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ABSTRACT 

Selective acetolysis of methyl 2,3,4,6-tetra-Q-benzyl-d-D-manno- 
pyranoside (2) allows f o r  easy preparation of 1-acetates o f  2,3,4,6- 
t et ra-Q- benz y l  ( 5 1, 6-Q-ac etyl-2,3,4, -t ri-Q-benz yl- (6 1, 4,6-di-Q- ac ety l  
-2,3-di-Q-benzyl- (71, 3,4,6-tri-Q-acetyl-Z-Q-benzyl- (81, and 2,4,6- 
tri-Q-acetyl-3-Q-benzyl-0-mannopyranoside ( 9 ) .  8 and 9 formed a r e  sepa- 
rated by preparative HPLC in 30-609 scale. The t ime course of  previously 
described acetolyses of 3,4,6-tri-Q-benzyl- 1 ,Z-Q-( I-methoxyethylidene) 
-13-D-mannopyranose (31, and methyl 2,3-di-Q-benzyl-4,6-Q-benzylidene- 
al-0-mannopyranoside ( 4 )  giving 9, 1,2,6-tri-Q-acetyl-3,4-di-Q-benzyl- 
( 101, and 1,2-di-Q-acetyl- 3,4,6-tri-Q-benzyl- ( 1  1 )  A-D-mannopyranose 
as wel l  7 have been studied. 

INTRODUCT I ON 

Our program, whose objective is a synthesis of a neoantigen carry ing 

oligosaccharlde 1 ,* as wel l  as our NMR studies of conformations of  the 
oligosaccharide moieties of N-linked g l y c ~ p r o t e i n s , ~  depend on the avail- 
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646 SHAH ET AL. 

abil ity of simpler model oligosaccharides representing fragments of the 

structure I . Any efficient design fo r  syntheses of such fragments requires a 

number of readily available and appropriately protected derivatives of 

D-mannose and 2-acetamido-2-deoxy-D-glucose. In this communication we 
describe the easy preparation, starting f rom methyl 2,3,4,6-tetra- 

-0-benzyl-d-D-mannopyranoside - ( 2  1, of various combinations of acetyl and 

benzyl groups on D-mannopyranose t o  be used as glycosylating agents. 

a2.6 p1.4 p1.2 
NeuNAc -Gal-GlcNAc - Man Fuc 

I I a1.6 
61.4 61- 

GlcNAc -.-t Man -+ GlcNAc-GlcNAc - A s  
0 1.4 

a2.6 p1.4 p1.2 
NeuNAc - Gal -GlcNAc __P Man 

1 

It has been recognized p r e v i ~ u s l y ~ - ~  that mi ld  acidic treatment of 

methyl glycosides, when Q-benzyl groups a r e  present in the molecule, 

results i n  the hydrolysis of the l-Q-methyl group, leaving the benzyl groups 

mostly intact. Acetolysis, on the other hand, causes some benzyl groups ( in  

part icular those on pr imary  hydroxyls) t o  be removed more easily than 
 other^,^-'^ thus giving r i se  t o  precursors of a variety of potential glycosyl- 

ating agents. Assuming good control of reaction conditions during acetolysis, 

the starting benzylated P-mannopyranoside derivatives 2-4 could provide 

easy access t o  compounds 5-1 1, which find immediate use in oligosaccharide 

synthesis. In fact, compounds 7, 9, and 10 have already been prepared by 

this approach6-12 and a generalized acetolysis of benzylated mannosides 

start ing f rom 3 has been described (e,g.7 c f  Scheme 1 1 ) .  Regioselective 

alkylations16-21 and reductions of  benzylidene a c e t a l ~ ~ ~ - ~ ~  were a l s o  used 

fo r  preparations of some of the above synthons but they are generally more 

diff icult to  scale-up. It i s  the purpose of this communication t o  show that the 
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ACCESSIBILITY OF D-MANNOPYRANOSIDE GLYCOSYLATING SYNTHONS 647 

acetolytic conditions can be varied in  such a way that the selective formation 

of a certain product i s  achieved. 

RESULTS AND DISCUSSION 

As the starting material f o r  preparations of glycosylating synthons 

without pa rticipating group, the perbenzyl ated methyl 4-D-manno- 

pyranoside ( 2 )  was chosen since it can be conveniently made f rom 

inexpensive commercial ly available methyl d-0-mannopyranoside by a 

variation of the described procedure.6, 1 4 9  l 5  Similarly, perbentylated 

orthoester 3 i s  easily accessible by a modification of existing  method^.^ 
Acetolysis was mainly carr ied out by acetic anhydride-sulfuric acid, but 

acetolytic conditions generally varied as to the acid i n  acetic anhydride 

(H2S04, CH3C6H4S03H, BF3.Et20, [CH3]3SiC1, SiOz), concentration of the 

acid, and careful temperature control. The sequential product formation 

starting f rom 2 i s  summarized in Scheme I ,  and the conditions required for  
the selective formation of a part icular product starting f rom 2 a r e  described 

in the experimental par t  (cf.  also Scheme 1 1 ) .  The relative reactivi ty of 

dif ferently located groups fol low approximately the order: I-QMei6-QBn> 

4-QBn> 3-QBn=2-QBn, as it was, i n  part,  observed b e f ~ r e . ~ , * ~ ~  

however, t rue  i n  the case of 8 and 9, and preparative HPLC has been used t o  

separate them and obtain either 8 o r  9 i n  pure state. Using two PrepPak 500 
cartridges i n  series containing about 0.8 kg of sil ica gel, ten grams of 
mixtures of 8 and 9 could be handled easily. It should also be noted that 

under certain conditions 6-QBn i s  sl ightly more susceptible t o  acetolysis than 

1-QWe; the difference i n  reactivi ty i s  so small  though that it i s  dif f icult  to  
take advantage of it preparatively (eg. fo r  the synthesis of 12).  

Compounds 7 and 8 o r  9 were also obtained by acetolysls of 4 (c f .  

Scheme 1 1 1 ) .  The overal l  yield of the synthetic sequence leading to  4 start ing 

f rom methyl 4,6-Q-benzylidene-d-l>-mannopyranoside ( 14) i s  not ve ry  

high. This i s  t rue also fo r  an alternate route of regioselective alkyl- 
ation16,25,26 of 14 which af ter  acetolysis leads to  8. Consequently, the 
acetolysis of 2 c lear ly  represents a simpler procedure. 

The products were usually of sufficient puri ty (90-95%). This was not, D
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648 SHAH ET AL.  

AcO 

OBn 

OAc 

/ 
BnO 

0 nO 
5 1  

OAc 

O 0 n  AcO- I 
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649 ACCESSIBILITY OF D-MANNOPYRANOSIDE GLYCOSYLATING SYNTHONS 

OH H O y  I 

KOH, DMSO,BnBr,RT 
No H , OM SO, BnBr, 70' 

c 

HO- HO 

I 
OMe 

OMe 

OMe 

OBn 

BnO 

* I  
OMe 

OMe 

OAc 

10% p.tosyl acid in Ace0 
d 

0'- 25' 4 h r s  

10% TMS-CI in AcpO 

O0 - 2 5 O ,  4hrs  
* 

OBn 
A c O 7  I 

B ; f o T  (6) 10% B F p E t 2 0  in AcgO 
15'-RT, 2hrs 

OMe 

OAc 

OBn 
AcO- I 

AcO- BnO 

? I  
OAc 

AcO 
Ac 0 

OAc 

Ac A% 0 

(A) II o/o H2SO4 in A c 2 0 , S i O ~  

-15O- -5O.70hrs AcO 

Scheme OAc 
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ACCESSIBILITY OF D-MANNOPYRANOSIDE GLYCOSYLATING SYNTHONS 651 

Many natura l ly  occurring oligosaccharides (c f  1 contain other mono- 

saccharides on C-2 of the Q-mannose units, which are bound i n  the larger  

oligosaccharide by an &-linkage. 2-Q-Acetyl derivatives of a protected 
mannose would provide both the participating group and the temporary pro- 

tection required fo r  the i r  synthesis. Consequently acetolysis of 3 can provide 

3,4,6,-tri-Q-benzyl ( 1  1 6-Q-acetyl-3,4-di-Q-benzyl ( 10),7*99 l o  and 

4,6-di-Q-acetyl-3-Q-benzyl (919 derivatives of 1,Z-di-Q-acetyl-e-manno- 

pyranoside. The tr ibenzyl derivative 1 1  showed a pronounced tendency to  

lose the pr imary  benzyl group (c f .  Fig. 3). 

t ions i n  order t o  ascertain the optimal conditions fo r  the formation o f  the 

desired product and i t s  protection against fur ther  acetolysis. The tetrabenzyl 

derivative 2, fo r  instance, gave 6 within 30 minutes i n  better than 90% yield 

and 95% purity, and fur ther  acetolysis t o  7 proceeded quite slowly (c f .  

Fig. 1 ) .  On the other hand, much more drastic conditions and reaction times 

were required t o  obtain 9 f rom 10 (c f .  Fig. 2 ) .  The acetolysis of the ortho- 
ester 3 t o  1 1  had to  be done carefu l ly  because of the sensitivity of 6-Q-ben- 

zyl group (cf.  Fig 31, contrary  t o  intuit ively expected large difference in 
acid sensitivity of the orthoester and pr imary benzyl groups. The stabi l i ty of 

7 under acetolytic conditions of the benzylidene derivative 4 i s  remarkable 

and it confirms that 2-Q- and 3-Q- benzyl groups are the most dif f icult  t o  

remove by acetolysis (cf.  Fig. 4).  

I t  seems that compounds having more than one benzyl exhibit a more pro- 
nounced sensitivity of these benzyls toward acetolysis (eg. 8 and 9 vs. 7, as 

i f  one benzyl group would render the other one more vulnerable to  the attack 

by the acetoxonium ion. This phenomenon, however, helps to  control react- 
ions of polybenzylated compounds more effectively. 

In summary, f rom 2. it can be prepared 5,6 6, 8 ,  and 9; while 9, 10, and 
1 1  a r e  easily available f rom 3,799 and 7 f rom 4.25 We believe that these 

procedures simpli fy syntheses of more complicated oligosaccharides, and we 

have used them extensively in  our laboratory ( ~ f . ~ ~ ) .  

We have studied carefu l ly  the time-course of various acetolytic condi- 

EXPERIMENTAL 

General Procedures. Optical rotations were measured with a 

Perkin-Elmer polarimeter (Model 140) a t  26k1 'C. Microanalyses were  
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652 SHAH ET AL.  

Figure 1 .  The time course of acetolysis of 2 to 6 and 7. 
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Flgure 2. The tlme course of acetolysls of 10 to  9. 
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ACCESSIBILITY OF D-MANNOPYRANOSIDE GLYCOSYLATING SYNTHONS 653 
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Figure 3. The time course of acetolysis of 3. 
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Figure 4. The time course of acetolysis of 4 to 7. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



654 SHAH ET A L .  

performed by the Microanalytical Laboratory Ltd., Markham, Ontario. l H  

NMR spectra were recorded a t  360 MHz with a Nlcolet spectrometer at  the NMR 
Laboratory of the Centre fo r  Determination of Carbohydrate Structures, 

University of Toronto (Director: Dr .  A. A. Grey). They were obtained a t  23*2 

'C i n  CDC13 containing IXTMS as the internal standard. In f rared spectra were 

recorded with a Perkin-Elmer (Model 1430) Infrared Spectrometer, and 
calibrated a t  1601 cm-I of polystyrene f i lm using thin f i lms on NaCl plates. 

Thin-layer chromatography (TLC) was performed on sil ica gel 60 F254 

(Merck) plastlc plates and visuallzed by quenching of ultraviolet 
fluorescence and/or spraying with 50% aqueous sulfuric acid and heating a t  

100 ' C .  Silica gel 60 (230-400 mesh; Merck) was used f o r  flash column 

chromatography. Analytical HPLC was performed on a u-Poras i l  column (30 
cm x 3.9 mm i.d., Waters) using either DuPont series 8800 o r  Beckman 
Model 324 instruments with a mass detector Model 750/14 (Applied 
Chromatography Systems, Ltd. ). Preparative HPLC used a Magnum 40 column 
(58 cm x 48 mm i.d., d ry  packed with sil ica gel 53pm Part isi l  Prep 40, 

Whatman) o r  two PrepPak 500 Si cartridges in  series, with PrepLC/System 

500A (Waters). The solvent mixture used i n  HPLC separations was 
hexane:ethyl acetate: dichloromethane (7:2:1). 

sieves and BaO and used without further purification. Dimethyl formamide 

(A ld r ich l  was dist i l led f rom CaH2 and stored over 4A molecular sieves p r io r  

t o  use. A l l  other solvents were glass dist i l led In the laboratory. Solvents 
f rom a l l  work-ups were removed at reduced pressure using a ro ta ry  

evaporator a t  temperatures not exceeding 40 'C. 

only in the case of the compound previously unreported. 

Dimethyl sulfoxide (Fisher) was dried by storing it over 4A molecular 

A l l  compounds were extensively characterized, but the values a r e  cited 

tlethyl 2,3,4, Ci-tetra-Q-benzyl-&-D- mannopyranoside ( 2  1. 
a. In a round bottom flask, equipped with a magnetic s t i r re r ,  an 

addition funnel, and an argon inlet,  containing dimethyl sulfoxide (250 mL), 
were placed methyl o(-D-mannopyranoside (Aldr ich,  10.1 g; 55 mmol) and 

powdered KOH (35.0 g; 640 mmol). Benzyl chloride (47  mL; 404 mmol) was 
added slowly at room temperature, and resulting reaction mixture was 
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ACCESSIBILITY OF D-MANNOPYRANOSIDE GLYCOSYLATING SYNTHONS 655 

s t i r r e d  overnight (15 h),  d i luted with ether (200 mL), and washed with water  
(4x100 mL).  A f t e r  f u r t h e r  ext ract ion with hexane (4x50mL1, the organic 

solvent was washed with sat. aq. NaCl solut ion (50 mL),  which was washed 

with ether (2x50 mL); the organic ext racts  were dr ied over MgSO4 and 

concentrated t o  dryness t o  give an oi l .  Preparat ive HPLC (hexane: e thy l  

acetate 9:l) gave 2. (24.3 g, 43.8 mmol, 80%). Other batches gave yields 

between 66-87%). Physical data agree with those prev ious ly  published.6 

b. Using procedure a, methyl  d-D-mannopyranoside (10.2 g, 55 
mmol) ,  powdered KOH (35.7 9, 640 mmo l ) ,  and benzyl bromide (48 mL, 400 

mmol)  i n  dimethyl  sul foxide (250 mL) gave 2 (25.7 9, 86%) a f te r  pur i f icat ion 

by f lash chromatography on a s i l ica gel  column. Yields of other batches were 

between 71-94%. 

c .  A solut ion of methyl  d-D-mannopyranoside ( 1  . O  9, 5.1 mmo l )  and 

NaH (1.7 9, 42 mmol,  60% minera l  o i l  dispersion) in dimethyl  formamide (20 
mL) was s t i r r e d  at room temperature f o r  1 h i  the temperature was al lowed t o  
reach 70-75 'C and benzyl bromide (5.7 mL, 48 mmo l )  in dimethyl  formamide 

( 5  mL) was added s lowly ,  and the m ix tu re  was s t i r r e d  overnight at  t he  same 

temperature.  A f t e r  cooling, water was added (50 mL), the resul t ing solut ion 

was ext racted with hexane (3x50 mL), the hexane solut ion was washed with 

sat. aq. saline solut ion (25 mL), which was washed with hexane (2x25 mL).  

The combined organic ext racts  were dr ied over MgS04 and concentrated t o  

dryness. The resul t ing o i l  was di luted with ethyl  acetate ( 5  mL), 5% aq. 

ammonia (15 mL) was added, and the solut ion was s t i r r e a  at  room 

temperature f o r  2 h. The solut ion was extracted with ch lo ro fo rm (3x25 mL),  

the ch lo ro fo rm ex t rac ts  were washed with sat. aq. saline solut ion ( 15 mL),  

which was washed with ch lo ro fo rm (2x12 mL).  The combined ch lo ro fo rm 

ext racts  were dr ied over MgS04, concentrated t o  dryness, and the residue 

subjected t o  chromatography on s i l ica ge l  yielding 2 (2.9 g, 97%). 

General Procedure for  Acetolyses .The carbohydrate der ivat ive 

(15-25 9)  was dissolved in acetic anhydride (100-120 mL) and brought t o  the  

desired temperature.  A solut ion of an acid (genera l ly  su l fu r i c )  in acetic 

anhydride ( 150-200 mL) brought t o  the same temperature was added quick ly  

but not a t  once under v igorous s t i r r ing.  The react ion course was fo l lowed by 

TLC on s i l ica gel  GF258 and i n  some cases conf i rmed l a t e r  by HPLC using 
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6 56 SHAH ET AL.  

p-porasi l  column (aliquots of reaction mixtures were taken a t  appropriate 

in terva ls  and after a separate work-up were subjected t o  HPL chromato- 

graphy), The reaction was quenched by pouring the reaction mixture onto 

ice-water, and af ter  neutral izat ion with NaHC03 the products were exhaust- 

i ve ly  extracted with CHC13, and subjected t o  chromatography on a short 

column of si l ica gel. 

Ac et ol ysis of  methyl 2 3.4 6-t et r a-Q- benzyl-d-D- ma nno- 
pyranoside ( 2 )  to: 

a, I ,6-D1-Q- a c et yl-2,3,4-t r 1-0- benz yl-d-D- m a nn o p y r a n 0s e 
(6). A solution of 2 ( 7  g )  in acetic anhydride (60 mL) a t  -4 'C was treated 

with H2SO4 (0.25 mL) in acetic anhydride (30 mL) f o r  40 min and worked up 

as described above. The y ie ld  of pure 6 was 5.3 g (7781, and it showed in i t s  

INMR spectrum a signal f o r  H-l a t  6=6.21 ppm (d, Jl ,2=1.9 Hz, I H ) .  

b, 1,4,6-Tri-Q-acetyl-2,3-di-~-benzyl-o(-D-mannopyranose 
( 7 ) .  To a solution of 2 (0.24 g )  in acetic anhydride (1.7 mL) was added 

t r imethy ls l l y l  chloride (neat, 0.22 mL) a t  0-5 'C, and the reaction mlxture 

was s t i r r e d  a t  room temperature and monitored by TLC. A f t e r  48 h it was 
poured onto ice-water (100 mL), the solution was neutralized with aq. 

NaHC03, extracted exhaustively with ether which was subsequently washed 

with saturated saline, dried over NazS04, concentrated t o  dryness, and 

subjected t o  chromatography on a si l ica gel column (hexane-ethyl acetate, 

2:l)  t o  give 7 (0.096 g; 45%). The I H  NMR spectrum of 7 gave a signal f o r  H-1 

a t  d=6.18 ppm (d, Jl,2=1.9 Hz, I H ) .  

pyranoside (12) accompanied with 6 and 7. To a solution of 2 (0.38 g )  in  

acetic anhydride ( 3  mL) containing molecular sieves (3A; 1.33 g )  a t  -20 'C 
was s lowly  added a solution of &-toluenesulfonic acid monohydrate ( 10-20 
mg) in acetic anhydride (2 mL), and the reaction mixture was s t i r r e d  a t  

room temperature and monitored by TLC. A f t e r  1-4 h and the work-up 

as in b, 12 (74 mg; 22%) was obtained together with 7 (46 mg; 13%), and 6 

(139 mg; 38%). The IHNMR spectrum of 12 had a signal fo r  H-l a t  6=4.74 ppm 

c ,  Methyl 6-Q-acetyl-2,3,4-tri-O-benzyl-&D-rnanno- 

(d, J1,2<1 Hz, IH).  
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ACCESSIBILITY OF D-MANNOPYRANOSIDE GLYCOSYLATING SYNTHONS 657 

d,  1,3,4,6-Tetra-Q-acetyl-2-Q-benryl-~-D-mannopyranose 

(8) and I ,2,4,6-tetra-~-acetyI-3-Q-benzyl-o(-D-mannopyranose 
(9 ) .  

d-I,  A solution of 2 (0.84 g) in acetic anhydride (0.7 mL) was treated 

with 10% sulfuric acid in acetic anhydride (0.3 mL) a t  room temperature f o r  2 
h. Then another portion of 10% sulfuric acid in acetic anhydride (9.7 mL) was 

added, the resulting mixture was s t i r red  for  24 h, and after work-up and 

chromatography, 8 (0.31 9; 45%) and 9 (traces) were obtained. 
d-2, A solution of 2 (15 g)  i n  acetic anhydride ( 100 mL) was treated 

with 2% sulfuric acid in acetic anhydride (160 mL) a t  room temperature f o r  48 

h giving a mixture ( 1 : l )  of 8 and 9 ( 9.0 g; 66%). 

d-3, A solution of 2 (10 g) in  acetic anhydride (56 mL) containing 302 

(50 g )  was treated with 11% sulfuric acid i n  acetic anhydride (90 mL) a t  -20 
'C t o  -10 'C, and s t i r red  a t  room temperature f o r  1-3 h yielding a mixture of 

8 (4.2 g; 63%) and 9 (2.07 g; 31x1, S8parated by HPLC (vide in f ra) .  

BF3.Et20 ( 1  1 m i )  a t  -30 'C, then warmed t o  room temperature and s t i r red  

fo r  3 h yielding a mixture of 8 (0.8 g; 24%) and 9 (2.3 g; 68x1, separated by 
HPLC (vide in f ra) .  

i.d. 1 i n  series, and as a mobile phase hexane: ethyl acetate: methylene 
chloride (7:2:1), and a re f ract ive index detector ( f low rate200 mL/min). 

The monobenzyl tetraacetate 8 had [Ct]o +7.8' ( c .  1.5, CHC13); ir (neat) 1748 

(CO); lHNMRd: 7.30-7.40 (m, 5H, C&CH2), 6.19 (d, IH, J=1.7Hz, H-11, 

5.48 ( t ,  lH, J=lO Hz, &4), 5.19 (dd, lH, J=lO Hz and 3.5 Hz, H-31, 4.74 

d-4, A solution of 2 (5  g) i n  acetic anhydride (68 mL) was treated with 

Preparative HPLC used two cartridges PrepPak 5OO/Si (30 cm x 5.7 cm 

(d, IH, J=12 Hz, C&C&), 4.60 (d, IH, J=12 HZ, CghjC&), 4.26 (dd, IH, 

J=13 Hz and 5 Hz, H-6'1, 4.12 (b r  d, lH, J=13 Hz, H-61, 4.02 (m, lH,  H-51, 
3.82(dd, lH, J = 2 . 4 H z a n d 2 . 6 H z , ~ - 2 ) , a n d 2 . 1 3 , 2 . 0 9 , 2 . 0 4 , a n d 1 . 9 9  

(4s, 12H, CB~COO) .  Anal. calcd for  C21H26010 (438.16): c 57.51, H 5.98; 

found C 57.62, H 5.81. Compound 9 exhibited9 in  i t s  lNMR spectrum a signal 

fo r  H-l a t  6=6.08 ppm (d, J1,2=2 Hz, IH) .  

D-mannopyranose (3). To a solution of powdered KOH (3.70 g) in dimethyl 

3,4,6-Trl-Q-benzyl- I ,  2-Q-( 1-methoxyethy1idene)-D- 
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sulfoxide (12 mL) in a round bottom f lask, equipped with a magnetic s t i r r e r ,  

an addition funnel, and an argontinlet,  was added 3,4,6-tri-Q-acetyl-I ,2-Q- 

( I-methoxyethylidene)-J3-D-mannopyranose 

mixture was s t i r r e d  at room temperature f o r  30 min. Benzyl chloride (4.7 
mL; 40.4 mmol)  was added s lowly  a t  room temperature, and the reaction 
mixture was s t i r r e d  overnight (17 h). Then water (I00 mL) was added, the 
aq. layer  was extracted with ether (3x25 mL) which was subsequently 
washed with sat. aq. saline solution (25 mL). The l a t t e r  was extracted with 

ether (2x25 mL), the combined ethereal extracts were dried over MgSO4 and 

concentrated t o  dryness t o  give a heavy oil, which af ter  chromatography and 

crysta l l izat ion f r o m  aq. methanol containing a few drops of col l idine gave 3; 
mp. 75-77 'C, lit.9 76-78 'C (1.33 g; 94%). Physico-chemical data agree 

with those previously p ~ b l i s h e d . ~  
Acetolyses of  3,4,6-tri-Q-benzyl- 1,2-Q-( l-methoxy 

ethylidene) -8-D-mannopyranose (3).  

a ,  A solution of 3 ( 1  g)  in acetic anhydride (20 mL) a t  -5 'C was 
t reated with a 1% solution of su l fur ic  acid in acetic anhydride (10 mL) a t  - 5 
'C fo r  15 min t o  give 10; mp. 79-80 'C, lit.9 80-81.5 'C (0.6 g; 61%). 
The l H  NMR spectrum a signal f o r  H-1 a t  d=6.18 ppm (d, J1,2=2 Hz,  IH) .  

was treated with a 2% sul fur ic  acid in acetic anhydride ( 10 mL) f o r  30 min, 

and then a t  room temperature fo r  24 h yielding 9 (0.15 g; 40%). 
A c e t o 1 y s i s of met h y 1 2,3- di-Q- b e n z y I-4,s-0- ben z y 1 i de ne- A- 

-D-mannopyranoside (4 ) .  A solution of 4 (0.5 g )  in acetic anhydride (20 

mL).at -5 "C was t reated with 1% sulfuric acid in acetic anhydride ( I 0  mL) at 
-5 'C fo r  30 min, and then s t i r r e d  f o r  24 h a t  room temperature yielding 7 

(0.18 g; 36%). 

( 1 .  g) and the result ing 

b, A solution of 3 (0.5 g )  i n  acetic anhydride (20 mL) cooled t o  -3 'C 
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