
Note 

A general method for selective silylation of primary hydroxyl groups in 

carbohydrates and related compounds 

This work shows that primary hydroxyl groups may be selwtively silylated \\ith 

rr~t-butyldimet~~~ls~lyl chloride in trtrahydrofur:w by usin, CT sil\rr nitrate as catalyst. 

Addition of pyrrdine to the cy<tcm causes yuantitatlve hilylatlon ()I‘ both primary 

and secondary hydroxyl groups Sllvcr perciilorato is equally goi~i ;I:, a catalyst, 

whereas tetrabutqlammoniuln nitrate and tt‘tr:Ihrltylalnm(~niLIm p<rchlorate arc 

effective only in the ~I-~VJIC~ of pyridlne and do not efTec1 sclesti\e reactIons. 

The selcctlvc protectIon ofprimwy hydroxyl grclups in the prcsc~m ot’scco~~~ary 

hydroxyl groups i, an Important synthetic capahilrl). NUI~I~~OLI\ protecting group5 

have been evaluated in thi, regard. \vlth \wying degrec~ of ~IILIY~~! ‘. In particular. 

alkylsilyl protecting groups are M idely used in \ynthctic chcmi\tz-? ’ “. Spcclfic 

applications have arlsen in the protection of _ glvcerol for the prcpnrntion of phcw 

pholipids’ ‘.I’. in the protection ofcarbohydratt’s’3 . and in the protc~tion of~h~dro\iyt 

groups in ~~ucleos~des” ‘. Thi\ report describes a fcner::I method [or the highly 

selective silglation of primary hydro.\yl group\ III tlw prchence o !‘ wcondx-y hydro\j I 
groups. Glycerol (1). I ,~-0-isopl-ol-rylrdenc-r-u-Flucofurano~c (7 t. and I ,3-O-IW- 

rropylldenc-x-I,-xylofLIr_anose ( IO) are used as model wmpound~. 

The procedure described arlws out of our rcccntl\ reported proccd~lres For- 

the selective Z’-U-~ilylatlc~n’~“ or 3’-O-\llylatlon’“” c)t‘ r~bonucleo~ides. U’CZ deacrlbrd 

In those reports the pronc~unced effect of silver nitrate on \llylation. Speclficall!~, III 

the presence of pyridlne, silver nitrate catalyzed 5;llyJutlon pr~nc~p:~ll~ ;a O-5 and 

O-2’ of ribonucleoside5, lHo~\ecver. sllylution occurred c\cIu\i\cI> at O-5’ 112 the 

absence of pyrldme. Thus has been found to be a gcnewl result. 

Thus treatment ur glycerol (1 ) \\ith rc,/,r-but~ldIlncth~lsiI\. 1 chll)ridc (THDI\IS- 

Cl) and silver nitrate IIJ okolanc (tctr;lhydrofLI1-;1ii. TIH F ) ga\t’ an SO”,, wlatcd yield 

of the monosllylated glycerol 3. Separate treatment of’3 ~tth l‘BI>,b!S-C‘I and slt\,er 

nitrate tn THF converted rt in c)():‘C, yield Into the I.-di-(~-(-PRI)hfS)-glyccrsl (5). 

However, when glycerol ia trwtod \vlth TBDMS-Cl and \llvt:r nitrate rn THF con- 

tainlng pyrldinc. a quontltative yield ()I‘ the trlefher 4 IS ~~~ta~nt‘ti. 
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These conditions were extended to 1,2-0-isopropylidene-cc-~-glucofuranose (7) 

and 1,2-0-isopropylidene-D-xylofuranose (10). Compound 7 was selectively silylated 

at O-6 to give 6 in 94% yield by using TBDMS-Cl 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 y0 yield. Both 7 and 10 were fully silylated to 8 and 11, respectively, in 

quantitative yields when pyridine was present. 

TBDMSOCH2 HOCH, TBD M SOCH> 

I I I 
HOdH 
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AgNO, AgNOH > C&N 
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TBDMS-Cl TBDMS-Cl 
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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 
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rABLE I 

I:I-FtCTS OF \‘ARIFO Kt ACTlOU COUI)lTll.)hS 

BuaNNO:r (3) 

Hu.rNCIOd4) 
liu INNO~ (1) 

l’Reactlon conditions here the hame as those Jescrlbed tn detail rn the exper lmentai section (‘THF 
R\ solvent. 10-h rextlon pcrlod I “V!uturcs of all compounds lndicaled MCW ohta\ncd in (hew ca\e, 

stlylatton and elitntnates any selectivity. Stlver 1ot1 IS apparrntly rtiiportant 111 the 

selective reaction\, ah tetrablttylammonium nitrate and perchloratc do not cause 

stlylatton in the absence 01’ pyridirte. However. tn the presence ot’ pyrtdine. these 

latter reagents permit complete sii~lat~c~ii but do not allou iclectt~c rc:tction to (~cc~II’. 

Ge11rrwl pmwlzrrtJ.\. All solvents used were freshly distilled. T.1.c. data wet-c 

recorded From K~eselgel 6OF 254 analytical sheet:, (BDH 1. Proton n.m.r. spectra vw-c 

recorded wtth a Vawn P 60A spectropholonictet-. “C Spectra \\t‘rc recorded on 

Bruker WH90 and WH400 instruments. Column cllrotnato~raph}, \\as performed 

wtth s111ca gel 60 (Merck . 730.-400 mesh) in 3-cm dt,tmcter col~~mn~. P~cduct\ L\c’rc 

obtained on evaporatton of rhe elttttn g rol\,ent under dtmtnished pressure. Elemental 

analyses were performed by Canadian Microanalyttcal Servtce. V;tncouver. B.C. 

Silver nitrate was used a5 a iinc powder. 

I-0-tert-Brrt~~lrlil,~ctl~~~~l.vil~lgi~~~~cr-o/ (3). Glycerol (0.92 g. IO niniol) wa\ 

suspended in THF (25 mL) and TBDMS-Cl (3.01 g_ 10 mmol) was added. l~ollo\\eJ 

by silver nitrate (3.4 g* 20 tnmol). The tnixture was stirred for IO h at 25 and then 

filtered. The tiltratc was ci~luteci with witer (50 mL) and then extracted \\tth chloro- 

form (50 mL). The chloroform was evaporated and the restdue applted to a column 

of sihca gel (20 g)? which ~\as cluted succcsstvely with tlrchlol-nniethllle (700 mL). 

chloroform (200 tnL), and ethyl acetate. The product \ca5 cltttcd 111 the first 100 mL 

of efl’tuent. Evaporatton of the solvent left compound 3 as a11 011 III X0”,, yield; 

R, (t.1.c.. todinestam) 0.41 in ethyl acetate: n.m.r. (CDCI,). A c) Ih Is_ hH. Si(CI-I,),]. 
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0.99 [s, 9H, C(CH,),], 3.11-3.39 (b, 2H, 20H, exchangeable with D,O), and 3.61 

(b, 5H, -CH,CHCH,-); 13C-n.m.r. (acetone-d,, 29.799 p.p.m.): 6 73.065 (CHOH), 

65.188 (CH,OTBDMS), 64.056 (CH,OH), 26.185 (3 x CH,), 18.686 (Si-C), and 

- 5.265 [Si(CH,),]; m/z (electron impact) 175 (M+ -CH,OH), 149 [Mf 

-C(CH,),], 131 (M+ -TBDMS); / ( h m z c emical ionization) 207 (Mf +H, 100%). 

Anal. Calc. for C9H,20,Si: C, 52.38; H, 10.74. Found: C, 52.03; H, 10.86. 

1,3-Di-0-tert-butyldimetl~yl~ilylgl~cerol (5). - Compound 3 (2.06 g, 10 

mmol) was dissolved in THF (30 mL). TBDMS-Cl (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 5 

(2.9 g, 907;); R, (t.l.c., iodine) 0.67 in ethyl acetate; n.m.r. (CDCI,): 6 0.18 [s, 12H, 

2 x Si(CH,),], 1.01 [s, 18H, 2 x C(CH,),], 2.51-2.62 (b, lH, OH, exchangeable 

with D,O), and 3.62-3.73 (m, 5H, -CH,CHCH,-); 13C-n.m.r.: (acetone-d,, 29.799 

p.p.m.): S 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(CH,),]; m/z (electron impact) 263 [M+ -C(CH,),], 

189 (M+ -OTBDMS), 175 (M+ -CH,OTBDMS), and 131 (OTBDMS); m/z 

(chemical ionization) 321 (M+ +H). 

1,2,3-Tri-0-tert-butylclinletlzylsil~lgll’cerol. - Glycerol (1 0.92 g, 1 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 y( 

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”, R, (t.1.c. iodine), 0.96 in ethyl acetate; 

n.m.r. (CDCI,): 6 0.19 [2s, lSH, 3 x Si(CH,),], 1.00 [s, 27H, 3 x C(CH,),], 

and 3.52-3.79 (m, 5H, -CH,CHCH,-); 13C-n.m.r. (acetone-d,, 29.799 p.p.m.): 6 

75.169 (CHOTBDMS), 65.404 (2 x CH,OTBDMS), 26.347 (9 x CH,), 18.794 

(2 x Si-C), 18.633 (SIX), -4.240 (Si(CH,),), and - 5.103 [2 x Si(CH,),]; m/z 

(electron impact) 377 [M’ -C(CH,),], and 289 (Mt -CH,OTBDMS); m/z 

(chemical ionization) 320 (M’ + H -TBDMS), and 289 (M+ - CH,OTBDMS). 

Anal. Calc. for C,,H,,O,Si,: C, 57.10; H, 11.59. Found: C, 57.22; H, 11.58. 

Silyiation of 1,2-0-isopropylidene-a-~~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 60monosilyl derivative 6 was obtained in 

94xyield: m.p. 62-63”; R,0.30 (chloroform); 13C-n.m.r. (acetone-d,,29.799 p.p.m.): 

6 105.7 (C-l), 86.1 (C-2), 75.4 (C-31, 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,),], 18.7 (Si-C), -5.2, and -5.3 [-Si(CH,),]; 
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m/z (electron impact) 319 (Mc -CH,), 119 (M’ -TBDMS), :~nd 203 (Mi 

-0TBDMS). 

Axd. Calc. for C,,H,,,O,Si: C. 53.86; H. 9.04. Found: C. 53.45, H, 9.44. 

B. Tri.si/?~/a/io/l. This reaction was performed ah already described for the 

preparation of 4. The ratio of reagents was I5 : 5 : 5 : I I pyridinc : ilIver nitrate: 

TBDMS-Cl: 7. The product was isolated by silica gel chromatography with I : I 

ethyl acetate--chloroform. Compound 8 was obtained as an oil in 95 “,, yield: R,- 0.61 

(chloroform): ‘“C-n.m.r. (acctonwl,,. 29.799 p.p.111.): (5 105.4 (C-i ). x5.3 (C-2). 

76.3 (C-3). X1.0 (C-4). 71.1 (C-5). 65.7 (C-6), I II.5 (C-7). 27.0 (C-S), ‘6.5 (C-Y,, 

26.4. 26.3, 26.2 [3 x (C‘H,),], 18.9. 1X.X. IX.6 (3 x Si-C’). -26. -3.0. -3.7, 

-3.9, -4.2, and -4.9 t-3 x Si(CH,),]. 

SilJ~lation oj’ I.~-O-i~o~~~op~~litk’nc’-x-u-.\:,~~o.~~~ ( 10). ~- A. ~2lotio.s1/~~ln/ron. 

The procedure was identical to that for 7. Compound 9 ws obtalnod a:, an 011 III 

96”, yield: R, 0.54, (chloroform ): “C-n.m.r. (acetone-J,,, 29.7YY p.p.m. ): <i 105.5 

(C-l), 85.8 (C-2). 75.0 (C-3). XI.0 (C-4), 61.5 (C-S), I II.5 (C-h). 27.1) (C-7), ‘6.5 

(C-8). 25.95 [(CH,),], 18.3 (SI-C), -5.4. and -5.5 [SI(CtI,<),]. 111.~ (electron 

Impact)303(M! -l),XY(M’ -CH,). IS9(M’ -TBDMS). l73(M- -0TBDMS). 

.ltrd. Cnlc. for C,,H,,O,Si: C. 55.23; H. 9.27. Found: C‘. 55.14: H. 9.53. 

B. Di.si/~hriott. The condltlons were identical to thaw used for preparing 8. The 

product 11 uns isolated as an oil 11~ 96 O. yield; Ii, 0.67 (chlorof~~rm): ‘“C-n.m.r. 

(acetone-c/,, 29.799 p.p.m.): (5 105.7 (C-l). H6.2 (C-2). 76.3 (C-j). X2 I (C-4). 61.4 

(C-5), Ill.8 (C-6), 27.4 (C-7). 26.9 (C-Y). 26.5, 36.3 [I? v (C‘H,),l. IS.9. IX.7 

(2 x Si-C). -4.4, -4.7, -3.5, and -4.9 [I? x SI(CH,~)~]. IV;: (chemical ronk~tioll) 

403 (M ‘- -CH,), 303 (M’ -TBDMS). and 207 (M ’ - OTBDh?S). 
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