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Treatment of methyl a- (1) and /I-D-glucopyranosides, methyl a- (3) and P-D- 
galactopyranosides, and methyl a-D-mannopyranoside (5) with 2, 3, or 4 mol. 
equiv. of ~@~-bu~ldimethy~ilyl (~DMS) chloride under two conditions afforded 
~xt~es of TRDMS ethers which were identified. The following com~unds were 
isolated in synthetically useful yields, the 2,6-d&TRDMS ether of 1 (70%), the 
2,6-di- and 2,3,6-t&TBDMS ethers of 3 (&4% and 57%, respectively), and the 
2,6-di-and 3,6-di-TRDMS ethers of 5 (50% and 80%, respectively). In dipolar 
solvents, no migration of the TBDMS groups was detected between partially silyl- 
ated hydroxyl groups, but the addition of a base (triethylamine or imidaxole) 
caused migration to vi&al cti positions. 

The ter&butyldimethylsilyl (TRDMS) group* is useful for temporary proteo 
tion of hydroxyl groups since it is stable under a wide range of conditions and is 
removed readily by reaction with fluoride ion or by treatment with acid. Furtber- 
more, it can be easily replaced by acyl groups using tetrabu~l~mo~um fluoride 
in the presence of acid ~hy~des2. The use of this group has been suggested for 
the selective protection of the primary hydroxyl groups in diols3, nucleoside$r, 
and other carbohydrate derivatives5. 

Selective protection of secondary hydroxyl groups of ribo- and arabino- 
nucleosides with tert-butyldimethylsilyl chloride (TRDMSCl) has been extensively 
studied6-9 and the use of 2’-TRDMS-protected ribonucleosides as building blocks 
in o~gonucleoside syntheses has been re~~ended4~lo~11. However, there is little 
notation ou the selectivity of the reaction of TI3DMSCl with the se~~da~ 
hydroxyl groups of alkyl hexop~~osides. Di-TBDMS derivatives of the title com- 
pounds were prepared by reaction with 2 mol. equiv. of the reagentr2J3, We now 
report on the selective reaction of methyl a- (1) and #&D-glucopyranoside (21, 
methyl a- (3) and /3-D-galactopyranoside (41, and methyl a-D-mannopyranoside 
(J), using TBDMSCl in N,N-~e~y~~amideimid~ole* (A) and in IV&di- 
me~ylfo~~de-t~ethylamin~~imethyla~nopy~dine3 (B). 
OOOS-6215Ki71$ o3so @ 1987 Elsevier Science Publishers B.V. 
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TABLE I 

YIELDS (%) OF PARTIALLY PROTECTED METHYL GLYCOSIDES UNDER CONDITIONS A 

Compound TBDMSCl @ 2,6 396 2,3,6 2,4,6 2,3,4,6 Total 
(mol. equiv.) 

1 2.2 2 70 11 9 92 

3.2 42 15 7 11 75 
4.3 3 29 42 5 79 

2 2.2 31 20 20 71 

3.2 28 29 1 16 74 
4.3 7 17 8 38 70 

3 2.2 66 21 10 97 
3.2 84 14 98 
4.3 33 57 6 96 

4 2.2 3.5 43 8 86 
3.2 31 24 25 80 
4.3 20 39 38 97 

5 2.2 50 33 9 97 (Wb 
3.2 40 16 9 10 75 
4.3 28 21 30 5 84 

“Positions of TBDMS substituents. Qe 4,6-isomer was isolated also in 5% yield. 

TABLE II 

YIELDS (%) OF PARTIALLY PROTECTED METHYL GLYCOSIDES UNDER CONDITIONS B 

Compound TBDMSCl @ 
(mol. equiv.) 

296 3.6 Tti Total 

1 2.2 2 38 38 12 
2 2.2 4 38 31 3 
3 2.2 38 46 15 
4 2.2 48 43 8 
5 2.2 10 80 8 

“Position of TBDMS substituents. bThe 4,6-isomer was also isolated in 4% yield. 

RESULTS AND DISCUSSION 

The silylations were performed under two sets of conditions (A and B, see 
Experimental) and the products were isolated by column chromatography on silica 
gel. Product distributions and yields are summarised in Tables I and II. The struc- 
tures of the products were based upon elemental analyses and 300-MHz ‘H-n.m.r. 
spectroscopy of the acetylated derivatives. 
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The reaction of methyl ff-~-~u~pyranoside (1) under conditions A with 2.2 
mol. equiv. of reagent gave 2% of the TBDMS ether 6,70% and 11%) respectively, 
of the di-TBDMS ethers 7 and 8, and 9% of the tri-TBDMS ether. As expected, 6 
was the 6-TBDMS derivative. In the *H-n.m.r. spectrum of the 3,4-diacetate 10 of 
7, the most shifted signals were those of H-3 (S 5.30) and H-4 (6 4.88); thus, the 
two TBDMS groups in 7 were located at positions 2 and 6. The second TBDMS 
ether was shown to be the methyl 3,~~-~DMS derivative 8, since, in the ‘H- 
n.m.r. spectrum of its diacetate 11, the resonances due to H-2 and H-4 were more 
shifted than that of H-3. The reaction of 1 with 2.2 mol. equiv. of reagent under 
conditions B was much less selective than under conditions A: the di-TBDMS 
ethers 7 and 8 were isolated in equal yields (389/o), together with 12% of tri- 
TBDMS ethers. 

The reaction of 1 with 3.3 mol. equiv. of reagent under conditions A gave, 
after chromatography, 42% of the 2,6&TBDMS ether 7, 15% of the 3,6-d& 
TBDMS ether 8,7% of the 2,3,6_tri-TBDMS ether 12 [the most deshielded proton 
in its acetate W was H-4 (S 4.68)], and 110/o of the 2,4,6-tri-TBDMS ether 14 [the 
most deshielded proton in its acetate f5 was H-3 (S 5.26)]. Treatment of 1 with 4.3 
mol. equiv. of TBDMSCl under conditions A gave a mixture of four products, from 
which the fastest-moving syrupy component (5%) was the tetra-TBDMS ether 16. 
The other products were 14 (42%), 12 (29%), and 8 (3%). 

The reaction of methyl /3+glucopyranoside (2) with 2.2 mol. equiv. of 
TBDMSCl under conditions A was incomplete. Chromatography of the product 
mixture afforded 31% of the 6-TBDMS ether 17, and 20% each of the 2,6- (19) and 
3,~di-~DMS (Zo) ethers; no ~substituted derivative was detected. In the *H- 
n.m.r. spectrum of the diacetate 21 of 19, resonances due to H-3 and H-4 appeared 
as two low-field triplets at S 5.06 and 4.85, respectively; in the spectrum of the 
diacetate 22 of 20, the signal for H-3 was a triplet (6 3.78) to high-field of the 
resonances of H-2 (S 4.84) and H-4 (6 4.80). 

The reaction of 2 with 2.2 mol. equiv. of reagent under conditions B was 
more efficient than under conditions A. Thus, only 4% of the TBDMS ether 17 was 
present in the mixture and the yields of the di-TBDMS ethers 19 and 20 were 38% 
and 31%, respectively. Also, 4% of the 4,6 di-TBDMS ether was isolated; in the 
1H-n.m.r. spectrum of its d&acetate, H-3 (S 5.01) and H-2 (S 4.61) were the most 
deshielded protons. This derivative was not further characterised. 

The reaction of 2 with 3.2 mol. equiv. of TBDMSCl under conditions A pro- 
ceeded non-selectively, affording 19 (28%), 20 (29%), the tri-TBDMS ether 23 
(l%), and the tetra-TBDMS ether 24 (16%). Compound 23 was shown to be 2,3,6- 
trisubstitnted since, in the lH-n.m.r. spectrum of its acetate 25, the low-field signal 
at 6 4.70 was assigned to H-4. Treatment of 2 with 4.3 mol. equiv. of TBDMSCl 
under conditions A afforded a mixture from which the fastest-moving major com- 
ponent was isolated in 38Y0 yield and identified as the tetra-TBDMS ether 24 
(under comparable conditions, the a anomer 1 gave oniy 8% of tetra-TBDMS 
ether). From the remainder of the mixture, the 2,3,6-tri-TBDMS ether 23 and the 
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, R’ = R2 z: R3 = R4 = ” 

6 u’ 22 Ra = I$= H,B4Z si 

7 R” = R”= Si,R*= a’= H 

6 R’Z I?= H,R2=R4= si 

Q R’ =: Rz = R3 = k,R4 = Si 

IOR’ = Razz Si,$ = RX = AC 

1, R’= Rx= A=,$= R4= Si 

tzR’= j$= R4= S,,R3=~ 

(3R’= Rz= R4= $j,R’=Ac 

,4R’zz $= R4Z S.i,RZZ 54 

tf+R’= R3= R4Z Si,R’= AC 

,a$=: $2: R3= &=S; 

2 $ = R” zzc R3 = R4 =1 H 

17 R’ = Rz = R3= “,#=: S, 

9.9 R’ = $ = R’= Ac,R4= Si 

19 R1 = R”= S,,R’= R3= H 

20 R’ = Rx= H,R” E R3= Si 

21 R’ = R4= S,,R’= R3= AC 

22 R’ = R3 = A< .R2 = R4 = S, 

23 R’ = R* = R4= Si.R3 = H 

24R’=R2=R3=R4=ISi 

25 R’ = R2 = R4= S,,R’ = AC 

Si = t*rt-butyldimethyl~~lyl 

4 R’ z!? R’ = ,$ = ~~ L=Z ,, 

34 R’= R’= Si,R’=:R’=H 

35 A’ = R’Z n,R’L= R’Z Si 

36 R’x R4= Si,$=: R”zz Ac 

37 R’ = R3= Ac,R*= R4 = Si 

34 R’ = R2 = R4 Z Si,R3 zz ” 

30 R’ = R3 = R4 E Si.R2 = Ii 

40 R’ = R”= R4= S,,R’ = AC 

4, R’ = R3= R4= Sj,R* zz AC 

3 R’ = ,$ ;= R3 = R4 = ,., 

26 R! = R" = S,,R’= R3= H 

2, R’ = R4 = Si, R’ = R’ = AC 

28 R’ = R’ = H , R” = R4 = 5, 

3( R’= R2 ZZ R4= Si,R”= AC 

32 R’= RS=R4= Si,R’=H 

J, R’ = R3 = R4 = Si ,R2 = A< 

5 ,c, =R2=R3=R4=” 
42 R’ = R4= S,,R2= R3z H 

43 R’ = R4 = Si ,R2= R3 = Ac 

44 R’ = R3= H,R’= R4= Si 

45 R’ = R3= Ac,R* = R4= Si 

& R’ = R2= R4= Si,R3Z H 

47 R’ = Rx= R4= Si,R’= H 

la R’ = R2= R4= S,,R’= AC 

‘9 R’= R3= R4= Si.P’= AC 

10 R’= R2= R3= R4= Sj 

2,6- (19) and 3,6-di-TBRMS (20) ethers were isolated in yields of 8%, 7%) and 
17%, respectively. 

The reaction of methyl a-D-galactopyranoside (3) under conditions A with 
2.2 mol. equiv. of TBDMSCI gave a product mixture from which 66% of the 2,6-di- 
TBDMS derivative (26) was isolated crystalline after column chromatography. The 
lH-n.m.r. spectrum of the diacetate 27 of 26 showed that the most deshielded pro- 
tons were H-3 (S 5.17) and H-4 (S 5.44). The crystalline 3,6-di-TBDMS ether 28 
was also isolated (21%). In the IH-n.m.r. spectrum of the diacetate 29 of 28, signals 
due to H-2 (6 4.95) and H-4 (S 5.32) appeared at lower field than that of H-3 (6 
4.12). In addition, a mixture of tri-TBDMS ethers (10%) was isolated which was 
not further purified. 

Treatment of 3 with 2.2 mol. equiv. of TBDMSCI was less selective under 
conditions S and afforded 28 (46%), 26 (38%), and tri-TBDMS ethers (15%). The 
reaction of 3 under conditions A with 3.2 mol. equiv. of TBDMSCl gave 84% of 26 



SELECTIVE SILYLATION OF METHYL GLYCOSIDES 61 

and 14% of the 2,3,6-tri-TBDMS ether 30. The lH-n.m.r. spectrum of the acetate 
31 of 30 contained a narrow doublet of doublets at S 5.25 (J 3.2 and 1.1 Hz), 
diagnostic of H-4 of a galactopyranoside in the 4C, conformation. 

When 3 was treated with 4.3 mol. equiv. of TBDMSCI under conditions A, 
the formation of the tetra-TBDMS ether was not detected by t.1.c. The major prod- 
uct (57%) was the 2,3,6-tri-TBDMS ether 30. The 2,4,6-tri-TBDMS ether 32 was 
also isolated (6%); in the ‘H-n.m.r. spectrum of its acetate 33, the lowest-field 
doublet of doublets (S 5.08) was assigned to H-3. The third component of the mix- 
ture was the 2,6-di-TBDMS ether 26 (33%). 

The reaction of methyl P-D-galactopyranoside (4) with 2.2 mol. equiv. of 
TBDMSCl under conditions A afforded a mixture of products which contained no 
mono-TBDMS ether (t.1.c.). Chromatography of the mixture gave the 2,6- (34, 
35%, crystalline) and 3,6-di-TBDMS ether (35, 43%, amorphous) together with 
8% of tri-TBDMS ethers, which were not identified. In the ‘H-n.m.r. spectrum of 
the diacetate 36 of 34, the signals for H-3 (S 4.87) and H-4 (S 5.40) were shifted 
much more than that of H-2 (S 3.69). Likewise, for the diacetate 37 of 35, the signal 
forH-3 (63.77) appeared athigherfield thanthoseofH-2(S5.06) andH-4(S5.31). 

Treatment of 4 with 2.2 mol. equiv. of TBDMSCl under conditions B caused 
little change, and the yields for the tri-TBDMS ethers, 34, and 35 were t3%, 48%, 
and 43%) respectively. The reaction of 4 under conditions A with 3.2 mol. equiv. 
of TBDMSCl gave, after chromatography, 24% of the 2,3,6- (38) and 25% of the 
2,4,6-tri-TBDMS ether (39), together with a mixture (31%) of two di-TBDMS 
ethers, which was not further purified. In the ‘H-n.m.r. spectrum of the acetate 40 
of 38, the most deshielded signal was a narrow doublet of doublets for H-4 at S 
5.26. Likewise, for the acetate 41 of 39, the signal for H-3 appeared at lower field 
(6 4.76) than those of H-2 (S 3.80) and H-4 (6 4.04). 

With 4.3 mol. equiv. of TBDMSCl under conditions A, 4 afforded a mixture, 
from which the 2,3,6- (38, 39%) and the 2,4,6-tri-TBDMS ether (39, 38%) were 
isolated. The relatively high reactivity of the axial HO-4 compared to that of the 
equatorial HO-3 is noteworthy. The fraction (20%) of di-TBDMS ethers was not 
characterised. 

Treatment of methyl a-D-mannopyranoside (5) under conditions A with 2.2 
mol. equiv. of TBDMSCl followed by column chromatography gave the 2,6- (42, 
50%), 3,6- (44, 33%), and 4,6-di-TBDMS (5%) derivatives. In the lH-n.m.r. 
spectrum of the diacetate 43 of 42, H-2 (6 3.98) was more shielded than H-3 (S 
5.15) and H-4 (S 5.26). Likewise, for the diacetate 45 of 44, the signal due to H-3 
(S 4.05) appeared at higher field than those of H-2 (S 5.04) and H-4 (S 5.03); for 
the diacetate of the 4,6-isomer, the signals for H-2 (S 5.17) and H-3 (6 5.06) were 
the most shifted. This isomer was not further characterised. The reaction mixture 
also contained 9% of tri-TBDMS ethers which were not characterised. In contrast, 
when 5 was treated with 2.2 mol. equiv. of TBDMSCl under conditions B, the 
major product was 44 (80%) and only 10% of 42 was obtained. Thus, depending 
on the reaction conditions, 42 or 44 could be prepared in synthetically useful yields. 
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When 5 was treated with 3.2 mol. equiv. of TBDMSCl under conditions A, 

42 (40%) and 44 (16%) were isolated together with the 2,3,6- (46, 9%) and the 
2,4,6-tri-TBDMS (47, 10%) derivatives. In the ‘H-n.m.r. spectrum of the acetate 
48 of 46, the signal for H-4 was a low-field triplet at 6 5.07; for the acetate 49 of 47, 
the signal for H-3 was a low-field doublet of doublets at S 4.91. 

The reaction of 5 with 4.3 mol. equiv. of TBDMSCI under conditions A gave 

only 5% of the tetra-TBDMS derivative 50 together with 46 (21%) and 47 (30%). 
The fraction (28%) of di-TBDMS ethers was not characterised. 

Thus, the methyl glycosides examined show good selectivity in their reaction 
towards TBDMSCl, which depends on the reaction conditions. Several useful 
derivatives can be obtained, for example, methyl 2,6-di-Q- and 3,4,6-tri-0-tert- 
butyldimethylsilyl-~-D-glucopyranosides, methyl 2,6-di-O- and 2,3,6-tri-O-tert- 
butyidimethylsilyl-~-D-g~actop~anosides, and methyl 2,6- and 3,6-di-~-test-butyl- 
dimethylsilyl-ff-D-m~nopyranosides. The di~erential selectivity observed under 
conditions A and B could arise either from different reaction mechanisms or from 
the migration of the beat-butyIdimethylsiiy1 group during the reaction. The migra- 
tion of the terr-butyldimethylsilyl group under basic conditions between cis-hydroxyl 
groups of ribonucleosides6~7*‘1J4J5 and between truns-diaxial hydroxyl groups of a 
1,6-anhydroglucose derivative16 has been reported. Accordingly, the stability of the 
partially protected glycosides described above was investigated in various solvents 
in the presence and absence of added bases. 

When solutions of several silylated glycosides in methanol or pyridine were 
stored at room temperature, no isomerisation was detected during 24 h. In the 
ribonucleoside field, migration proceeded rapidly in these solvents7~**J3. In 0.01~ 
triethylamine in methanol, pyridine, or ~,~-dimethylfo~amide, no appreciable 
re~rangement occurred between trans-hydroxyl groups of the derivatives 
examined, as well as the c~-hydroxyl groups of the ~-D-galactopyranoside deriva- 
tive. In contrast, considerable 3+2 migration occurred when methyl 3,6-di-U-tert- 
butyl~ethylsilyl-~-D-mannopyranoside was treated with methanolic tri- 

ethylamine. The effect of triethylamine in NJV-dimethylformamide was less and it 
was not detectable in pyridine. In imidazole-iV,N-dimethylformamide, migration 
was more pronounced between cis-hydroxyl groups. Thus, -80% of the 3,6-di- 
TBDMS-mannopyranoside derivative was converted into the 2,6-isomer, and 
appreciable 3+4 migration occurred in 2,3,6-tri-TBDMS derivatives of both 
galactopyranosides. Furthermore, in the presence of imidazole, the 3,6-di-TBDMS 
derivative of the a-D-galactopyranoside gave traces of a new product which was not 
characterised. Presumably, it was the 4,6-isomer, since, in t.l,c., it migrated as a 
di-TBDMS derivative and it differed from the 2,6- and the 3,6-isomers. 

The above observations suggest that different selectivities under condkions 
A and B arise from both mi~ation and different reaction mech~isms. Thus, the 
3,6-isomer was formed preferentially on dimolar beak-butyldimethylsilylation of 
methyl a-D-mannopyranoside, as would be expected by analogy with the results of 
selective acylation i7. It was isolated in high yield under conditions B where migra- 
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tion was slow, whereas, under conditions A, imidazole-catalysed 3+2 migration 
was efficient, and the main product, the 2,6-isomer, was the result of thermo- 
dynamic control. In contrast, the opposite selectivity on dimolar tert-butyldimethyl- 
silylation of methyl cr-D-glucopyranoside under conditions A and B could not be 
explained by migration. Thee greater selectivity under conditions A may be 
associated with lower reaction rates that permit preferential reaction with HO-2, 
which is the most reactive of the secondary hydroxyl group@. However, under 
conditions B, the reactive species is probably the tert-butyldimethylsilyl-4-dimethyl- 
aminopyridinium ion3, the enhanced reactivity of which results in no differentiation 
between secondary OH groups. 

The relatively high yields of the 2,4,6_isomers in the tri- and tetra-molar tert- 
butyldimethylsilylations of 1, 4, and 5 contrast with the results of selective acyla- 
tiorP, where, if formed, they are minor products. However, in the presence of 
sodium hydride, selective benzylation of methyl 2,6-di-O-benzyl-a- and -/3-D- 
galactopyranosides19 and methyl a-D-glucopyranoside20 gives the 2,4,6-isomers as 
major products, showing the enhanced reactivity of HO-4 relative to that of HO-3 
in a strongly alkaline medium. Apparently, this is also true for moderately alkaline 
media, and tert-butyldimethylsilylation at position 4 appears to involve direct 
attack, since no isomerisation occurred with the 2,3,6- and 2,4,6-tri-TBDMS 
derivatives of 1 and 5. In contrast, 3+4 migration was appreciable in the 2,3,6-tri- 
TBDMS derivative of 4, and production of the 2,4,6-isomer appears to be a result 
of both direct tert-butyldimethylsilylation at position 4 and migration to this 
position. 

In conclusion, the tert-butyldimethylsilyl group appears to be a valuable pro- 
tecting-group for the synthesis of partially protected carbohydrate derivatives. In 
alkaline media, migration involves only cti-hydroxyl groups and these compounds 
may have value in synthesis if strongly basic conditions are avoided. 

EXPERIMENTAL 

Experimental methods. - T.1.c. was carried out on Silica Gel 60 F% (Merck), 
and Silica Gel 60 (23o-400 mesh, Merck) was used for flash chromatography21, with 
hexane (A), and 9:l (B), 39:l (C’), and 99:l (D) hexane-ethyl acetate. ‘H-N.m.r. 
spectra were recorded with a Bruker MSL 300 spectrometer. Chemical shifts are 
relative to the residual proton signal of CDCl,. Optical rotations were measured 
with a Roussel-Jouan Quick polarimeter. The TBDMS derivatives were acetylated 
conventionally with acetic anhydride-pyridine. The products, which were usually 
non-crystalline, were used solely for n.m.r. spectroscopy and were not charac- 
terised. 

General procedure for the partial tert-butyldimethylsilylation of 1-5. - 
Method A. To a stirred solution of the anhydrous glycoside and imidazole (2 mmol/ 
mmol of TBDMSCl) in anhydrous N,N-dimethylformamide (1 mL/mmol of the 
sugar) was added dropwise a solution of the indicated amount of TBDMSCl in the 





SELECTIVE SILYLATION OF METHYL GLYCOSIDES 65 

Eluted second was methyl 2,3,6_tri-U-tett-butyldirnethylsilyl-~-~-~u~- 
pyranoside (12; 37 mg, 7%), m.p. 38”, [c# +!W (c 0.2, chloroform). 

Anal. Calc. for C&H,&&: C, 55.92; H, 10.51; Found: C, 56.13; H, 10.41. 
Acetylation of 12 afforded 13. ‘H-N,m.r, data (CDCI,): S 4.68 (dd, 1 H, .7 9.7 

Hz, H-4), 4.63 (d, 1 H, J 3.5 Hz, H-l), 3.91 (t, 1 H, J 8.7 Hz, H-3), 3.61 (dd, 1 H, 
J9.1 Hz, H-2), 3.68-3.52,(m, 3 H, H-5,6,6’). 

The two last fractions contained 7 (177 mg, 42%) and 8 (63 mg, 15%). 
(c) 4.3 Mol. Fractionation (solvent C followed by solvent B) of the mixture 

of products obtained after reaction under conditions A gave methyl 2,3,4,6-tetra-O- 
tert-butyldimethylsilyi-a-Dglucopyranoside (16; 32 mg, 5%), 14 (225 mg, 42%), 12 
(155 mg, 29%), and 8 (13 mg, 3%). 

The structure of 16 was established on the basis of ‘H-n.m.r. data and lack of 
reaction with acetic a~y~d~~dine. The compound was not investigated 
further. 

Reaction of methyl ~~~~~~pyr~os~~e (2) wit/i ~B~M~Cl. - (a) 2.2 MC& 

Three fractions (solvent B followed by ethyl acetate) were obtained after reaction 
‘under conditions A: methyl di-0-tert-butyhiimetbylsilyl-gD_glucopyranoside (20; 
85 mg, 2O%), methyl 2,6-di-O-tert-butyldimethylsilyl-P-D-glucopyranside (19; 85 
mg, 2O%), and methyl 6-0-tert-butyldimethylsilyl-/3-n-glucopyranoside (17; 96 mg, 
31%). 

Compound 20 was amorphous, [(~I82 -22” (c 0.2, chloroform); 1it.n m.p. 
65”, [a]6O -20.2” (chloroform). 

Anal. Calc. for C,H,20,Si,: C, 53.99; H, 10.02. Found: C, 54.01; H, 9.99. 
Acetylation of 20 afforded 22. ‘H-N.m.r. data (CDCI,): 6 4.84 (dd, 1 H, J 9.3 

Hz, H-2), 4.80 (dd, 1 H, f9.8 Hz, H-4), 4.22 (d, 1 H, J8 Hz, H-l), 3.78 (dd, 1 H, 
f 8.1 Hz, H-3), 3.61 (m, 2 H, H-6,6’), 3.37 (m, 1 H, H-5). 

Compound 19 was a syrup, [ry]k2 -32” (~0.2, ~~orofo~~; lit.12 [a]&0 -31.05” 
(~hlorofo~) . 

And. Calc. for C,&zO,Si,: C, 53.99; H, 10.02. Found: C, 53.96; H, 9.90. 
Acetylation of 19 gave 21. rH-N.m.r. data (CDCl,): S 5.06 (t, 1 H, f 9 Hz, 

H-3), 4.85 (t, 1 H, J 9.5 Hz, H-4), 4.15 (d, 1 H, J 7.6 Hz, H-l), 3.6 (m, 2 H, 
H-6,6’), 3.5 (m, 2 H, J2,3 9.1 Hz, H-2,5). 

Compound 17 had m.p. 106-107°, [&J&2 -35” (c 0.2, chloroform); lit.** m-p. 
97-99”, [a]&0 -35.92” (chloroform). 

Anal. Calc. for C,,H,O,Si,: C, 50.62; H, 9.15. Found: C, 50.17; H, 9.17. 
Acetylation of 17 gave 18. ‘H-N.m.r. data (CD(&): 6 4.99 (t, 1 H, J 9.6 Hz, 

H-4), 4.93 (t, 1 H, J 9.7 Hz, H-2), 4.38 (d, 1 H, J 8 Hz, H-l), 4.17 (t, 1 H, J 9.5 
Hz, H-3), 3.69 (m, 2 H, H-6,6’), 3.51 (m, 1 H, H-5). 

Fractionation (solvent A followed by solvent B and ethyl acetate) of the prod- 
uct mixture obtained from 2 under conditions B gave a mixture (16 mg, 3%) of the 
tri-TBDMS derivatives, u) (131 mg, 31%), 19 (80 mg, 38%), and 17 (6 mg, 4%). 

(b) 3.2 Mol. The following fractions (solvent C followed by solvent B) were 
obtained after reaction under conditions A: methyl 2,3,4,6-tetra-O-tert-butyl- 



dimethylsilyl-~~~_u~~~~~side (24; 104 mg, 16%), methyl 2,3,6-tri-O-ter& 
butyldime~y~silyl-P_a-gluc~p~an~s~de (23; 5 mg, l%), 20 (123 mg, 29%), and I!? 
(118 mg, 28%). 

Compound 24 was a syrup, the structure af which was established on the 
basis of W-n.m.r. data and lack of reactian with acetic anhydride-~y~~~~~ and it 
was not investigated further, 

Compound 23 had [a]@ - 16O (c 0.2, &l~&urm). 
And Calc. for C$.&3,O,Si,: C, 55.92; El, 10.51. Fuund: C, 55.85; H, X&45. 
Acetylation of 23 afforded 25. II-#-N.m.r. data (CDCI,): S 4.70 (tT 1 H, J 8.6 

Hz, H-4), 4.07 cd, 1 H, J 7.1 Hz, H-l), 3.62 (tl 1 H, J 8.5 Hz, H-3), 3JL3.4 (m, 4 
H, H-2,5,6,6’). 

(c) 4.2 Mol. Column chromatography (soIvent C followed by solvent B) of 
the mixture of products obtained after reaction under conditions A gave 24 (247 
mg, 38%), 23 (43 mg, 8%), 2Q (72 mg, 17%), and 19 (30 mg, 7%). 

Reachm uf me?hyl a-a-gakmpyrcan~side (3) widh TBDM$Ci. - (a) 2.2 M&. 
The following fractiuns (solvent C fofluwed by salvent B) were obtained after reac- 
tion under conditions A: a mixture (54 mg, 10%) af tri-mL)MS derivatives, methy 
2,6-di-O-~~~~-butyEdimethyl~~~y~-a-z)-gal aetupyranoside (26; 279 mg , 66% ); methyl 
3,6-di-O-tert-bu~~dimethy~silyl-#-~~g~actopyranoside (28; 89 mg ,21%). 

Compound 26 had m-p. 132-133”, l[a]jJz +76” (c 0.2, chloroform). 
Anal. Calc. for C,&I.&Si,: C, 53.99; W, 10.02. Found: C, 53,925 H, 9.9?_ 
Acetylation of 26 gave 27. lH-N.m.r. data @Xl,): Ii 5.44 (dd, 1 H, JO.9 Hz, 

H-4), 5.17 jdd, 1 H, J 3 Hz, H-3), 4.68 (d, 1 HI, J 3.8 Hz, H-l), 4,Q3 (dd, 1 pit, J 
IO12 Hz, H-21, 3.99 (m, 1 H, 3 7.2 Hz, H-S), 3*74-3.X! (m, 2 I-& H-6,6’). 

Compuund 28 had mp. 60--W, [a]62 -1-87” (e 0.2, chforofurm). 
Anal. Calc. for C,,H,,U~Si,: C, 53.99; H, l&02. IFbund: C, 54.10; H, 9$0. 
Acetylation of 28 gave 29. W-N.m.r. data (CDCI& S 5.32 (dd, 1 I-I, J 3. Hz, 

H-4), S.M.90 (m, 2 H, JIG 3.6 Hz, JzV3 9.5 Hz, H-1,2), 4.12 (dd, 1 H, J 3.5 Hz, 
H-3), 3.W (m, 1 H, 16.3 Hz, H-5), 3.58 (d, 2 H, H-6,6’). 

The following fractions were obtained after reaction under conditions B; a 
mixture (40 mg, 15%) of tri-TBDMS derivatives, 26 (80 mg, 38%), and 28 (97 mg, 
46%). 

(6) 3*2 MuL Column ~hrumatQ~aphy (solvent G followed by solvent B) trf 
the mixture of products obtained after reaction under conditions A gave methyl 
2,3,6-tri-U-~ert-butyldimethylsi~yl-Ir-D-galact~pyranoside (30; 75 mg, 14%) and 26 
(355 mg, 84%). 

Compound 30 was amorphous, [a]b2 +76* fc 0.2, chloroform). 
Anal. Calc. for C&&Q&: C, 55.92; ff, 10.51. Found: C, 56.13; H, 10.41. 
Acetylation of30 gave 3X. lH-N~m.r. data (CDCI,): S 5.25 (dd, 1 H, J 1.1 Hz, 

H-4), 4.68 (d, 1 H, J 3.4 Hz, H-l), 3.95-3.88 (m, 3 H, .& 9.4 Hz, JsV4 3.2 Hz, 
H-2,3,5), 3.56 (n-r, 1 H, H-6), 3.34 (m, I Ii, H-6’), 

(c) 4.2 Mol. The fsllowing fractions were ubtained after reaction under condi- 
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tions A: methyl 2,4,~tri-O-t~~-bn~ldimethyls~~yl-~~~g~a~~~yr~~~de (32; 32 
mg, 60/o), 39 (306 mg, 57%), and 26 (139 mg, 33%). 

Compound 32 bad [a];2 +55” (c 0.2, c~o~f~~~. 
Anal. Cak fur &H&&: C, 55.92; H, 10.51. Found: C7 5633; H, 10.58. 
Acctylatiun of 32 gave 33. ‘H-N.m.r. data (CDCl): S 5.08 fdd, 1 H, J 2.5 Hz, 

H-3), 4.65 fd, 1 H, J 3.6 Hz, H-I), 4.15 (dd, 1 H, J 10.3 Hz, I&2), 4.09 (d, 1 EZ, J 
0 Hz, H-4), 3.73 (t, 1 H, J 6.4 Hz, H-5), 3.61 (d, 2 H, H-6,6’), 

Reaction of methyl /3-D-gdaactopyranoside (4) with TBDMSCI. - (a) 2.2 MO!. 
The following fractions (solvent D followed by solvent B) were obtained after reac- 
tion under conditions A: a mixture (43 mg, 8%) of tri-TBDMS derivatives, 2,6-di- 
O-teti-butyldimethylsilyl-/I-n-galactopyranoside (34; 148 mg, JS%), methyl 3,6di- 
O-teti-butyldimethylsilyl-j3-D-galactopyranoside (35; 181 mg, 430/o), 

Compound 34 had m,p. &I-85”, [a]# -13” (c 0.18, chloroform); W3 m.p. 
86-88”, [ex]&o -20.3” (chloroform). 

Anal. Calc. for C,&I&,Si,: C, 53.99; H, 10.02, Found: C, 53.97; H, 10.01. 
Acetylation of 34 gave 34 lH-N.m.r. data (0X1,): S 5,40 (dd, 1 H, J 0,9 Hz, 

H-4), 4.87 (dd, 1 H, J 3.4 Hz, H-3), 4.17 (d, 1 HY J 7-5 Hz, H-I), 3.69 (dd, I H, J 
9.7 Hz, H-Z), 3.70-3.55 (m, 3 H, H-5,6,6’). 

Compound s was semi-crystalline, [iyjA2 -3” (c 0.2, chlorufurmj; IiLl [t~]&~ 
-4.4” ~c~~~~fu~~~ 

Ad. CU. for C,&@,Si,: C, 53.99; H, lW2. Found: C, 53.92; H, 10.03. 
AcetyXatiun of xi gave 37. lH-N.m.r. data (CDCl,): S 5.31 (dd, 1 H, J 1 Hz, 

H-41, X06 (dd, 1. H, d 9.7 Hz, H-2),4.26 fd, 1 H, J 8.1 Hz, H-I), 3.77 (dd, 1 H, J 
3.5 Hz, H-3), 3.65-3.45 (m, 3 H, H-5,6,6’). 

The fallmving fractions were obtained after react& under conditions B: a 
r&turp: (21 rng, 8%) of tri-TBDMS derivatives, 34 (101 mg, 48%), and 35 (91 mg, 
43%). 

(13) 3.2 Mbl. Column chromatography (solvent D followed by solvent B) of 
the mixture af products obtained after reaction under conditions A gave methyl 
2,3,ti-tri-O-f~r;t-butyIdimethylsilyl-1S-D_de (38; 129 mg, 24%), 
methyl 2,4,6-tri-O-teTt_butyldimethylsilyl-B-D-ga (39; 134 mg, 
25%), and a mixture (231 mg, 31%) of di-TBDMS derivatives. 

Compound 38 was a syrup, [# -2.5” (c 0.2, chloroform). 
Anal, Calc. for C,W,,O,Si,: C, 55.92; H, 10.51. Found: C, 55.57; H, 10.69. 
Acetylation of 38 afforded 40. *H-N.m_r. data @XX&): S 5.26 (d, 1 H, J 0 

Hz, H-4),4.06 (d, 1 W, J7.4 Hz, H-l), 3.6 (m, 2 H, .I& 2,2 Hz, H-2,3), 3.65-351 
(m, 3 H, H-5,6,6’). 

C~mpcund 39 was a syrup, f+$z -UT (e 0.2, chlorofurm). 
And. Calc. for C&H&$i3: C, 55.92; H, 10.51. Found: C, 55.96; H, 10.49, 
Acetylatiun of 39 gave 41. lH-N.m.r. data (CDCQ: S 4.76 [dd, 1 H, d 2.7 I&, 

H-3),4,11 (d, 1 H, J7.5 Hz, H-l), 4.04 (d, 1 H, JU Hz, H-4),3.66 (d, 2 H, H-6,6’), 
3.41 (t$ 1 H, f6.7 Hz, H-5). 

(c) 4.3 Mof, The fallowing fractions (solvent D follomd by solvent B) were 



obtained after reaction under cunditions A: 38 (209 mg, 39%), 39 (204 mg, 38%), 
and a mixture (84 mg, 20%) of di-TBDMS derivatives. 

Reaction of methyl a-D-mannapyrunoside (5) with TBDMKX - (a) 2.2 Mol. 
ThrE;? following fractions (solvent D followed by solvent B) were obtained after reac- 
tion under conditions A: a mixture (48 mg, 9%) of tri-TBDMS derivatives, methyl 
3,6-dilQ-~e~~butyldimethylsilyl-ar-D_ma (44; 139 rng, 33%) y and 
methyl 2 ,6-di-O-tert- butyldimethylsilyl-a-rr-mannopyranoside (42; 211 mg, 50% ) . 

Compound 44 had m.p. 49--W, [rr]&z +42” (c 0.2, chIorQfurm); W3 m.p, 
W-4$“, [EE]&@ +36.9” (chkKofurm)* 

Aad. Cak, for C,gH1,,0,5i,: C, 53.99; H, 10X!. Found: C, 53.92; W, 10~01. 
Acetylation of 44 affurded 45* fH-N,m.r. data (CDc1,): S 5.04 (m, 2 H, Jzs3 

3,6 Hz, H-2,4), 4.61 (d, 1 H, J IS Hz, H-l), 4.05 (dd, 1 H, J 9.3 Hz, H-3), 3.7-3.57 
(m, 3 Is, H-5,6,6’). 

Compound 42 was amorphous, [rx]h2 +19” (c 0.2, chloroform). 
Anal. Calc. for C,,H,20,SiZ: C, 53.99; H, 10.02. Found: C, 53.95; H, 9.99. 
Acetylation of 42 gave 43. lH-N,m.r, data (CDCI,): $5.26 (t, 1 H, J 9,3 Hz, 

H-4), 5.15 (dd, 1 H, 3 9.1 Hz, H-3), 4.53 (d, 1 H, J I.8 Hz, H-I), 3198 (dd, 1 H, J 
2,$ Hz, H-2), 3.7%3*6 (m, 3 H, H-5,6,6”). 

The folluwing compounds were abtained after reaction under conditions B: a 
mixture (43 mg, 8%) of tri-TBDMS derivatives, 44 (338 mg, tsU%), md 42 (42 mg, 
W?&). 

(Ei) 3.2 MoI. Column chrumatugraphy (solvent D fogfawed by solvent B) of 
the mixture of products obtained after reaction under conditions A gave methyl 
2,4,6-tri-O-~~rt-butyldimethylsilyl-a-D-mannopyranoside (47; 54 mig$ lo%), methyl 
2,3,6-tri-O-~ert-butyldimethylsilyl-ar-~-mannopyranoside (46; 48 mg, 9%), 44 (68 
mg, lS%), and 42 (169 mg, 40%). 

Compound 47 had [cy] A2 +26O (c 0.2, chloroform). 
Anal. Calc. for CJ!I,Q,Si,: C, 55.92; H, IOX. Found: C, 56.07; H, 10.48. 
Acetylation of 47 gave 49. ‘H-Nm.r- data (CIQ): 6 4.91 (dd, 1 H, J 9.5 HZ, 

H-3), 4.47 (d, 1 H, J I.6 Hz, H-I), 4.03 (tt 1 H, J 9.4 Hz, H-4), 4.01 (t, 3 H, J2.9 
Hkl H-2), 3.49 fm, 1 H, H-51, 3.84-3.73 (m, 2 H, H-6,6’). 

compound 46 was a syrupt [a]&* tl6” (c 0.2, chloroform). 
RnaL Calc. for @15H&&: C, 55.92; H, IU_SL Found: C, 56.07; H, 10.56. 
Acetylation of 46 gave 48. lH-N.m.r. data (CDC&): S 5.07 (t, I H, J 9.3 Hz, 

H-4), 4.51 (d, 1 H, J2.U Hz, H-l), 3.92 (dd, 1 H, J 9.2 Hz, H-3), 3.77 (t, 1 H, J2.7 
Hz, H-2), 3.68-3.52 (m, 3 H, H-5,6,6’). 

(c) 4.3 Mol. The following fractions (solvent D followed by solvent B) were 
obtained after reaction under conditions A: methyl tetra-CW~~Wbutyldimethylsilyl- 
cw-rs-rnannopyranoside (So; 32 mg, 5%), 47 (161 mg, 30%), 46 (113 mg, 21%), and 
a mixture (118 mg, 28%) of di-mDMS derivatives, 

Compound 50 was a syrup, [t# -t59” (c 0.2, chloroform). 
kXPW&ztii?rz s&.&X - E~u~~~bra~o~ reactiuns were manitured by t,l.c_ 

(Advent B; 8~2 hexane-ethyl acetate; I : f light petro~eumai~hloromethane). When 



SELECTIVE SILYLATION OF METHYL GLYCOSIDES 69 

migration was detected, the reaction was stopped by acetylation of the mixture, 
and the relative proportions of the isomers were estimated by lH.n.m.r. spectros- 
copy. Compounds 7,8,l2, W, 19,20,26,28,30,38,42,44, and 46 were studied 
in the following systems: methanol, pyridine and N,N-dimethylformamide, 0.01~ 
triethylamine in methanol, pyridine, and N,N-dimethylformamide, and 2~ 
imidazole in N,Ndimethylformamide. The concentration of the solution with 
respect to the glycoside was 0.1~ in the experiments with pure solvents and with 
added triethylamine, and 0.5~ in the experiments with imidazole. Systems in which 
no migration was detected after 24 h at room temperature: methanol, N,N-di- 
methylformamide, pyridine, triethylamine-pyridine. Systems in which isomerisa- 
tion occurred (24 h, room temperature): triethylamine-methanol: -10% of 44 from 
42, and -50% of 42 from 44; triethylamine-N,N-dimethylformamide: traces of 42 
from 44, and traces of 44 from 42; imidazoleN,N-dimethylformamide: -80% of 
42 from 44, -10% of 44 from 42, -10% of a new di-TBDMS derivative (probably 
the 4,6-isomer) from 28,30:32 -l:l, and 3&39 -1:5. 

ACKNOWLEDGMENT 

This work was supported, in part, by the Association pour la Recherche sur 
le Cancer. 

REFERENCES 

1 E. J. COREY AND A. VENKATESWARLU, J. Am. Chem. Sec., 94 (1972) 6190-6191. 
2 S. L. BEAUCAGE AND K. K. OGUIE, Tetrahedron Lett., (1977) 1691-1694. 
3 S. K. CEWDARY AND 0. HERNANDEZ, Tetrahedron Len., (1977) 99-102. 
4 K. K. OGILVIE AND D. J. IWACHA, Tetrahedron Lea., (1973) 317-319. 
5 K. K. OGILVIB AND G. H. HAKIMELAKI, Curbohydr. Res., 115 (1983) 234-239. 
6 K. K. OGIL~IE, S. L. BEAUCAGE, A. L. SWFMAN, N. Y. THERLMJLT, AND K. L. SADANA, Can. J. 

Chem.. 56 (1978) 2768-2780. 
7 K. K. OGILVIE, A. L. !%MFMAN, AND C. L. PENNEY, Cure. J. Chem.. 57 (1979) 2230-2238. 
8 G. H. HAKMELAKI, Z. A. PROBA, AND K. K. OGILVIE, Tetrahedron Lett., 22 (1981) 4775-4778. 
9 G. H. HA KIMELAKI, Z. A. PROBA. AND K. K. OGILWE, Tetrehedron Left., 22 (1981) 5243-5246. 

10 K. K. OGILVIE, N. ‘~MERLWLT, AND K. L. SADANA, J. Am. Chetn. Sot., 99 (1977) 7741-7743. 
11 K. L. SADANAAND P. C. LOEWEN, Tetrahedron Lea, (1978) 5095-5098. 
12 H. H. BUNDSZ~ER AND E. ZBIRAL, Helv. Chim. Acta, 61(1978) 1832-1841. 
13 E. MARK, E. ZBIRAL. AND H. H. BRANLXIETIER, Monarch. Chem., lll(l980) 289-307. 
14 S. S. JONES AND C. B. REEsE, J. Chem. Sot., Perkin Trans. I, (1979) 2762-2764. 
15 K. K. OGILVIE AND D. W. ENTWI~TUZ, Carbohydr. Res., 89 (1981) 203-210. 
16 C. A. A. VAN BOEKEL, S. F. VAN AJLW, AND T. BEETZ, Reel. Trav. Chim. Pays-Bas, 102 (1983) 

415-416. 
17 J. M. Wm AND A.C. RICHARDSON, Tetrahedron, 23 (1%7) 1369-1378. 
18 A. H. HAINES, Adv. Curbohydr. Chem. Biochem., 33 (1976) 11-109. 
19 H. M. FLOWERS, Curbohydr. Res., 39 (1975) 245-2.51. 
20 S. KOTO, Y. TAKEFIE, AND S. ZEN, Bull. Chem. Sot. Jpn., 45 (1972) 291-293. 
21 W. C. SILL, M. KHAN, AND A. MITRA, J. Org. Chem., 43 (1978) 2923-2925. 
22 F. FRANKE AND R. D. GUTHRIE, Aust. J. Chem., 30 (1977) 639-647. 


