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ABSTRAGT 

Stereoselective tu-glucosylation of partially protected carbohydrates with 
2,3,4,6tetra-O-benzyl-a-D-glucopyranose in dichloromethane, in the presence of 
a quaternary mixture of ~njtrobenzenesulfonyl chloride, silver tri- 
fluoromethanesulfonate, N, ~-dimethylacetamide, and t~ethylamine gave &X-D- 

glucopyranosyl-(1~4)- and -(1~6)-2-a~tamido-2-deoxy-~glucopyranose (iV- 
acetylmaltosamine and N-acetylisomaltosamine). A step-by-step synthesis of O-o- 
D-glUCOpyraUOSyl-(1~4)-O-[ff-D-g~UCOpyranOSyl-(1~6)]-D-glUCOpyraUO~ is de- 
scribed. 

INTRODKTION 

Several procedures for ff-glucosylation~ have been publishedz,3. Most re- 
quire, however, the preparation of a reactive glycosyl donor before the coupling 
reaction. Instead of introducing the benzyl group as a persistent protecting group, 
a convenient condensation reaction (Reaction I) may be applied to a sugar deriva- 
tive having an unprotected OH-1 group (GOH; G denotes a 2,3,4,6-tetra-o-ben- 
~I-~-glu~pyranosyl residue or equiva1ents)4-7. A ternary mixture 

CON f ROH --------+ CYGOR + #3GOR (1) 
-Hz0 

consisting of 4-nitrobenzenesulfonyl chloride (3), silver trifluoromethanesulfonate 
(4), and triethylamine (5) has been used for the stereoselective /3-glucosylation of 
primary alcohols with 2,3,4,6-tetra-O-benzyl-cu-D-giucopyranose4~5 (1). A modifi- 
cation of these conditions to give selectively ~~glucosides is described herein’. 
These conditions were applied to the synthesis of O-ff-D-glUCOpyraUOSy1-(1~4)- 

(25) and -(~~6)-2-a~etamido-Z-deoxy-D-glucopyrano~s (271, which constitutes 
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the Shigelfu flexneri O-antigens’, as well as to the step-by-step synthesis of O- 
cr-D-glucopyranosyl-( l-t4)-~-[cu-D-glucopyranosyl-(l--t6)]-D-glucopyranose (32), 
which is the branching point of amylopectin and glycogen”‘~“. 

RESULTS AND DISCUSSION 

When the glucosylation of methyl 2,3,6-tri-O-benzyl-P-D-glucopyranoside” 
(2) with 1 was carried out in the presence of 3,4, and 5, in N,N-dimethylformamide 
(6) (Run 2, Table I) instead of dichloromethane (Run l), the proportion of a: (8) 
to j3 anomer (9) rose significantly, although the yield was much decreased; the l- 
O-formyl derivative 10 was isolated as a by-product~3, The yield of glucosides, as 
well as the selectivity for the formation of the (Y anomer (8), were well improved 
by use of a limited amount of 6 in dicbloromethane (Run 3); NJ%di- 
methylacetamide (7) was more effective. Thus, the glucosylation by a quaternary 
mixture composed of 3,4,5, and 7 in dichloromethane (Run 5, Condition A) gave 

TABLE 1 

GLYCOSYLA’ROPJ OFCOMPOUNDS 2,1 l-14,21,22,30 AND 42 WITH 1’ 

Run Acceptor Amide 

Composition 

Time6 Yield of Proportion of 

~ (W glucosides a-o-glucoside 
Proporlion (% j (%j (%j 

1 2 
2c 2 
3 2 
4 2 
5 2 
6 2 
7 2 
8 11 
9 12 

10 13 
11 14 
12 14 
13 14 
14 14 
15 14 
16 14 
17 14 
18 14 
19 21 
20 21 
21 22 
22 22 
23 30 
24 30 

HCONMe, 2.5 
AcNHMe - 2.5 
A&Me2 2.5 
AcNMe? 3.3 
AcNMe* 5.0 
AcNMez 2.5 
AcNMez 2.5 
A&Me2 2.5 
A&Me? 2.5 
AcNMez 5.0 
AcNMez 10.0 
HCONMe2 5.0 
EtCONMe? 5.0 
EtCONMe* 5.0 
AcNPh, 5.0 
BzNMez 5.0 

A&Me2 2.5 

A&Me? 5.0 
A&Me? 5.0 
AcNMez 2.5 

19 
19 
18 
18 
21 
16 
21 
18 
24 
18 
20 
18 
19 
24 
21 
17 
22 
17 
24 
24 
24 
24 
20 
20 

97 
58 
92 
45d 
86 
86 
73 
87 
85 
87 
91 
88 
54 
98 
99 
95 
95 
94 
76d 
84” 
79 
95 
82 
62d 

45 
77 
88 

93 
93 
86 
88 
89 
90 
47 
73 
72 
66 
45 
45 
41 
39 
e 
P 

35 
68 
62 

*The acceptor was treated with 1 (1.3 equiv.), and 3,4, and 5 (2.5 equiv, each) in dichloromethane. ‘At 
0”. ?n NJV-dimethylformamide instead of dichloromethane. ‘Yield of isolated n-D anomer. Trace of 
s-0 anomer. 
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8 in a 80% yield with an excellent stereoselectivity; use of an excess of 7 diminished 

the yield of glucosides (Runs 6 and 7). With N-methylacetamide (Run 4), the selec- 

tivity was good but the yield was poor. 

The quaternary reagent used under Condition A was effective for the selec- 

tive a-glycosylation of the partially benzylated pyranosides 11 (ref. 14) and 12 (ref. 

15) (Runs 8 and 9). The axially oriented OH-4 group of the galactopyranosider6 

was similarly cY-glycosylated without difficulty (Run 10). 

The glucosylation of the primary OH group of the glycosyl acceptor17 14, 
however, lost selectivity under Condition A (Run 11). This implies that the reac- 

tive primary alcohol may react with the hypothetical intermediate 15 (ref. 18), 

which we consider as the reactive intermediate (Scheme l), to form the corres- 
ponding /3-glucoside in competition” with 7. Nevertheless, the selectivity was in- 
creased to an acceptable level simply by doubling the amount of 7 (Run 12, Condi- 

tion B); use of an excess of 7 decreased the efficiency of the reaction (Run 13). Of 

the additives examined under Condition B, 7 gave the best results (Runs 14-18). 
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-T 

Tf 

OBll CH$X, 

18 

tYr-- = -so,C~‘JNO~IPI Tf- = - SO,CF, 

Scheme 1 

Scheme 1. Plausibie pathway of ~-glucosyiatio~ with the quaternary reagent. The &sulfonates may 
rapidly change into IS m the presence of ~~t~~~~+ ’ [OTfJ- in dichiorometbane~‘.“. The amide 7 
reacts with 15 to generate the intermediate 18 that is the jmmed~ate precursor of an ~“~l~~s~de~~. A pri- 
mary a~~~o~ may efiect~vely compete with 7 to give a ~-g~~coside, The counter anion of the inter- 
mediates, which is th(~ught to be TfO-, is not illustrated. 



The afore~~n~~oned effect of 7 on the selectivity was also observed for the 
gI~cosylation with chlorides 16 and 4 (Reaction 2). 

2 “r Ifi._* 4+5+78(+9) (2) 
CH,CI~ 

Thus, treatment of a mixture of the glucosyl imidate2 17 and 2 in 

2 + 1, F3CS03Me (23) 8 
* 

CNzQz 
(3) 

dichl~romethanc with methyl tri~uoromcthancsulfanatc (23) gave 8 excIusively 
(reaction 3); the reactive intermediate 18 is thought to be involved in the reac- 
tion”. The aforementioned formate 10 (Run 2) appears to be formed through hy- 
drolysis of the unreacted, less reactive intermediate having the (L configuration 
(19). The intermediate 19 seems more reactive than the inte~ediate 20, which 
may have been formed during Run 4. 

The quaternary reagents was then applied to the acceptors 21 (refs. 21,22) 
and 22 (refs. 21, 23) having a 2-acetamido-2-deoxy group. In the glucosylation of 
OH-6 of 22,7 showed an apparent effect for a selectivity (Run 22). In the gluco- 
sylation of 21, an adequate a selectivity was attained, even with the ternary reagent 
(Run 20). It is notable that the addition of 7 improved the yield of glucosides for 
21 as well as 22; 7 seems to prevent 15 to react with the acetamido group24 of 21 

2SR = H,R’ = OEr,R'= NUAc,n" = $= sn 
27 d, Rz = H.CH,RD = NHAc,R4 = Rs= h 

2&n’= H.R~=OB”,R~=OB~,R~= B,,.R5=All 
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6m 
36R = H 

37R = C+OBn 

Of&-i aen 

38R = H 

39R = CHgX%7 

1 + 30 -28 f 34 

/‘// 

42 4 l_3t-32 

42 

All = CH2---r3G==CH2 

Bn 2 BC?ZYl 

and 22 to form a less reactive intermediate, such as 20. Catalytic ~ydroge~at~o~ of 
the resulting 24 and 26 smoothly gave 25 and 27, respectively. 

The quatgrnary reagent was used for a new step-by-step synthesis of the 
branched trisaccharide 32. The key compound2’ 3Q was condensed with 1 in the 
presence of the quat~r~ary reagent under Condition B (Run 23). After ~hromatog- 
raphy, the isomaltose derivative 28 was obtained in a 51% yield. After deallyl- 
ationz6, the second coupling reaction of 42 with 1 by the quaternary reagent under 
Condition A (Run 24) gave the trisaccharide derivative 31 in a 62% yield with al- 
most complete stereoselectivity; further catalytic debenzyIation gave trisa~charide 
32. The 13C-n.m.r. spectra of the debenzy~ated products 25,127, and 32 were consis- 
tent with the structures proposed, Thus, the quaternary reagent is useful for the 1y- 
~In~osyIation usmg 1, especially that of rather less reactive secondary alcohol 
groups. 
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General. - Melting points were determined with an MP-1 melting-point ap- 
paratus (Yanagimoto); they are uncorrected. Specific rotations were measured, for 
solution in a jacketed l-dm cell, with a DIP-180 automatic polarimeter (Japan 
Spectroscopic) at 20”. ‘H-N.m.r. data were recorded with a Varian S-WI spec- 
trometer, and ‘“C-n.m.r. data with a JEOL-PS-1~ spectrometer Iinked to a 
JEOL-EC-100 computer. Column chromato~aphy was carried out on silica gel 
(Kant0 Kagaku); each fraction was examined by t.1.c. on silica gel (Merck, No. 
7731). 

Compound 2 was prepared as reported earlier12; m.p. 72-W, [c&O -17” (c 
1.8, chloroform). 

Anal. Calc. for C2aH,,06: C, 72.39; H, 6.94. Found: C, 72.03; H, 6.91. 
Compounds 8 and 9 were identified by comparison with samples prepared by 

methanofysis in the presence of silver carbonate and subsequent hot benzylation 
with benzyl chloride and potassium hydroxide of 2,3,6-tri-0-acetyl-4-o-(2,3,4,6- 
tetra-CQcetyl-a-27 and -~-D-giucopy~dnusyl)-~-~-giucopyranosyl bromide’&. Com- 
pounds 36 (ref. 6),38 {ref. 6), 29 (ref. 12), and 35 (ref. 29) were identi~ed by com- 
parison with the samples prepared previously. 

Anal. of 29. Calc. for Ce2H~01,: C, 75.43; H, 6.74. Found: C, 75.41; I-I, 
6.79. 

The results of the condensation reactions are reported in Table I, the physical 
and analytical data of the synthesized glucosides and their derivatives in Table II, 
and the r3C-n.m.r. data of the C-l atoms of the protected glucosides and of the C 
atoms of the deprotected glucosides are in Tables III and IV, respectively; all as- 
signments are tentative. 

General procedure for glycosylation. - To a mixture of a glucosyl acceptor 
(0.33 mmol), 2,3,4,6-tetra-~-benzoyi-~-D-glucopyranose (1, recrystallized from 
ethyl acetate3’, 1.3 equiv.), 4-nitrobenzenesulfonyl chloride (3, 2.5 equiv.), silver 
trifluoromethanesulfonate (4,2.5 equiv.), and dichloromethane (1.8 mL), N,N-di- 
methylacetamide (7), and then triethylamine (5, 2.5 equiv.) were successively 
added under stirring at -40” bath temperature. The mixture soon became milky, 
and the bath temperature was gradually raised for 1 h to (I”, at which temperature 
the mixture was well stirred overnight. The mixture was processed as described 
previously~, and then chromatographed with toluene-butanone (gradient}; con- 
tamination by a trace of any nitrogenous compounds in the glucosides was removed 
by rechromatography on silica gel in hexane-ethyl acetate. The amount of 
7 was 2,5 equiv. for a secondary alcohol (Condition A) and 5.0 equiv. for a primary 
alcohol (Condition B), 

l~o~at~o~ of 2,3,4,6-tetra-O-benzyl-l-0-~or~)Jl-~-glucose (10). - Chro- 
matography of the reaction mixture of Run 2 conducted in an g5-pmol scale gave 
10 (4.9 mg, 8%) as the fastest-moving syrupy product; ‘H-n.m,r. (Ccl,, Me,Si): S 
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TABLE II 

PHYSICAI. AND ANAI.Yl’I(‘AI. DATA OFCOMPOUNDS 
._ 

Cpd. M.p. Optical rotation Mol. Form. Anal. Lit. 
(degree) -- ---~- --~~~__~ 

fa],” c Sob.” Calc. Found 
{degree) --__I-.- - --___ 

C H N C H N 
__I-__~___ I_~ ~I~____. 

2 148-m +91 0.4, w C,‘,HzNO,j 43.86 6.57 3.65 44.41 6.92 3.39 b 

8 +3: 1.0, C GzHtj60, I 75.43 6.74 75.10 6.73 

9 w-lo(l f22 1.0, C C6zHf& I 75.43 6.74 75.13 6.69 
t4 +91 1.9, c C&Hh,NO,, 74.61 6.66 1.38 74.66 6.64 1.29 

26 179-181 +88 0.8, c GHh7N0, I 74.61 6.66 1.38 74.80 6.54 1.25 

27 145-148 +loO 0.3, W GHZJNOII 43.86 6.57 3.65 43.24 6.57 3.32 c 

28 +77 1.6, C C~H~OII 75.87 6.76 75.20 6.76 
31 +82 1.7, c GsH,O,, 76.28 6.60 76.41 6.57 
32 +139 0.3, w Cd332016 42.86 6.39 43.10 6.27 d 

33 220-221 +67 0.5, C Ch3H67N0,, 74.61 6.66 1.38 74.78 6.66 1.48 

34 93-94 t45 1.0, C GvJklo11 75.87 6.76 75.86 6.70 
37 +54 2.0, c ‘GHffi01 I 

75.43 6.74 75.70 6.84 e 

39 +49 0.3, c ‘GHfrhO, t 75.43 6.74 75.27 6.79 

40 +61 1.2, c C62%6% 75.43 6.74 75.13 6.70 
41 -b26 1.0. c ‘%HtiO, I 75.42 6.74 75.50 6.86 
42 +43 1.6, C Gil H&I I 75.29 6.63 74.95 6.77 

“W = H,O, C = CHC13. bRef. 30: mp. 144.5-146”. [,Y$!’ +87+ +39” (c 0.9, H*O). ‘Ref. 31: [a]$j +94’ 
(HzO). dRef. 10: [a];? +125”(cO.9. H@). eRef. 2; [&? +54.6” (c 1.62. CHQ). 

TABLE III 

“C-N M R DATA (8) FOR THE PROTECTED GLUCOSIDES” 
- .--_-- -.-~__~.__.--~~~____~~.~_ 

Cpd. C-1 c-1’-*3i4 C-I”-+6 C-2 COCH.? 
-... -._~__I -_____ -.___I__._ 

8 
9 

24 
26 
2s 
3P 
33 
34 
37 
39 
40 
41 
42 

97.0 
97.4 
95.2 
94.4 
97.2 
35.5 
37.6 
?8.0 

‘35.2 

104.8 96.9 
104.9 102.7 

97.0 51.5 23.3 
96.6 52.8 23.4 
97.8 

96.8 97.5 
IN.0 52.5 23.4 
104.1 

97.8 
102.8 

105.4 10.2 
105.2 103.0 

97.8 

“At 25.1 MHz, for a solution in CDCJJ; signals relatwc to that of Me&. *Ref. 32; S 96.0 (C-l), 96.7 (C- 
l ‘), and 97.0 (C-l”) were assigned for a compound having a structure similar to that of 31. 
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TABLE IV 

%N.M R DATA (8) FOR GLUCOSIDES 25, n, AND 32’ 

C atorn 25 27 32 
~.~---__I---_-.-_~-__.-----___ 

la 92.0 92.4 93.2 
I8 96‘ 1 96.5 97.1 
2n 55.2 55.4 72.5 
28 57.9 58.0 74.7 
3a 72.5 72.4 74.1 
3P 75.6 75.5 75.2 
4a 79.0 71.0 79.6 
48 78.3 71 .o 79.2 
sa 71.s 71.4 70.3 
58 77.3 77.2 77.3 
6a 61.9 61.2 68.1 
6P 61.9 67.2 6X. 1 

1’ 
i 

a101.2 
$mo.9 101.1 

2’ 74.1 74.2 
3’ 74.2 74.2 
4’ 70.7 70.8 

5’ 
i 

* 73.1 
f3 73.0 73.1 

6’ 61.9 61.8 
1” 99.4 99.9 
2” 72.9 12.8 
3” 74.4 74.2 
4” 71 .o 70.7 
5” 73.2 73.1 
6” 61.9 61.7 

“At 25.1 MHz, for a soiution in D,O; signals relative to that of Me,Si (external). The assignments are 
based on those for 2-acetamido-2-deoxy-D-glucose”, maltose34-“, and isomaltose34,‘*. 

6.37 (d, 1 H, J 3 Hz, H-l) and 8.03 (s, 1 H, HCO); 13C-n.m.r. (CDQ, Persia: 6 
94.0 (1 C, C-l) and 159.3 (1 C, CO). 

n-(;lucosylation with 2,3,4,6-tetru-0-benzyl-D-glucopyranosyl chloridezO 
(16). -. To a stirred mixture of 2 (36 mg, 0.078 mmol), 16 [prepared from 1 (54 mg) 
with an excess of cold thionyl chloride], and 4 (49.5 mg) in dichloromethane (0.42 
mL), 7 (18 ,uL), and then 7 (27 FL) were added at -40”. Then, the bath tempera- 
ture was adjusted and the time programmed as described earlier. The mixture was 
processed and chromatographed to give 8 (54.3 mg, 71%) and 9 (11.2 mg, 15%). 
Without addition of 7,s and 9 were obtained in amounts of 34.1 mg (45%) and 41.2 
mg (54%), respectively. 

a-Glycosylation with 2,3,4,6-tetra-O-benzyl-l-O-(N-methylacetamidoyl)-~-D- 
~~~opyrano~e* (17). - To a solution of 2 (37 mg, 80 pmol) and 17 (47 mg, 1.0 
equiv.) in dichlorome~ane (OS mL), was added,methyl t~fluoromethanesulfonate 
(21, Aldrich, 9 FL, 1.0 equiv.) at -40”. The conditions of reaction and processing 
were as described earlier to give 8 (28.3 mg, 36%); no trace of the p anomer was 
isolated, 
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~-a-D-~fuco~yrano.ryf-f~~#)-~-[ru-D-g~uc#~yrannsyi-{1~6)]-D-glucof?yra- 
nose (32). .- The acceptor benzyl 4-U-allyl-Z,3-di-~-benzy~-~-D-g~ucopyranoside 
(30,343 mg, 0.70 mmol) was coupled with I under Condition B (Run 23). The fas- 
t~~~rnoving (on t .1x.), major product (28,288 mg, 0.28 mmoi) was heated at reffux 
in a mixture of ethanol (7 mL), benzene (3 mL), and water (1 mt) containing 
chlorotris(triphenylphosphine)rhodium(I) (52.6 mg) for 7 h. After evaporation, 
the residue was heated at reflux in acetone (15 mL) containing M hydrogen chloride 
(0.6 mL). After evaporation, chromatography gave henzyl 2,3-di-0-benzyl-6-0 
(2,3,4,6-tetra-0-benzyl-rr-D-glucopyranosyl)-~-~-glucopyranoside (42, 248 mg, 
90%). This (202 mg, 0.21 mmol) was successively coupled with 1 under Condition 
A (Run 24). Chromatography gave the fully b~nzy~ated trisaccharide 31 (194 mg, 
62%); no trace of the j? anomer was observed. This compound (118.3 mg, 80 pmol) 
was hydrogenated twice in acetic acid (7 mL) containing palladium-on-carbon 
(RI%, 64 mg) in a Parr-3911 hydrogenation apparatus (340 kPa of hydrogen), foi- 
towed by chrom~~tography OR silica gel in chloroform-methanol (gradient), to give 
32 as a foam (18.8 mg, 47%). 

Met&E 2,4.6-rri-O-trentvl-cu-a-glucopyr~n~.~~~~ (12). - The following proce- 
dure was more convenient, but the yield and selectivity were lower, than the previ- 
ous one’5, especrally for a large-scale preparation. A mixture of methyl cu-u-gluco- 
pyranoside (7.5 g, 39 mmol), crushed potassium hydroxide (8.7 g), and benzyl 
chloride (150 mL) was vigorously stirred at 100” for 2.5 h. After processing, chro- 
matography (silica gel, 120 g; toluene-butanone gradient) gave -9 g (-50%) of 
12, which contained a trace amount of the 2,3,6-tribenzyl ether. After acetylation 
with acetic anhy~ride and pyridine, a similar chromatography gave the 3-acetate of 
12, which was obtained as the slower-moving materialr2. Quantitative deacetyla- 
tion with methanoiic sodium methoxide afforded 12. 
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