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Postfach 5 5 6 0 ,  D-7750 Konstanz, Germany 

Received May 3 ,  1983 

ABSTRACT 

Direct I-g-methylation of I-g-metalated 2,3,4,6-tetra- 
- 0-benzyl-D-glucose (1) with methyl trifluoronethanesulfonate 
(G) as a strong alkylating agent led to the methyl gluco- 
pyranosides with the c ~ / B  anomer ratios varying from 4:l 
to 1 : 1 1  depending on solvent and temperature. With the less 
electrophilic trifluoromethanesulfonates of g-alucose 
and &, of D-ribose d, and D-glycerol (&) as alkylating 
agents, 1 gave the 6-disaccharides and 6-glycosides 4 b - 8  - 
- 4e-B, exclusively. Product formation is discussed in terms 
of the various nucleophilicities of the starting materials 
and in terms of different internal complexation. Introduc- 
tion of the sterically demanding (p-methoxypheny1)diphenyl- 
methyl protecting group in 6-2-position of 2,3,4-tri-g-ben- 
zyl-D-glucose to form S and subsequent 1-g-metalation and 
reaction with trifluoromethanesulfonate C gave the a-con- 
nected isomaltoside %-a. However, from 1-2-metalated 8 
and the trifluoromethanesulfonates of glycerol and 3f 
under identical reaction conditions, only the 6-connected 
glycosides &-8 and X-B, respectively, were obtained. 
Structures were assigned by lH NMR and by deprotection to 
known compounds. 

INTRODUCTION 

Stereoselective formation of the qlycosidic bond in di- 
saccharide syntheses is generally achieved by nucleophilic 
displacement of a readily cleaved group at the anomeric cen- 
ter of the sugar.* The direct 1-2-alkylation of furanoses 
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68 SCHIMDT, REICHRATH, AND MOERING 

and pyranoses or corresponding metalated derivatives, well 
known with methyl iodide and dimethyl sulfater3I4 was re- 
cently accomplished by us in the chemically and stereoche- 
mically highly selective syntheses of a -  or B-disaccharides 

of Q-ribofuranose, R-mannofuranose,6 a-mannopyranose, 
Q-galactopyranose, and Q-glucopyranose. This directed 
synthesis was especially successful with partially pro- 
tected carbohydrate derivatives. '' " From 2,3 , 4-tri-g- 
benzyl-8-glucose, B-g-glucopyranosides were obtained 
almost exclusively. We report here upon the influence 
of 6-2-substituents on the a / B  ratio during l-g-alky- 
lation of 2,3,4-tri-G-benzyl protected D-glucose. Inter- 
est in these investigations was due to the observed high 
a-selectivities in glycoside formation when sterically 
demanding 6-g-substituents were present. 

7 

5, '  

RESULTS AND DISCUSSION 

Pfeffer and coworkers' demonstrated by 13C NMR in- 
vestigations that 2,3,4,6-tetra-~-benzyl-~-glucopyranose 
(1) exists at room temperature in benzene or tetrahydro- 
furan in an anomer ratio of a:B=2:3. This ratio was on- 
ly slightly changed to a:B=l:l upon 1-g-lithiation (FIG.1). 
However, acylation of these lithiated species with deca- 
noyl chloride to produce the anomeric mixture 2 gave a com- 
pletely different result. The anomer ratio was highly de- 
pendent on the solvent and the temperature used (FIG.1). 
The result was explained in terms of intramolecular com- 
plexation in the transition state in forminq the 6-pro- 
duct and in terms of the strong temperature dependence of 

9 the activation entropy term. 
With the 1-2-sodium salt of 1 and methyl trifluorometha- 

nesulfonate (s) as the methylating agent, we now have inves- 
tigated the dependance of the a / B  selectivity of methyl glu- 
copyranoside formation on solvent and temperature (FIG.1). 
A result similar to that obtained for 2 was observed; however, 
product formation clearly favored the B-anomer s - 6  at high- 
er temperatures. In tetrahydrofuran the ratio of 4:l 
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FIG. 1: 

Anomer ratio of I, its lithium salt (1 Li 1 ,  and its re- 
action products (2) with decanoylchloride (ref. g ) ,  and 
products & with 3 (Scheme 1). For further details (a) 
see experimental section (THF = tetrahydrofuran); (b) ad- 
dition of equimolar amounts of crown ether in THF ( 0 )  
and in toluene (0) at -50 C; (c) 1 dissolved in THF at 
40 OC, then cooled to -40 OC, NaH added after 6 h, and 
- 3a added after 15 min; (d) 1 dissolved in THF at 40 OC, 
NaH added, cooled to -40 OC after 15 min, and 2 added 
after 15 min. 

0 B  

0 0 at -50 C was changed to 1:11 at +40 C. In toluene the anomer 
ratio at -50 C, which was already 1:8, was shifted to 1:lO at 
+40 C. Because the electrophilicity of is lower than that 
of an acid chloride, the tendency for increased 6-anomer 
( e - 6 )  formation is attributed to the higher nucleophilicity 
of the 6-I-alkoxide of _1 when compared to the corresponzing 
a-I-alkoxide due to the anomeric effect. lo  This explanation 
is supported by crown ether addition to the reaction mixtures 
(FIG.l: b). Neither in tetrahydrofuran nor in toluene at 
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70 SCHMIDT, REICHRATH, AND MOERING 
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Scheme 1 

0 -50 C was a significant change of the anomer ratio observed 
upon addition of a crown ether. Therefore, in contrast to the 
Q-mannofuranose system, ' intramolecular complexation does 
not play a dominant role here. However, the rate of anomeriza- 
tion influences the anomer ratio of the product, because 1 
dissolved in tetrahydrofuran at +40 OC gives a strikingly dif- 
ferent result depending upon the order in which the operations 
of cooling to -40 OC and of addition of sodium hydride 
were performed (FIG.l : c,d) 

If the different nucleophilicity of the a -  and 0-1- 
alkoxides of 1 is a major controlling factor in anomer 
formation, then the less electrophilic trifluoromethane- 
sulfonates & - & (Scheme 2 )  should react to give 
even more selective formation of the 0-anomers. This 
was indeed observed, onlv the 6-anomers 4b-0 - s - B  were 
obtained (Scheme3). The structures of the gentiobiose de- 
rivatives 4 b - 0  and 4 c - 0  were proven bv hydrogenolvtic de- 
benzylation which gave gentiobiose 5&-0 and nethylgentio- 
bioside 5c-0, respectively. Compound 4d-0 afforded after 
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R O  
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R o  ;)Me 

T+-owoMe 
o x 0  
Me Me 

T f - 0  

\ t o x M e  3s 
0 Me 

Tf-0 k* - 3 t  

Bn = Benzyl 
Tf = Trifluoromethylsulfonyl 

Scheme 2 

debenzylation Z-B, subsequent acylation qave compound 
- 6d-B, whose structure was assigned by the 'H NMR data. 
Deisopropylidenation of 4e-B qave 2 - B ,  which was acyla- 
ted with palmitoyl chloride to compound g - B .  After hy- 
drogenolytic debenzylation,the glycolipid analogue 2 - B  
was obtained. 

The exclusive formation of 6-anomers from 1 with a 6-9- 
benzyl protectinq group and 3b-3e as electrophiles, led us 
to investigate the 1-9-alkylation of a glucose derivative 
with a sterically nore demanding protectinq group at the 
6-position. It was thought that steric constraints might 
favor a-anomer formation. Therefore, 2,3,4-tri-g-benzyl-q- 
glucose was treated with monomethoxytrityl chloride in 
pyridine and the 6-~-monomethoxytritylated glucose derivati- 
ve S was obtained in good yield (Scher~e4). 1-2-Sodium alko- 
xide formation with sodium hydride in tetrahydrofuran and 
alkylation with &z vielded the a-linked isomaltoside deri- 
vative %-a. Subsequent acid catalyzed cleavage of the mono- 
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12 SCHIMDT, REICHRATH, AM) MOERING 

/1.// Na H,THF 

R O  
OR 

R O  . Rofio$F OR 

RO & NaH, dioxane 

RO OH 3s 
OR 

OR - 1 :R=Bn  OR 

&-R : R=Bn 

5c-R : R=H 

Me 

RO R O  
OR 

4s-D : R-Bn 

0 OR1 
J y a  - 4a- 13 : R=Bn 

- 5a-a: ~ = n  
RO O&/ 6d-13: R=Ac Py’Ac20 

OR 
- 

Bn=Benzy 1 

Scheme 3 
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,OMMT 
NaH, T H F  

R o ~ O H  R O  OR 3c 

- 8 :  R = B n  
R O  

R 
9 c - a  : R =  B n , R l = M M T  J He 
- 

1fi-u : R = Bn,  R1= H 
NaH 

OR OR 
3 g - R :  R = B n ,  R 1 = M M T  3 - 0 :  R = B n ,  R1=MMT 

IH '  

&OH 
R O  

Bn = B e n z y l  
MMT= M on o m e t h o x y t r i t y l  

OR 
1 Q - 0 :  R = B n  

Scheme 4 

methoxtritvl group gave compound *-a. However, the tri- 
fluoromethanesulfonates 2 and g, which are presumably 
less electrophilic than s, gave on alkylation of the 
I-alkoxide of 8 exclusively the B -  anomers 2 - 5  and 
- 9 f - B ,  respectively. Neither solvent change nor lower- 

ing the reaction temperature to -30 C in tetrahydrofuran 
changed this result.'* Acid treatment of 2-f? and s f - 5  
led to partial deprotection resulting in the identical 
glucopyranosylglycerol =-B.  

0 
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7 4  SCHIMDT, REICHRATH, AND MOERING 

Thus, according to these investigations I-9-alkylation 
of 1-2- deprotonated 2,3,4-tri-~-benzyl-Q-glucose is more 
dependent on the difference in nucleophilicity of the a- 

than 6-I-alkoxide and the electrophilicity of the trifluo- 
romethanesulfonates than on intramolecular com.plexation 
effects. 

EXPERIMENTAL 

General Procedures. Melting points are uncorrected. 
’H NMR spectra were recorded in the solvents noted (Me Si, 
0.OOppm) with a Bruker CW-80 spectrometer. 
fer to TLC performed on silica gel (Merck) with the sol- 
vent systems noted. Column chromatography was performed 
with silica gel (Merck, 70-325 mesh) with the solvent 
systems noted. Preparative thin-layer chromatography 

was done using glass plates ( 20 cm x 20 cm ) coated 
with silica gel (PE-254, Merck) with the solvent systems 
noted. Optical rotation was determined with a Perkin-El- 
mer 241 MC. 

4 
RF values re- 

Benzyl 2,3,4-Tri-0-benzyl-6-0-trifluoromethylsulfonyl- 
-- a-Q-glucopyranoside (s). Benzyl 2,3,4-tri-9-benzyl-a-g- 
glucopyranoside’ (0.70 g r  I. 29 mmol) and triethylamine 
(0.2 ml, 1.43 mmol) were dissolved in 50 ml of benzene, 
the solution was cooled until the solvent started to free- 
ze,and then trifluoromethanesulfonic anhydride (0.24 ml, 
1.43 mmol) was added. The reaction mixture was then con- 
centrated and the crude product filtered with petroleum 
ether/ethyl acetate (85: 15) through silica gel (5g). After 
evaporation of the solvent, was obtained as an almost 
colorless oil (580 mg, 6 7  % ) ,  which decomposed readily on 
standing: therefore, it was used without further purifica- 
tion: TLC RF= 0.40 (petroleum ether/ethyl acetate = 85:15). 

-- a-R-glucopyranoside ( & ) .  Methyl 2,3,4-tri-Q-benzyl-a-D- 
qlucopyranoside (464 mg, I mmol) and triethylamine (0.14 
ml, 1 mmol) were dissolved in 10 ml of benzene, the solution 

Methyl 2,3,4-Tri-0-benzyl-6-O-trifluoromethylsulfonyl- 

14 
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Q-GLUCOPYRANOSE 75 - 

was cooled until the solvent started to freeze, and then 
trifluoromethanesulfonic anhydride (0.166 ml, 1 mmol) was 
added. Thereafter, the reaction mixture was concentrated 
and the crude product filtered with petroleum ether/ethyl 
acetate (85:15) through silica gel (4 9 ) .  After evapora- 
tion of the solvent, & was obtained as an almost colorless 
oil (540 mg, 91 % ) :  TLC R = 0.67 (toluene/ethyl acetate = 

9:l); 'H NMR (CDC13) 6 7.4-7.1 (m,l5H), 5.10-4.45 (m,6H), 
4.13-3.75 (m,2H), 3.60-3.34 (m,5H), 3.34 (s,3H,0CH3). 

S, 5.37. Found: C, 58.15; H, 5.25; S, 5.58. 

F 

Anal. Calcd for C29H31F308S (596.62): C, 58.38; HI 5.23; 

Methyl 2,3-O-Isopropylidene-5-O-trifluoromethylsulfo- 
nyl-B-D-ribofuranoside - (g )  . Methyl 2 , 3-9-isopropylidene- 
B-g-ribofuranoside' 
(0.28 ml, 2 mmol) were dissolved in 5 ml of benzene, the 
solution was cooled until the Solvent started to freeze, 
and then trifluoromethanesulfonic anhydride (0.332 ml, 2 
mmol) was added. Thereafter, the reaction mixture was con- 
centrated and the crude product was filtered with benzene 
through silica gel (59). After evaporation of the solvent, 
- 3d was obtained as a colorless oil (614 mg, 90 % ) ,  which 
gave a clean 'H NMR spectrum, but which decomposed readily 
on standinq: TLC R = 0.70 (benzene/acetone = 40:l) ; 'H NMR 

(408 mg, 2 mmol) and triethylamine 

F 
6 4.95 (S,lH,H-l), 4.59 (s,2HIH-2,H-3), 4.43 (s,3H,H-4,H-5, 
H-5') I 3.32 (s,3H,0CH3) , 1.48, 1.31 (2s,6H,2CH3). 

2,3-O-Isopropylidene-l-O-trifluoromethylsulfonyl-~~ - 

glycerol (&) . 2, 3-~-Isopropylidene-~-glycero11 (400 mg, 
3 mmol) and triethylamine (0.5 ml, 3.6 mmol) were dissolved 
in 30 ml of benzene, the solution was cooled until the sol- 
vent started to freeze, and then t r i f l uo rom.e thanesu1fon ic  
anhydride (0.5 ml, 3 mmol) was added. Thereafter, the reac- 
tion mixture was concentrated and the crude product was fil- 
tered with benzene through silica gel (5 9 ) .  After evapora- 
tion of the solvent, was obtained as an almost colorless 
oil (722 mg, 91%), which gave a clean 'H NMR spectrum, but 
which decomposed readily on standing: TLC RF= 0.78 (tolu- 
ene/ethyl acetate = 9:l); 'H NMR (CDC13) 6 4.50-4.42 (m,2H, 
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76 SCHIMDT, REICHRATH, AND MOERING 

H-l,H-l'), 4.35-3.75 (m,3H,H-2,H-3,H-3'), 1.45, 1.37 (2s,6H, 
2CH3). 

glycerol (3f) . 2 , 3-~-Cyclohexylidene-~-glycero11 
1.5 mmol) was reacted with trifluoromethanesulfonic anhy- 
dride (0.26 ml, 1.5 mmol) as described above. Compound 2f 
was obtained as a colorless oil (420 mg, 9 2 % ) ,  which decom- 
posed readily on standing; therefore, it was used without 
further purification: RF = 0.80 (toluene/ethyl acetate = 

9:l); 'H NMR (CDCl,) 6 4.41 (br.s12H,H-1,H-l'), 4.38-3.70 

(mf3H,H-2,H-3,H-3'), 1.58 (mc,llH,C H 

- 2,3-O-Cyclohexylidene-)-O-trifluoromethylsulfonyl-~~ - 

(258 mg, 

6 11)' 
Methyl 2,3,4,6-Tetra-O-benzyl-a- and -B-g-glucopyrano- - 

side (e-8 and S - B )  . 2 , 3,4,6-Tetra-~-benzyl-r)-glucopyrano- 
se (1, 540 mg, 1 mmol) was dissolved in 10 ml of dry tetra- 
hydrofuran at -50 OC. Sodium hydride (ca. 100 mg) was added 
and after 10 min 2 (0.11 ml, 1 mmol) was added to the solu- 
tion. After 2 h the solution was decanted from the solid ma- 
terial. The solution was concentrated and the anomers sepa- 
rated by preparative thin-layer chromatography (petroleum 
ether/ethyl acetate = 4:l): yield 65mg (12 % )  of *-a; 
[a]578 = +20.9 (c=1.17,CHC13); TLC RF= 0.50 (petroleum 
ether/ethyl acetate = 4:l); yield 320 mg (58 8 )  of 4 a - 6 ;  
[a]20 = +13.1 (c=1,CHC13); TLC R = 0.50 (petroleum ether/ 
ethyl acetate = 4:l); mp 68 
Compounds %-a 
and optical rotation with authentic material. 

24 0 

0 

0 0 
578 

C (lit?' mp 68-69 
and 4 a - B  had identical 'H NMR spectral data 

C, 74-75 OC). 

19,20 

The results shown in FIG.l were obtained by application 
of the same procedure. Reaction time and temperatures for 
the mekhylation: -50 OC, -0 C: 15 h; 40 OC: 2 h.  Yields 
were 60-70 %. For further details see FIG.l. 

0 

Benzyl 6-0- (2,3,4,6-Tetra-O-benzyl-4-~-glucopyranosyl) - 
2,3,4-tri-O-benzyl-a-Q-glucopyranoside ( g - B ) .  Compound 1 
(1.08 g ,  2 mmol) was dissolved in 50 ml of dry tetrahydro- 
furan at room temperature. Sodium hydride (ca. 200 mg) and, 
after 15 min, (1.345 g, 2 mmol) was added to the solution. 
After 5 h the solution was decanted from the solid material 
and the solution w a s  concentrated and filtered through sili- 
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2-GLUCOPYRANOSE 77 

ca gel with benzene/acetone (40:l). The product crystallized 
from petroleum ether (bp 100-140 OC): yield 1.51 g (71%); mp 
128 OC: = +32.6O (c=1,CHC13); TLC RF= 0.20 (benzene/ 
acetone = 40:l); 'H NMR (CDC13): 6 7.5-7.0 (m,40H), 5.1-3.3 
(m, 30H) . 

Anal. Calcd for C68H70011 (1063.3): C, 76.81; H 6.63. 

Methyl 6-0-(2,3,4,6-Tetra-0-benzyl-~-~-glucopyranosyl)- - 
Found: C, 76.46; H, 6.53. 

2,3 ,4- t r i -O-benzyl -a -D_-glucopyranos ide  - ( 4 c - 8 ) .  Compound 1 
(540 mg, 1 rnmol) was treated with sodium hydride (ca. 100 mg) 
and 2 (597 mg, 1 mmol) in 30 ml of dry dioxane as described 
for 4b-5. After 8 h the solution was decanted from the solid 
material and the solution concentrated and filtered through 
silica gel with petroleum ether/ethyl acetate (9:l). The 
product was crystallized from petroleum ether (bp 100- 

140 OC): yield 0.60 g (61%); mp 133-134 OC (lit. 131- 
133 OC); = +17.1 (c=1,CHC13) (lit?'+17.9 O(c-1 
CHC13); TLC RF= 0.20 (petroleum ether/ethyl acetate = 4:l); 
'H NMR (CDCl,) 6 7.5-7.0 (m,35H), 5.1-3.3 (m,28H), 3.28 
(s,3H,0CH3). 

Found: C, 75.57: HI 6.64. 

20 
2 0  

Anal. Calcd for C62H66011 (987.19): C, 75.43; H,6.75. 

Methyl 5-0-(2,3,4,6-Tetra-0-benzyl-~-~-qlucopyranosyl)- - 
2,3-O-isopropylidene-5-~-ribofuranoside - ( c - 8 ) .  Compound 
- 1 (3.024 g, 5.60 mmol) was treated with sodium hydride 
(ca. 300 mg) and (1.82 g, 5.60 rnmol! in 30 ml of dry di- 
oxdrie as described for 4b-5. After 12 h the reaction mix- 
ture was filtered, the solution concentrated, and the res- 
idue chromatographed on silica gel (petroleum ether/ethyl 
acetate = 4:l). The product crystallized from petroleup 

0 0 20 ether (bp 80-120 C): yield 2.85 g (70%); mp 56 C; 
= +15.6 
acetate = 4:l); 'H NMR (CDC13) 6 7.4-7.0 (m,20H), 5.02-4.27 
(m, 13H), 4.0-3.25 (m, 8H) , 3.25 (s,3H,0CH3) , 1.48, 1.29 (2c, 
6H,C(CH3)2). 

Found: C, 71.12; H, 6.90. 

0 (c=1 , CHC13) ; TLC RF= 0.47 (petroleum ether/ethyl 

Anal. Calcd for C43H50010 (726.86): C, 71.05; H, 6.93. 
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78 S C H I M D T ,  R E I C H R A T H ,  AND MOERING 

1-0-(2,3,4,6-Tetra-O-benzyl-B-~-glucopyranosyl~-2,3-0- 
isopropylidene-g-glycerol ( & - 0 ) .  Compound 1 (540 mg, 
1 mmol) was treated at -10 C with sodium hydride (ca. 100 
mq) and & (264 mg, 1 mmol) in 30 ml of dry tetrahydrofuran 
as described for G-B. After 3 h excess sodium hydride was 
destroyed with methanol, the reaction mixture concentrated, 
and the residue extracted with chloroform. The chloroform 
extract was concentrated and the residue crystallized from 
ether: yield 580 mg (89%) colorless crystals; mp 83-84 C; 
[“ I2’  = +15,4 (c=0.875,CHC13) i TLC RF= 0.30 (toluene/ethyl 
acetate = 9:l); ’H NMR (CDC13) 6 7.38 (br.s,20H,4C6H5), 
5.1-3.4 (m,20H), 1.43,l. 38 ( 2 s ,  6H,C (CH3) 2) . 

Found: C, 73.21; H, 7.14. 

0 

0 

0 

578 

Anal. Calcd for C40H4608 (654.8): C, 73.37; N, 7.08. 

6-O-(B-~-Glucopyranosyl)-Q-glucose (2-6,Gentiobiose). 
Compound 4 b - B  (0.20 g ,  0.188 mmol) was hydrogenated at room 
temperature in the presence of Pd-black in 20 ml of acetic 
acid. The catalyst was removed after complete debenzylation 
by filtration and the solution was concentrated. The residue 
was dissolved in 1 ml of water and methanol was added until 
the solution became turbid. At -5 C crystallization occur- 
red. The solvent was decanted and the water solution from the 
crystals was freeze dried: yield 4 5  mg (70 % ) ;  [“I2’ 
(c=I, H20, 4h); The compound was identical in meltinq point 
and optical rotation with authentic material. 

0 

= +-14.0° 578 

Anal. Calcd for C12H22011-1.5H 0 (369.2): C, 39.03; H, 

Methyl 6-0- ( B-D-Glucopvranosyl) -a-D-qlucopyr,anoside 

2 
6.82. Found: C, 39.20; H, 6.68. 

- - 
( 5 c - 0 ) .  Compound G-5 (197 mq, 0.2 mmol) was hydrogenated 
as described for b - 5 :  yield 285 mg (80 8 ) ;  [“I2’ 
(c=l ,H20) (lit. 21 ‘“’589 24 = +64O (c=1,H20)). 

= +62O 589 

Methyl 5-O-(B-~-Glucopvranosvl)-2,3-O-isopropylidene-B- - 
- D-ribofuranoside (Sd-0). Compound 4d-6 (1 .30  g, I .8 rrmol) 
was hydrogenated at room temperature in the presence of Pd- 
black in 30 ml of ethyl acetate. The catalyst was removed 
after complete debenzylation. After concentration of the 
solution under reduced pressure, a viscous, hydKOSCOpiC 

- 
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Q-GLUCOPYRANOSE - 7 9  

20 oil was obtained: yield 632 mg (96 % ) ;  = -44.4O 
(c=1, CHC13); TLC R = 0.50 (chloroform/methanol = 85:15); 
'H NMF (CD30D) F 4.91 (s,lH,H-l), 4.56 (d,lH,H-2), 4.50 
(d,lH,H-3), 4.45-3.40 (m), 3.30 (s,3H,0CH3), 1.48,1.31 

(2sr 6H,C (CH3) 2) . 

7.34. Found: C, 46.85; H, 7.33. 

F 

Anal. Calcd for C15H26010.1H20 (384.35): C, 46.87; H, 

1-0-(2,3,4,6-Tetra-0-benzyl-B-D-glucopvranosyl)-~~ - 

glycerol ( 2 - B ) .  Compound 4 e - 6  (2.0 g, 3 mmol) was treated 
with 100 ml of 10 '% aqueous acetic acid at 100 C for 15 h. 
After neutralization with sodium bicarbonate, the mixture 
was extracted with chloroform. The extract was concentrated 
and the crude material chromatographed on silica gel 
with toluene/ethyl acetate (1:l): yield 1.0 g (54%) color- 
less crystals, mn 76-78 C; = +16.9 (c=0.758,CHC13); 
TLC R = 0.09 (toluene/ethyl acetate = 1 :I) : 'H NMR (CDC13) 
6 7.43 (br.s,20Hr4C H ) ,  5.0-3.5 (m,20H), 2.73 (s,2Hf20H). 

Anal. Calcd for C37H4208 (614.73): C, 72.29; H, 6.88. 

Methyl 5-0-(2,3,4,6-Tetra-0-acetyl-B-~-g1ucopyranosy~)- 

0 

0 20 0 

F 

6 5  

Found: C, 72.15; H, 6.93. 

2,3-0- isopropyl idene-B-P-r ibofuranoside ( s - B ) .  Compound 
- 5d-6 ( 6 1 0  mg, 1.65 mmol) was treated with 10 ml of acetic 
anhydride and 15 ml of pyridine at room temperature. After 
4 h the reaction mixture was dissolved in 150 ml of chloro- 
form, the mixture was washed two times with dilute hydro- 
chloric acid and then with water. The organic layer was 
dried with calcium chloride, filtered, and concentrated. 
The remaining oil was dissolved in dichloromethane. Addi- 
tion of petroleum ether (bp 100-140 OC) led after standing 
to the precipitation of colorless crystals: yield 0.75 g 
( 8 5 % ) ;  mp 108 C; = -57.9 (c=l,CHCl ) :  TLC RF = 

0.54 (benzene/ acetone = 4:l); 'H NMR (CDC13) 6 5.27-3.45 

0 20 0 
3 

(m,13H), 4.88 (s,lH,H-l), 4.70 (d,lH, H-l';Jl, ,2,= 9 HZ), 
4.56 (d,lH,H-2), 4.50 (d,lH,H-3), 2.06, 2.03, 2.00, 1.98 
(4s,12H,4CO-CH3), 1 .45, 1.28 (2s,6H,C(CH3)2). 

Anal. Calcd for C23H34014 (534.4): C, 51.69; H, 6.41. 
Found: C, 51.85; H, 6.38. 
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ao SCHIMDT, REICHRATH, AND MOERING 

2,3-Di-0-palmitov1-1-0-(2,3,4,6-tetra-0-benzy1-5-D-g1u- - 
copvranosy1)-p-glycerol - (&-6). Compound 2 - 5  (0.50 g ,  

0.81 mmol) was dissolved in 30 ml of toluene and 3 ml o f  

pyridine at 0 C and treated with palmitoyl chloride (0.68 
g, 2.5 mmol). The mixture was refluxed for 7 h, the pre- 
cipitate was filtered, and the solution concentrated. The 

solid material was purified by chromatography on silica 
gel with toluene/ethyl acetate (7:3) : yield 640 mg (73%) ; 

acetate = 9:l); 'H NMR (CDC13) 6 7.45-7.20 (m,20H,4C6H5) , 
5.0-3.4 (m,20H) , 2.56 (br.t,4H,2CO-CH2-) , 1.27 (br.sI52H) , 
0.90 (br . t , 6H , 2CH2-m3) . 

Anal. Calcd for C69H102010 (1091.54): C, 75.90; H, 

2,3-O-Dipalmito~l-l-O-(5-~-glucopyranosvl)-~-glycerol - - 
(2-6). Compound 6 e - B  (220 mg, 0.2 mmol) was hydrogenated 
as described for 4 b - 8 :  yield 104 mg (71%), which is iden- 
tical in melting point and optical rotation with autentic 
material. 

0 

20 0 
= +9.9 (c=0.78,CHC13); TLC R = 0.53 (toluene/ethyl F 

9.44. Found: C, 75.66; H, 9.12. 

22 

2,3,4-Tri-O-benzy1-6-0-( (p-methoxypheny1)diphenylme- 
23 thyl) -D-glucose (8) . 2 , 3,4-Tri-~-benzyl-~-glucose 

(1.802 g, 4 mmol) was dissolved in 30 ml of pyridine and 
(p-methoxyphenyl) diphenylmethyl chloride 2 4  (1 .175 g, 4 
mmol) added. The reaction mixture was heated to 80 C 
for 1 d, cooled and treated with dilute hydrochloric acid 
and chloroform. The chloroform layer was washed with wa- 
ter to neutrality, dried with potassium carbonate, filte- 
red, and the solvent evaporated. The residue was purified 
by silica gel chromatography with benzene/acetone (19:l): 
yield 2.21 g (78%) of slightly yellow product; TLC RF = 

0.38, 0.48 for the a- and $-anomers, respectively (benze- 
ne/acetone = 17:3); 'H NMR (CDCI~) 8 7.5-7.0 (m,29~),5.35 
(dI0.5H,a-H-l), 5.01-3.10 (m,13.5H), 3.71 (s,3H,0CH3); 

Anal. Calcd for C47H4606 (705.88): C, 79.86; HI 6.56. 
Found: C, 79.67; HI 6.44. 

Methyl 2,3,4-Tri-O-benzyl-6-0-[6-O-(p-methoxyphenyl) 
diphenylmethyl-2,3,4-tri-O-benzyl-a-~-~lucopyranosyl]-~- 

- 
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D-glucopyranoside - (&-a) and Methyl 2,3,4-Tri-O-benzyl- 
6-0-~2,3,4-tri-0-benzyl-a-D-glucopyranosyl)-a-~-glucopy- - - 
ranoside (=-a). Compound 8 (707 mg, 1 mmol) was trea- 
ted with sodium hydride (ca. 100 mg) and 2 (597 mg, 1 
mmol) in 30 ml of dry tetrahydrofuran at -10 C as des- 
cribed for s - 8 .  After 14 h the formation of %-a was 
complete (TIC RF= 0.62 in benzene/acetone = 4:l). The 
solution was decanted from the solid material (mainly 
excess sodium hydride), concentrated, and dissolved in 
40 ml of dioxane and 20 ml of acetic acid. Water was ad- 
ded until the reaction mixture became turbid and then the 
mixture was heated to 70 C for 16 h. The solvents were 
evaporated and the residue was filtered through silica gel 
at first with benzene/acetone = 19:l and then the product 
was eluted with benzene/acetone = 9:l. The solid product 
crystallized from petroleum ether (bp 100-140 OC) : overall 
yield 61 mq (67%); mp 102 OC (lit.25 104 OC); 

R = 0.47 (benzene/acetone = 9:l): 'H NMR (CDC13) 6 7.5 - 
7.1 (m, 30, 6C6H5) , 5.05-3.35 (m, 26H) , 3.35 ( s  , 3H,0CH3), 
2.75 (br.s, lH,OH). 

0 

0 

= 
+59 0 (c=1,CHC13) (lit.26 [a]25 = + 62.9 0 (c=1,CHC13)); TLC 

D 
F 

Anal. Calcd for C55H60011 

2,3-0-1sopropy1idene-1-0-[2,3,4-tri-0-benzy1-6-0-(p- 

methoxphenyl)diphenyImethyl-~-~-glucopyranosyl]-D-glyce-  - 

rol (%-8) and 1-0-(2,3,4-Tri-0-benzyl-~-~-gluconyrano- 
syl) -P-glycerol ( 2 - 8 )  . Compound 8 (7.7 mg, 1 mmol) was 
treated at -10 OC with sodium hydride (ca. 1OOmg) and 
(264 mg, 1 mmol) in 30 ml of dry tetrahydrofuran as des- 
cribed for s - 8 .  After 1 d formation of 9 e - 8  was comple- 
te (TLC R = 0.78 with benzene/acetone = 19:l). Excess so- 
d i m  hydride was destroyed with methanol and the yellow 
mixture concentrated. The residue was dissolved in 40 ml 
of dioxane and 20 rnl of acetic acid. Water was added until 
the reaction mixture became turbid and then the mixture 
was heated to 70 OC for 18 h. The solvents were evaporated 
and the residue purified by silica gel chromatography with 

(897.08): C, 73.64; H, 6.74. 
Found: C, 73.80; H, 7.00. 

- - 

- - 

P 
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toluene/acetone (1:l). The product crystallized on stand- 
inq: yield 120 mg (74%); mp 78-80 OC; TLC R = 0.35 (tolu- 
ene/acetone = 1:l); [a]20 = +8.3 (c=0.71,CHC13); 'H NMR 
(CDC13) 6 7.35, 7.32 (2br.s, 15H, 3C6H5), 5 .0-3.40 (m, 18H), 
3.08 (br.s,3H,30H). 

F 
0 

578 

26 

Anal. Calcd for C30H3608 

2 , 3 - ~ - C y c l o h e x y l i d e n e - l - O - [ 2 , 3 , 4 - t r i - 0 - b e n z y l - 6 - O - ( p -  

(523.61): C, 68.68; H, 6.92. 
Found: C, 68.70; H, 6.99. 

methoxphenyl)diphenylmethyl-5-~-glucopyranosyl]-~-glyce- - 

__ rol (9f-5) and B - 6 .  Compound 8 and 3f were transforred 
into 9f-5 (TLC R = 0.30 with toluene/ethyl acetate = 9:l) 
as described for 9 e - 5 .  Subsequent acid treatment as des- 
cribed for 9e-O led to a product identical with z - 6  

in 79% yield. 

- - 

F - 
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