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ABSTRACT 

Efficient syntheses are described of the branched D-mannopentaosides methyl 
2,6-di-~-(2-O-r-D-mannopyranosyl-cr-D-mannopyranosyl)-~-D-mannopyranoside and 

methyl ~,4-di-O-(~-O-~-D-mannopyranosyl-cr-D-mannopyranosyl)-x-D-mannopyrano- 

side, starting from the glycosyl acceptors methyl 3,4-di-O-benzyl-wD-mannopyrano- 

side and methyl 3,6-di-0-benzyl-u-D-mannopyranoside, and employing the protected 

D-mannotriosides methyl 3,4-di-O-benzyl-2,6-di-0-(3,4,6-tri-O-benzyl-u-D-mannopy- 
ranosyl)-g-D-mannopyranoside, and methyl 3,6-di-0-benzyl-2,4-di-O-(3,4,6-tri-O- 

benzyl-sc-D-mannopyranosyl)-x-D-mannopyranoside as key intermediates. 

INTRODUCTION 

In 1977, Nakajima et al.’ reported the isolation and characterization of the 
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cell-wall proteoheterogIycan from Pirictdaria oryzae, and proposed that the structure 
of the glycan unit is 1. 

Availability of such precise, synthetic glycan-chains as 1 should facilitate the 
uncovering of the molecular mechanism of recognition3 between higher plants and 
microbes, whereby, in certain plants, invading microbes eventually induce defending 
responses3 within the plant tissue. 

RESULTS AND DISCUSSION 

As simple, model structures, we chose the branched D-mannopentaoside 2, 
which corresponds to the inner chain of 1, and its regio-isomer 3 for the synthetic 
targets. We describe their synthesis, starting from the three monosaccharide synthons 
4, 6 (ref. 4), and 8 (ref. 5). 
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Synthesis of protected munnotriosides 22 and 25, the key intermediates 

The glycosyl acceptor 4 was prepared via triacetate 13 which was readily 
obtained by selective acetolysis of 7 according to Ponpipom6 (with some modifi- 
cations). Treatment7 of 7 in 25 :25 : 1 Ac,O-AcOH-H2S04 for 2 h at O-5” led to 
the formation of triacetate 13 in 72.9% yield. Similar susceptibility of the 6-0- 
benzyi group on a D-mannopyranosyl residue toward acetolysis was observed in the 
case of diacetate 18 which, on acetolysis in 20 : 20 : 1 Ac,O-AcOH-HaSO for 20 h 
at 20”, afforded tetraacetate 19 in 74.8% yield. The structure of 13 was confirmed 
by an alternative, synthetic sequence_ Tritylation of the orthoester’ 9 with trityl 
chloride in pyridine surprisingly gave none of the desired product 10. However, initial 



BRANCHED D-hfANNOPENTAOSIDl3 69 

stannylation’ of 9 with (Bu,Sn),O and treatment with trityl chloride afforded trityl 
orthoester 10 in 85.2°/0 yield. Benzylation of 10 with NaH and benzyl bromide in 

HCONMe, (DMF) to dibenzyl ether 11, and acetolysis of 11 in 50: 50: 1 Ac,O- 

AcOH-H,SO, for 1.5 h at O’, gave a 60% yield of the triacetate, identical with 13 
prepared from 7. The anomeric configurations of the acetolysis products 13 and 19 

were assigned according to the r3C-n.m.r. data, which showed the anomeric carbon 

atom at 6 91.0 wrth ‘JcH 176.5 Hz for both 13 and 19, in agreement with observations 

of Bock and Pederseng. 

9 d+=R’=H 

10 R’ = T,-, R2= H 

11 R’ = Tr, RZ= en 

12 R’=.Ac,R”~ Bn 

Tr = Ph,C 

13 R =X = AC 

74 R AC, X = CI 

15 R = AC. X = OMe 

76 p anomer of 15 

16 R’ = Bn , RZ = rve 

19 R’= ,+=A= 

17 R =U,X =OH 

Triacetate 13 was transformed into diol 4 in two ways, with similar efficiency. 
Compound 13 was treated with HCl in CH,Cl,, to give the substituted or-D-manno- 

pyranosyl chloride (14), and treatment of 14 with MeOH-Et,N in Cl(CH2)2Cl gave 

the orthoester 12 in 77.5% yield from 13. Compound 12 was directly heated” with 

HgBrz for 1 h at 150” ijz vacua, to give methyl glycosides 15 and 16 in 56.9 and 12.1% 

yield, respectively. The anomeric configurations of 15 and 16 were assigned as o! 

and p, respectively, from the ‘3C-n.m.r. data. 

Treatment of 14 with MeOH under the Hanessian-Banoub conditions”, and 

deacetylation of the products, gave 4 and 5 in 58.9 and 21.5% yield, respectively. 

The 13C-n.m.r. spectra showed a signal for the anomeric carbon atom at 6 100.2 

(rJcH 169.0 Hz) for 4 and at 6 101.0 (‘Jcn 157.4 Hz) for 5, indicating the t( and p 

configuration, respectively. Dio14 was also obtainable by deacetylation ofdiacetate 15. 

Having prepared the glycosyl acceptor 4 in -40% overall yield from 7 in 

4 steps, glycosylation of 4 with glycosyl donor 6 was next examined, using the 

Hanessian-Banoub procedure”. 

Glycosylation of diol4 with 2.9 molar equivalents of the substituted D-manno- 

pyranosyl chloride 6 led to the formation of protected mannotrioside 20 in 75.2’%, 

yield; 6,: 91.4 (‘fcu 170.6 Hz, C-lb), 99.5 (I.&u 172.1 Hz, C-la, lc). ZemplCn de- 

acetyIation of 20 gave a 94.3 ok yield of properly protected D-mannotrioside 21, a key 

intermediate for the synthesis of 2. Catalytic hydrogenolysis of 21 gave the free D- 

mannotrioside 22, the structure of which was confirmed as follows. The ‘H-n.m.r. 

spectrum showed three doublets, J 2 Hz, for three anomeric protons, at S 4.94 
(H-lb), 4.96 (H-la), and 5.04 (H-lc), and the ‘3C-n.m.r. spectrum contained two 
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OR’ 

20 R’ = AC. R’= Bn 

21 4’ = H . R2 = Bn 

22 R’ = R2 = l-i 

signals, with ‘J,-u - 170 Hz, for three anomeric carbon atoms having the Q-D 

configurationg, at 6 99.8 (C-la, C-lb) and 102.6 (C-lc). The 2,6-branching pattern 
of 22 was also supported by the ‘3C-n.m.r. data, which showed two deshielded 
signals, due to a glycosylation shifti2, at 6 65-4 for C-6a and 79.0 for C-2a. This 
assignment for 2,6-branching was further confirmed by the ‘H-n.m.r. data for 22, 
which showed a low-field shift of 0.23 p-p-m_ for H-la [compared with the normal 
value for H-l (6 4.73) of methyl r-D-mannopyranoside] which was found to be 
characteristic of the chemical shift of an anomeric proton of an cr-D-mannopyranoside 

carrying an a-D-mannopyranosyl group* at O-2. 
Another key intermediate, compound 24, was prepared by attaching two CL-D- 

mannopyranosyl groups to the known glycosyl acceptor5 8. Glycosylation of 8 with 
4.2 molar equivalents of the giycosyl donor 6 led to the formation, in 70% yield, 
of 23, the structure of which was supported as follows_ The ‘H-n-m-r_ spectrum 
showed a singlet at 2.07 for two acetyl groups, and the i3C-n-m-r. spectrum showed 
two signals, with ‘JcH - 170 Hz, at 6 99.5 for C-la and C-lb, and at 6 99.8 for C-lc. 
ZemplCn deacetylation of 23 afforded an 88.5% yield of the partially benzylated D- 
mannotrioside 24, the key intermediate for the synthesis of 3. Catalytic hydrogeno- 
lysis of 24 gave the free D-mannotrioside 25, whose ‘H-n.m.r. spectrum showed three 
broad singlets, with whi., -2 Hz, at 6 4.96 (H-la), 5.02 (H-lc), and 5.21 (H-lb), 
and i3C-n.m.r. spectrum showed three signals, with ‘Jcn - 170 Hz, at 6 99.4 (C-la), 
101.8 (C-lb), and 102.6 (C-lc), and two deshielded signals at 6 74.9 (C-4a) and 
79.6 (C-2a), supporting the 2,4-branching pattern in 25 _ 

It may be noted that, by employing 1.8 molar equivalents of glycosyl donor 6, 
diol 8 was selectively glycosylated at O-4, to afford a 58.4% yield of protected D- 
mannobioside 26, together with a 21.5% yield of protected D-mannotrioside 23. The 
structure of 26 was determined in the following way. The ‘H-n.m.r. spectrum of 26 

*Similarly, the sipnaP for H-la in a-D-Man-(1 b+2)-x-x-D-Man-(la-+OMe was deshielded, and 
appeared at 8 4.94. 
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23 R’ = Ac.R’= Em 

24 R’ = H . R2= &, 

26 R’ = R2= H 

26 R’ = Ac.R’= H. R3= Bn 

27 R’ = R’= Ac.R’= Bn 

26 R’= R2= H .R3= Bn 

29 R’ = R2= R3= H 

showed a singlet for one acetyl group at 6 2.05, and a deshielded triplet, with J 2 Hz, 
at 6 5.46 for H-2b, and the ‘3C-n.m.r. spectrum contained two signals, *J,,, - 170 Hz, 
for two anomeric carbon atoms having the Q-D configuration, at B 99.2 for C-lb, 
and 100.0 for C-la. Diacetate 27, obtained from 26 in the usual way, showed, in its 
‘H-n.m.r. spectrum, two deshielded triplets, J 2 Hz, at 6 5.32 for H-2a, and 5.47 for 
H-2b, confirming the presence of a free OH on C-2a, and of a (l-+4)-interglycosidic 
linkage in 26. ZemplCn deacetylation of 26 to diol28, and hydrogenolysis of 28 in the 
presence of 10% Pd-C, gave the free D-mannobioside 29. The ‘H-n.m.r. spectrum 
of 29 showed two doublets, with J 2 Hz, at 6 4.73 (H-la) and 5.21 (H-lb), and the 
‘3C-n.m.r. spectrum showed two signals, with ’ JCH - 170 Hz, for two anomeric 
carbon atoms having the U-D configuration, at S 10 1 .O for C-lb and 101.8 for C-l a, 
and a deshielded signal for C-4a at 6 74.5. These n.m.r. data are not identical with 
those for methyl 2-O-or-D-mannopyranosyl-a-D-mannopyranoside, previously pre- 
pared by an unambiguous route4, confirming the structure of 29 beyond doubt. 

As two key intermediates, 21 and 24, for the synthesis of the target compounds 
2 and 3 had now been prepared unequivocally, further elongation of the carbohydrate 
chain therein was next studied. 

Syrrthesis of the branched D-lnatlflopet~taosiiies 2 and 3 

Glycosylation of diol 21 with 4 molar equivalents of the D-mannosyl donor 6 
led to the formation of protected mannopentaoside 30 in 56.7 % yield. The ‘H-n.m.r. 
spectrum of 30 showed a singlet at 6 2.10 for two acetyl groups, and the ‘3C-n.m.r. 
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spectrum showed three signals, with ‘JcH - 170 Hz, for five anomeric carbon atoms 

having the (X-D configuration, at 5 98.2 (C-lb), 99.5 (C-la, Id, le), and 100.6 (C-lc). 
Zemplen deacetylation of 30 to 31, and catalytic hydrogenolysis of 31 in the usual 
way, gave the target molecule 2, the structure assigned to which was confirmed as 

follows The lH-n.m.r_ spectrum showed four doublets, with J 2 Hz, at 6 4.89 (H-la), 
5.00 (H-Id, le), 5.05 (H-lb), and 5.22 (H-lc). The ‘3C-n.m.r. spectrum contained 
four signals, with ‘J,-., - 170 Hz, for five anomeric carbon atoms having the CL-D 
configuration, at 6 98.3 (C-lb), 99.7 (C-Ia), 100.9 (C-Ic), and 102.6 (C-Id, Ie), as 
well as a deshielded signal for C-2a, C-2b, and C-2c at 6 78.9. 

Simultaneous introduction of two D-mannosyl groups onto diol 24 was simi- 
larly achieved. Glycosylation of 24 with 4 molar equivalents of the glycosyl donor 6 

led to the isolation of the protected D-mannopentaoside 32 in 87.8 % yield. Zemplen 

R’O 

t OR’ 

R20 

32 R’ = Ac.R’= an 

33 R’ = H . R2 = an 

3 R’=R’=H 

deacetylation of 32 to 33, and hydrogenolysis of 33, afforded the other target molecule 

(3) The ‘H-n.m.r. spectrum of 3 showed four doublets, with J 2 Hz, at 8 4.94 (H-la), 



BRANCHED D-MANNOPENTAOSIDES 73 

5.04 (H-Id, le), 5.22 (H-lc), and 5.42 (H-lb), and the L3C-n.m.r. spectrum showed 
four signals, with ‘JCH - 170 Hz, at 6 99.4 (C-la), 100.2 (C-lb), 101.0 (C-lc), and 

102.6 (C-ld, le), as well as four deshielded signals at 6 75.2 (C-4a), and 78.9, 79.3 
and 80.0 for either C-2a, C-2b, or C-2c, confirming the assigned structure 3. 

In conclusion, efficient and unambiguous synthetic routes to branched D- 

mannopentaosides 2 and 3, model structures for the proteoheteroglycan present in 
the cell wall of Piricrdorin oryxze, have been developed by employing properly 
protected D-mannotriosides 21 and 24 as key intermediates. 

EXPERIMENTAL 

Getze&. - Melting points were determined with a Yanagimoto micro melting- 

point apparatus and are uncorrected. Optical rotations were determined with a 
Perkin-Elmer Model 141 polarimeter for solutions in CHCl, at 25”, unless otherwise 
noted. 1-r. spectra were recorded with an EPI-G2 Hitachi Spectrophotometer, using 
KBr discs for the crystalline samples, and neat films for the liquid samples. ‘H-N.m.r. 
spectra were recorded with a Varian HA-100 n.m.r. spectrometer, using tetramethyl- 
silane as the internal standard. ‘3C-N.m.r. spectra were recorded with a JNM-FX 

lOOFT n.m.r. spectrometer operated at 25.05 MHz. The values of S, and S,, are 
expressed in p.p_m_ downwards from the internal standard, for solutions in CDCI,, 
unless otherwise noted. Column chromatography was performed on columns of 
Silica Gel Merck (70-230 mesh; E. Merck, Darmstadt, Germany). Thin-layer 
chromatography was performed on precoated plates (layer thickness, 0.25mm) of 
Silica Gel 60 F2s5 (E. Merck, Darmstadt, Germany)_ 

1,2,6-Tri-O-ncety~-3,4-di-O-bezzry~-cc-D-zzzutztzopyrarlose (13). - To a solution 
of 7 (2.5 g, 5.0 mmol) in 1 : 1 Ac,O-AcOH (30 mL) was added HISO, (0.6 mL) at 
-5 to -lo”, and the mixture was stirred for 2 h at O-5”. The H,SO, was neutralized 
by adding NaOAc (4.0 g), and the AczO and AcOH were then evaporated itz wzczzo, 

and the residue dissolved in EtOAc. The solution was successively washed with HzO, 
aq. NaHCO,, and H,O, dried (MgSOS), and evaporated itz ~wczzo, to give an oily 
product (3.37 g) which was chromatographed on SiOZ (300 g) with 6: 1 toluene- 
EtOAc, to give6 13 (1.749 g, 72.9x), m-p. 78-80” (iPr,O-hexane), [a],, +32.4” (c 
0.54); R, 0.49 in 3 : 1 toluene-EtOAc; S,: 2.04, 2.08, 2.15 (s, 3 H, 3 AC), and 6.04 (d, 
1 H, J 2 Hz, H-l); 6,: 20.8 (AC), 62.9 (C-6), 67.2 (C-2), 71.7 (C-5 and 0-3-CH,Ph). 
73.4 (C-4), 75.3 (0-CCH,Ph), 77.6 (C-3), and 91.0 (‘JCH 176.5 Hz, C-l). 

Anal. Calc. for C26H3009: C, 64.18; H, 6.22. Found: C, 64.08; H, 6.21. 
MetJzyl 2,4-di-O-acetyf-3,6-di-O-benlyl-~-D-znazztzopyrazzos~de (18). - Com- 

pound 8 (3.85 g) was acetylated in the usual way (Ac,O-pyridine) for 1 day at 20”. 
Purification by chromatography on SiOZ (300 g) with 10: 1 toluene-EtOAc gave 
18 (3.63 g, 76.9 %), [a]n f7.3” (c 0.66); RF 0.55 in 3 : 1 toluene-EtOAc; 8,: 1.98 
and 2.10 (two s, 3 H, each 2 OAc), 3.36 (s, 3 H, OMe), 4.62 (d, 1 H, J 2 Hz, H-l), 
5.21 (t, 1 H, J 10 Hz, H-4), and 5.33 (t, 1 H, J2 Hz, H-2); 6,: 20.8 (AC), 21.0 (AC), 



74 T. OGAWA, K. SASAJIMA 

55.1 (OMe), 6S.2 (C-2,4), 69.5 (C-6), 69.8 (C-5), 71.3 (O-3-CH,Ph), 73.5 (0-6- 

CH,Ph), 74.6 (C-3), and 98.7 (‘Jcn 170.6 Hz, C-l). 
Anal. Calc_ for C25H3008: C, 65.49; H, 6.60. Found: C, 65.43; H, 6.45. 

I,2,4,6-Tetra-O-acetyI-3-O-be~~z~~[-rA-D-t~~at~~~opyra~~ose (19). - To a solution 
of compound 18 (230 mg) in 1: 1 Ac,O-AcOH (3 mL) was added H,SO, (0.05 mL) 

at -5 to 0”, and the mixture was stirred for 7 h at 20”. After neutralization with 

NaOAc (OS g), the Ac,O and AcOH were evaporated in vacao. The residue was 

processed in the usuaI way, to give an oil (303 mg) which was chromatographed 
on SiO, (30 g) with 5 : 1 to!uene-EtOAc, to give 19 (163.8 mg, 74.8 %), blD + 1.8 o 

(c 1.03); RF 0.32 in 3 : 1 toluene-EtOAc; 6,: 2.01, 2.06, 2.10, and 2.14 (4 s, 12 H, 

4 OAc), 5.28 (t, 1 H, J 10 Hz, H-4), 5.34 (dd, 1 H, J2,3 3 Hz, H-2), and 6.08 (d, 1 H, 

J l,r 2 Hz, H-l); 8,: 20.8 (AC), 62.4 (C-6), 66.9 (C-5), 67.0 (C-2), 70.8 (C-4), 71.5 
(O-3-CHzPh), 74.2 (C-3), and 91.0 (‘J,-- 176.5 Hz, C-1). 

Anal. Calc. for CzIH260,0: C, 57.53; H, 5.98. Found: C, 57.43; H, 6.03. 

1,2-O-(i-Metho_~yer~~y~i~e~~e)-6-O-trity~-~-D-~~an?~o~yra~~ose (10). - A mixture 

of 9 (814 mg) and (Bn,Sn),O (2.91 g, 4.88 mmol) in toluene (25 mL) was stirred 

under reflux for 2 h with continuous, azeotropic removal of HzO. The solution was 

concentrated to 10 mL, and TrCl (1.09 g, 3.9 mmol) was added at 20”. The mixture 

was stirred for 16 h at 20”, and then evaporated in vacua, to give a residue (4.71 g) 

ivhich was chromatographed on SiO, (IS0 g) with 250 : 50 : 3 CHCI,-Me,CO-Et3N, 
to afford 10 (1.346 g, 85.2%) as a foam, b] b t9.7” (c 0.445); RF 0.50 in 2 : 1 
CHC13-MezCO and 0.42 in 10: 1 CHCI,-MeOH; 6,: 1.74 (C-Me), 3.30 (s, 3 H, 

OMe), 3.94 (t, 1 H, J9 Hz, H-4), 3.68 (cid, H, J2,3 3, JAY4 10 Hz, H-3), 4.49 (dd, 1 H, 

J 1 .z 2.5, f2.3 4 Hz, H-2), 5.43 (d, J 2.5 Hz, H-l), and 7.2-7.5 (m, 15 H, trityl). 

Anal. Calc. for C28H3007: C, 70.28; H, 6.32. Found; C, 69.91; H, 6.34. 
3,4-Di-O-be~~zyl-I,Z-O-(~-~~etlzo_~yet~zy~i~e~~e)-6-0- trityl-P-D-mannopyranose 

(11). - Sodium hydride (60%; 210 mg, -5.2 mmol) was washed with petroleum 

ether, and then suspended in dry DMF (10 mL). To this suspension was added a 

solution of 10 (1.0 g, 2.09 mmol) in DMF (5 mL) at -5”, and the mixture was stirred 

for 20 min at 20”. To this mixture was added benzyi bromide (0.63 mL, 5.3 mmol), 

and the mixture was stirred for 16 h at 20”. The excess of NaH was decomposed with 

MeOH (1 mL), and the mixture was evaporated in vaczfo, to give a residue which was 

partitioned between EtOAc and aq. NaHCO,. The organic layer was dried (MgSO,), 
and evaporated, to give crude 11 (1.32 g, 96.0 %), which was pure enough for the next 

step, RF 0.65 in 5: 1 toluene-EtOAc; 6,: 3.31 (s, 3 H, OMe), and 5.35 (d, 1 H, 

J 3 Hz, H-l). 
~,2,6-Tri-O-acet~~Z-3,4-di-O-benzyl-a-D-mmlno~yranose (13). - To a solution 

of crude 11 (997 mg, 1.5 mmol) in 1: 1 Ac,O-AcOH (15 mL) was added H$O, 
(0.15 mL) at -5 to 0 O, and the mixture was stirred for 1.5 h at 0 O_ After neutralization 

with NaOAc (1 g), the mixture was processed as already described, to afford crude 
13 (1.76 g) which was chromatographed on SiO, (80 g) with 5 : I toluene-EtOAc, 

to give 13 (441 mg, 60.0 %>. identical with the sample prepared from 7; [or]b f33.0” 
(c 0.86); RF 0.53 in 3 ; 1 toluene-EtOAc. 
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Anal. Calc. for CZ1Hz606: C, 67.36; H, 7.00. Found: C, 67.53; H, 6.70. 
Further elution with the solvent afforded 5 (293 mg, 21.5 % from 13), [a],, 

-33.8 o (c 0.56); RF 0.40 in 1 : 1 Ccl,-Me&O; 6”: 2.61 (bs, 2 H, 2 OH, disappeared 

on addition of DzO), 3.52 (s, 3 H, OMe), and 4.34 (s, 1 H, H-l); 6,: 57.7 (OMe), 

61.9 (C-6), 68.2 (C-2), 71.5 (0-3-CH,-Ph), 73.9 (C-4), 75.3 (0-4-CH,Ph), 75.4 (C-5), 

81.3 (C-3), and 101.0 (lJcH 157.4 Hz, C-l). 
Anal. Calc. for CtIHz606: C, 67.36; H, 7.00. Found: C, 66.87; H, 7.08. 

Further elution with the same solvent afforded 17 (242.5 mg, 18.7 % from 13); 
RF 0.24 in 1: 1 Ccl,-Me,CO. Compound 17 could be reconverted into 13 by acetyla- 

tion with AczO-pyridine. 

bfetlt)d ~,6-di-0-[2-0-acet_vl-3,4,6-tri-O-be~r~yyl-rw-D-Inan~zopyra~zosyl]-3,4-di-O- 
berr~~i-a-D-tnmurop~ratzoside (20). - To a stirred mixture of 4 (306 mg, 0.82 mmol) 

and AgS03CF3 (925 mg, 3.6 mmol), dried in vacua for 5 h, were successively added 
CHzCl, (5 mL), Me,NCONMe2 (0.6 mL, 5.0 mmoi), and then half of a solution 

of 6 Cl.317 g, prepared from 7 (1.22 g, 2.4 mmol) by refluxing it with chlorotrimethyl- 

si!ane (0.7 mL) in CH,Q (25 mL) for 1.5 h] in CH,Cl, (5 mL) at - 10 to - 15 o under 

argon. The mixture was stirred for 3 h at 20”, the rest of the solution of 6 in CH,Q 

was added at -10 to --15”, and the mixture was stirred for a further 20 h at 2Oq 

diluted with CHtClz (50 mL), and filtered through Celite. The filtrate was washed 
with aq. NaHCO,, dried (MgSO,), and evaporated in vacua, to give an oily product 
which was chromatographed on SiOz (150 g) with 6 : 1 toluene-EtOAc, to afford 20 

(815.2 mg, 75.2x), [u]~ f 30.7” (c 0.41); RF 0.57 in 3 : 1 toluene-EtOAc; 6,: 

2.08 (s, 6 H, 2 OAc), 3.16 (s, 3 H, OMe), 5.05 (d, 1 H, J 2 Hz, anomeric H), and 

5.54 (bt, 2 H, J 2 Hz, H-2a, 2~); 6 c: 21.1 (2 OAc, 54.8 (OMe), 66.5 (C-6a), 97.4 

(‘JcH 170.6 Hz, C-lb), and 99.5 (lJ,-” 172.1 Hz, C-la, Ic). 

Anal. Calc. for C79Hs6018: C, 71.69; H, 6.55. Found: C, 71.28; H, 6.52. 

Metlzyi 3,4-di-O-bet~~~~l-2,6-di-0-(3,4,6-tri-O-benzyf-~-~-mat~nopyrartosy~)-cr-~- 
nzamzopyranoside (21). - A solution of 20 (582.6 mg, 0.44 mmol) in MeOH (20 mL)- 

THF (3 mL) and 2&1 NaOMe-MeOH (0.2 mL) was stirred for 16 h at 20”, made 

neutral with Amberlist 15 resin, and processed as usual to afford the product as a 
foam (585 mg) which was chromatographed on SiOz (90 g) with 11: 1 CH,CI,- 

Me,CO, to give 21 (517.6 mg, 94.3 %), [aID +46-S” (c 0.47); RF 0.55 in 10: 1 

CH,CI,-Me,CO; 6,: 2.45 and 2.63 (bs, two 1 H, 2 OH); disappeared on addition 

of DzO), 3.14 (s, 3 H, OMe), 5.07 (bd, 2 H, J -2 Hz, H-lb, Ic); 6,: 54.6 (OMe), 
65.4 (C-6a), 71.2 (3 0-3-CH,Ph), 73.3 (2 0-6-CH,Ph), 75.1 (3 0-4-CH,Ph), 74.9 

(C-2a), 99.5 (lJCH 170.6 Hz, C-la, lb), and 101.3 (lJCH 169.1 Hz, C-lc). 

Anal. Calc. for C,,H,,O,,: C, 72.68; H, 6-67. Found: C, 72.22; H, 6.64. 

Methyl 2,6-di-O-cc-D-nzannop~~ra~~os)tl-a-D-nlannopyra~~oside (22). - A mixture 

of 21 (308.8 mg, 0.25 mmol) and 10% Pd-C (250 mg) in EtOH (40 mL) and H,O 
(4 mL) was stirred under Hz for 5 h at 50”. The usual processing gave amorphous 22 
(137.8 mg, quantitative), [cc],, t66.7“ (c 0.33, H,O); R, 0.23 in 2: 1: 1 I-BuOH- 

EtOH-H20; bH (D20, 60”): 3.40 (s, 3 H, OMe), 4.94 (d, 1 H, J 2 Hz, H-lb), 4.96 
(d, 1 H, J 2 Hz, H-la), and 5.04 (d, 1 H, J 2 Hz, H-lc); 6, (D20): 65.4 (C-6a), 
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79.0 (C-2a), 99.8 (IJcn 171.9 Hz, C-la, lb), and 102.6 (‘J,-,, 169.9 Hz, C-lc). 

Anal. Calc. for C,,H,,O,, - 1.5 HLO: C, 41.83: H, 6.84. Found: C. 41.81: 

H, 6.54. 
Metlzyl 2,6-~i-0-[2-0-(2-0-acetJll-3,4,6-tri-O-be~z~y~-~-D-mazznopy~-a~zo.~~~~)- 

3,4,6-tr-i-O-bezz~_~~I-c-D-lnmlnopyrartos~~~~-3,4-~i-O-&erz~~~~-a-D-nza~z~zop~~ra~zosi~i~~ (30).--- 

To a mixture of 21 (975.7 mg, 0.79 mmol) and AgSO,CF, (I 22 g, 4.75 mmol),.dried 

izz vmz~o for 3 h, were added Me,NCONMe? (0.8 ml, 6.68 mmol), CHzClz (15 mL) 
and half of a solution of 6 Cl.63 g; prepared from 7 (1.6 g; 3.16 mmol)] in CH,CI, 

(15 mL) at -10 to -IS”, with efficient stirring, during 5 min under argon. After the 
mixture had been stirred for 5 h at 20”, the rest of the solution of 6 in CH,CII was 

added at -10 to - 15”, and the mixture was stirred for a further 16 h at 20”. The 

usual processing gave an oily product (3.0 g) which was chromatographed on SiOz 
(300 g) with S: 1 toluene-EtOAc, to afford 30 (887 mg, 56.7’%,), [XI,, t33.9” (c 

O-375); R, 0.50 in 10 : 1 toluene-THF; a&(: 2.1 (s, 6 H, 2 OAc), and 3.17 (s, 3 H, OMe): 

6,: 21.1 (2 OAc), 54.7 (OMe), 98.2 (‘Jc&, 167.7 Hz, C-lb), 99.5 (‘J,,, 172.1 Hz, 

C-la, Id, le), and 100.6 (‘Jc- 170.6 Hz, C-lc). 

Anal. Calc. for C133H,42028. - C, 72.99; H, 6.54. Found: C, 72.96; H, 6.55. 

Metfzyl 3,4-~i-0-be~z~yI-2,6-rii-O-~3,4,6-tri-O-berz~~~I-2-0-(3,4,6-tr-i-O-be~z~yl-~- 

D-izzmuzopyrazzos_vl)-u-D-~zzazz~zop_vraztosyl~-u-D-~zzazz~zopy~-azzosi~e (31). - A solution of 

30 (964 mg, 0.44 mmol) in MeOH (SO mL)-THF (20 mL) and 2M NaOMe-MeOH 
(0.7 mL) was stirred for 16 h at 20”. The usual processing gave an amorphous 
material (926 mg) which was chromatographed on SiO, (150 g) with 20: 1 CH,CII- 

Me&O, to give 31 (832.7 mg, 89.2x), [K],, +43-S” (c 0.56); RF 0.20 in 40: I 

CH&l,-Me&O; 6,: 3.13 (s, 3 H, OMe), and 4.84,4.94, 5.09 and 5.20 (anomeric H); 

S,: 54.4 (OMe), 98.3 (‘JcH 170.9 Hz, C-lb), 99.4 (‘Jc- 168.9 Hz, C-la), 100.9 

(lJ,-n 170.9 Hz, C-lc, Id), and 101.1 (‘JcH 170.9 Hz, C-le). 

Anal. Calc. for C,29Hi38026: C, 73.62; H, 6.61. Found: C, 73.13; H, 6.57. 

Metlzyl 2,6-~i-O-(2-O-a-D-mannopyrazzosy~-rl-D-z?zazz~zopyra~zos~~i)-~-D-~zza~z~zop~~- 
ranoside (2) - A mixture of 31 (575.5 mg, 0.27 mmol) and lOok Pd-C (400 mg) in 

EtOH (60 mL)-H,O (8 mL) was stirred under H, for 5.5 hat 50”. The usual processing 

gave amorphous, powdery 2 (222.2 mg, 95.4”/,), [cc]~ f71.9” (c 0.325, H1O); 

RF 0.19 in 2: 1: 1 I-BuOH-EtOH-H20; & (DtO), 60”): 4.89 (bd, 1 H, J 2 Hz, H-la), 

5.00 (bd, 2 H, J 2 Hz, H-Id, le), 5.05 (bd, 1 H, J 2 Hz, H-lb), and 5.22 (bd, 1 H, 

J 2 Hz, H-lc); 6c (D,O): 55.3 (OMe), 78.9 (C-2a, 2b, 2c), 98.3 (‘J,-,, 173.5 Hz, 

C-lb), 99.7 (‘JcH 170.9 Hz, C-la), 100.9 (lJcH 172.9 Hz, C-lc), and 102.6 (‘Jckl 

170.9 Hz, C-Id, le). 

Anal. Calc. for C3 1 Hs40z6 - H,O: C, 43.25; H, 6.56. Found: C, 43.26; H, 6.46. 

Met/zy[ 2,4-~i-O-(2-O-acet~~i-3,4,6-tri-O-bezz~y~-u-D-ntnruropyra~zos~~~)-3,6-~i-0- 

benZyh-D-nzaiznopyrmloside (23) arzd metlzyl 4-0-(2-0-acetyl-3,4,6-tri-0-beizzyl-u-D- 

nzannopyranosyl)-3,6-~i-O-benz),i-u-D-nzazznopyrazzosi~e (26). - (A) To a mixture of 

8 (750 mg, 2.0 mmol) and AgS03CF3 (1.42 g, 5.5 mmol), dried in vaczfo for 1.5 h, 
were added CHzClz (7 mL), Me2NCONMe, (1.5 mL, 12.5 mmol), and half of a 

solution of 6 Cl.9 g, prepared 7 from (1.80 g, 3-55 mmol)] in CH,C12 (7 mL) at 
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- 10 to - 15 O, with stirring, under argon. Then, the mixture was stirred for 16 h at 

20”: at which time, t.1.c. examination showed the presence of a major product (26) 

at RF 0.25 in 3 : I toluene-EtOAc, and traces of both 23 at RF 0.70 and 8 at RF 0.14. 
To this mixture was now added the rest of the solution of 6 in CH&I, at - 10 to - 15 O, 

and the mixture was stirred for a further 24 h at 20” under argon. The usual processing 

gave an oily product (3.0 g) which was chromatographed on SiO, (250 g) with 4: 1 

tohrene-EtOAc, to give 23 (570 m g: 21.5%), b]n f23.5” (c 0.52); RF 0.70 in 3: 1 

toluene-EtOAc; 6 n: 1.97 and 2.07 (2 s, 6 H, 2 OAc), 3.23 (s, 3 H, OMe), and 5.44 
(bt, 2 H, H-2b, 2~); S,: 21.0 (OAc), 54-9 (OMe), 71.5 (0-3-CH,Ph), 71.8 (2 0-3- 

CHzPh), 73.3 (3 O-6-CH?Ph), 75.1 (2 O-4-CH?Ph), 99.5 (rJcn 173.5 Hz, C-la, lb), 

and 99.8 (if,-., 164.5 Hz, C-lc). 

Ann/. Calc. for C,sHs60,a: C, 71.69; H, 6.55. Found: C, 71.62; H, 6.60. 

Further elution by the same solvent afforded 26 (991.6 mg, 58.4x), @I,, 

+42.4” (c 0.695); RF 0.25 in 3: I toluene-EtOAc; ii,: 2.05 (s, 3 H, OAc), 2.24 (bs, 

1 H, OH), 3.36 (s, 3 H, OMe), 5.36 (d, 1 H, J 2 Hz, H-lb), and 5.46 (t, 1 H, J 2 Hz, 
H-2b); 6,: 21.0 (OAc), 55.0 (OMe), 71.5 (O-3-CHzPh), 71.7 (0-3-CH,Ph), 72.4 

(C-4a), 73.3 (2 O-6-CHzPh), 75.0 (O-4-CH,Ph), 99.2 (‘Jcu 173.5 Hz, C-lb), and 
100.0 (I.& 169.1 Hz, C-la)_ 

Anal. Calc. for C,,H,,O,,: C, 70.73; H, 6.65. Found: C, 70.66; H, 6.62. 

(B) To a mixture of 8 (810 mg, 2.16 mmol) and AgSO,CF, (3.5 g, 13.6 mmol), 
dried in vacllo for 3 h, were added CH,Cl? (15 mL), Me,NCONMe? (2.2 mL, 18.9 

mmol), and half of a solution of 6 [4.846 g, prepared from 7 (4.56 g, 9.0 mmol)] 

in CHICI, (IO mL) at - IO to - 15”, with stirring under argon. After stirring for 11 h 

at 20”, the rest of the solution of 6 was added at - 10 to - 15 ‘? and the mixture was 
stirred for a further 24 h at 20” under argon. The usual processing and chromato- 
graphy on SiOz (500 g) with 5 : 1 toluene-EtOAc, gave crude 23 (3.02 g) which was re- 

chromatographed on SiO, (300 g) with 9 : 1 toluene-EtOAc, to afford 23 (1.992 g, 

69.7 T/o)_ 

&fetl~_v~ 2-0-acet~~l-4-0-(2-O-acetyf-3,4,6-tri-O-bet~~yyl-u-~-nmrrnopyrat~osyl)- 
3,6-di-0-berzqvl-u-mmmuropyranoside (27). - A solution of 26 (188 mg, 0.22 mmol) 
in pyridine (2 mL) and Ac,O (1 mL) was kept for 16 h at 20”, and the usual pro- 

cessing gave an oily product (207 mg) which was chromatographed on SiO, (25 g) 
with 15 : 1 toIuene-THF, to give 27 (119 mg, 61.7 %); RF 0.45 in 10 : 1 toluene-THF; 

6,: 2.02 and 2.07 (2 s, 6 H, 2 OAc), 3.37 (s, 3 H, OMe), 5.32 (bt, 1 H, J 2 Hz, H-2a), 

5.38 (d, 1 H, J 2 Hz, H-lb), and 5.47 (bt, 1 H, J 2 Hz, H-26). 

Aiza/_ Calc. for C,IH,,O,,: C, 70.39, H, 6.56. Found: C, 69.84; H, 6.63. 
Methyl 3,6-di-O-be~~~y-E4-0-(3,4,6-tr-i-O-berl~yC-u-D-)tzarlnopyratlosy~~-u-D-n~an- 

nopyranoside (28). - A solution of 26 (350 mg, 0.4 mmol) in MeOH (10 mL) and 

2h1 NaOMe-MeOH (0.1 mL) was stirred for 16 h at 20’. The usual processing gave 

an amorphous material (312 mg) which was chromatographed on SiO, (60 g) with 
20 : 1 CH2Cla-Me,CO, to give 28 (261.1 mg, 76.8x), [aID f49.5” (c 0.75); RF 
0.19 in 20 : 1 CH,CI,-Me2CO; S n: 3.35 (s, 3 H, OMe) and 5.31 (d, 1 H, J 2 Hz, 

H-lb); 8,: 55.0 (OMe), 71.2 (0-3-CH,Ph), 71.9 (0-3-CH,Ph), 73.3 (2 0-6-CH,Ph 



BRANCHED D-MANNOPENTAOSIDES 79 

and C-4a), 75.0 (0-4-CH,Ph), 100.0 (‘JcH 168.5 Hz, C-la), and 101.1 (‘Jcrt 173.5 
Hz, C-lb). 

Anal. Calc. for C,,H,,O,,: C, 71.14; H, 6.75. Found: C, 71.07; H, 6.73. 
Methyl 4-O-a-D-ilma?~nop),ranos~~I-a-D-~~laf~~~op_vrat~osi~~e (29). - A mixture of 

28 (124.7 mg, 0.15 mmol) and 10% Pd-C (50 mg) in EtOH (10 mL)-H,O (1 mL) 
was stirred under H, for 16 h at 20” and then for 4 h at 45’. The usual processing 
gave amorphous 29 (55.4 mg, 98.9 %), [aID + 101.0” (c 0.10, HzO); RF 0.56 in 2 : 1 : I 

l-BuOH-EtOH-H,O; &., (D,O, 60”): 3.40 (s, 3 H, OMe), 4.73 (bd, 1 H, J 2 Hz, 
H-la), and 5.21 (d, 1 H, J2 Hz, H-lb); 6,: 74.5 (C-4a), 101.0 (‘J,,, 170.9 Hz, C-lb), 
and 101.8 (lJCH 171.9 Hz, C-la). 

Anal. Calc. for C,3H,,0,, - H,O: C, 41.71; H, 7.00. Found: C, 41.93; H, 6.65. 
Methyl 3,6-di-O-bet~zyl-2,4-di-0-(3,4,6-tri-O-bet~z~~I-a-D-t~~a~~t~opyrat~os~~l)-~-D- 

mannopyranoside (24). - A solution of 23 (1.759 g, 1.33 mmol) in MeOH (60 mL)- 
THF (8 mL) and 2~ NaOMe-MeOH (0.5 mL) was stirred for 20 h at 20”. The usual 
processing afforded an amorphous material (1.562 g) which was chromatographed 
on SiOz (SO g) with 10: 1 CH,Cl,-Me,CO, to give 24 (1.459 g, 88.5 “/,), [z]~ t39.0” 
(c 0.52); RF 0.43 in 10: 1 CH2C12-Me2CO; 6 H: 3.24 (s, 3 H, OMe), 2.33 (bs, 3 H. 
2 OH), 4.94 (bd, 1 H, H-lc), and 5.32 (bd, 1 H, H-lb); 6,: 54.8 (OMe), 71.5 (2 0-3- 
CH2Ph), 71.8 (O-3-CHzPh), 72.0 (C-2a), 73.2 (0-6-CH,Ph), 73.3 (2 0-6-CH,Ph). 
73-S (C-4a), 74.9 (2 0-4-CH,Ph), 99.4 (‘JCH 170.6 Hz, C-la), and 101.1 (‘J,,, 

172.1 Hz, C-lb, C-lc). 
Anal. Calc. for C7sHs1016: C, 72.68; H, 6.67. Found: C, 72.62; H, 6.79. 
Methy! 2,4-di-O-sr-D-marmop~~ra~~osy~-a-D-ma~a~op~~ra~~os~~~e (25). - A mixture 

of 24 (248 mg, 0.20 mmol) and 10% Pd-C (200 mg) in EtOH (40 mL) and H,O 
(4 mL) was stirred under Hz for 3.5 h at 45-50”. The usual processing afforded 
amorphous 25 (113 mg, 98.7x), [a],, f38.5” (c 0.385, H,O); RF 0.35 in 2: 1: I 

I-BuOH-EtOH-H,O; S, (D,O, 60”): 3.39 (s, 3 H, OMe), 4.96 (bs, 1 H, H-la), 
5.02 (bs, 1 H, H-lc), and 5.21 (bs, 1 H, H-lb); S, (D,O): 74.9 (C-4a), 79.6 (C-2a), 
99.4 (‘JCH 172.9 HZ, C-la), 101.8 (‘JCH 170.9 Hz, C-lb), and 102.6 (‘J,,, 169.9 Hz, 
c-lc). 

Anal. Calc. for CL9H34016 - 3 H,O: C, 39.38; H, 7.04. Found: C, 39.33: 
H, 6.44. 

Methy 2,4-di-0-[2-0-(2-0-acetJ?l-3,4,6-tri- 0 -benzyl- a- D -mannopyrcnlosyl)- 
3,4,6-tri-O-benz~~C-ac-D-manrropyra~~osyl~-3,6-di-0-ber~zy~-~-D-~~~arrt~opyrar~oside (32).-- 

To a mixture of 24 (767 mg, 0.62 mmol) and AgSO,CF, (600 mg, 2.33 mmol), dried 
in vacua for 5 h, were added CH,CI, (5 mL), Me,NCONMe, (0.6 mL, 5.0 mmol) 
and half of a solution of 6 Cl.355 g, prepared from 7 (1.25 g, 2.4 mmol)] in CH,C12 
(5 mL) at - 10 to - 15 o with stirrin, = under argon. After stirring for 12 h at 20”, t.1.c. 

showed the presence of two mannotetraoside intermediates, at RF 0.22 and 0.29 
as major products, and only a trace of 32 at R, 0.59 in 10: 1 toluene-THF. The rest 
of the solution of 6 in CH,Cl, was added at - 10 to - 15 O, and the mixture was stirred 
for a further 24 h. The usual processing gave an oily product (2.36 g) which was 

chromatographed on SiO, (300 g) with 20 : 1 toluene-THF, to give 32 (1.19 g, 87.8 “/o)_ 
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An analytical sample was obtained by re-chromatography on SQ with 40 : 1 toluene- 

THF; [x],, + 19.2” (c 0.26); RF 0.59 in 10: 1 toluene-THF; 6,: 2.08 (s, 6 H, 2 OAc), 

and 3.18 (s, 3 H, O-Me); 6=: 21.1 (2 OAc), 54.8 (OMe), 98.6 (lJ,, 170 Hz), 99.2 
(lJCH 170 Hz), 99.6 (‘JcH 170 Hz), 100.0 (lJcH 173 Hz), and 101.3 (‘JtH 170.6 Hz) 
for five anomeric carbon atoms. 

Anal. Cab for C133H142018: C, 72.99; H, 6.54. Found: C, 72.87; H, 6.41. 

Methyl 3,6-di-O-betlzyl-2,4-di-0-~3,4,6-rri-O-ben~yl-2-0-(3,4,6-tri-O-betl~y-yl-or- 

D-matuzopyratlosyl)-~-D-lnannop~~ranos~~l~-a-D-tt~ant~opyratlos~de (33). - A solution 

of 32 (764 mg, 0.35 mmol) in MeOH (25 mL)-THF (5 mL) and 2~ NaOMe-MeOH 

(0.2 mL) was stirred for 24 h at 20”. The usual processing afforded an amorphous 

powder (711 mg) which was chromatographed on SiO, (80 g) with 30 : I CH,CI,- 

Me2C0, to give 33 (574 mg, 78-l%), [a]o +36.9” (c 0.255); RF 0.41 in 20: 1 

CH,C12-Me,CO; 6,: 3.18 (s, 3 H, OMe); 6,: 54.8 (OMe), 99.2 (IJ,, 167 Hz, C-l), 

100.1 (lJ,-- 170.6 Hz, 2 C-l), and 101.2 (*Jcu 169.1 Hz, 2 C-l). 

Anal. Calc. for C,29H138026: C, 73.62; H, 6.61. Found: C, 73.74; H, 6.64. 

kieritJr/ 2,4-di-O-(2-O-a-D-t?latlnopyranosy~-~-D-nrant~opyratiosyi)-~-D-tttantiop~~- 

ranoside (3) - A mixture of 33 (292 m g, 0.14 mmol) and 10% Pd-C (200 mg) in 
EtOH (30 mL) and H,O (4 mL) was stirred under H, for 4 h at 45-50”. The usual 

processing afforded 3 (122 mg, quantitative), [alo +85_2O (c 0.3 I, H,O); RF 0.20 in 

2: 1: 1 l-BuOH-EtOH-H20; 6, (DzO, 60”): 3.39 (s, 3 H, OMe), 4.94 (d, I H, J 

2 Hz, H-la), 5.04 (d, 2 H, J 2 Hz, H-ld, le), 5.22 (d, 1 H, J 2 Hz, H-lc), and 5.42 

(d, 1 H, J 2 HZ, H-lb); 6c (DzO): 55.2 (OMe), 75.2 (C-4a), 78.9, 79.3, and 80.0 

(C-2a, 2b, 2c), 99.4 (lJcH 170.9 Hz, C-la), 100.2 (lJCH 172.3 Hz, C-lb), 101.0 (lJCH 

173.8 Hz, C-lc), and 102.6 (lJcH 170.9 Hz, C-ld, le). 

Anal. Calc. for C3 1 H,,0Z6 - H,O: C, 43.25; H, 6.56. Found: C, 43.17; H, 6.60. 
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