwise, Ac,O (0.3 mL) at 

O-5”. After being kept for 16 h at 20”, the mixture was evaporated in vacua, the 

residue suspended in EtOAc (40 mL), and the suspension stirred vigorously for 1 h, 

and filtered. (The filtrate did not contain 22, according to t.1.c. examination.) The 

solid was chromatographed on SiOZ (50 g) with 50 :24: 1 CHCl,-MeOH-H,O, to 

give 22 (50 mg, 20:;); R, 0.21 in 80:24: 1 CHCl,-MeOH-H,O; [aID + 19.4“ (c 

0.18); 6, (CD,OD): 7.66-7.0 (m, 35 H, aromatic), 1.95 (s, 6 H, 2 NAc), and 1.86 

(s, 3 H, NAc). 

Anal. Calc. for CszHI15N303,: C, 62.82; H, 6.59; N, 2.39. Found: C, 62.38; 

H, 6.70; N, 2.29. 

Methyl 3-0-[2-0-(2-acetamido-2-deo.~y-~-D-glucop?’ranosy~)-cc-D-mannop~,rano- 

sill]-6-0-[2,4-di-O-(2-acetamido- 2-deoxy-B-D-Qlucopyranos~,l)-a-D-mannopyranosyl]- 

a-D-mannopyranoside (2). A mixture of 22 (42 mg) and 10 “/, Pd-C (70 mg) in EtOH 

(5 mL)-H,O (0.7 mL) was stirred under H, for 8 h at 50-60”. The usual processing 

gave 2 quantitatively; RF 0.20 in 10 : 30 : 3 CHCl,-MeOH-H,O; [all, + 14.7” (c 0.34). 
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