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ABSTRACT 

Syntheses of linear D-manno-oligosaccharides, O-a-Man-(1 *2)-O-a-Man- 
(142)-O-a-IMan-( 142)-Man and O-a-Man-(1 +2)-O-a-Man-(1+2)-O-a-Man-(I--, 
2)-O-r-Man-( l-+2)-O-a-Man-( 1+2)-Man, which correspond to part of the structure 

of the cell-wall D-mannan chain of Candida utilis and Candida albicam, respectively, 
are described. 

INTRODUCTION 

Linear D-manno-oligosaccharides containing mainly a-D-@ +2) interglycosidic 
linkages have been isolated from the acetolysis product of yeast cell-wall D-mannan& 

and structures 1,2, and 3 have recently been proposed for the D-manno-oligosacchar- 
ide chains of Hartsenula wingei2, Candida utilis3, and Candida albicans4. 

;; 
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*Part 17 in the series “Synthetic Studies on Cell-surface Glycans”. For part 16, see ref. 1. 
*To whom enquiries should be addressed_ 
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cr-Man-{(l-2)-cc-Man),-(l-+2)-Man 
4tr=O 

5tZ=I 

6n=2 

7n=4 

As part of a project on the synthesis of high-D-mannose types of glycans’, 
we describe here a regio- and stereo-controlled synthesis of D-mannotetraose (6) 
and D-mannohesaose (7), which respectively correspond to part of the structure of 
glycans 2 and 3. 

RESULTS AND DISCUSSION 

d. Stepwise syztltesis of D-ttmmotetraose. - In order to synthesize D-mannote- 
traose (6) in a stepwise manner using the mono-D-mannosyl donor 8, which was 
readily available6 from the orthoester 12, properly protected r-D-mannopyranoside 9 
was chosen as the glycosyl acceptor. The acceptor 9 was prepared in the conventional 
way from tetra-U-acetyI-z-D mannopyranosyl bromide (lo), via orthoesters 13 and 
14, in 5 steps in 27 “/, overall yield. The E-D-configuration at C-l of 9 was confirmed’ 
by the 13C-n.m.r. spectrum, which contained a signal for C-I at 95.4 p.p_m_, with 

IJCH 163.5 Hz. Glycosylation of 9 with S was performed in the presence of AgOS02- 
CF,-powdered molecular sieve 4A in dichloroethane, to give an 85% yield of pro- 
tected D-mannobioside 15_ Deacetylation of 15 afforded the glycosyl acceptor 16, the 
structure of which was confirmed by transformation 
8 and 9). 

OR’ 

8 d = Cc.R’= 5n.X = Cl 12 R’ = Me,R2= 9” 

9 R’ = H.d = Sri... = OSn 13 R’ = Bn.R2=Ac 

10Rt=R2=Ac.X= Br 14 Ri = R’=Sr, 

11 R’ = Ac,R’= 9n.X = OBn 

Bn = PhCH2 

into D-mannobiose 4 (refs. 

Glycosylation of the D-mannobioside 16 with the mono-D-mannosyl donor 8 
gave 21, and deacetylation of 21 led to the isolation of the D-mannotrioside 22 in 
71% yield. The Q-D configuration at the anomeric carbon atom of the newly intro- 
ducedzo-mannosyl group was determined from the 13C-n.m.r. spectrum, which 
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showed two signals for three anomeric carbon atoms, at d 100.9 with 1 J,, 170.9 Hz, 

and at 6 98.1 with ‘JCH 171 .V Hz, in the ratio of 2 : 1, and was further confirmed by 

hydrogenolysis of 22 to free D-mannotriose 5 (refs. 8 and 9). 

Similar glycosylation of the acceptor 22 with the D-mannosyl donor 8 gave the 

fully protected D-mannotetraoside 25 in 89% yield. O-Deacetylation of 25 to 26, 
and hydrogenolysis of 26, afforded free D-mannotetraose (6), which corresponds to 
part of the structure of Candida rctitis D-mannan. 

B_ Synthesis of D-niannohesaose 617 use of D-mannobiosyi donor 20. - An 

efficient elongation of the mannan chain in the a-(1 ‘2) direction could also be 

achieved by using the D-mannobiosyl donor 20. The donor (20) was prepared from 9 
in 4 steps in 59 o/0 overall yield: (i) glycosylation with 10 in the presence of 1 o HsBr2- 

powdered molecular sieve 4A, (ii) HZ in the presence of 10% Pd-C, (iii) AczO- 

pyridine, and (iv) HBr-AcOH. The reactivity of donor 20 was examined by reaction 

with the acceptors 9 and 16. Glycosylation of9 with20 in the presence ofAgOSO,CF,- 
powdered moiecuIar sieve 4A gave 23, and deprotection of 23 afforded crystahine 

D-mannotriose (5) in 3 steps, in 41 y/, overall yield. Similarly, the protected D-manno- 
bioside 16 was used as the gIycosy1 acceptor, and converted into free D-manno- 

tetraose (6) in 3 steps, in 5 1 ok overall yield. It may be noted that, by using the stepwise 
approach described in (A), D-mannotriose (5) and D-mannotetraose (6) were respecti- 

vely obtained from 9 and 16, in 26 % (5 steps) and 51 y0 (5 steps) yield. 

R30 

lb 

Rb 

1c 

CI-$OR' 
R'O 0. -4 R’O 

la 

X 

15 R’ = R3= an.R*= Ac,X= 06” 

16 R’ = R3=Bn.R*= H.X=O& 

4 R’= R2=R3= ,+.X = OH 

17 R’ = Bn . R2 = R3 = AC. X = 0~” 

18 R’ = H,R2= R3=Ac,X = 0~ 

19 RI = R2 = R3 = Ac . X = OAc 

20 R’ = R2 = R3 = A.c _ X = B,- 

21 R’ = R’ = Bn. R2= Ac 

22 R’= d= Bn.R*= H 

23 R’= R2= Ac.R3= Bn 

24 R’= $= H,R3= Bn 

5 R’ = R2 = R3 zz H 

Finally, glycosylation of 26 with 20 was performed in the presence of 
AgOSO&F,-powdered molecular sieve 4A, to afford the fully protected D-manno- 

hexaoside 29 in 73% yield. The structural assignment of 29 was supported by its 

IH-n.m.r. spe c tr urn, which contained, in addition to the signals for 13 benzyl groups, 
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Fig. 1. lIi-N.m.r. spectra of synthetic o-manno-oligosaccharides. 

TABLE I 

CHEMICAL SHIFI-9 OF ASO?~ER~C PROTONS OF D-MANPc’D-OLIGOSXCCHARIDES IN DrO AT 25” 

_ 

Proton 

H-la H-lb H-Ic H-Id H-Ie H-If 

I% (4) 5.36 5.03 

Ma (5) 5.31 5.24 4.98 
M.: (6) 5.32 5.24 5.24 4.99 

MS (7) 5.36 5.28 5.28 5.28 5.28 5.03 

aThe V&ES of 8H are expressed in p_p.m. downward from the internal standard, sodium 2,2,3,3- 
tetradeuterio4,Pdimethyl4siiapentanoate. Samples were prepared by “exchanging.” them with 
D-10 by several times dissolving them in 99.8 “/!, DzO and evaporating in vacuo. 

five singlets (for seven acetyl groups), at 8 2.08, 2.05, 2.02, 2.00, and 1.96, in the 
ratios of 1: 1: 1: 3 I l_ O-Deacetylation of 29 to 30, and hydrogenolysis of 30 in the 
presence of IGo=/, Pd-C in AcOH, afforded D-mannohexaose (7) as crystals in 65 % 
yield. 

C. ‘W- and ‘3C-N.m.r. spectroscopy of synthetic D-manno-oligosaccharides. - 

‘H-N.m.r. data for synthetic D-manno-oligosaccharides are shown in Fig. 1 and 
Table I. These data are in good agreement with those previously reported for D- 
mannobiose 4 (ref. 9), D-mannotriose 5 (ref. 9), and D-mannotetraose 6 (refs. 11 and 
12) of natural origin. Deshielding of H-lb in the spectrum of 5 by 0.21 p-p-m_, as 
compared wi+h H-lb in 4, may be explained by the favored conformation 32, stabilized 
by the exo-anomeric effect13, as in the caselb of D-mannobioside 31, wherein the ring- 
oxygen atom of the D-mannosyl group is situated close to H-la. As the same amount 
of deshielding of the signals was observed for the all of the anomeric protons of the 
internal, G-mannosyl residues in D-mannohexaose (7), a regular, helical conformation, 
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ld 

25 &= R3= Sn,R2= AC 

26 R’ = R3= Sn.R2 = H 

27 R’= R* = Ac,R3 = Sn 

28RIZ R2Z”*R3Z S” 

6 R’ = R* = R3 = H 

OMe 

HO 

OH 

29 R’ = A,c,R* = Sn 

30 R’= H.R* =S,, 

7 R’ = R2 = H 

OH 

OH 

31 
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?r- f2?U2- 2X 6 
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Fig. 2. 13C-N.m.r. spectra of synthetic o-manno-oIi.zosaccharides_ (The signals at the chemica1 shifts 
marked with * could be detected by enlargement of the spectrum.) 

as depicted in 32, also seems to be favored in the case of longer (1+2)-z-D-mannan 
chains. 

The r3C-n.m.r. data for some synthetic D-manno-oligosaccharides are shown in 
Fig. 2 and Table II. The ‘Jc, values observed for the signals of all of the anomeric 
carbon atoms were in the range of 168.9-173.8 Hz, thus proving the a configuration 
at all inter-D-mannosidic linkages in the synthetic products_ Each signal was assign- 
able, based on the data for a-D-mannopyranose’5 and on our previous observa- 
tions”. The signals for the anomeric carbon atoms of the D-mannose residues (at 
the reducing end) were the most shielded, and appeared at 92.74-92.87 p-p-m_ Those 
of the (internal) D-mannosyl residues were more shielded, compared with those of the 
D-mannosyl groups (at the ncnreducing end)_ The former appeared at 100.81-100.85 
P-p-m-, the latter at 102.47-102.50 p-p-m_ Therefore, by measuring the peak area 
of these signals, the chain length of a (l-+2)-LY-o-mannan may be estimated. 

The signals for C-Z may be classified into four groups: I, the most deshielded, 
for those of the D-mannOse residues (at the reducing end) appeared at 79.42-79.70 
p-p-m_: 2, for those of the internal D-mannosyl residues, at 79.06-79.07 p.p.m.; 
3, for those of the D-mannosyl residues located next to the nonreducing end, at 78.78- 
78.83 p-p-m.; and 4, for those of the D-mannosyl groups (at the nonreducing end), 
at 70.55-70.64 p-p-m. 
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TABLE II 

13c-CHEhWXL SHUTS OF D-hfANNO-OLIGOSXCCHFUDES= 

Structare Chemical shift for each carbon atom (p.p.m.) 
Redwing end 

I 2 3 4 5 6 

a-D-Mannopyranose 9X20 71.85 71.35 68.05 73.35 62.15 
M+2M (4) 92.87 79.42 70.29 67.33 73.57 63.36 

(171.9)b 
M+2M+2M (5) 92.74 79.61 70.21 67.29 73.48 61.32 

(171.9) 
M+(2M)z+2M (6) 92.74 79.68 70.25 67.32 73.48 61.32 

(170.9) 
M+(2M)a+2M (7) 92.76 79.70 70.23 67.31 73.51 61.28 

(171.4) 

Stractfcre Chemical shift for each carbon atom (p.p.m.) 
Internal 

1 2 3 4 5 6 

M+(2M)z+2M (6) 100.85 79.06 70.25 67.32 73.48 61.32 
(170.9) 

M-r(2M)-r-+2M (7) 100.83 79.07 70.23 67.31 73.51 (171.4) 61.28 > 3 

Structure Chemical shift for each carbon atom (p.p.m.) 
Next to nonreducing end ___ -_______ 
I 2 3 4 5 6 

M+2M+2M (5) 100.81 78.78 70.21 67.29 73.48 61.32 

(173.8) 
M+(2M)r+2M (6) iO0.85 78.83 70.25 67.32 73.48 61.32 

(170.9) 
M+(2M)4+2M (7) 100.83 78.80 70.23 67.31 73.51 61.28 

(171.4) 

Structure Chemical shift for each carbon atom (p-p-m.) 
Nonreducinn end 

I 2 3 4 5 6 

M+2M (4) 102.50 70.64 70.29 67.17 72.79 61.29 
(172.9) 

M--+2Md2M (5) 102.49 70.60 70.21 67.13 72.70 61.32 
(171.9) 

M-+ZhQz-+2M (6) 102.49 70.60 7025 67.17 72.74 61.32 
(168.9) 

M-+(2M);r+2M (7) 102.47 70.55 70.23 67.15 72.75 61.28 

(171.4) 

‘The values of 6~ are expressed in p.p_m_ downward from tetramethylsilane, referenced indirectly 
with an intemaI standard of 1 &dioxane (6 66.90). *Values in parentheses correspond to ‘JCH (in Hz). 
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These signal assignments for C-l and C-2 of 4, 5, and 6 were found to be 

in rough agreement with the data for natural samples discussed by Gorin16. 

In conclusion, D-mannotetraose (6) and D-mannohexose (7) corresponding to 

the partial structures of yeast cell-wall D-mannan were synthesized unambiguously, 

and their ‘H- and ‘3C-n_m.r. data were found to be in agreement with those of natural 

samples. 

EXPERI!dENTAJ_ 

Getzeral. - Melting points were determined with a Yanagimoto micro melting- 

point apparatus and are uncorrected_ Optical rotations were determined with a 

Perkin-Elmer Mode! 141 polarimeter, for solutions in CHCl, at 25”, unless noted 

otherwise. Column chromatography was performed on columns of Silica Gel Merck 

(70-230 mesh; E. Merck, Darmstadt, Germany). Thin-layer chromatography (t.1.c.) 

was performed on plates (Iayer thickness, 0.25 mm) precoated with Silica Gel 60 

F1,, (E. Merck, Darmstadt, Germany). 1.r. spectra were recorded with an EPI-G2 
Hitachi spectrophotometer, using KBr pellets for the crystaltine 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 tetramethylsilane as the internal standard. 13C-N.m.r. 

spectra were recorded with a JNM-FX lOOFT n.m.r. spectrometer operated at 25.05 
MHz. The values of 6, and Sn are expressed in p-p-m_ downwards from the internal 

standard, for solutions in CDCl,, unless noted otherwise_ 
3,4,6-Tri-O-acei~i-Z,2-O-(I-be~z~~lox~etiz~ijdene)-~-D-~zazzizop~razzose (13). - A 

mixture of 10 (prepared’ ’ from 100 g of D-mannose), benzyl alcohol (52.8 mL), 

and Et,N (108 mL) in Cl(CHI),Cl (500 mL) was boiled for 16 h under reflu, cooled, 

washed with aq. NaHCO,, dried (M&OS), treated with charcoal, and evaporated 

in ~‘CICUO. The residue crystallized from EtOAc-iPr,O, to give 13 (144.5 g, 59% from 

D-mannose), m-p. 140-141 O, [Z-J,-, f95.2” (c 7.2). 
Anal. Calc. for CllH26010: C, 57.53; H, 5.98. Found: C, 57.40; H, 5.80. 
3,4,6-Tri-O-benz~I-I,~-O-(l-be~z~~lox~~etIz~iidene)-~-D-?~zannop~ranose (14).-A 

solution of 13 (50 g) in MeOH (200 mL) was deacetylated with a cataIytic amount 
of NaOMe. The usual processing, and subsequent benzylation with benzyl bromide 
and NaH, afforded crystalline 14 (57.7 g, 91 ‘A), m-p. 82-83 a (iPr,O-hexane), [a],, 

t 25.8 3 (c 2.8); RF 0.57 in 10 : 1 Ccl,-Me&O. 
AJzaz. Calc. for Ca6H3a07: C, 74.20; H, 6.57. Found: C, 74.21; H, 6.37. 

IIenzyI 3,4,6-tri-0-bemyl-a-D-mmnopyrunoside (9). - A mixture of 14 (108 g) 
and HgBrz (5 g) was stirred under argon for 9 h at 140”. T.1.c. examination then 

showed the disappearance of starting 14 (at R, 0.57) and the appearance of a new 
product (at RF 0.51 in 10: 1 Ccl,-Me,CO). -4fter being cooled, the mixture was 
dissolved in EtOAc, and the solution washed with water, dried (MgSO,), and evapor- 
ated in vacua, to give syrupy 11 (92 g). A solution of 11 (82 g) in oxolane (IIHF; 
lof) mL) and 25rnsr NaOMe in MeOH (200 mL) was stirred for 4 h at 15-20”, made 

neutral with Amberlist A-15, and evaporated; chromatography of the residue on 
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at 15-20”; t.1.c. (2 : 1 toluene-EtOAc) then showed the disappearance of 9 and 10, 
and the formation of 17 (RF 0.56). Processins, and chromatography on 5 : 1 SiO?- 
Hiflo Super-Cel (50 g) with 2: 1 toluene-EtOAc, gave syrupy 17 (740 mg, S9%), 

[x]~ i35.9” (c 0.5); 6 - H_ 2.10 (s, 3 H, AC), 2.06 (s, 3 H, AC), and 2.00 (s, 6 H, 2 AC). 

A mixture of 17 (740 mg) and 100,: Pd-C (500 mg) in AcOH (20 mL) was stirred 

for 16 h at 50” under Hz. Filtration, and evaporation of the filtrate, gave crude 18, 

which was acetylated with AczO (! 5 mL) and pyridine (30 mL). The solution was 

evaporated, and the residue was chromatographed on SiOl (10 g) with 1: 1 toluene- 

EtOAc, to give crystalline 19 (400 mg, 59.0:/, from 9)_ 

3,#,6-Tri-0-acet~I-2-O-(2,3,4,6-tetra-O-acet~~-~-D-zzzannop~razzos~Z)-rr-~-ma~z- 

zropyrazzos_vI bromide (20). - A solution of 19 (250 mg, 0.41 mmol) in 30% HBr- 
AcOH (15 mL) was stirred for 2 h at 20”. T.1.c. examination (1 : 1 toluene-EtOAc) 
then sh0we.I the formation of a single product at RF 0.44. Evaporation of the solvent 

in vaczzo, and co-evaporation of traces thereof with toluene (3 x 20 mL), gave 20, 

which was pure enough for the next step; 6,: 6.67 (d, 1 H, J 2 Hz, H-la). 

Benql O-(3,4,6-tri-0-bengY- ~-D-nzarznoplirazzos~l)-(~~~)-O-(3,4,z- 

=~I-~-D-znan~zop~ra~zos~~)-(I-,2)-3,4,6-tri-O-Een=~~-r-D-~?zanrzop~ranoside (22). - To 

a stirred mixture of I6 (1.2 g, I.2 mmol), powdered molecular sieves 4A (5 g), and 

AgOSO,CF, (0.9 g, 3.4 mmol) in Cl(CH,)ICl (20 mL) was added dropwise a solution 

of 8 [prepared from 875 mg (2.4 mmol) of 12-J in Cl(CH,),C! (5 mL) at - 15”. The 

mixture was stirred for 16 h at 15-20 O, when t.1.c. examination in 5 : 1 toluene-EtOAc 

showed the disappearance of 16 (R, 0.35) and the formation of21 (RF 0.65). Processing 
afforded crude 21, which was deacetylated in 0.1~1 NaOMe-MeOH (50 mL) and THF 
(59 mL)_ The crude product was chromatographed on 5: 1 SiO,-Hiflo Super-Cel 

(120 g) with 5: 1 toiuene-EtOAc, to give 22 (1.2 g, 71 T/,), [aID -1-34.2” (c 10.6); 

RF 0.41 in 5: 1 toluene-EtOAc; 6,: 100.9 (‘J,, 170.9 Hz, 2 anomeric carbons) and 
98.1 (IJcH 17 1.9 Hz, one anomeric carbon). 

Anal. Calc. for &HssO,,: C, 75.27; H, 6.49. Found: C, 75.34; H, 6.60. 
O-a-D-~tlannop~raizos~~-(~~~)-~-r-D-nzannop):os~~~-(~~2)-cr-D-nzannop)ra- 

nose (5). - (A) A mixture of 22 (150 mg) and 10% Pd-C (100 mg) in AcOH (5 mL) 

was stirred for 16 h at 50” under H,. The mixture was filtered through Celite, and the 

filtrate was evaporated in vacua. The residue was purified on Sephadex G-25 (1 g) 
with H1O, to give crystalline 5 (30 m g, 56%), m-p. 183-185”, [a&, +55.3” (~‘0.11, 
HzO); RF 0.35 in 2: 1: 1 BuOH-AcOH-H20; 6, (D?O): 5.31 (bs, 1 H, whh 3.0 Hz, 

H-la), 5.24 (d, 1 H, J 2 Hz, H-lb), and 4.98 (d, 1 H, J 2 Hz, H-lc). 

Anal. Calc. for C18Hz2016: C, 42.86; H, 6.39. Found: C, 42.67; H, 6.52. 

(B) To a stirred mixture of powdered molecular sieves 4A (I g), AgOS02CF, 

(100 mgj, and 9 (!OO mg, 0.19 mmol) in Cl(CHI),Cl (5 mL) was added dropwise a 
solution of 20 [prepared from 19 (125 mg, 0.19 mmol) J in Cl(CH&Ci (2 mL) 

at - 1.5”. The mixture was stirred for 16 h at 15-20 “; t.1.c. in 1: 1 toluene-EtOAc 

then showed the disappearance of both 9 (RF 0.83) and 20 (RF 0.40) and the forma- 

tion of the major product (RF 0.67). Processing, and chromatography on 5 : 1 
SiOz-ziyflo Super-Cel (5 g) with 2 : 1 toluene-EtOAc, afforded the major product 
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23 (120 mg, 53%). Compound 23 (120 mg) was stirred in O.Ol>r NaOMe-MeOH 

(10 mL) for 6 h at 20 O: processin s, and chromatography on 5 : 1 SD,-Hyflo Super-Cel 
(5 g) in I :3 toluene-EtOAc, affbrded 24 (77 mg, 87 %); RF 0. I in I : I toIuene-EtOAc. 

A mixture of 24 (77 mg) and 10% Pd-C (50 mg) in AcOH (5 mL) was stirred 

for 16 h at 50-60”. Processing as in (A> afforded crystalline 5 (38.5 mg, SS%). 

BetrzyZ O-(Z-O-acet~~l-3,4,6-tri-O-6en~y~-~-D-~~an~zopyraf~osy~)-~(Z-,2)-0-(3,4, 

6-rri-O-benz~~l-a-~-~~~a~trtop~~a~~os~l)~2-(I-,2)-3,4,6-tri-0-be~~~~i-a-~-man~~op~~ra~~oside 

(25). - To a stirred mixture of 22 (890 mg, 663 CtmoI), powdered moIecular sieves 
4A (5 g), and AgOSO,Ct-; (500 mg, 1.92 mmol) in CI(CH,),Cl (30 mL) was added 

dropwise a solution of 8 [prepared from 12 (500 mg, 1 mmol)] in CI(CH&Cl 

(5 mL) at -20”. The mixture was stirred for 16 h at 15-20”; processing, and chroma- 
tography on 5 I 1 SiO,-Hyflo Super-CeI (120 ,g) with 10 : 1 toluene-EtOAc, afforded 

oily 25 (1.08 g, 89x), [Z-J,, +23.0” (c 5.0); RF 0.74 in 5: 1 toluene-EtOAc; 6c: 

101.2 (‘Jc, 168.5 Hz), 100.7 (‘Jc, 173.3 Hz), 99.4 (lJcH 173.3 Hz), and 98.1 (‘J,, 

172.1 Hz) for 3 anomeric carbon atoms. 

Anal. Calc. for C11,H122022: C, 74.74; H, 6.54. Found: C, 74.87; H, 6.58. 

0-X-D-~~aIZ?rOp~raIlO~~.~-(I-, 2)-0-r-D-J?IaJlJJO~~~rat~OS~~-(~-, 2)-O-a-D-lJ~~Jz?lO~~- 

~anosJ’I-(l-,2)-n-D-~~zaizno~yraJ~ose (6). - (A) A solution of 25 (1.0 g) in THF 

(50 mL) was treated with 0.05br NaOMe-MeOH (50 mL) for I6 h at 20”. Processing, 
and chromatography on 5: 1 SiO,-Hiflo Super-CeI (120 g) in 5: 1 toluene-EtOAc, 

afforded 26 (843 mg, 79.8 T!), lz]n t31.3” (c 4.9). 

A mixture of26 (140 mg) and 10% Pd-C (100 mg) in AcOH (5 mL) was stirred 
for 16 h at 50” under H,. Processin g, and chromatography on Sephadex G-25 (1 g) 

in H20, afforded crystalline 6, m.p. 180.5-182” (H20-EtOH), [aIn t45.9” (c 0.46, 
H,O); RF 0.28 in 2: 1: 1 BuOH-AcOH-H,O; 6,: 5.32 (d, 1 H, J 2 Hz, H-la), 5.24 

(bs, 2 H, whh 4 Hz, H-lb and H-lc), and 4.99 (d, 1 H, J 2 Hz, H-le). 
Anal. Calc. for C,,H,,02, - 2 H,O: C, 41.03; H, 6.59. Found: C, 40.99; H, 6.31. 
(B) To a stirred mixture of powdered molecular sieves 4A (1 g), AgOSO,CF, 

(100 mg), and 16 (90 mg, 93 pmol) was added dropwise a solution of 20 [prepared 
from 19 (70 mg, 0.11 mmol)] at - 15 O, and the mixture was stirred for 16 h at 20 @. 

T.1.c. examination (3 I 1 toluene-EtOAc) then showed the disappearance of 16 (RF 

0.88) and the formation of the major product (RF 0.67). Processing, and chromato- 

graphy on SiO, (5 g) with 10 : 1 toluene-EtOAc, afforded 27 (120 mg, 6 1%). Compound 
27 (120 mg) in 0.01&f NaOMe-MeOH (IO mL) was stirred for 2 h at 20”. Processing, 

and chromatography on $0, (5 g) with I:2 toIuene-EtOAc, afforded syrupy 28 

(72 mg, 84 %); RF 0.18 in 1: 1 toluene-EtOAc. 

Hydrogenolysis of 28 (72 mg) in AcOH (3 mL) in the presence of 10% Pd-C 

(30 mg) for 16 h at 60” under Hz, and processing as in (A), afforded 6 (36 mg; 
quantitative). 

Benzyi 0-(2,3,4,6-tetra-O-acety~-~-D-nlaJznopyranosy~)-(~~2)-0-(3,4,6-lri-O- 

acetyl-cr-D-mannopyranosyi)-C(I-t2)-0-3,4,6-tri-O-ben~y~-~-D-J?zannopyranos~~~]~-(Z~ 
2)-3,4,6-tri-0-bemyl-a-D-mannopyranoside (29). - To a stirred mixture of powdered 
molecular sieves 4A (5 g), Ag?X02CF3 (300 mg, 1.15 mmol), and 26 (280 mg, 0.15 
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mmol) in CI(CH&Ci (20 mL) was added dropwise a solution of 20 brepared from 
19 (250 m,o, 0.41 mmol)] in Cl(CH2)C1 (5 mL) at 0”. The mixture was stirred for 
16 h at 20”; t.1.c. examination (2 I I toIuene-EtOAc) then showed the disappearance 
of 25 (RF 0.85) and the formation of the major product (RF 0.60). Processing, and 
chromato_mphy on 5 : 1 SiO,-Hyflo Super-Cel (20 g) with 2 : I toluene-EtOAc, 
afforded oily 29 (270 mg, 73 %), [a&, t21.2 o (c 1.9); 8,: 7.11 (s, 65 H, 13 Ph), 

2.05 (s, 3 H, AC), 2.05 (s, 3 H, AC), 2.02 (s, 3 H, AC), 2.00 (s, 9 H, 3 AC), and 1.96 
(s, 3 H, AC). 

Anal. Calc. for C,,,H,,,0,8: C, 69.0; H, 6.09. Found: C, 69.1; H, 6.31. 
~-z-D-~fannopyranosy~-~(~~~)-~-a-D-mannopyranosyil,-(~~2)-n-D-i?rannopy- 

ranose (7). - A solution of 29 (200 mg) in O.Olhr NaOMe-MeOH (30 mL) was 
stirred for 1 h at 20”. Processing, and chromatography on SiO, (5 g) in EtOAc, 
afforded 30 (120 mg, 68%); RF 0.48 in EtOAc. 

A mixture of 30 (120 mg) and 10% Pd-C (60 mg) in AcOH (5 mL) was stirred 
for I6 h at 50” under H,. Processing, and chromatography on Sephadex G-25 (2 g) 
with H1O, afforded crystalline 7 (51 mg, 95%), m.p. 177-182” (dec.), [a-Jr, + 32.2” 
(c 0.34, H,O); RF 0.18 in 2: 1: 1 BuOH-AcOH-H20; 6, (D,O): 5.36 (bs, 1 H, 
whh 4 Hz, H-la), 5.28 (s, 4 H, whh 6 Hz, H-lb,lc,ld,le), and 5.03 (bs, 1 H, whh 
4 Hz, H-lf). 

Anal. Calc for C36H64032 - HzO: C, 42.11; H, 6.24. Found: C, 42.23; H, 6.24_ 
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