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A general method for selective silylation of primary hydroxy! groups in
carbohydrates and related compounds
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This work shows that primary hydrovyl groups may be selectively silylated with
rert-butyldimethylsilyl chloride in tetrahydrofuran by using silhver nitrate as catalyst.
Addition of pyridine to the system causes quantitative silvlation of both primary
and secondary hvdroxyl groups. Silver perchlorate is equally good as a catalyst,
whereas tetrabutylammonium nitrate and tetrabutylammonium perchlorate are
effective only in the presence of pyridine and do not effect selectis ¢ reactions,

The selective protection of primary hydrosyl groups in the presence of secondary
hydroxyl groups is an important synthetic capability. Nunierous protecting groups
have been evaluated in this regard. with varying degrees of success' . In particular.
alkylsilyl protecting groups are widely used in synthetic chemistes® 170 Speeitic
applications have arisen in the protection of glycerol for the preparation of phos-
pholipids' ', in the protection of carbohydrates'”, and in the protection of hydrowvt
groups in nucleosides® ®. This report describes a general method for the highly
selective silylation of primary hydroxyl groups 1n the presence of secondary hydronyl
groups. Glycerol (1), [.,2-O-isopropylidenc-»-p-glucofuranose (7). and [,2-0-1s0-
propylidenc-x-D-xylofuranose (10) are used as model compounds.

The procedure described arwses out of our recently reported procedures for
the selective 2'-O-silylation'** or 3-O-silylation’*? of ribonucleosides. We described
in those reports the pronounced cffect of silver nitrate on silylation. Speatfically, m
the presence of pyridme, silver nitrate catalyzed silylation principally at 0-37 and
0-2" of ribonucicosides. However, stlylation occurred exclusnely at O-37 m the
absence of pyridine. This has been found to be a general result.

Thus treatment of glycerol (1) with rerr-butyvldimethvisilvi chioride (TBDMS-
Cl) and silver nitrate i ovelane (tetrahydrofuran, THF) gave an 807, nolated yield
of the monosilylated glycerol 3. Separate treatment of 3 with TBDMS-Ct and silver
nitrate in THF converted 1t in 907, yicld mto the 1.3-di-O-(TBDMS)-glycerol (5).
However, when glycerol is treated with TBDMS-CI and silver nitrate in THF con-
taimng pyridine. a quantitative yicld of the triether 4 15 obtamed,
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These conditions were extended to 1,2-O-isopropylidene-a-D-glucofuranose (7)
and 1,2-O-isopropylidene-p-xylofuranose (10). Compound 7 was selectively silylated
at 0-6 to give 6 in 94 % yield by using TBDMS-CI and silver nitrate in THF in the
absence of pyridine. Under the same conditions, 10 was converted into its 5-TBDMS
ether 9 in 96 % yield. Both 7 and 10 were fully silylated to 8 and 11, respectively, in
quantitative yields when pyridine was present.

TBDMSOCH, HOCH-A TBDMSOCH,
HOC HOCH
H o o TBOMSOCH o
TBOMS~CI TBDMS-CI
OH e — OH — OTBOMS
AgNO, AGNO,, CHN
? THF CI) THF @]
0O—CMe, 0—CMe, O—-CMe,
6 7 8
TBOMSOCH HOCH, 4 TBDMSOCH,
TBDMS—CI TBDMS—CI
OH s — OH —_—— QTBOMS
AgNO, AgNO,,C HN
(|3 THF <l3 THF ?
O~CMe, O—CMe, O-CMe,
9 10 11

Table I summarizes the results of varying the reaction conditions. It is clear
that silver nitrate and silver perchlorate are both very effective catalysts for selective
silylation at primary hydroxyl groups. The addition of pyridine causes complete



236 NOTE

TABLE [

LFFECTS OF VARIFD REACTION CONDITIONS

Compound TBDMS-Ct Salt Base Products?
(mmol! mmol! mmol

1 3 Bui:NNO; (4) CHHAN (15 4 (90",,)

1 3 BusNCI104(4) CsHaN (15 4 (90Y )

1 3 BuINNO; (4) No reaction

1 3 No reaction

| 3 CAHAN (1) 357,

1 1.5 AgClOy  (L.3) 3(75",,)

1 15 AgNO;  (2) 380",

1" 1.2 AgNO; (1. C:HEN (5 1.3.4.and5

7 [ AgClOT (1.5) 9 (857,)

7 1.5 AgNO;  (2) 9 (949 1

T8 1.2 AgNO; (1.1 CyHAN (5) 9. 10, and 11

7 2 Bu/NO: (3) No reaction

“Reaction conditions were the same as those described 1n detail in the experimental section (THF
as solvent. 10-<h reaction periody #Mixtares of all compounds indicated were obtamned in these cases

silylation and eliminates any selectivity. Silver 1on s apparently mmportant n the
selective reactions, as tetrabutylammonium nitrate and perchlorate do not cause
silylation in the absence of pyridine. However, m the presence of pyndine, these
latter reagents permit complete silylation but do not allow selective reaction to occur.

FXPLRIMENTAL

General procedures. - All solvents used were freshly distilled. T.l.c. data were
recorded from Kieselgel 60F 254 analytical sheets (BDH). Proton n.m.r. spectra were
recorded with a Varian T 60A spectrophotometer. '*C Spectra were recorded on
Bruker WH90 and WH400 instruments. Column chromatography was performed
with stlica gel 60 (Merck, 230-400 mesh) in 3-cm diameter columns. Products were
obtained on evaporation of the eluting solvent under diminished pressure. Elemental
analyses were performed by Canadian Microanalvtical Service, Vancouver. B.C.
Silver nitrate was used as 4 fine powder.

[-O-tert-Buryidimethyisilviglyceerol (3). - Glycerol (0.92 g 10 mmol) was
suspended in THF (25 mL) and TBDMS-CI (3.02 g. 20 mmol) was added, followed
by silver nitrate (3.4 g, 20 mmol). The mixture was stirred for 10 h at 25 and then
filtered. The filtrate was diluted with water (30 mL) and then extracted with chloro-
form (50 mL). The chloroform was evaporated and the residue applied to a column
of silica gel (20 g), which wus cluted successively with dichloromethane (200 mL).
chloroform (200 mL), and ethyl acetate. The product was eluted i the first 100 mL
of effluent. Evaporation of the solvent left compound 3 as an o1l in 80°,, yicld;
Ry (t.Le. 1odine stain) 0.41 in ethyl acetate: n.mur, (CDCLL ) 80 16 [s, 6H. SitCH ), .
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0.99 [s, 9H, C(CH,)4], 3.11-3.39 (b, 2H, 20H, exchangeable with D,0), and 3.61
(b, 5H, -CH,CHCH,-); '*C-n.m.r. (acetone-dg, 29.799 p.p.m.): § 73.065 (CHOH),
65.188 (CH,OTBDMS), 64.056 (CH,OH), 26.185 (3x CH,), 18.686 (Si-C), and
—5.265 [Si(CH;),]; m/z (eclectron impact) 175 (M* —CH,OH), 149 [M*
—C(CHj;),], 13t (M*™ —TBDMS); m/z (chemical ionization) 207 (M* +H, 100 %).
Anal. Calc. for C4H,,0,8i: C, 52.38; H, 10.74. Found: C, 52.03; H, 10.86.
1,3-Di-O-tert-butyldimethylsilylglycerol (5). — Compound 3 (2.06 g, 10
mmol) was dissolved in THF (30 mL). TBDMS-CI1 (1.51 g, 10 mmol) was added,
followed by silver nitrate (1.7 g, 10 mmol), and the mixture was stirred for 5 h at 25°.
The mixture was filtered and the filtrate diluted with 50 mL of water. The aqueous
solution was extracted with chloroform, dried (magnesium sulfate), and evaporated.
The oily residue was chromatographed on silica gel (30 g) with dichloromethane
(100 mL) followed by 9:1 dichloromethane—chloroform, which eluted the product §
(2.9 g,909%); R (t.l.c., iodine) 0.67 in ethyl acetate; n.m.r. (CDCl,): 6 0.18 [s, 12H,
2 x SiCHj;),], 1.01 [s, 18H, 2 x C(CH,);], 2.51-2.62 (b, 1H, OH, exchangeable
with D,0), and 3.62-3.73 (m, 5H, -CH,CHCH,-); *C-n.m.r.: (acetone-d,, 29.799
p.p.m.): 0 73.011 (CHOH), 64.757 2 x CH,OTBDMS), 26.239 (6 x CH;), 18.794
(2 x Si-C), and —5.211 [2 x Si(CH3),]; m/z (electron impact) 263 [M™ —C(CHj,), ],
189 (M* —OTBDMS), 175 (M" —CH,OTBDMS), and 131 (OTBDMS); m/z
(chemical ionization) 321 (M* +H).
1,2,3-Tri-O-tert-butyldimethylsilylglycerol. — Glycerol (1 0.92 g, | mmol)
was suspended in THF (25 mL). Pyridine (8 g, 0.1 mole), TBDMS-Cl (6.04 g, 40
mmol), and silver nitrate (6.8 g, 40 mmol) were added in that order and the mixture
was stirred for 10 h at 25°, The mixture was filtered and the filtrate diluted with 5%
aqueous hydrochloric acid (50 mL). The aqueous solution was extracted with chloro-
form, and the extract dried and evaporated. The residue was applied to a column
of silica gel (35 g) that was eluted with dichloromethane. The product 4 (96%)
was obtained as a white solid, m.p. 53-54°, Ry (t.l.c. iodine), 0.96 in ethyl acetate;
n.m.r. (CDCl,): 6 0.19 [2s, 18H, 3 x Si(CH;),], 1.00 [s, 27H, 3 x C(CHj)s],
and 3.52-3.79 (m, 5H, -CH,CHCH,-); *C-n.m.r. (acetone-d,, 29.799 p.p.m.): o
75.169 (CHOTBDMS), 65.404 (2 x CH,OTBDMS), 26.347 (9 x CH,), 18.794
(2 x S8i-C), 18.633 (Si-C), —4.240 (Si(CH,),), and —5.103 [2 x Si(CH,),]; m/z
(electron impact) 377 [M* ~C(CH,),;], and 289 (M* —CH,OTBDMS); m/z
(chemical ionization) 320 (M* +H—TBDMS), and 289 (M* —CH,OTBDMS).
Anal. Calc. for C,,H,,0,Si5: C, 57.10; H, 11.59. Found: C, 57.22; H, 11.58.
Silylation of 1,2-O-isopropylidene-a~n-glucofuranose (7). — A. Monosilylation.
This reaction was performed as for the preparation of 3, except that the ratio of
silver nitrate: TBDMS-Cl: 7 was 1.4:1.5:1.0. The product was isolated by silica gel
chromatography with ethyl acetate. The 6-O-monosilyl derivative 6 was obtained in
949 yield: m.p. 62-63°; R 0.30 (chloroform); ' *C-n.m.r. (acetone-d,,29.799 p.p.m.):
4 105.7 (C-1), 86.1 (C-2), 75.4 (C-3), 80.6 (C-4), 70.3 (C-5), 65.8 (C-6), 111.5 (C-7),
27.1 (C-8), 26.5 (C-9), 26.2 [(CH;),], 187 (8i-C), —5.2, and —5.3 [-Si(CH;), |;
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m/z (electron impact) 319 (M™ —CH;), 219 (M* —TBDMS), and 203 (M*
-~ OTBDMYS).

Anal. Cale. for C,sH;,0,Si: C, 53.86; H. 9.04. Found: C. 5345, H, 9.44

B. Trisilvlation. This reaction was performed as already described for the
preparation of 4. The ratio of reagents was 15:5:5:11 pyridine:silver nitrate:
TBDMS-CI: 7. The product was isolated by silica gel chromatography with 1:1
ethyl acetate—chloroform. Compound 8 was obtained as an oil in 95 vield: R 0.61
{chloroform): "*C-n.m.r. (acctonc-d/,. 29.799 p.p.m.): & 1054 (C-1). 85.3 (C-2).
76.3 (C-3). 81.0 (C-4). 72,1 (C-5). 65.7 (C-6), 111.5(C-7). 27.0 (C-8), 26.5 (C-9),
26.4. 26.3, 26.2 [3 x (CH;),} 18.9. 188, 18.6 (3 x Si-Ch —-26. =3.0. —-3.7,
~39, —4.2,and —4.9 [3 x Si(CH;),].

Silylation of 1.2-O-isopropylidenc-x-p-xviofuranose (10). -— A. Monosilylation,
The procedure was identical to that for 7. Compound 9 way obtamed as an o1l
96°, yield: R; 0.59 (chloroform): '*C-n.m.r. (acctone-d,, 29.799 p.p.m.): & 1055
(C-1), 85.8 (C-2), 75.0 (C-3), 81.0 (C-4), 61.5 (C-5), T11.5 (C-6). 27.0 (C-7), 26.5
(C-8), 25.95 [(CH;);], 184 (S1-C), —54. and —35.5 [SHCH;), ], mz (electron
mpact)303(M' —1),289(M* —CH;). 189 (M’ —TBDMS). 173 (M~ - OTBDMS).

Anal. Cale. for C, H,,05Si: C. 55.23; H. 9.27. Found: €. 55.24: H, 9.52.

B. Disilvlation. The conditions were identical to those used for preparing 8. The
product 11 was isolated as an o1l m 96°, yield; Ry 0.67 (chloroform): '*C-n.m.r,
(acetone-d,, 29.799 p.p.m.): o 105.7 (C-1), 86.2 (C-2). 76.3 (C-3), 82 [ (C-4), 61.4
(C-3), 111.8 (C-6), 27.4 (C-7), 269 (C-8), 26.5, 26.3 [2 ~ (CH.}:]. 18.9. 187
(2 x Si-C), —4.4, —4.7, =48, and —4.9 [2 x Si(CH,;), |, mjz (chemical 1onization)
403 (M —CH,), 303 (M* —TBDMS), and 207 (M' - OTBDMS).
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