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ABSTRACT 

The synthesis is described of a branched mannohexaoside derivative, propyl 
6-~-[~,6-di-~-(2-0-~-D-mannopyranosyl-~-D-mannopyranosyl)-~-D-mannopyra- 
nosyl]-cr-D-mannopyranoside, which corresponds to the non-reducing-end part- 
structure of a high-mannose-type glycan of a glycoprotein. 
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1NTRODUCTION 

N-Linked glycan chains of glycoproteins present on cell surfaces are con- 
sidered to be responsible for a variety of biological recognition mechanisms, and 
are classified into three groups, namely, a high-mannose type. a complex type. and 
a hybrid type. A typical high-mannose-type glycan 1 has been chosen as a target for 
synthesis and three oligosaccharide units, such as 2 corresponding to part of the 
structure of 1 derived after cleavage of the glycan at the dotted lines, have been 
synthesised?. As part of this project, the synthesis of the mannohexaose part- 
structure 3 of 1 is now described. 

RESULTS AND DISCUSSION 

The protected mannohexaoses 4 and 5 were designed as the synthetic 
equivalents of 3, and are retrosynthesised into a key mannobiosyl glycosyl-acceptor 
8 and the two glycosyl donors 7 and 11. A stepwise approach to 5 from 8 required 
a monosaccharide synthon 11, and a convergent-type approach to 4 from 8 required 
a mannobiosyl donor 7. The key glycosyl-acceptor 8 was then retrosynthesised into 
two monosaccharide synthons 9 and lo*. 

We first describe a synthesis of 8 via 9 and 10. Ally1 cw-D-mannopyranoside 
(12) was tributylstannylatedZ and then treated with trityl chloride4 in toluene for 16 
h at 50-60” to give 99% of crystahine 13. Benzylation of 13 and hydrolysis of the 
product 14 afforded the dibenzyl ether 15 (44% from 12). The structure of 15, 
assigned on the basis of the synthesis sequence, was confirmed by the ‘“C-n.m.r. 
data’ (deshielded signals for C-2 and C-4 at 6 78.42 and 76.42, respectively). Com- 

pound 15 was converted into the monosaccharide synthons 9 and 10 as follows, 
Tritylation of 15 gave 16, and benzoylation then afforded 17, hydrolysis of which 
yielded 9 (77% from 15). Monochloroacetylation of 15 gave 18. which was de- 
allylated6 with PdCl;-AcONa-AcOH to yield 19. Treatment7 of 19 with 
(Me,N+=CHOSOCl)Cl~ afforded 10 (55% from 15). Glycosidation of 9 with 10 in 
the presence of AgOSO,CF, (ref. 8) and powdered molecular sieves 4A (ref. 9) 
gave 20. Selective removal of monochloroacetyl groups from 20 by treatment with 
thiourea”’ in refluxing ethanol afforded 8 (54% from 9). The linkage formed by this 
glycosidation was (Y, as indicated by the signal for C-lb at 6 94.94 (‘.I,~,, 169.7 Hz) 
in the rsC-n.m.r. spectrum of 8 in agreement with the observations of Bock and 
Pedersen”. 

The monosaccharide synthon 11 was prepared as follows. The ally1 a-p-man- 
nopyranoside derivative 23, readily prepared from the orthoester 21 in 2 steps 
(stereospecific rearrangement to 22 in the presenceI of Me,SiOSO,CF,, and sub- 
sequent deacetylation), was monochloroacetylated to give 24. Deallylation6 of 24 
and chlorination’ of the product 25 gave 11(57% from 23). Glycosidation of 8 with 

*In the formulae deplcted in this paper. MCA = CICH,CO and C- = benzyloq 
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11 in the presence of AgOSO~CF~-powdered molecular sieves 4A afforded 69% of 
the protected tetrasaccharide 26. The ‘XZ-n.m.r. spectrum of 26 contained four 
signals for anomeric carbon atoms (C-la, lb. Ic, Id) at S 97.13, 96.64, 97.76, and 
99.18, respectively, witb “Jc,n values of -170 Hz in agreement with the ax-a con- 
figuration at each anomeric carbon atomlt. Selective removal of the 
mo~ochloroacetyl groups of 26 gave 6, giy~osidat~on of which with 11 under condi- 
tions similar to those used for the condensation of 8 and 11, afforded the target 
molecule 5 (32% from 26). The stereochemistry of 26 was assigned on the basis of 
the r”C-n.m.r. data (five signals for six anomeric carbon atoms at S 10(X9(1, 99.13, 
98.86, 9’7.23, and 96.84, corresponding to C-ld, C-le,lf, C-lc, C-la, and C-lb, 
respectively, with lJc,n values of -170 Hz). 

Having synthesised 5 by a stepwise approach using the mannosyl donor 11 
with a participating group at C-2, the use of benzylated g!ycosyl-donors 28 and 29 
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Fig. 1. 13C-N.m.r. spectra (i&O) of synthetx ~-man~~trjosides: (a) ~-Ma~-(l~2)-ff-Man-(l~2)-~- 
Man-OPr (31), (b) ~-Man-(l~Z)-ff-Man-(lj2)-~-Ma~“OPr (33). The values in parentheses correspond 
to ‘J,.., (m Hz). 

was then examined, Glycosidation of 27 (preparation deseribed below) with 28 or 
29 in the presence of AgOSO*CF~-powdered molecular sieves 4A afforded a 
mixture of products that was difficult to fractionate. However, in the presence of 
~g~CN)~-powdered molecular sieves 4A in ~,Z-dichloroethane at 20-50”, a mixture 
of the cy anomer 30 (49%) and /3 anomer 32 (13%) was obtained. The structures of 
30 and 32 were determined by the 13C-n.m.r. data. In the spectrum of 30, the signal 
for C-k appeared at 6 100.99 (‘Jc_u 173.3 Hz), whereas, in that of 32, the signal for 
C-k appeared at 8 99.58 (lJc,u 152.3 Hz). When the glycosidation reaction was 
performed in 1: I benzene-nitromethane, a higher yield (98%) of the mixture of 30 
and 32 was obtained, but the cup-ratio was 1.45: 1.. 
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TABLE I 

i3C-CHEMICAt_ SHIFT9 (p.p.m.) OF D-MANNO-OLl(iOSACCHARIDES 
-___---.--_-- ~.--_--..---- -__ 

Redrwng end 
--_I _.-..-- -- .__._-. --.---- __I___ - _ _.___- --..- _..-- 

C-l C-7 c-3 e-4 C-5 C.-b OC‘H, 
_ ___~___l____________~ I_--__~_ ~-_.~_r_- 

31 98.68 7Y 39 70.66 67 74 73.86 61 .h7 70.99 

(169.7fb 

33 98 84 79 50 70.45 67 90 74 19 hi 78 71.15 

(170.3) 
____.._ _- .- _..__.~ ~__.___ ____- -- - 

Infernd 
_____.-._ _--. ---.-_~----- 

C-l c-2 C-3 c-4 C-S C-6 
_________.._____~_.~----_~ ..-- 

31 101.178 79 or; 70.66 67 71 73.m hl .h7 

(169.7) 

33 100 84 77.97 71.5Y 67 90 73.5’1 61.78 

(170.9) _ __ ___~~~~ . ..___.- _.- 

Non-reducing md 
__-- _.- _--. _.-__ 

C-l C-L C-.q L’“4 c-5 C’X 
__.“__ _-_-_._.I_- 

31 

33 

102.74 
(169.7) 

99.38 
(158.7) 

70 99 70.29 h7 52 73.33 hl .h7 

7O.l.r 73.59 h7.58 77.11 hl.78 

____ _______.~_-.______ - ..-- -.-- __.---- ..--- ---- 

“Relative to the signal of Me,SI rw internal 1 .Qiioxane (67.40 p p.m. ). %kta m parentheses are for 

‘Jc E, (Hz). 

The glycosidation of 27 with the bromide 29 in the presence of Hg(CN),- 
powdered molecular sieves 4A in I.‘-dichioroethane proceeded at 20”. However, 
t.1.c. revealed the formatjon of 30 and 32 in the ratio - f : I. The structures of 30 
and 32 were confirmed by the transformation of these compounds into the unsub- 
stituted mannotriosides 31 and 33, the ‘H- and W-n.m.r. data” for which are 
shown in Fig. 1 and Table 1. 

On the basis of the stereochemical outcome of the model experiments 
described above, glycosidation of 6 with 28 was performed in the presence of 
Hg(CN)z-powdered molecular sieves 4A in I,‘-dichloroethane, and 30% of the 
target molecule 4 was obtained. The stereochemistry of 4 was assigned from the 
‘“C-n.m.r. data (Table II) and confirmed by the conversion of 4 into the unsuh- 
stituted mannohexaoside 41, the 400-MHz ‘H-n.m.r. spectrum of which is shown in 
Fig. 2. The signals for anomeric protons were assigned for the structure 41 in 
agreement with our previous observation13. 

A convergent-type approach was also used for the synthesis of 4 involving the 
mannobiosyl donor 7, which was synthesised as follows. Giycosidation of 23 with 
3P, in the presence of AgOS~~C~~-tetramethy~ur~aa in 1 .~-di~h~oroethane. 
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Fig. 2. %i-N.m.r. spectra (400 MHz, D,O, 60”) of a synthetic D-mannohexaoside (41). The values of S, 
are expressed in p.p.m. downfield from internal sodium 2,2.3,3-tetradeute~n-4,4-dimeth~~-4-siiapen- 
tanoate. 
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TABLE II 

13C-c~~~~~~~~~~~s (p.p.m.)o~ PROTECTEDD-MANNO-OLIGOSACCHARIDES (CDCI,) 

Chemtcal shift for each anomenc carbon atom 
.____ ______ _____ 

a b c d r f .-___ 
24 97.00 

(169.7)” 

23 98.30 
(170.9) 

30 98.23 99.69 100.99 
(169.7) (169.7) (173.3) 

32 98.34 99.58 99.58 
(174.1) (168.2) (152.3) 

9 97.47 
(168.5) 

8 97.28 96.94 
(168.5) (169.7) 

26 97.13 96.64 97.76 99.18 
(170.9) (169.7) (172.1) (172.1) 

38 97 53 97.25 99.53 9Y.91 
(169.7) (170.4) (173.3) (168.5) 

39 97.67 97.25 100.45 98.50 
(168.5) (170.9) (157.5) (170.9) 

5 97.23 96.84 98.86 100.90 9Y.13 99 13 
(170.3) (170.3) (168.9) (171.5) (169.5) (169.5) 

‘i 97 25 96.93 Y9.48 IO1 26 99 75 9’) 7s 
__-- 

“Data m parentheses are for ‘.I,, (Hz). 

afforded 68% of 35 which was deacetylated to give 27. Benzylation of 27 with 

sodium hydride-benzyl bromide afforded 36, deallylatiorP of which gave the 

hemiacetal 37 (54% from 27). Chlorination’ of 27 then gave 83% of 7. Glycosida- 

tion of the model acceptor 23 by 7 was then examined and reaction in the presence 

of Hg(CN), and powdered molecular sieves 4A in 1,2-dichloroethane at 50” 

afforded 37% of the cy anomer 30, showing a trend similar to that of the glycosyi 

donor 28. 

Therefore, the key intermediate 8 was glycosylated with 7 under the same 

reaction conditions and a 91% yield of a mixture of four products was obtained. 

The fraction containing mannotetraosides 38 and 39 was obtained in 68% yield by 

gel chromatography and was further purified by chromatography on silica gel to 

give 38 and 39 in yields of 22 and 11%) repectively. The stereochemistry of 38 and 

39 was assigned on the basis of ‘“C-n.m.r. data. For 38, four signals were observed 

at S 99.91, 99.53, 97.53, and 97.25 (lJc.H values of -170 Hz), corresponding to 

C-ld, C-lc, C-la, and C-lb, respectively. On the other hand, the spectrum of 39 

contained a signal for C-lc at S 100.45 (JJ,-H 157.5 Hz), indicating the P-D con- 

figuration at C-lc, and three signals for C-ld. C-la, and C-lb at 698.50,97.67, and 

97.25 (*Jc.H values of -170 Hz), respectively. Thus, the glycosidation at HO-6b 
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of 8 with 7 gave (Y- and P-products in the ratio 2: 1. The mannohexaoside fraction, 
obtained in 22% yield after gel chromatography, contained two components 
(h.p.t.1.c.). Further purification by chroamtography on silica gel afforded 8% of 4, 
which was identical with the sample prepared by the stepwise approach. The isomer 
40, which could be formed via the tetrasaccharide 39, could not be isolated but was 
obtained as a 1: 1 mixture with 4. The low stereoselectivity of the glycosidation at 
HO-6 of the mannopyranosyl residue, compared with HO-2 or HO-3, may be 
explained by the higher reactivityI of HO-6 towards the glycosyl donor 715. 

Thus, stepwise and convergent types of synthesis routes to 4 and 5 have been 
developed. The mannosyl donors 10, 11, and 24, acylated at position 2, gave a high 
yield of the a-product. The mannosyl donors 7, 28, and 29, with all the hydroxyl 
groups benzylated, afforded the products with the degree of stereoselectivity 
depending on the reaction conditions and the reactivity of the glycosyl acceptor. 

EXPERIMENTAL 

General. - Melting points were determined with a Yanagimoto micro 
melting-point apparatus and are uncorrected. Optical rotations were determined 
with a Perkin-Elmer Model 241 MC polarimeter, for solutions in CHCl, at 2.5”, 
unless noted otherwise. Column chromatography was performed on silica gel 
(Merck 70-230 mesh), and flash chromatography on columns of Wako gel C-300 
(200-300 mesh). T.1.c. and high-performance t.1.c. was performed on Silica Gel 60 
F,,, (Merck). 1.r. spectra were recorded with an EPI-G2 Hitachi spectrophoto- 
meter, using KBr pellets for the crystalline samples, and films for the liquid sam- 
ples. ‘H-N.m.r. spectra were recorded with a JNM-GX400 or JNM-FX90Q spec- 
trometer. i3C-N.m.r. spectra were recorded with a JNM-FX lOOFT spectrometer 
operated at 25.05 MHz. The values of Sc and S, are expressed in p.p.m. downfield 
from the signal for internal Me& for solutions in CDCl,, unless noted otherwise. 

Ally1 3,6-di-0-triphenylmethyl-a-D-mannopyranoside (13). - A mixture of 
ally1 a-D-mannopyranoside (12; 19.1 g, 86.7 mmol) and (Bu,Sn),O (78.1 g, 130 
mmol) in toluene (300 mL) was stirred under reflux with continuous azeotropic 
removal of water. To the resulting clear solution was added trityl chloride (72.5 g, 
260 mmol) at 50-60”, and the mixture was stirred for 16 h and then poured into a 
large excess of aqueous KF. After stirring vigorously, the Bu,SnF was removed, 
the filtrate was extracted with EtOAc, the extract was dried (K&O,), filtered, and 
concentrated in vucuo, and the residue was chromatographed over SiO, (500 g) 
with 1O:l toluene-tetrahydrofuran containing 1% of Et,N to give 13 (60.5 g, 
98.9%), m.p. 86-87” (from di-isopropyl ether), [cy]n +33” (c l), R, 0.73 (5:l 
toluene-tetrahydrofuran). N.m.r. data: ‘H. 6 7.6-7.1 (30 H, m, 6 Ph) and 4.60 (d, 
1 H, J 2 Hz, H-l); 13C, S 98.72 (Vc,, 169.7 Hz, C-l), 87.50 (Ph,C), 86.91 (Ph,C), 
75.04 (C-3), 71.95 (C-5), 69.35 (C-2), 68.32 (OCH,-CH=CH,), 67.89 (iPr,O), 
67.40 (C-4), and 64.69 (C-6). 

Anal. Calc. for C,,H,O, . C,H,,O,: C, 78.86; H. 7.26. Found: C, 78.54; H, 
7.20. 
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Ally1 2,4-di-O-benzyi-3,6-di-O-trityl-~-~-ma~nopyranoside (14). - To a sus- 
pension of NaH (50%; 42 g, 840 mmol; washed with pentane) in Me,NCHO (80 
mL) was added, dropwise, a solution of 13 (60.5 g) in Me,NCHO (100 mL), and 
the mixture was stirred at 20” for 1 h. Benzyl bromide (70 mL) was then added 
dropwise at O-5”. and the mixture was stirred for 16 h and processed to give crude 
14 (61.5 g). Purification by column chromatography (2: 1 toluene-hexane) gave 
material with [crlD + 18” (c 0.77), R, 0.30 (2: 1 toluene-hexane). *“C-N.m.r. data: F 

96.44 (C-l, ‘J,,, 167.23 Hz), 87.50 (Ph,C). 86.31 (Ph,C), 77.96 (C-2), 74.88 (C-3), 
74.70 (PhCH,U-4), 73.96 (C-4), 72.82 (C-5), 71.79 (PhCH,O-2), 67.56 
(OCH,CH=), and 63.17 (C-6). 

Anal Calc. for C,,H,,O,: C, 82.78: H, 6.38. Found: C, 82.97; H, 6.43. 
Ally1 2,4-di-0-benzyl-a-D-mannopyranoside (15). - A solution of crude 14 

(61.0 g) in aqueous 80% AcOH (600 mL) was stirred at 50-60” for 2 h, filtered, and 
processed to give the crude product (27.4 g), which was purified by column 
chromatography (5 : 1 toluene-tetrahydrofuran) to yield 15 (15.1 g, 43.4% from 12), 
m.p. 40-41” (from di-isopropyl ether), [cx]~ +28” (c 1.25), R, 0.10 (10: 1 toluene- 
ethyl acetate). N.m.r. data: ‘H, 6 7.35 (bs, 10 H, 2 Ph) and 4.87 (d, 1 H, J 2 Hz, 
H-l); WY, S 96.39 (C-l, ‘_& 168.5 Hz). 78.42 (C-2), 76.42 (C-4), 74.91 (PhCH20- 
4), 73.11 (PhCH,O-2), 71.69 (C-3*). 71.50 (C-S*). 67.89 (0-CH,CH=), and 62.19 
(C-6). 

Anal. Calc. for C23H1806: C, 68.96; H, 7.05. Found: C. 68.86; H, 7.05. 

Ally1 3-0-benzoyl-2,4-di-0-benzyl-a-D-mannopyranoside (9). - To a solu- 
tion of 15 (4.0 g, 10 mmol) in pyridine (70 mL) was added trityl chloride (3.8 g, 14 
mmol), and the mixture was stirred under reflux for 2 h. T.1.c. (5: 1 toluene-ethyi 
acetate) then revealed 16. R, 0.60. To the cooled mixture was added benzoyl 
chloride (2.5 mL), and the mixture was stirred at 20” for 16 h and processed to give 
crude 17 (8.0 g). R, 0.87 (5:l toluene-ethyl acetate). A solution of 17 (8.0 g) in 
aqueous 80% AcOH (200 mL) was stirred at 70” for 2 h. and then concentrated in 
vacua. The residual oil was purified by column chromatography (3: 1 toluene-ethyl 
acetate) to give 9 (3.9 g, 77.0% from 15). [~y]o +0.7” (c 0.93). R, 0.31 (5: 1 toluene- 
ethyl acetate). N.m.r. data: IH, 6 5.56 (dd, 1 H, J 4, ! I Hz, H-3) and 4.90 (d, 1 H, 
1 2 Hz, H-l); lfC, 6 97.47 (C-l, ‘Jc.” 168.5 Hz). 76.50 (C-2), 74.99 (PhCH,O-4), 
74.66 (C-4), 73.41 (PhCH,O-2. C-3), 72.55 (C-5), 68.16 (0-CH,CH=), and 61.93 
(C-6). 

Anal. Calc. for C,,H,20,: C. 71.41; H, 6.40. Found: C, 71.09; H, 6.36. 
Ally/ 2,4-di-O-benzyl-3,6-di-O-chloroacetyl-cu-D-mannopyranoside (18). - A 

mixture of 15 (5.0 g, 12.5 mmol) and chloroacetic anhydride (10.5 g) in pyridine 
(50 mL) was stirred at -5” for 0.5 h, poured into ice-water. and extracted with 
CH,Cl,. The organic layer was washed with H,O and saturated aqueous sodium 
chloride, dried (MgSO,), and concentrated in vacua. The residual oil was purified 
by column chromatography (40: 1 dichloromethane-acetone) to give 18 (6.0 g, 

*Assignments with the asterisk may be Interchanged. 
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78.7%), [(Y],, +16” (c 1.05), R, 0.52 (5: 1 toluene-ethyl acetate). ‘H-N.m.r. data: 6 

7.2-7.1 (m, 10 H, 2 Ph), 6.1-5.85 (m, 1 H, -CH=CH,), 5.4-5.1 (m, 2 H, 

CH=CH,), 4.88 (d, 1 H, J 2 Hz, H-l), 4.02 (s, 2 H, COCH,CI), and 3.80 (s, 2 H, 
COCH*Cl) . 

Anal. Calc. for C,,H,,CI,O,: C, 58.59; H, 5.41. Found: C, 58.19; H, 5.47. 

2,4-Di-O-benzyl-3,6-di-O-chloroacetyl-~-mannopyranose (19). - A mixture 

of 18 (6.0 g, 9.8 mmol), PdCl, (2.0 g, 11.3 mmol), AcONa (2.0 g, 24.4 mmol), and 

HZ0 (1 mL) in AcOH (20 mL) was stirred at 20-25” for 2 days, and then concen- 

trated in VUCUO. The residue was diluted with EtOAc, and the organic layer was 

filtered through Celite and concentrated in vucuo to give an oil (5.4 g) which was 

purified by column chromatography (7:2 toluene-tetrahydrofuran) to give 19 (4.8 

g, 86.3%), [(Y],, +4.5” (c 1.14), R, 0.53 (20: 1 dichloromethane-acetone). N.m.r. 

data: ‘H, 6 7.4-7.1 (m, 10 H, 2 Ph), 4.02 (s, 2 H, COCH,Cl), and 3.80 (s, 2 H, 

COCH,Cl); 13C, S 167.36 (C=O), 166.67 (C=O), 92.27 (C-l, I_& 169.67) 76.34 

(C-2), 75.64 (C-4), 74.77 (PhCH,O-4) 73.04 (C-3, PhCH,O-2), 69.73 (C-5), 64.64 

(C-6), and 40.58 (COCH,Cl). 

Anal. Calc. for C,,H,,Cl,Os: C. 56.14; H, 5.11. Found: C, 56.17; H, 5.17. 

2,4-Di-O-benzyl-3,6-di-O-chloroacetyl-cu-~-mannopyrano~yl chloride (10). - 

A solution of 19 (1.9 g, 3.3 mmol) in SOCl, (10 mL) and 1,2-dichloroethane (50 

mL) containing two drops of Me,NCHO was stirred at 5-10” for 3 h, filtered 

through a thin layer of SiO,, and concentrated in vacua. The oily residue was 

purified by column chromatography (10: 1 toluene-tetrahydrofuran) to give 10 (1.6 

g, 78.7%), [o]n +44” (c 1.14), R, 0.65 (5:l toluene-ethyl acetate). N.m.r. data: 

IH, 6 7.4-7.1 (m, 10 H, 2 Ph), 6.01 (d, 1 H, J 2 Hz, H-l), 5.50 (dd, 1 H, J 4, 9 Hz, 

H-3), 4.02 (s, 2 H, COCH,Cl), and 3.80 (s, 2 H, COCH,Cl): 13C, 6 166.66 (C=O), 

166.23 (C=O), 90.05 (C-l, lJc.H 181.9 Hz), 78.23 (C-2), 74.93 (PhCH,O-4) 74.22 

(C-4), 73.20 (PhCH,O-2), 72.39 (C-3*), 72.11 (C-5*), 63.55 (C-6), and 40.53 

(COCH,Cl) . 
Anal. Calc. for C2,HzsC1,0,: C, 54.19; H, 4.75; Cl, 20.00. Found: C, 54.23; 

H, 4.74; Cl, 20.00. 

Ally1 3-0-benroy1-2,4-di-0-benzy1-6-(2,4-di-0_~- 
a-D-mannopyranosyl)-cz-D-mannopyranoside (20). - To a stirred mixture of pow- 

dered molecular sieves 4A (30 g), AgOSO,CF, (18 g, 70 mmol), 9 (2.0 g, 4.0 

mmol), and 1,Zdichloroethane (110 mL) was added, dropwise, a solution of 10 

(2.6 g, 4.3 mmol) in 1,Zdichloroethane (10 mL) at -5-O” under Ar. The mixture 

was stirred at 10-20” for 16 h, and then processed. A part of the crude product (4.2 

g) was purified by column chromatography to give material with [a], + 18” (c 0.93), 

R, 0.52 (5: 1 toluene-ethyl acetate). ‘H-N.m.r. data: 6 8.06 (dd, 2 H, J 3 and 10 Hz. 

benzoyl), 4.0 (s, 2 H, COCH,Cl), and 3.80 (s, 2 H, COCH,Cl). 

Anal. Calc. for C54H&12014: C, 64.86; H, 5.64. Found: C, 64.97; H, 5.68. 

Ally1 3-0-benzoyl-2,4-di-O-benzyl-6-0-(2,4-di-O-bentyl-rw-D-mannopyrano- 
syl)-a-D-mannopyrunoside (8). - A mixture of crude 20 (4.0 g) and thiourea (1.2 

g, 15.8 mmol) in aqueous 99.5% ethanol (70 mL) was stirred and boiled under 
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reflux for 5 h and then concentrated in vacua. The residue was extracted with 

CHCI,, and the extract was filtered and concentrated in vacw to give an oily 

product (3.8 g) which was purified by column chromatography (10: 1 toluene- 

tetrahydrofuran) to give 7 (1.87 g, 53.7% from 9). [a]n t-24” (c 1.8). R, 0.31 (5 : 1 

toluene-ethyl acetate). N.m.r. data: lH, 6 8.08 (dd, 2 H, J 2 and 9 Hz, benzoyl). 

6.1-5.6 (m, 1 H, CH,-CH=CH,), and 5.54 (dd, 1 H, .I 4 and 10 Hz, H-3a); IX?, 6 

165.56 (C=O), 117.51 (-CH=CH,), 97.28 (C-la, *Jc,H 168.5 Hz), 96.94 (C-lb, 

169.7 Hz), 78.61 (C-2b). 76.42 (C-2a*), 76.08 (C-4b*). 74.96 (PhCH,O-4a.4b), 

74.62 (C-4a). 73.20 (PhC&O-2a,2b). 72.76 (C-3a), 71.74 (C-3b*), 71.64 (C-5b*). 

71.45 (C-5a*), 67.99 (0-CH2-CH=CH,), 65.89 (C-6a), and 62.19 (C-6b). 

Anal. Calc. for &Hz3012: C, 70.91; H, 6.43. Found: C. 70.75: H, 6.52. 

Ally1 2-0-acetyZ-3,4,6-tri-O-benzyf-a-o-mannopyranoside (22). - A mixture 

of powdered molecular sieves 4A (0.2 g), 21 (1.0 g, 1.8 mmol), and Me,SiOSO,CF, 

(120 FL) in 1,2-dichloroethane (10 mL) was stirred at 20” for 4 h under Ar. filtered, 

washed with aqueous NaHCO, and H,O. dried (MgSO,), and concentrated in 
vacua. The residue was purified by column chromatography (20: 1 toluene-ethyl 

acetate) to give 22 (800 mg, 80%), [(Y]~ +30.5” (c 0.5), R, 0.54 (10: 1 toluene-cthyl 

acetate). N.m.r. data: ‘H, S 2.13 (s, 3 H, AC); W, 6 117.4 (-CH=CH,), 97.0 (C-l. 

lJc.H 169.7 Hz), and 20.1 (CH,). 

Anal. Calc. for CXLH,,O,: C, 72.15; H, 6.83. Found: C, 72.33; H, 6.83. 

Ally/ 3,4,6-tri-0-benzyl-a-~mannopyranoside (23). - A solution of 22 (200 

mg) in 0.06mM NaOMe-MeOH (4 mL) was stirred for 3 h at 20”, neutralised with 

Amberlist Al5 (H+) resin, and processed to give an oil which was purified by 

column chromatography (10: 1 toluene-ethyl acetate) to give 23 (180 mg), [nlD 

+56” (c 1.5). R, 0.42 (1O:l toluene-ethyl acetate). W-N.m.r. data: 6 133.6 

(CH,CH=CH,), 117.4 (CH,-CH=CH?), and 98.3 (C-l, ‘J,,, 170.9 Hz). 

Anal. Calc. for Cj0Hj406: C, 73.43; H, 7.00. Found: C, 73.41; H, 6.97. 

Ally1 3,4,6-tri-O-benzyl-2-O-chloroacetyf-cy-~-mannopyranoside (24). - To a 

solution of 23 (4.0 g, 8.4 mmol) in pyridine (40 mL) was added chloroacetic an- 

hydride (4.0 g, 23.4 mmol) at -S-O”, and the mixture was stirred for 1 h, poured 

into ice-water, and extracted with CH,CI,. The extract was washed with water and 

saturated aqueous sodium chloride. dried (MgSO,), and concentrated in vacua to 

give crude 24 (5.0 g), which was purified by column chromatography (40: 1 

dichloromethane-acetone) to give 24 (3.4 g, 74.6%), [(Y],, +33” (c 1.3). R, 0.48 
(10: 1 toluene-tetrahydrofuran). N.m.r. data: ‘H, S 7.5-7.1 (m, 15 H. 3 Ph), 6.1-5.6 

(m. 1 H, CH,-CH=CH,). 4.92 (d, 1 H, J 2 Hz, H-l), and 4.15 (s, 2 H, COCH,CI); 

13C, S 166.77 (C=O), 117.79 (-CH,-CH=CH,), 96.60 (C-l, ‘Jc.w 170.90 Hz). 78.24 

(C-3), 75.15 (PhCH,O-4). 74.34 (C-4), 73.41 (PhCH,O-31, 72.00 (PhCH,O-6), 

71.74 (C-5*), 70.76 (C-2*), 68.97 (C-6), 68.21 (0-CH$H=CH,), and 40.85 

(COcH,Ci). 

Anal. Calc. for C,,H,,ClO,: C. 67.77; H, 6.23; Cl. 6.25. Found: C, 67.74; H, 
6.17; Cl, 6.38. 

3,4,6-Tri-O-benzyl-2-O-chloroacetyl-cy-D-mannopyranose (25). - A mixture 
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of 24 (3.4 g, 6.0 mmol), PdCI, (1.4 g), and AcONa (1.4 g) in H,O (0.8 mt) and 
AcOH (14 mL) was stirred at 20-25” for 16 h and then processed as for 19, and the 
product was purified by column chromatography (5: 1 toluene-tetrahydrofuran) to 
give 25 (2.7 g, 85.4%), [a],, +8” (c l.l), R, 0.43 (5:l toluene-tetrahydrofuran). 
N.m.r. data: ‘H, S 7.4-7.0 (m, 15 H, 3 Ph), 5.35 (dd, 1 H, J 2 and 4 Hz, H-2), 5.15 
(d, 1 H, J 2 Hz, H-l), and 4.12 (s, 2 H, COC&Cl>; 13C, 6 166.88 (C=O), 91.83 

(C-l 9 1JC.H 170.9 Hz), 77.64 (C-3), 74.89 (PhCH,O-4), 74.55 (C-4), 73.36 
(PhCH,O-3), 71.95 (Photo-6), 71.24 (C-5), 71.03 (C-Z), and 69.35 (C-6). 

Anal. Calc. for C,,H,,CIO,: C, 66.08; H, 5.94; Cl, 6.73. Found: C, 65.97; H, 
5.98; Cl, 6.73. 

3,4,6-Tri-O-benzyl-2-O-chloroacetyl-c~-~-mannopyranosyl chloride (11). - A 
solution of 25 (300 mg), SOCl, (1 mL), and Me,NCHO (0.05 mL) in 1,2- 
dichloroethane (10 mL) was stirred at 20” for 1 h, and then processed as for 10 to 
give 11 (270 mg, 87.0%), [a]o +65” (c 0.4), R, 0.71 (1O:l toluene-tetrahydro- 
fur-an). N.m.r. data: ‘H, 67.4-7.1 (m, 15 H, 3 Ph), 6.06 (d, 1 H, J2 Hz, H-l), 5.50 
(dd, 1 H, J 2 and 4 Hz, H-Z), and 4.10 (s, 2 H, COCH,CI); 13C, 6 89.99 (C-l, lJC,H 

183.1 Hz), 76.66 (C-3), 75.26 (PhCH,O-4), 74.55 (C-4), 73.41 (PhCH,O-3, C-2), 
72.76 (C-5), 72.38 (PhCH,O-6), and 68.05 (C-6). 

Anal. Calc. for C,,H,,Cl,O,: C, 63.85; H, 5.55, Found: C, 63.63; H, 5.54. 
Ally1 3-O-benzoyl-2,4-di-0-benzyl-6-0-[2,4-di-O-benzyZ-3,6-di-O-(3,4,6-tr~- 

O-benzyi-2-O-chloroacefyi-~-D-mannapyra~osy~~-a-D-mannopyranosy~-ff-D-man- 

nopyra~oside (26). - To a stirred mixture of powdered molecular sieves 4A (15 g). 
AgOSO,CF, (IO g), and 8 (0.47 g, 0.54 mmol) in 1,Zdichloroethane (10 mL) was 
added, dropwise, a solution of ll(1 .O g, 1.83 mmol) in 1,2-dichloroethane,(lO mL) 
at -5-O”. The mixture was stirred at O-5” for 1 h and then processed, and the 
product was purified by column chromatography (15 : 1 toluene-tetrahydrofuran) 
to give 26 (0.70 g, 68.6%), [a]n +lO” (c 2), R, 0.61 (5: 1 toluene-tetrahydrofuran). 
N.m.r. data: ‘H, 6 8.08 (dd, 2 H, J 2 and 8 Hz, benzoyl), 4.12 (s, 2 H, COCli,Cl), 
and 4.04 (s, 2 H, COCH,Cl); 13C, 6 166.63 (2 C=O), 165.61 (C=O), 117.60 
(-CH=CH,), 99.18 (C-ld, ‘Jc.H 172.1 Hz), 97.76 (C-lc, tfcIH 172.1 Hz), 97.13 

(C-la, lJC.H 170.9 Hz), 96.64 (C-lb, ‘Je,+ 169.7 Hz), and 40.94 (COCH,Cl). 
Anal. Calc. for C10sH112C12024: C, 69.54; H, 6.06. Found: C, 69.49; H, 6.04. 
Ally1 3-O-benzoyl-2,4-di-O-benzyl-6-O-[2,4-di-O-benzyl-3,6-di-0-(3,4,6-tri- 

O-benzy~-~-D-mannopyranosyl)-a-D-mannopyranosy~-a-D-mannopyranoside (6). 

- A mixture of 26 (280 mg, 0.15 mmol) and thiourea (45 mg, 0.59 mmol) in 99.5% 
ethanol (5 mL) was stirred and boiled under reflux for 5 h and then concentrated 
in vacua. The residue was triturated with CHCI,, filtered, and concentrated in 

vacua to give an oily product (267 mg) which was purified by chromatography (40: 1 
dichloromethane-acetone) to give 6 (145 mg, 56.3%), [a]n +35” (c l), R, 0.43 
(40: 1 dichloromethane-acetone). 

Anal. Calc. for C,,,H,,,O,,: C, 72.94; H, 6.48. Found: C, 72.95; H, 6.47. 
AIlyl 3-O-bsnzoyl-2,4-di-O-benzyi-6-O-{2,4-di-O-benzyl-3,6-di-0-[3,4,4-tri- 

O-benzyl-2-O-(3,4,6-tri-0-benzyZ-2-O-chloroacetyl-cw_-D- 
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mannopyranosy[l-cy-D-mannopyranosy~}-cr-D-mannopyranoside (5). - To a stirred 

mixture of powdered molecular sieves 4A (3 g), AgOSO,CF, (250 mg), and 6 (140 

mg, 0.081 mmol) in 1,2-dichloroethane (4 mL) was added, dropwise, a portion (1.4 

mL) of a solution of 11 (195 mg, 0.356 mmol) in 1,2-dichloroethane (2 mL) at 

-5-O”. The mixture was stirred at 20” for 16 h, the remaining solution of 11 (0.6 
mL) was added, and stirring was continued for 1 h at 20”. The mixture was diluted 

with dichloromethane, filtered, washed with aqueous NaHCO,, dried (MgSO,). 

and concentrated in vacua to give an oily product (320 mg), which was eluted from 

a column (7.8 x 1.2 cm) of PVA 2000 (Merck) with benzene to give the hexa- 

saccharide fraction (179 mg). Further purification by column chromatography 

(twice) (10: 1 then 40: 1 toluene-tetrahydrofuran) afforded 5 (123 mg. 54.7%). [aID 

+16” (c 0.125), R, 0.55 (10: 1 toluene-tetrahydrofuran). ‘“C-N.m.r. data: 6 166.49 
(2 C=O), 165.47 (C=O), 117.56 (-CH=CH,), 100.90 (C-ld, rJc.n 171.5 Hz), 99.13 

(C-le and C-lf, rJ,-, 169.5 Hz), 98.86 (C-lc, ‘.I,,, 168.9 Hz), 97.23 (C-la, lJc.n 

170.3 Hz), 96.84 (C:lb, ‘J c,u 170.3 Hz). and 40.89 (2 x COCH&l). 

Anal. Calc. for C,,,H,,,CI,O,,: C, 71.27: H, 6.20; Cl, 2.61. Found: C. 71.64; 

H. 6.18; Cl, 2.98. 

Allyl 3,4,6-tri-0-benzyl-2-0-[3,4,6-tri-0-benzyf-2-0-(2,3,4,6-tetra-O-benzyl- 

~-D-mannopyranosyi)-cY-D-mannopyranosy~-~-D-mannopyranoside (30) and ally/ 

3,4,6-tri-0-benzyl-2-O-[3,4,6-tri-O-benzyl-2-O-(2,3,4,6-tetra-O-benzyl-~-D-man 

nopyranosy~)-cu-D-mannopyranosy~-~-D-mannopyranoside (32). - (a) To a mix- 

ture of powdered molecular sieves 4A (1.5 g)_ Hg(CN)2 (140 mg, 0.55 mmol), and 

27 (162 mg, 0.18 mmol) in 1,2-dichloroethane (3 mL) was added a solution of 28 

(100 mg, 0.18 mmol) in 1 ,Zdichloroethane (1 mL) at 20” under Ar. Since no reac- 

tion was observed on stirring the mixture at 20” for 16 h, the mixture was stirred at 

50” for 16 h and then diluted with CHCI,, filtered, washed with aqueous NaHCO,, 

dried (K&O,), and concentrated. The oily product (209 mg) was purified by 

column chromatography (30: 1 toluene-tetrahydrofuran) to give 30 (123 mg, 49%) 

and 32 (33 mg, 13%). Compound 30 had [(Y],, +17” (c 0.23), R, (h.p.t.1.c.) 0.65 

(40: 1 toluene-tetrahydrofuran). r3C-N.m.r. data: 6 116.92 (-CH=CH,), 100.99 (C- 

lc, r&n 173.3 Hz), 99.69 (C-lb, ‘I,,, 169.7 Hz), and 98.23 (C-la, ‘.I,., 169.7 Hz). 

Compound 32 had [~y]n -26” (c 0.17), R, 0.57. r3C-N.m.r. data: 6 117.08 

(-CH=CHJ, 99.58 (C-lc. rJc.n 152.3 Hz; C-lb, lJc,n 168.2 Hz), and 98.34 (C-la, 

‘Jc H , 174.1 Hz). 

(b) To a stirred mixture of molecular sieves 4A (1.5 g), Hg(CN)Z (140 mg, 

0.55 mmol), and 27 (160 mg. 0.18 mmol) in 1: 1 benzene-nitromethane (4 mL) was 

added a solution of 28 (100 mg, 0.18 mmol) in 1:l benzene-nitromethane (3 mL). 

No reaction was observed at 20”, but glycosidation occurred on stirring at 50” for 

16 h. A further solution of 28 (80 mg, 0.14 mmol) in 1: 1 benzene-nitromethane (1 

mL) was added after 5 h. Processing and column chromatography then afforded 30 

(143 mg, 58%) and 32 (101 mg, 40%). 

(c) When 29 was used instead of B in (a), reaction proceeded at 20”, and, 

after 16 h, t.1.c. showed the formation of 30 and 32 in the ratio -1: 1. 
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(6) To a stirred mixture of powdered molecular sieves 4A (1.0 g), Hg(CN), 
(100 mg), and 23 (45 mg, 0.09 mmol) in 1,Zdichloroethane (1.5 mL) was added a 
solution of 7 (100 mg, 0.10 mmol) in 1,Zdichloroethane (1.5 mL) under Ar. No 
reaction was observed after stirring the mixture at 50” for 16 h. The mixture was 
then stirred and boiled under reflux for 20 h, diluted with CHCl,, filtered, and 
concentrated. The residue was eluted from a column (50 x 2.0 cm) of Toyoperl 
HW-40F with 1: 1 CHCl,-MeOH to give 30 (48 mg, 37%). No p isomer could be 
isolated. 

Propyl 2-O-(2-O-a-D-mannopyranosyl-cr-D-mannopyranosyl)-~-D-manno- 
pyranoside (31). - A mixture of 30 (110 mg) and 10% Pd-C (500 mg) in MeOH 
(10 mL) and HCOOH (1 mL) was stirred at 20” for 1 h under Ar. Processing, as in 
the case of 41, afforded the crude product (48 mg) which was purified by elution 
from Toyoperl HW-40F with water to give 31 (quantitative yield), [c~]u +31” (c 1.2, 
water), R, 0.37 (2: 1:l l-BuOH-EtOH-H,O). 

Propyl 2-O-(2-O-~-D-mannopyranosyl-ff-D-mannopyranosy~)-a-D-manno- 
pyranoside (33). Treatment of 32 (56 mg) as described above for 31 gave a quantita- 
tive yield of 33, [@In +13” (c 0.74, water), R, 0.44 (2: 1: 1 l-BuOH-EtOH-H,O). 

Ally1 3-O-benzoyl-2,4-di-O-benzyl-6-O-{2,4-di-O-benzyl-3,6-di-0-[3,4,6-tri- 
O-benzyl-2-O-(2,3,4,6-tetra-0-benzyl-a-D-mannopyranosyl)-cy-D-mannopyrano- 
sy&cr-D-mannopyranosyf}-a-D-mannopyranoside (4). - (a) To a stirred mixture 
of powdered molecular sieves 4A (1.5 g), Hg(CN), (170 mg, 0.673 mmol), and 6 
(240 mg, 0.132 mmol) in 1,2-dichloroethane (6 mL) was added, dropwise, a solu- 
tion of 28 (160 mg, 0.286 mmol) in 1,Zdichloroethane (3 mL) at 20”, and the mix- 
ture was stirred at 50” for 16 h under Ar. The mixture was further stirred at 50” for 
2 days, whilst solutions of 28 (80 mg, 0.143 mmol) in 1,Zdichloroethane (1.5 mL) 
and 28 (15 mg, 0.027 mmol) in 1,2-dichloroethane (0.5 mL) were added after 16 h 
and 1 day, respectively. The mixture was diluted with CHCl,, filtered, washed with 
aqueous NaHCO,, dried (MgSO,), and concentrated in vacua. The oily residue 
(500 mg) was purified by column chromatography (40: 1 toluene-tetrahydrofuran), 
giving a fraction (140 mg) which showed two components in h.p.t.1.c. at R, 0.87 
and 0.80 in the ratio of -3:l. Elution of the mixture from a column (72 x 2.2 cm) 
of Bio-Beads SX-3 with benzene afforded 4 (108 mg, 29.3%), R, 0.87 (1O:l 
toluene-tetrahydrofuran). 

(b) To a stirred mixture of powdered molecular sieves 4A (6.0 g), Hg(CN), 
(500 mg, 1.98 mmol), and 8 (210 mg, 0.241 mmol) in 1,Zdichloroethane (5 mL) 
was added a solution of 7 (760 mg, 0.766 mmol) in 1,2-dichloroethane (2 mL). As 
no reaction occurred on stirring at 50” for 16 h, the mixture was stirred and boiled 
under reflux for 16 h and processed as in (a) to give a crude product (1.04 g) that 
was eluted from a column (50 x 2 cm) of Toyoperl HW-40F with 1: 1 CHCl,- 
MeOH to give an oily product (628 mg). This oil was eluted from a column (72 X 

2.2 cm) of Bio-Beads SX-3 with benzene to give a hexasaccharide fraction [150 mg, 
21.9%, two components in h.p.t.1.c. at R, 0.87 and 0.79 (1O:l toluene-tetra- 
hydrofuran)]. Column chromatography of this fraction, using 20: 1 toluene-tetra- 
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hydrofuran, gave 4 (50 mg) and a 1: 1 mixture (75 mg) of 4 and 40; 4 (12.8%), R, 

0.87; 40 (5.5%), R, 0.79. The tetrasaccharide fraction [3OO mg, 68.1% , two compo- 

nents in h.p.t.1.c. at R, 0.65 and 0.53 (1O:l toluene-tetrahydrofuran)] was also 

subjected to column chromatography (10: 1 toluene-tetrahydrofuran) to give 38 (95 

mg, 21.6%; R, 0.65) and 39 (48 mg, 10.9%; R, 0.53). Pure 4 had [(Y],, +20” (~0.3). 

13C-N.m.r. data: 6 101.26 (C-ld). 99.75 (C-le.lf), 99.48 (C-lc), 97.25 (C-la). and 

96.93 (C-lb). 

Anal. Calc. for C,72H,7X032 * C,H,: C. 75.44; H. 6.59. Found: C, 75.59: H, 

6.72. 

Compound 38 had [(~]b +37” (c 0.2). r3C-N.m.r. data: 6 117.41 (-CH=CH,), 

99.91 (C-ld, Vc,, 168.5 Hz), 99.53 (C-lc, rJc,u 173.3 Hz), 97.53 (C-la, rJcH 169.7 

Hz), and 97.25 (C-lb, lJc.H 170.9 Hz). Compound 39 had [a]b +6.3” (c 0.2). 13C- 

N.m.r. data: 6 117.36 (-CH=CH2), 100.45 (C-lc, ‘Jc.u 157.5 Hz), 98.50 (C-ld. 

‘Jctl 170.9 Hz), 97.67 (C-la, ‘J,., 168.5 Hz), and 97.25 (C-lb, *JC,H 170.9 Hz). 

Propyl 6-0-[3,6-di-O-(2-O-cY-~-mannopyranosyl-cu-D-mannopyranosyl~-~-D- 
mannopyranosylfa-D-mannopyranoside (41). - A solution of 4 (50 mg) in 

1: lmethanol-tetrahydrofuran containing a trace of MeONa was stirred at 50” for 1 

h, neutralised with Amberlist 15 (H+) resin, filtered, and concentrated in vacua to 

give an oil (35 mg), R, 0.49 (h.p.t.l.c., 10: 1 toluene-tetrahydrofuran). A mixture 

of this oil and 10% Pd-C (50 mg) in MeOH (0.6 mL) and HCOOH (0.2 mL) was 

stirred vigorously at 50-70” for 3 min under At-, filtered, and concentrated in vacua. 
The residual oil (13 mg) was purified by elution from Toyoperl HW-40F 

with water to give 41 (11.5 mg, 63%), [cy]n +69.0” (c 0.15), R, 0.26 (2:l:l l- 

BuOH-EtOH-H:O). ‘H-N.m.r. data: (DzO, 400 MHz, 5’2”): S 5.352 (H-ld. J 2 

Hz), 5.133 (H-lc, J 2 Hz), 5.063 (H-le. J 2 Hz), 5.055 (H-lf. 12 Hz), 4.879 (H-lb, 

J 2 Hz), and 4.863 (H-la. .I 2 Hz). 

AllyI (2-0-acetyI-3,4,6-tri-O-benzyl-cy-D-mannopyranosyl)-3,4,6-tri-O-benzyl- 

cY-D-mannopyranoside (35). - To a mixture of AgOSO,CF, (500 mg), 23 (500 mg. 

1.05 mmol), and tetramethylurea (0.3 mL) in 1,2-dichloroethane (7 mL) was 

added, dropwise. a solution of 34 (1.0 g) in 1,2-dichloroethane (2 mL) at 20” under 

Ar. The mixture was stirred for 16 h at 20” and worked-up to give a crude oil (1.08 

g) that was purified by column chromatography (10: 1 toluene-ethyl acetate) to 

give 35 (670 mg. 68%), [cr]n +25.5” (c 2), R, 0.58 (1O:l toluene-ethyl acetate). 

N.m.r. data: IV?, 6 170.1 (CH,C=O). 133.7 (CH,CH=CH,), 117.1 

(CH,CH=CH,), 99.6 (C-lb, ‘.I,-, 172.9 Hz), 97.9 (C-la, lJc,w 170.0 Hz), 67.8 

(0-CH,CH=CH,), and 21.1 (cH,C=O); IH, 6 2.110 (s, 3 H, AC). 

Anal. Calc. for C5&6J0,2: C, 73.41; H, 6.69. Found: C, 73.30; H, 6.64. 

AllvI 3,4,6-tri-O-benzyl-2-0-(3,4,6-tri-0-benzyl-~-D-mannopyranosyl)-ff-D- 
mannopyranoside (27). - A solution of 35 (38.1 mg. 0.039 mmol) in tetrahydro- 

furan (0.5 mL) and methanolic M sodium methoxide (0.05 mL) was stirred for 30 

min at 20”. and then processed. The product was purified by column chromato- 

graphy (10: 1 toluene-tetrahydrofuran) to afford 27 in quantitative yield. [a]o +35” 

(c O.54), R, 0.45 (lo:1 toluene-tetrahydrofuran). N.m.r. data: Y, 6 134.0 
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(CH&H=CH& 116.9 (CH,CH=cH& 101.5 (C-lb, 1&H 170.9 Hz), 98.2 (Gla, 
I&n 172.2 Hz), and 67.9 (Cl&-CH=CH,); IIi, 6&U-5.6 (k, 1 H, CH,CX=CH,). 

Anal. CaXc+ for C,,H,,OI1: C, 74.15; H, 6.78. Found: C, 74.46; W, 6.40. 
Allyl3,4,6-2ri-0-benzyl-2-0-f2,3, 4,6-tetra-U-benzyE-cr-u-mannopyranosyl)- 

~-~an~~~yr~n~s~d~ (36). - To a suspension of NaH (SO%, 100 mg; washed with 
hexane, 2.0 mL) in ~,~-d~methy~formamide (I mL) was added a solution of 27 
(987 mg) in N,N-d~methylform~mide (1 mL), and the mixture was stirred for 30 
min at 20”. 3ena;yl bromide (0.2 mL, 1.64 mmol) was added dropwise, and the 
mixture was stirred fur 1 h at 20” and then processed, The resutting, crude oil (lU3 
g) was purified by column chromatclgraphy (20: 1 tafuene-tetrahydrofuran) to give 
36 (974 mg, 90%), [aID -t-16” (c 0.73), I?, 0.74 (10: 1 tcluene-tetrahydrofuran). 
N.m.r. data: 13C, S 133.9 (CH,CH=XH,), 116.9 (CH,CH=CH,), 99.7 (C-lb, lJc,N 
167.2 Hz), 98.3 (C-la, 1Jc,w 170.9 Hz), and 67.9 (OCH,CH=CH,3; lH, 6 6.0-5.6 
(m, 1 H, CH,CEG=CH,). 

Anal: Calc. for CMHfi8011: C, 75.85; H, 6.78. Found: C, 75.39; H, 6.75. 
3,4,6-~~~-Q-~~nzyE-Z-U-~2,3~#,6-terra-U-b~~~~-~~~-~~~~upyr-~- 

~~~~~pyr~~~~~ (37) * - A mixture of 36 (870 mg, 0.86 mm&) and PdCf, (SO mg, 
0.28 mmol) in MeOH (10 mL) was sonicated (Ultrasonic Cleaner TOCHQ) for 2 h 
at 2U”, and then cancentrated in vamo. The residue was purified by column 
chromatography (20: 1 toluene-tetrahydrofuran) to give 37 (495 mg, 59%), I++, 
+4” (c 0.78), R, Q.4U (10: I tuluenc-tetrahydruf~~)~ f3CT-N.m.r. data: 6 99S (G 
lb, IJCqH 170.9 Hz) and 93.4 (C-la, VIs,u 372.1 Hz). 

Am& CaXc. for C,,H&Q C, 75.27; H, 6.64, Found: C, 75.49; H, 6.56. 
3,4,6-Tri-CI-bePtzyt-2-u-~~,3,~,6~~~~~Q-u-~~~~y~-~~~-~~nn~p~~ff~u~y~~-~~~” 

~u~~~py~~n~~y~ chloride (7). - To a solution of 37 (227 mg, 0.23 mmol) in 1,2- 
dichloroethane (2 mL) was added SQCl, (0.5 mt) and N;IV-dimethylformamide 
(0.05 mL) at 2UO. The mixture was stirred for 1 h at 20”, fiflltered through silica gel, 
and concentrated in VQCCLO. The residue was purified by column chromatography 
(2U:l tul~ene-tetrahydr~f~ran~ to give 7 (193 mg, 8S%), [cY]~ -+47” (C U-95), R, 
0.61 (IO:1 t~~uene-tetrahydrufuran). Nm.r. data: r3Cz Ti 100.7 (C-lb, r&n 1733 
Hz) and 92,6 (CXa, rJc,n 184.3 Hz); II-I, ?I 6.22 (d, 1 H, f 2.0 Hz, H-la). 

Anal, Calc. for C,,H,,ClQ,,: C, 73.87; H, 6.42; Cl, 3S8. Found: C, 73.72; H, 
6.43; Cl, 3.68. 
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