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ABSTRACT 

The syntheses of a-Dglucopyranose-( 1 -3)-Dmannopyranose, methyl a-D 
glucopyranose-( 1+3)-a-Dmannopyranoside and methyl a-Dglucopyranose-( 1 +3)-a-D 
mannopyranose-( 1 -2)-a-Dmannopyranoside are reported. High stereoselectivity was 
observed during the coupling of glucose and mannose residues by the use of glucosyl 
trichloroacetimidate as donor. 

INTRODUCTION 

N-Glycoproteins are widely distributed in eukaryotic cells, and their biosynthesis is 
well documented. 1 In particular, a common oligosaccharide precursor is transferred from a 
giycolipid to the nascent protein within the endoplasmic reticulum (E.R.)2 where correct 
folding of secretory proteins is mediated by molecular chaperons. This step is essential for 
the transport of proteins to the connecting compartments of the biosynthetic pathway. 
Calnexin and calreticulin represent t.wo E.R. proteins acting as chaperons for many 
secretory proteins.3 These proteins possess lectin-like activity, and have been shown to 
bind with N-linked oligosaccharides. FoI calnexin, such binding is transient? and depends 
on the presence of a single glucose in the N-linked oiigosaccharide side-chain partially 
trimmed by glucosidases I and 11. Once initial contact is established, calnexin is believed to 
associate in a more stable fashion with a hydrophobic peptlde moiety. The substrate protein 
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1204 CHERIF, CLAVEL, AND MONNERET 

I / I 
Gic u 1 --> 3 Glc u 1 --> 3iGlc a 1 --> 3 - Man I 

I I . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Figure 1. Schematic representation of the oligosaccharide-lipid precursor. 

The GlclMangGlcNAc2 dolichol-linked oligosaccharide that is bound by calnexin is 
enclosed by the box (cf. ref. 5). The GlclManS which binds to calreticulin is shown in 
bold. 

remains associated with the chaperon until it has folded and lost the conformation features 
responsible for the attachment. 

Recent experiments have shown that soluble calnexin specifically binds5 with 
GlclMangGlcNAc2 species, whereas binding with Glc1Mans7GlcNAc2 oligosaccharides 
is relatively poor. A similar observation6 has been reported with calreticulin, since 
truncation of GlclMan9GlcNAc2 to G l c l h h q  results in loss of binding. However, for 
GIclMangGlcNAc, approximately 65% of the initial binding capacity was maintained. This 
indicates that beyond the presence of the terminal mannose-linked glucose residue as 
determinant, at least a mannose after the 3.6-branching point is required for chaperon 
binding to occur. 

RESULTS AND DISCUSSION 

On the basis of these observations, it was interesting to see whether synthetically 
modified oligosides bearing the crucial portion a-D-Glcp -(I -3)-a-DManp interact with 
the chaperon and in this context we report the synthesis of this determinant, as well as the 
synthesis of the corresponding trisaccharide a-DGlcp ( 1-.3)-a-D-Manp-i 1 -2)-a-D- 

Manp-Ohle. 
Although approaches to asparagine-linked gl ycoprotein oligosaccharides have been 

the subject of many investigations?.* most have been directed toward construction of the 
tri- or pentasaccharide core slructure around the 3,6-branching point.9 Recently, the 
synthesis of the undecasaccharide MangGlcNAc2 was reported by Ogawa el a!. 10 In 
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GLYCAN CHAIN OF HIGH MANNOSE TYPE N-GLYCOPROTEIN 1205 

la,b,c 3h,c 

4b.c 

R, = H; Rz= pMBn 

R, = Bn: R2 = pMBn G 5a,b,e R, = Bn; R2 = H 

R, = H; R2 = Bn 66,c 

OBn OH 
OBn 

OBn BnO 

BnO L L OBn 
CI R K ~~ 

7 

K = Series a: 0Bn;b :  0Me;c: SPh 

% R=OCH3 

10 R = O H  

Scheme 1 

contrast, the syntheses of oligosides containing the u-DGlcp -( 1 + 3)-Manp moiety as 
their terminal unit have received little attention. 1-13 

To obtain access to the disaccharide u-DGlcp -(1 -, 3)-Manp and its methyl 
glycoside, the benzyl and methyl glycosyl acceptors 5s and Sb, having a frec OH group at 
the C-3 position, were initially prepared. As illustrated in Scheme 1, the benzyl la  and the 
methyl mannopyranoside 1 b were first converted into the corresponding 4,6-Q 
benzylidene dcrivatives 2a and 2b (a,a-dimethoxytoluene, TsOH).14 Subsequent selective 
benzylation of the 2-OH was achieved under phase transfer conditions,15 giving 5a and 
5b in 51% and 36% yields, respectively. Alternatively, 5b was also prepared 
regioselectively following a three-step sequence reported for the corresponding phenyl 
thioglycoside: 16 i) formation of a stannylene acetal, p-methoxybenzylation of the 3-OH 
(68% yield); ii) benzylation of 3b; iii) removal of the p-methoxybenzyl group (CAN, 
CH~CN-HZO, 0 OC, 87%) present in 4b. 

After column chromatography (cyclohexane-EtOAc 9: l), condensation of 5a and 
5b with tetra-0-benzylglucosyl chloride 7 (CF3S03Ag, sym-coll., CH2C12, -78 OC)l7 

afforded disaccharide 8a (55%) and 8 b (34%). These intermediates were deprotected (H2, 
Pd/C 10% in EtOH:EtOAc, l : l ,  v/v) to give the expected disaccharide 9b and the 
corresponding analog 10 (a + f3 anomers at the C-1 position) in almost quantitative yields. 
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1206 CHERIF, CLAVEL, AND MONNERET 

B n B q R  Bn OBn + 5c Bn& OBn 

L 
7 R = CI (a anomer) SP h SP h 

11 R = OC=NH(CCI,) a + p aoomers & 

J 

13 R = H  
1 5 R - B n  

12 

J 

14 R = H  

Scheme 2 

In a subsequent approach to the formation of the trisaccharides a-DGlcp-( 143)-a- 
~ M a n p - (  l+')-a-D-Manp-OMe and a-DGlcp-( 1--3)-a-D-h4anp( 1+2)-Man, the phenyl 
2-0benzyl-4,6-0benzylidene- 1-thiomannopyranoside 5 c was used in place of the methyl 
or benzyl glycosides 5a or 5b. As for Sb, compound 5 c  was synthesized from the 
corresponding 4,6-O-benzylidene derivative 2 e via the formation of p-methoxybenzyl 
ether 3c (81%), benzylation (90%), and treatment of 4 c  with CAN (or, preferably, with 
DDQ) (86%). Condensation of 5 c  with 7 under the above conditions (CF3S@Ag, sym- 
coll, CH2C12, -78 "C) led to a mixture not easily separable (ratio a / p  = 80:20, HPLC 
analysis) of a and fl disaccharides 8 c and 1 2 (Scheme 2). 

Anticipating that purification would be easier after chemical modification, reductive 
cleavage of the acetal group was subsequently attempted with LiA1b-AlC1318 or with 
NaBH3CN,19in order to obtain either the 6-0-benzyl or the Qobenzyl mannopyranoside 
moieties. In fact, separation was only effective after hydrolysis (SnC12)2° of the 
benzylidene ring, affording 1 3  (which has been also characterized as its perbenzylated 
derivative 15) and 14. 

As different attempts to achieve exclusive formation of 8 e  from the glucosyl 
chloride 7 did not succeed (HgCN21HgBr213 or HgBr2) we turned our attention to the 
trichloroacetimidate derivative I 1.21 Coupling of 1 1 with 5 c  was stereoselective (ratio 
8e i l2  = 917 by HPLC analysis) providing disacchande 8e in high isolated yield (85%). 
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GLYCAN CHAIN OF HIGH MANNOSE TYPE N-GLYCOPROTEIN 1207 

* R = H  C 17 R = A c  

+6b 
&- q P 

Bn 0 

QMe 

I 
18 R = A c  
19 R = H  

+6b 
L 

R R “J 
OR 

Scheme 3 

Essentially pure compound 8c  was obtained after a second flash chromatography (> 97%, 

HPLC analysis). 
In order to prepare the trisaccharide a-D-Glcp-( 1-3)-a-DManp -( 1-.2)-a-D 

Manp-OMe in the next step, two complementary routes were followed (Scheme 3). In the 
first, the disaccharide a-DGlcp-( l+3)-a-~Manp-SPh 8 c was employed as donor, and 
the mannose 6b as the acceptor. Compound 6b was easily obtained from methyl 4,6-0 
benzylidene-a-nmannopyranoside 2b by selective 3-0-benzylation via the stannylene 
intermediate. Surprisingly, in spite of repeated experiments, condensation between 8 c  and 
6b (NIS, CF3S@Ag), to give the expected trisaccharide 16 proceeded in low yield (= 

11%). 
Therefore, we turned our attention to the other route, starting from the glucosyl 

trichloroacetimidate 1 1 as donor and suitably protected a-DManp-( 1+2)-a-D-Manp-OMe 
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1208 CHERIF, CLAVEL, AND MONNERET 

19 as the acceptor. Compound 19 was prepared in two steps involving condensation of 
phenyl thioglycoside 17 with 6 b to afford the protected a-D-manp-( 1-+2)-a-D-Manp- 
OMe disaccharide 18 (60% yield) and subsequent deprotection of 1 8 led to 19 ( 100% 
yield). Finally, trisaccharide 16 was obtained in satisfactory yield (= 50%) by coupling 
the trichloroaetimidate derivative 1 1 with 1 9. Total debenzylation of 1 6 was achieved by 
hydrogenolysis to give 2 0, and 21 after peracetylation. 

In conclusion, we achieved the synthesis of the target disaccharides a-D-Glcp- 
(143)-D-Manp 9 b and its methyl glycoside 1 0, and of the trisaccharide a-DGlcp-( h 3 ) -  
a-~-h4anp -(1+2)-a-D-Manp-OMe 20 in good yield and in a stereocontrolled manner. 
Studies are underway to construct glycoprotein mimics including this determinant, as well 
as terminal mannose residues as those present on the two other branches of natural 
gl ycoproteins. 

EXPERIMENTAL 

General methods. Melting points are reported uncorrected. IR spectra were 
recorded in chloroform solution using a Perlun-Elmer 1710 spectrophotometer, calibrated 
against a polystyrene film and are expressed in cm-1. Optical rotations were determined 
with a Perlun-Elmer 241 polarimeter (589 nm), at 20 "C, with a concentration expressed in 
g/lOO mL. 1H NMR spectra were recorded using a Bruker AC300 (300 MHz) 
spectrophotometer. Chemical shifts are expressed in ppm downfield from internal Me4Si 
with the notations indicating the multiplicity of the signal (s, singlet; bs, broad singlet; d, 
doublet; dd, doublet of doublet; t, triplet and m, multiplet). The coupling constants are 
expressed as J values in units of Hertz. For mass spectra, CI (NH3) were recorded with a 
Nermag R10-1OC and FAB (M+ Na+) was recorded with a Jeol MS 700. TLC was 
performed on Silica gel 60F254 (Merck). Silica gel (Merck, particle size 0.040-0.063 nm) 
was used for flash chromatography.22 Analytical HPLC were performed on a Nova Pak 
Silica Waters Part no 36980 (3.9 mm diameter x 15 cml or a Sigma-Aldrich Silica Waters, 
Spherisorb silica (4.6 mm diameter x 25 cm) with a mixture of heptane-EtOAc (94:6) as 
solvent. A flow rate of 1 mL/min was used with detection at 254 nm. 

Benzyl 2-O-Benzyl 4,6-O-benzylidene-a-D-mannopyranoside (5a) 
was prepared in 51 % yield according to Garegg et all5 from benzyl4,6-benzylidene-a-D- 
mannopyranoside 2a.24 

M e t h y l  4,6-O-Benzylidene-3-0-p-methoxybenzyl-a-D-manno- 
pyranoside (3b). Dibutyltin oxide (3.5 g, 13 mmolj was added to a solution of methyl 
4,6-O-benzylidene-a-D-mannopyranoside 21325 (3.6 g, 12.7 mmol) in anhydrous toluene 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
4
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



GLYCAN CHAIN OF HIGH MANNOSE TYPE N-GLYCOPROTEIN 1209 

(400 mL). The resulting mixture was heated under Dean-Stark conditions for 4 h prior to 

the addition of tetrabutylammonium iodide (2.35 g, 6.35 mmol) and of 4-mcthoxybeniryl 
chlonde (2.1 g, 14 mmol). After additional reflux for 5 h and concentration to c 200 mL, 

the mixture was diluted with H20 (200 mL) and extracted three times with EtOAc (3  x 100 
mL). The combined organic layers were washed with H20 and dried over MgS04. 
Concentration under reduced pressure, followed by flash chromatography (cyclohexane- 
EtOAc, 9: 1 then 6: l), afforded 3b (3.5 g, 68%) as a syrup; Rf = 0.3 (cyclohexane-EtOAc, 
21); [ a ] ~  + 43" (c 1.5, chloroform); IR (CDC13) 3587 cm-l (OH); 'H NMR (CDC13): 6 
7.52-7.26 (m, 7H, Ar), 6.84-6.89 (m, 2H, Ar), 5.61 (s, lH, H-7), 4.75 (s, IH, H-l) ,  
4.78 and 4.63 (2d, J = 11.5 Hz, CHzPh), 4.28 (m. lH,  H-6b), 4.07 (dd, 53.4 = 54.5 = 
9.5 Hz, H-4), 4.01 (dd, lH, H-2), 3.90 (dd, 1H. J2,3 = 3, 53.4 = 9.5 Hz, H-3), 3.37 (m, 
2H, H-6a, H-5), 2.69 (d, lH, J = 1.1 Hz, OH); MS (DCIINH3) mlz 420 (M + N h ) + ,  
403 (M + H)+. 

Anal. Calcd for C22H26q: C, 65.64; H, 6.52. Found: C, 65.75; H, 6.48. 
Met h y I 2 -O-Benzyl-4,6-0-benzylidene-3-O-p-methoxybenzyl-a-D- 

mannopyranoside (4b). A solution of 3b (3.5 g, 9 mmol) in anhydrous DMF (125 
mL) was cooled to 0 "C prior to addition of NaH (382 mg, 9.5 mmol), B W I  (3.5 g, 9.5 
mmol), and benzyl bromide (1.1 mL, 9.5 mmol). At the end of addition, the mixture was 
allowed to reach room temperature and stirred for 48 h. Dilution with H20 was followed 
by extraction with EtOAc, washing with H20 and concentration under reduced pressure. 
Flash chromatography of the residue (4 g) with cyclohexane and cyclohexane-EtOAc (9: 1) 
as eluent led to 4b (3.51 g, 79%) isolated as a syrup; Rf 0.15 (cyclohexane-EtOAc, 9: 1) ; 

[*ID +18" (c 1, chloroform); IH NMR (CDCI3): 65.65 (s; lH, H-7), 4.78 (dd, 2H, 
C k P h ) ,  4.69 (s, lH, J1.2 = 1.5 Hz, H-l), 4.66 (dd, 2H, C k P h ) ,  4.27 (dd, IH, J5,6b = 
4.5 Hz, H-6b), 4.23 (dd, lH, J3,4 = J4,5= 10 Hz, H-4), 3.95 (dd, lH, J23 = 3.2, 
J3,1= 10 Hz, H-3), 3.90 (t. lH, J = 10 Hz, H-6a), 3.82 (s, 3H, OCH3), 3.80 (d, lH, 

OCH3); MS (DCI/NH3) mlz 493 (M + H)+. 
52.1 = 1.5 HZ, H-2), 3.76 (dd, lH, J5,6a = 10, J5,6b= 4.5 Hz, H-5), 3.33 (s, 3H, 

Anal. Calcd for C29H32q: C, 70.70; H, 6.55. Found C, 70.75; H, 6.38. 
Methyl 2-0-BenzyI-4,6-0-benzylidene-a-D-mannopyranoside (5b). 

1) From 2 b: Following the protocol reported by Garegg et a / ,  15 5 b was obtained in 36% 
yield from 2 b and isolated as a crystalline compound from EtOH. 
2) From 4b: To a cooled solution of 4b (99 mg, 0.2 mmol) in a mixture of CH3CN-H20 
(4: 1, 5 mL), cerium ammonium nitrate (244 mg, 0.48 mmol) was added and the mixture 
was stirred for 2 h at the same temperature. After dilution with EtOAc (20 mL) and 
washings with H20, the organic solution was dried over MgS04 and concentrated under 
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1210 CHERIF, CLAVEL, AND MONNERET 

rcduced pressure. Flash chromatography (cyclohexane-EtOAc, 9 1, then 7: 1) afforded 5 b 
(65 mg, 87%) as a crystalline compound (mp 41-42 "C, EtOH); [ a ] D  -6" (c  0.5, 
chloroform);Lit.:26 mp42-44 "C (EtOH), [ a ] ~  +20" (c 1, chloroform); IR (CDC13) 3562 
cm-1 (OH); lH NMR (CDC13): 6 7.52-7.26 (m, 10H, Ar), 5.58 (s, lH, H-7), 4.77 (bs, 
lH, H-I), 4.72 and 4.70 (2d, 2H, J = 12 Hz, CH2Ph), 4.28 (dd, lH, H-6a), 4.08 (m, 
IH, H-51, 3.92 (dd, lH, J3p = 54.5 = 9 Hz, H-4), 3.85-3.75 (m, 3H, H-2, H-3, H-6b), 
3.37 (s, 3H, OCH3), 2.40 (d, lH, J = 8 Hz, OH); MS (DCIINH3) mlz 390 (M + N b ) + ,  
373 (M + H)+. 

Methyl 3-0-Benzyl-4,6-O-benzylidene-a-~-mannopyranoside (6b). 
Dibutyltin oxide (2.35 g, 9.43 mmol) was added to a solution of methyl 4,6-0- 
benzylidene-a-D-mannopyranoside 2 b (2.42 g, 8.58 mmol) in anhydrous toluene (150 
mL). The resulting mixture was heated under Dean-Stark conditions for 4 h prior to the 
addition of tetrabutylammonium iodide (2.45 g, 6.62 mmol) and of benzyl bromide (1.22 
mL, 10.43 mmol). After additional reflux for 15 h, the mixture was diluted with EtOAc 
(150 mL), washed with H20 and dried over MgS04. Concentration under reduced 
pressure, followed by flash chromatography (cyclohexane-EtOAc, 4: 1) afforded 6b (2.55 
g, 80%) as a syrup; Rf = 0.3 (cyclohexane-EtOAc, 2: 1); [ a ] ~  +52" (c  1.2, chloroform); 
1H NMR (CDC13): 6 753-7.27 (m, IOH, Ar), 5.63 (s, IH, H-7), 4.87 and 4.73 (2d, 
2H, J = 12 Hz. CH2Ph), 4.77 (d, IH, J1,2 = 1 Hz, H-I), 4.30 (m, lH, H-6a), 4.12 (t, 
lH, 53.4 =J4,5 = 9.5 Hz, H-4), 4.05 (dd, lH, J12 = 1, J2,3 = 3 Hz, H-2), 3.92 (dd, lH, 
53.4 = 9.5, 53.2 = 3 Hz, H-3), 3.85 (m, lH, H-6b), 3.81 (dd, lH, 55.6 = 4 Hz, H-5), 
3.39 (s, 3H, OCH3), 2.75 ( s ,  IH, OH); 13C NMR (CDC13): 6 128.86, 128.39, 128.13, 
126.81, 126 (C-Ar), 101.52 (C-7), 101.19 (C-l), 78.82 (C-4), 75.64 (C-3), 72.98 
(cH2Ph), 69.76 (C-2). 68.84 (C-6), 63.27 (C-5), 54.82 (OcH3). 

Anal. Calcd forC21H2406: C,67.73; H, 6.50. Found: C, 66.92; H, 6.53. 
Phenyl 4,6-0-Benzylidene-l-thio-a-D-mannopyranoside (2c). A 

mixture of phenyl a-D-thiomannopyranoside27 ( 15  g, 55 mmol), benzaldehyde 
dimethylacetal(l8.8 mL, 58.6 mmol) and tetrafluoroboric acid28 (50% solution in ether, 
7.6 mL, 55 mmol) in anhydrous DMF (400 mL) was stirred at room temperature for 3 h. 
After neutralization by addition of Et3N, dimethylfomamide was removed by distillation 
under vacuum (0.1 mm Hg) . The residue was dissolved in EtOH and concentrated under 
reduced pressure, giving 2c (13.65 g, 69%) as a crystalline compound; Rffcyclohexane- 
EtOAc, 2:1), mp 200 "C (EtOH), [ a ] ~  +292" (c 0.5, MeOH); Lit.:29 mp 182-184 "C 
[ a ] ~ 2 7  +294.6" (c  0.5, acetone). 

P h en y I 4,6 -0- Benzyl i dene -3-0 -p-met hoxy benzy 1 - 1 - t h io-a- D-manno- 
pyranoside (3c). It was prepared under the conditions as reported for 3b and obtained 
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GLYCAN CHAIN OF HIGH MANNOSE TYPE N-GLYCOPROTEIN 121 1 

in 81% yield as a syrup; Rf 0.6 (cyclohexane-EtOAc, 4:l);  [ a ] ~  +232.5" ( c  1, 
chloroform); IR(CDCl3) 3567 cm-1 (OH); 1H NMR (CDCl3): 6 7.54-6.92 (m, 12H, Ar), 
6.92-6.88 (m, 2H, Ar), 5.63 (s, lH,  H-7), 5.60 (s, lH, H-1), 4.80 and 4.68 (2d, 2H, 
J = 11 Hz, CH2PhOCH3), 4.34 (m. 1H. H-5), 4.25 (m, lH, H-2), 4.20 (m, lH,  H-64, 
4.17 (dd, lH, 53.4 = 54.5 = 9.5 Hz, H-4), 3.95 (dd, lH, J2,3 = 3.5 Hz, 53.4 = 9.5, H-3), 
3.86 (dd, lH,  J = J' = 10 Hz, H-6b), 3.82 ( s ,  3H, O C b ) ,  2.88 (d, lH, J = 1 Hz, OH); 
MS (DCI/NH3) m/z 498 (M + N b ) + ,  481 (M + H)+. 

Anal. CalcdforC27H2gO6S: C, 67.48; H, 5.87; S ,  6.67. Found: C ,  67.58; H. 

Phenyl 2 -0-Benzyl-4,6-0- benzylidene-3-0 -p-methoxybenzyl- 1 -thio- 
a-D-mannopyranoside (4c). Prepared under the same conditions as that described for 
4b, compound 4c was obtained in 90% after flash chromatography (cyclohexane-EtOAc, 
9: 1); syrup, Rf = 0.72 (cyclohexane-EtOAc, 4 1); [ a ] ~  +114" (c 1.2, chloroform); 1H 
NMR(CDC13): 67.55-7.26 (m, 17H, H-Ar), 6.89-6.86 (m, 2H, Ar), 5.66 (s, lH, H-l) ,  
5.50 (d, lH, J1.2 = 1.3 Hz, H-l), 4.72 (s, 2H, CH;?Ph), 4.75 and 4.60 (2d, 2H, J = 12 
Hz, CHzPh), 4.31-4.20 (m, 3H, H-4, H-5, H-6a), 4.01 (d, lH, J = 1.5 Hz, H-2), 3.90 
(m, 2H, H-3, H-6b), 3.83 (s, lH, OCH3); MS (DCI/NH3) m/z 588 (M + N&)+. 

Phenyl 2-0-Benzyl-4,6-0-benzylidene-l-thio-a-D-mannopyranoside 
( 5 c ) .  
1) From 2c: Prepared under phase-catalyzed transfer, conditions as described for 5a. 
Compound 5 c was obtained in 33% yield, 
2) From 4c: DDQ (151 mg, 0.66 mmol) was added to a solution of 4c (316 mg, 5.54 
mmol) in 10 mL of a mixture of dichloromethane-H20 (20:l) and stirred at room 
temperature for 24 h. Dilution with dichloromethane (20 mL), followed by filtration, gave 
an organic solution which was washed with saturated aqueous solution of N a H C a ,  with 
brine and dried over MgSO4. After concentration under reduced pressure, flash 
chromatography of the residue (cyclohexane-EtOAc, 9:l) afforded 216 mg (86%) of 5 c ;  

syrup; R f =  0.37 (cyclohexane-EtOAc, 4 1 ) ;  mp 148-150 "C (Lit.30 147-149 "C); [ a ] D  

+130" (c 1.02, chloroform)(Lit.30 [a ]~+145"(c  0.8, chloroform); IR (CDC13) 3573 (OH); 
lH NMR (CDCl3): 6 7.54-7.26 (m, 15H, H-Ar), 5.60 (s, 2H, H-1, H-7),4.76-4.65 (2d, 
2H, J = 11.6 Hz, C k P h ) ,  4.38-4.30 (m, 2H, H-4, H-5), 4.23 (dd, lH,  J5,3,= 10, 
J6b,6a= 5 Hz, H-6b), 4.12 (bs, lH, H-2), 4.02 (dd, IH, 53,4 = 10, 52.3 = 3.5 Hz,, H-3), 
3.85 (t, lH, J = 10 Hz, H-6a), 2.48 (d, lH, J = 8 Hz, OH); MS (DCUNH3) m / z  468 (M 
+ N&)+, 451 (M + H)+. 

Anal. Calcd for C26H2605S: C, 69.31; H, 5.82; S, 7.12. Found: C, 69.39; H, 

5.86; S, 6.59. 

5.76; S, 7.11. 
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1212 CHERIF, CLAVEL, AND MONNERET 

B e n  zy I (2,3,4,6-Tetra-0-benzyl-a-D-glucopyranosyl)-( 1-3) -2-0- 
benzyl-4,6-0-benzylidene-a-D-mannopyranoside (8a). To a solution of 5a (76 
mg, 0.17 mmol) in anhydrous dichloromethane (5 mL), CF3S03Ag (66 mg, 0.25 mmol), 
4 A powdered molecular sieves (45 mg) and sym-collidine (12 pL, 0.09 mmol) were 
added. The stirred suspension was then cooled to -78 "C, before addition of a solution of 
chloride 71' (125 mg, 0.22 mol) in dry dichloromethane (5 mL). The reaction mixture was 
stirred at -78 "C for 1.5 h and the temperature was then gradually raised to -10 "C and 
maintained for 1.5 h at this temperature before addition of sym-collidine (17 pL, 0.14 
mmol). The crude mixture was filtered through Celite and the organic solution was washed 
with aqueous saturated N a H C a ,  with water, and concentrated, giving a crude residue 
(200 mg). Purification by flash chromatography on silica gel (cyclohexane, EtOAc, 9: 1) 
gave the expected disaccharide 8a (90 mg, 55%) as a syrup; [U]D +66" (c 1.05, 
chloroform); IR (CDC13): 3562 cm-1 (OH); 1H NMR (CDC13): 8 5.56 (d,lH,J =3.5Hz, 
H-l'), 5.30 (s, lH,  H-7); MS (DCUNH3) mlz 989 (M + N b ) + .  

M e t  h y I (2,3,4.6-Tetra-0-benzyl-a-D-glucopyranosyl)-( 1-3) -2-0- 
benzyl-4,6-0-benzylidene-u-D-mannopyranoside (8b). Prepared from 5 b and 7 
under the same conditions as above and isolated after flash chromatography (cyclohexane- 
EtOAc, 9: 1) in 34% yield; syrup; Rf = 0.42 (cyclohexane-EtOAc, 4: 1); [ a ] ~  +66" (c 1.05, 
chloroform); IR (CDC13): 3562 cm-l (OH); 1H NMR (CDC13): 6 7.48-6.97 (m, 30H, 
Ar), 5.53 (d,lH, J = 3.5 Hz, H-l'), 5.47 (s, lH, H-7), 4.71 (s, lH, H-I), 3.33 (s, 3H, 
O C b ) ;  MS (DCIlNH3) mlz 913 (M + N b ) + .  

Methyl (a-D-Gl~copyranosyl)-(1~3)-a-D-mannopyranoside (9b). A 
solution of 8 b  (348 mg, 0.39 mmol) in a mixture of EtOH (12 mL) and EtOAc (6 mL) was 
stirred for 3 h under a hydrogen atmosphere (1 atm) in the presence of 10% Palladium-on- 
charcoal (288 mg). The suspension was then filtered, and the filtrate was concentrated 
under reduced pressure to give a syrup (130 mg, 94%) which crystallized from ethanol. Rf 
= 0.17 (EtOAc-iPrOH-H;?O, 3:3:2); mp 104-107 "C; [ a ] ~  +108" (c 1, MeOH); IH NMR 

H-1); MS (electrospray) m/z 379 (M + Na)+. 
(CD3OD): 6 4.62 (d, lH, J = 1.8 Hz, H-l'), 4.87 (d, H-1, OH), 5.07 (d, lH, J = 4 Hz, 

Anal. Calcd for C13H24011, H20. C, 41.71; H, 7.00. Found: C, 41.83; H, 6.92. 
a-D-Glucopyranosyl-( l-+3)-D-mannopyranose (10). Applied to 8a. the 

same procedure as described above led to 1 0  as crystals (97%). Rf (E~OAC-ZROH-H~O, 
3:3:2) 0.51; mp 107-1 10 "C (EtOH); MS (electrospray) rnlz 365 (M +Naj+. 

Anal. Calcd for C12H22011, H20: C, 40.00; H, 6.71. Found: C, 40.29; H, 6.68. 
P h e n y 1 (2,3,4,6-Tetra-0-benzyl-a-D-glucopyranosyl)-( 1-3) -2-0- 

benzyl-4,6-0-benzylidene-a-D-thiomannopyranoside (8c)  and Phenyl 
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GLYCAN CHAIN OF HIGH MANNOSE TYPE N-GLYCOPROTEIN 1213 

(2,3,4,6-Tetra-0-benzyi-pD-glucopyranosyl)-( 1+3)-2-0-benzyl-4,6-0- 
benzylidene-a-D-thiomannopyranoside (12). 
1) From S c  and glucosyl chloride 7. A mixture of 5c and 7 (4.87 g, 1.1 eq) was treated 
under the same conditions as described for 8a and 8b, affording 10 g of a crude product. 
Flash chromatography (cyclohexane-EtOAc, 9: 1) led to 8c and 1 2 as a mixture (4.9 g, 
76%; 8~112 = 80QO as determined by HPLC analysis). A sample of pure a-anomer 8 c  

could be obtained after two column chromatographies over H-60 silica gel (pentane-ether, 
5: 1 and cyclohexane-ether, 6: 1); syrup, Rf = 0.4 (pentane-ether, 3: 1); [ a ] ~  +98" ( c  1.1 , 
chloroform); IH NMR (CDC13): 6 7.44-6.97 (m, 35H, Ar), 5.56 (s, lH, H-7), 5.53 (d, 
lH,  J1*,2t = 3.5 Hz, H-1'), 5.50 (s, lH, H-1), 4.93 and 4.73 (2d, 2H, J = 11 Hz, 
CHzPh), 4.86-4.40 (m, 6H, 3 CH2Ph), 4.62 and 4.31 (2d, 2H, J = 12.5 Hz, CHzPh), 
4.45 (m, 2H, H-4, H-3), 4.34 (s, lH, H-5), 4.09 (s, lH, H-2), 3.98 (dd, lH,  52131 = 
J31,4* = 9 Hz, H-37, 3.87 (t, lH, J = 9.5 Hz, H-6'a), 3.76 (m, lH,  H-5'), 3.66 (m, 2H, 
H-6a, H-6b), 3.60 (dd, lH, J413 = J41,51 = 9.2 Hz, H-47, 3.50 (dd, lH, J2131 = 9, 
J21,1! = 3.5 Hz, H-2'); 13C NMR (CDC13): 6 138-125 (C-Ar), 102.5 (C-7), 97 (C-l'), 
87.30 (C-l), 81.40 (C-37, 79.56 (C-4), 79.20 (C-2), 78.87 (C-27, 77.44 (C-47, 75.50 
(CH2Ph), 74.97 (CHzPh), 73.50 (CH2Ph), 73.34 (CHzPh), 72.87 (C-3), 70.99 (C-57, 
70.68 (CH2Ph), 68.62 (C-6 and C-67, 65.35 (C-5); MS (DCUNH3) m/z 990 (M + 
NH4)+. 

Anal. Calcd for CmHm05S: C, 74.04; H, 6.22. Found: C, 73.50; H, 6.23. 
3) From 5 c and glucopymosyl trichloroacetamidate 1 1. A solution of trichlorwcetimidate 
1 121 (100 mg, 0.44 mmol) and of 5c  (148 mg, 0.33 mmol) in anhydrous ether (15 mL) 
and in the presence of 4 8, powdered molecular sieves (500 mg, freshly activated) was 
cooled to -55 "C. After adding trimethylsilyl triflate (158 &, 0.87 mmol), the mixture was 
stirred at -55 "C for 18 h. Dilution with ether (50 mL) was followed by filtration over 
Celite and the filtrate was washed with brine, dried over MgSO4 and concentrated under 
reduced pressure. Subsequent flash chromatography (cyclohexane-EtOAc, 9 1) gave 8 c 

(271 rng, 85%) slightly contaminated with the p-interglycoside anomer 12  (ratio 8c/ l2  > 
93/7 as determined by HPLC analysis). A second flash chromatography using the same 
mixture of solvents, but in 955 ratio, afforded a pure sample for description. 
Compound 12: syrup; Rf = 0.4 (pentane-ether, 3: 1) ; 1H NMR (CDC13): B 7.43-7.18 
(m, 30H, Ar), 5.56 (s, lH, H-7), 5.53 (d, lH, 51.2 = 1 Hz, H-1), 4.90 and 4.81 (2d, 
2H, J = 11 Hz, CH2Ph), 4.88 (d, lH, J1*,21 = 9 Hz, H-l'), 4.59-4.45 (m, H, H-27, 4.02 
(dd, lH, J1,2 = 1, J23 = 3 Hz, H-2), 3.89 (dd, lH, 52.3 = 3, J3,4 = 8.5 Hz, H-3), 3.71 
(dd. lH, 53.4 = J4,5= 10 Hz, H-4 or 4'), 3.68-3.51 (m, 4H, H-6a, H-6b, H-S, H-3'); 
MS (DCUNH3) m/z 990 (M + NH4)+. 
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1214 CHEFUF, CLAVEL, AND MONNERET 

Phen yl (2,3,4,6-Tetra-0-benzyl-a-D-glucopyranosyl)-(l~3)-2-0- 
benzyl-a-D-thiomannopyranoside (13) and Phenyl (2,3,4,6-Tetra-O-benzyl- 
~-D-glucopyranosyl)-(1-.3)-2-0-benzyl-a-D-thiomannopyranoside (14). The 
crude mixture of 8 c  and 12 (505 mg, 0.51 mmol, readily obtained from 5 c  and 7) was 
dissolved in dichloromethane (25 mL) and tin chloride dihydrate (234 mg, 1 mmol) was 
added. The resulting solution was stirred for 36 h at room temperature, washed with 
water, with brine, and the organic layer was concentrated under reduced pressure. Flash 
chromatography (cyclohexane-EtOAc, 6 1) led to the mixture of 13 and 14 (340 mg, 
74%) and, in the following fractions to unreacted 8c + 12 (100 mg). A second column 
chromatography with silica gel 60H (same eluent) successively afforded 1 4  (75 mg, 
16%), 14 + 13 (15 mg) and 13 (250 mg, 54%). 
Compound 1 4  syrup, Rf = 0.31 (cyclohexane-EtOAc, 2:l); [ a ] D  +66" (c 0.3, 
chloroform); 1H NMR (CDC13): 6 7.43-7.18 (m, 30H, H-Ar), 5.50 (d, lH,  51.2 = 1 Hz, 
H-I), 4.95-4.70 (m, 6H, 3 CHzPh), 4.88 (d, IH, J1*,21 = 9 Hz, H-l'), 4.83 and 4.75 
(3d, 2H, J = 11 Hz, CH2Ph), 4.59-4.45 (m, 5H), 4.02 (dd, lH,  J1,2= 1, J23= 3 Hz, H- 
2), 3.89 (dd, IH, 52.3 = 3, J3,4= 8.5 Hz, H-3), 3.71 (dd, IH, 54.5 = 10 Hz, H-4 or H- 
4'), 3.68-3.51 (m, 4H, H-6a, H-6b, H-S, H-39, 2.00 and 1.60 (2 bs, 2H, OH). 

Anal. CalcdforCs3H~01&: C, 71.92; H, 6.38. Found C, 71.64; H, 6.28. 
Compound 13: syrup, Rf = 0.25 (cyclohexane-EtOAc, 2: 1); [ a ] ~  +88" (c 0.7, 
chloroform); lH NMR (CDC13): 6 7.45-7.15 (m, 30, Ar), 5.48 (d, lH, J1,2 = 1 Hz, H-l), 
4.% (d, lH, 51.2 = 3.5 Hz, H-l'), 4.93 and 4.86 (2d, 2H, J = 11 Hz, CHzPh), 4.84 and 
4.70 (2d, 2H, J = 11 Hz, CHzPh), 4.60 and 4.42 (2d, 2H, J = 11 Hz, CH2Ph), 4.20- 
4.05 (m, 3H, including H-2), 4.0-3.55 (m, 8H, H-4, H-4', H-5, H-5', H-6a. H-6b. 
H-6'a, H-6b), 3.76 (dd, lH, J11,21= 3.5, J2*,3' = 9 Hz, H-27, 2.00 and 1.60 (2 bs, 2 
OH), MS (electrospray) m/z 907 (M + Na)+. 

Phenyi (2,3,4,6-Tetra-0-benzyl-a-D-glucopyranosyl)-(l~3)-2,4,6- 
tri-0-benzyl-a-D-thiomannopyranoside (15). A dispersion of NaH (60% in 
mineral oil, 10.7 mg, 0.27 mmol) was added to a solution of 13 (100 mg, 0.1 mmol) in 
anhydrous DMF containing B u a I  (99 mg,lO mL) and benzyl bromide (32 &, 0.27 
mmol). The resulting mixture was stirred for 16 h at room temperature and quenched by 
addition of H20 (10 mL). The solution was extracted with EtOAc and washed with water, 
dried over MgSO4 and concentrated under reduced pressure to give a crude product (150 
mg). Flash chromatography (cyclohexane-EtOAc, 9: 1) led to 95 mg (79%) of 1 5; syrup; 
Rf= 0.70 (cyclohexane-EtOAc, 2: 1); [ a ] ~  +82.5" (c 1, chloroform); IH NMR (CDC13): 6 
7.58-7.17 (m, 40H, arom H), 5.73 (bs, IH, H-1); 5.19 (d, lH, J = 3.39 Hz, H-l), 5.03 
and 4.88 (2d, J = 11 Hz, OCH2-Ph), 4.91 and 4.50 (2d, 2H, J = 10.9 Hz, OCH2Ph), 
4.43-4.77 (m, 12H), 4.29-3.60 (m, 10H); 13C NMR (CDC13): 6 139.01-138.05 (8C, 
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GLYCAN CHAIN OF HIGH MANNOSE TYPE N-GLYCOPROTEIN 1215 

arom), 131.84-127.40 (m, 40C, arom), 99.63 (C-1'), 85.07 (C-l), 81.98, 81.33, 79.94, 
79.32, 78.09, 74.69, 73.04, 71.33, 76.73 (C ring), 75.76, 73.71, 73.37, 73.21, 71.17, 
69.46, 68.91 (9C, OcH2); MS (DCI/NH3) mlz 1083 (M + NH4)+. 

Anal. Calcd for C67H68010S: C, 74.28; H, 6.51; 0, 2.98. Found: C73.83; H, 
6.41; 0, 2.81. 

Met h y I (2,3,4,6-Tetra-0-benzyl-a-D-glucopyranosyl) -( 1-3) - ( 2 - 0 -  
benzyl-4,6-O-benzylidene-a-I)-mannopyranosyl)-( 1+2) -3-0-benzyl-4,6-0- 
benzylidene-a-D-mannopyranoside (16). 
From 8c and 6b: A solution of disaccharide 8 c  (300 mg, 0.3 mmol) and of methyl 
mannoside derivative 6b (88 mg, 0.2 mmol) in dry dichloromethane (10 mL) was cooled 
to -35 "C under argon atmosphere. After stirring for 15 min, in the presence of 4 8, 
powdered molecular sieves (330 mg), NIS (61 mg, 0.27 mmol) and C F 3 S a A g  (67 mg, 
0.26 mmol) were added with stirring and the mixture was maintained at the same 
temperature for 16 h. Dilution with CH2C12 (30 mL) was followed by filtration over Celite 
and the insoluble residue was washed twice with CH2C12. The combined organic layers 
were washed with an aqueous solution of sodium thiosulfate, with brine and dried over 
MgS04. Concentration under reduced pressure followed by flash chromatography 
(cyclohexane/EtOAc, 85: 15) led to isolation of 16 as a syrup (33 mg, 11%). 
From 11 and 19: A solution of glucoside donor 1 1  (136 mg, 0.19 mmol) and 
disaccharide 19 (98 mg, 0.15 mmol) in 5 mL of dry ether in the presence of 4 A powdered 
molecular sieves (250 mg, freshly activated) was cooled to -50 "C before addition of krt- 
butyldimethylsilyl trifluoromethanesulfonate (4.5 pL, 0.19 mmol). After stimng for 1.15 h 
at -50 "C, the reaction mixture was diluted with ether (30 mL) and filtered over Celite. The 
organic solution was washed with water and dried over MgSO4, affording 200 mg of 
product. Flash chromatography (cyclohexane-EtOAc, 9 1) gave 93 mg of 16 (50%); 
syrup. Rf = 0.63 (cyclohexane-EtOAc, 21); [a]D + 23" (c 1, chloroform); 1H NMR 
(CDC13): 6 7.47-7.01 (m, 40H, Ar), 5.57 (d, 5119,219 = 3.5 Hz, H-l") ,  5.50 (s, IH, H-71, 
5.46 (s, lH, H-7'), 5.26 (d, lH, 5 1 1 , ~  = 1 Hz, H-l'), 5.00-3.50 (m, 29 H), 3.38 (s, 3H, 
OCH3); MS (DCI/NH3) mlz 1253 (M + Nb)+. 

Anal. Calcd for C75H78016: C, 72.92; H, 6.36. Found: C, 72.85; H, 6.40. 
P h e n y I 3 -0-Acetyl-2-0-benzyl-4,6-O-benzylidene-a-D-thiomanno- 

pyranoside (17). A solution of 5 c  (1 g, 2.22 mmol) in pyridme (20 mL) was stirred at 
room temperature for 5 h in the presence of acetic anhydride (3 mL). Extraction with 
EtOAc and washings with aqueous H2S04 solution, with water and with saturated 

NaHC03 solution afforded, after drying over MgSO4 and concentration under reduced 
pressure, 1.3 g of residue. This was purified by flash chromoniatography affording 1 g 
(92%) of pure 17 as a syrup; R f =  0.6 (cyclohexane-EtOAc, 4 1 ) ;  [a]D +78.5" (c I ,  
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1216 CHERIF, CLAVEL, AND MONNERET 

chloroform); 1H NMR (CDC13): 6 7.50-7.26 (m, 15H, Ar), 5.60 (s ,  lH ,  
H-7), 5.56 (s, lH, H-l), 5.29 (dd, lH, 52.3 = 3,J3,4 = 10 Hz, H-3), 4.70 and 4.54 (2d, 
2H, J = 12 Hz, CH;?Ph), 4.40 (m, lH, H-5),4.30-4.20 (m, 3H, H-2, H-6a, H-6b), 3.89 

(dd, lH, 53.4 = 54,s = 10 Hz, H-4), 2.00 (s, 3H, OAc); MS (DCUNH3): m/z 510 (M + 
NH&. 493 (M + H)+. 

Anal. Calcd for C28H2806S: c, 68.27; H, 5.73. Found: C, 67.97; H, 5.81. 
M e t h y 1 (3-O-Acetyl-2-O-benzyl-4,6-O-benzylidene-a-D-manno- 

pyranosyl) - (1-2) - 3 -0- benzyl-4,6-0- benzylidene-a-D-mannopyranoside 
(18). To a cooled solution (-35 "C) of 17 (360 mg, 0.73 mmol) and of 6 b  (227 mg, 0.6 
mmol) in dry dichloromethane (10 mL) and in the presence of 4 A powdered molecular 
sieves (300 mg), NIS (158 mg, 0.7 mmol) and CF3SaAg (172 mg, 0.67 mmol) were 
successively added. The reaction mixture was stirred at the same temperature for 72 h, 
diluted with dichloromethane (50 mL) and allowed to reached room temperature. Filtration 
over Celite was followed by washings with water and drying over MgSO4. Flash 
chromatography (cyclohexane-EtOAc, 9 1) of the residue gave 280 mg (60%) of 1 8 as a 
pure compound and subsequently 50 mg (12%) of slightly impure 18. For the pure 
compound: Rf= 0.37 (cyclohexane-EtOAc, 4: 1); [ a ] ~  -41" (c 0.9, chloroform); 1H NMR: 
6 7.57-7.12 (m, 20H, Ar), 5.72 (s, lH, H-7), 5.58 (s, lH, H-7'), 5.38 (dd, lH, J21.31 = 
3.5, 539.4' = 10 Hz, H-37, 5.29 (bs, lH, H-l'), 4.72 (s, lH, H-1), 4.89 and 4.65 (2d, 
2H, J = 11 Hz, CHZPh), 4.40 and 4.23 (2d, 2H, J = 12 Hz, CH2Ph), 4.15 (2dd, 3H, J = 

9.5 Hz, H-4 and H-4'), 4.13 (s, IH, H-2), 4.07 (dd, 511.21 = 1, J21,31 = 3 Hz, H-27, 

4.04-3.77 (m, 5H, H-3, H-5, H-5', H-6, H-67, 3.39 (s, 3H, OCH3). 2.01 (s, 3H, 
0Ac);l3C NMR (CDC13): 6 170 (CO), 138-137 (4C, quatern. arom.), 129-126.1 (20C, 

arom.), 101.6 (C-7'), 101.4 (C-7), 100.9 (C-l), 100.3 (C-l'), 79.3 (C-2'), 76.2 (C-3, 
C-3, C-4, C-47, 73.8 and 72.9 (C-8 and C-8'), 70 (C-37, 68.7 (C-6 and C-6'), 64.4 and 
63.8 (C-5 and C-5'), 54.7 (OCH3), 21 (COcH3); MS (DCIINH3): mk 755 (M + H)+: 
772 (M + Nh)+. 

Anal. Calcd for C43Ha012: C, 68.42; H, 6.14. Found: C, 68.38; H, 6.27. 
M e t h y 1 (2-O-Benzyl-4,6-O-benzylidene-~-D-mannopyranosyI)- 

( 1-2) -3-O-benzyl-4,6-O-benzylidene-a-D-mannopyranoside (19). A solution 
of 1 8 (1 10 mg, 0.15 mmol) in a mixture of Et3NIMeOH and H20 (lB/ 1 ; 20 mL) was 
stirred at room temperature for 48 h and concentrated to dryness. Repeated co- 
concentrations with toiuene afforded 98 mg (94%) of 19 as a pure compound; syrup; Rf = 

0.4 (cyclohexane-EtOAc, 2: 1) 0.31; [ u ] ~  -11" (c 0.85, chloroform); 1H NMR (CDC13): 6 
7.60-7.22 (m, 20H, Ar), 5.70 (s, lH,  H-7), 5.60 (s, l H ,  H-7'), 5.36 (s, lH,  H-l ' ) ,  
4.74 (bs,lH, H-l) ,  4.91 and 4.66 (2d, 2H, J = 11.4 Hz, CH2Ph), 4.46 and 4.35 (2d, 
2H, J = 12 Hz, CHzPh), 4.31 (m, 2H including H-37, 4.18-4.11 (m, 3H including H-Z), 
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GLYCAN CHAIN OF HIGH MANNOSE TYPE N-GLYCOPROTEIN 1217 

4.05 (d, lH), 4.00 (dd, lH, J11,2+ = 1. J29,39 = 3.5 Hz, H-27, 3.95-3.84 (m, 6H, H-6a, 
H-6b, H-6'a, H-6'b, H-5, H-57, 3.40 (s, 3H, OCH3), 2.56 (bs, lH, OH); 13C NMR 

79.64, 78.62, 76.38, 76.22 (5C), 73.95 and 73.16 (C-8, C-87, 68.98 and 68.86 (C-6, 
C-67, 68.37 (C-2), 64.27, 63.89 (C-5, C-57, 54.98 (OCH3); MS (DCUNH3): rn lz 730 
(M + NH4)+. 

(CDC13): 8 102.17 (C-7'), 101.68 (C-7), 101.21 (C-l) ,  100.3 (C-l ' ) ,  9.97 (C-l ' ) ,  

Anal. CalcdforC41HMO11: C, 69.07; H, 6.23. Found: C, 69.15; H, 6.28. 
Methyl (2,3,4,6-Tetra-0-acetyl-a-D-glucopyranosyl) -( 1-3) - (2,4,6- 

tri-0-acetyi-a-D-mannopyranosy1)-( 1-2)-3,4,6-tri-0-acetyl-a-D-manno- 
pyranoside (21). A solution of 16 (83 mg, 0.067 mmol) in  EtOH-EtOAc (2: 1, 18 mL) 
was stirred overnight under H2 atmosphere (1 atm) in the presence of 10% Pd-on- 
charcoal. Filtration and concentration under reduced pressure afforded 2 0 as an 
amorphous powder; Rf= 0.7 (dichloromethane-MeOH, 1: 1); [ a ] ~  +43" (c 0.45, MeOH); 
MS (FAB) rnlz 541 (M+Na)+. A solution of this crude compound in pyridine (10 mL), 
and Ac2O (2 mL) was stirred for 24 h at room temperature and then heated at 60 "C for 1 h. 
After reaching room temperature, water was added (10 mL) and the reaction mixture was 
extracted three times with EtOAc (3 x 50 mL). The separated organic solution was washed 
with 5% aqueous H2SO4 solution, with water and, finally, with aqueous solution of 
NaHC03. After drying, concentration under reduced pressure led to 57 mg of crude 
product. Flash chromatography (cyclohexane-EtOAc, 4: 1) gave 50 mg (79%) of pure 2 1 
which crystallized from MeOH; mp 156 "C; Rf = 0.23 (cyclohexane-EtOAc, 12: 1); [ a ] ~  
+60" (c  1, chloroform); *H NMR (CDC13): 6 5.31 (dd, lH, 5211311 = 5311,411 = 9.8 Hz, H- 
3"), 5.31-5.19 (m, 5H), 5.06 (dd, 5318,411 = J4",5" = 9.7 Hz, lH, H-4"), 4.86 (bs, lH, H- 

J611a,6y,= 12.5 Hz, H-6"a), 4.25-4.02 (m, 8H), 3.98 (d, lH, J = 1.7 Hz, H-2), 3.88 (m, 
lH, H-5 or H-57, 3.37 (s, 3H, OCH3), 2.19-1.84 (m, 30H, 10 COCH3); 13C NMR 
(CDC13): 6 170.50-169.30 (lOC, CO), %.56 (C-l"), 99.17 and 99.04 (C-1 and C-1'). 

72.34 (C-2 or C-2'), 70.63, 70.48, 70.14, 69.32, 69.22, 68.27, 68.07, 67.82 (8C), 
67.52 (C-4"), 65.88 (C-3'7, 62.44, 62.32 (C-6, C-6'), 60.92 (C-6"), 55.08 (OCH3), 
20.79, 20.67 and 20.55 (lOC, COCH3); MS (DCI/NH3): rnlz 956 (M + NH4).+ 

Anal. Calcd for C39H5&6: C, 49.89; H, 5.80. Found: C, 49.91; H, 5.89. 

l ' ) ,  4.78 (bs, lH, H-l), 4.78 (dd, lH, J = 4 Hz, H-2"), 4.36 (dd, lH, J5"a,6"= 2.5, 
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