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Abstract: Potassium carbonate/Kriptofix 222 and pyridinium ptoluenesulfonate or BFg-etherate have been 
found to remove the terl-butyldimethylsilyl group from phenolic and alcoholic silyl ethers, respectively. This 
methodology should find wide applicability in complex organic synthesis. 

In the course of research directed towards a synthesis of positional isomers of glucuronides of 4- 

hydroxypropranololI 1 and 5-hydroxypropafenone2 2, we required a protecting group, at phenolic and alcoholic 

groups, that could be removed selectively in the presence of each other. A large number of groups are available 

for protection of free hydroxyl groups.f Silyl ethers such as tert -butyldimethylsilyl (TBDMS) provide versatile 

protecting groups for alcohol and phenols in organic synthesis. Owing to its stability under aIkallne conditions, 

Grignard and alkyl lithium and to alkylating and acylating reagents, TBDMS is widely used for hydroxyl group 

pmtection.3C De-protection of silyl ethers can be accomplished using a variety of reagents,3s4 among which n- 

tctrabutylammonium fluorid&4a is frequently used. However, use of this reagent has some limitations, due to 

the basicity of the “naked” fluoride ion, which may promote transacylation of 0-acyl-protected sugars5 and other 

undesired reactions.3 

bH OH 

1 2 
We have reported that pyridinium p-toluenesufonate (PPTS)6 under mild conditions can be used to 

remove TBDMS ether in the presence of a TBDPS ether. This reagent is very selective. It removes only primary 
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and secondary alcoholic silyl ethers without affecting aromatic silyl ethers. Selective removal of a protection 

group from aromstic and alcoholic silyl ethers is often necessary in order to reveal an essential hydroxyl moiety 

during a complex synthesis. Collington et al.7 have reported that under carefully controlled conditions, aqueous 

hytifluoric acid in acetonitrlle selectively removes the alcoholic silyl ether whereas tetrabutylammonium fluoride 

in TI-IF regenerates the phenol function7. The use of reagent in excess results in complete deprotection and poor 

yields. 

We have discovered that K2COgXriptofix 222 under mild conditions deprotects aromatic silyl ethers. 

Thus, treatment of TBDMS ether of 4-hydroxypropiophenone in acetonitrile with K2CO3 and a catalytic amount 

of Kriptofix 222 yields 4-hydroxypropiophenone in quantitative yield (Method A). Further, we have found that 

under these conditions the alcoholic silyl ethers remain unaffected. However, PPTS or BF3-etherate4b removes 

only the alcoholic silyl ethers. Thus, the reaction of his -silyl ethers l-S8 in acetonitrile with K2C03/Kriptofrx 

222 yields mono-silyl ethers in 70-95% yield (Table). 

1~ NMR studies of the isolated product showed a signal for the tert-butyl group (6 0.85 ppm) from the 

tert-butyl group of alcoholic silyl ethers but the signal for the tert-butyl (6 0.98 ppm) from the teti-butyl group of 

aromatic silyl ethers was absent. On the other hand, the 1H NMR of monosilyl ether obtained by treatment of his 

-silyl ethers with PPTS showed a signal for the tert-butyl (6 0.98 ppm) from phenolic TBDMS ethers. This 

indicated that the TBDMS from phenolic silyl ethers had been removed preferentially by K2CO3/KryptofIx and 

alcoholic silyl ethers were removed by PFIS. In separate experiments, a 1: 1 mixture of 4-hydmxypropiophenone 

and 1-hexanol TBDMS ethers were treated with K2CO3/Kriptofix and PPTS. It was found that these reagents 

removed the silyl group preferentially from phenolic and alcoholic silyl ethers, respectively. Detailed studies were 

also carried out by capillary column CC/electron impact (EI) MS9 on the crude reaction products10 to determine 

the absolute selectivity of the reaction. It was shown that both the reactions proceed very cleanly and afford the 

mono-silyl ethers in 70-95 % isolated yield1 1 (Table). Although the &protection of silyl ethers with PPTS takes a 

longer time and gives reduced yield when the hydroxyl group is sterically hindered (entry 8.9). Both primary 

and secondary TBDMS ethers can be removed in excellent yields by PPTS and BF3-etherate without affecting the 

aromatic TBDMS ether. In summary, it is evident from the Table that the new reagent selectively removes 

phenolic silyl ether in the presence of alkyl silyl ethers. This reaction should find wide application in organic 

syntheses where selective protection of hydroxyl groups is required. 1 2 



Table 

entry 

1 

2 

3 

4 

5 

6 

7 

8 

9 

substrate (yield) 

Q- OR 
0 (93%) 

cf- 

OR 
0 

RO 
(97%) 

OR 

TF9%, 

RO 

OR 

(79%) 
R=TBDMS 

Reaction c 
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editions 

Method B or C (yield) 

1 

Method A (Geld) 

HO 
O;9l%) 

OH 

(72%) 

OR 

OH(84%) 

OH(71%) 

RO 

OR 
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Method A: To a solution of the his-si4yl ether (0.13 mmol) in acetonitrile (0.5 ml) were added K2CO3 (0.5 

-1) and kriptofix 222 (0.065 -1). The reaction mixture was heated at 55 OC for 2 h and allowed to cd. Et 

was then faltered and the solvents removed in vucuo. Purification was carried out by flash chromatogmphy. 

Method B: PPTS (0.1 Bquiv) was added to a solution of the bis-silyl ether in ethanol and the reaction was 

heated at 50 OC for 1 h. The solvents were removed and the residue purified by flash chromatography. 

Method C: The Cis-silyl ether was stirred with 2 equiv.of BF3-etherate at room temperature4b and the product 

purified in the same way. 

REFERENCES AND NOTES 

1. (a) Oatis, J.E.; Baker, J.P.; McCarthy, J.R.; Knapp, D.R. J. Meri. Chem. 1983,26, 1687. (b) Walle, 

T. Drug Metab. Disp. 1985,13,279. 

2. (a) Hege, H.G.; Lie& H.; Weyman, J. Arzneim-Forsch/Drug res. 1984, 34, 972. (b) Hege, H.G.; 

Lie% H.; Weyman, J. Anneim-ForscWDrug res. 1986.36467. (c) Neidlein, R.; Wu, M. :Hege, H.G. 

Arzneim-ForschDrug res. 1988,38, 1257. 

3. For recent reviews, see: Silylating agents: Fluka Chemie; Buchs, 1988. Lalonde, M.; Chan, T.H. 

Synthesis 1985,817. Also see; (a) Green, T.W., Protective Groups in Organic Synthesis;; John Wiley 

8r Sons: New York.1981. (b) Colvin, E.W. Chem. Sot. Rev. 1978, 7, 15. (c) Corey, E.J; 

Venkateswarlu, A. J. Amer. Chem. Sot. 1972.94, 6190. (d) Barton, T.J.; Tully, C.R. J. Org. Chem. 

1978,43, 3649. (e) P&ash, C.; Roberts, L.J.; Saleh, S.; Taber, D.F.; Blair, LA. Adv. Prost. Thromb, 

Leuk. Res. 1987.17, 781. 

4. (a) Corey, E.J.: Snider, B.B. A Atier. Chem. Sot. 1972, 94, 2549. (b) Kelly, D-R.: Roberts, SM.: 

Newton, R.F. Syntla. Commun. 1979, 9, 295. (c) Metcalf, B.W.; Butkhart, J.P.; Jund, K. 

Tetrahedron. Len 1980, 21, 35. (d) Newton, R.F.; Reynolds, D.P.; Finch, M.A.W.; Kelly, D.R.; 

Roberts, S.M. Tetrahedron Lett. 1979, 20, 3981. (e) Batten, R-J.; Dixon, A-J.; Taylor, R.J.K.; 

Newton, R.F. Synthesis 1980. 234. (f, Dahlhoff, W.V.; Taba, KM. Synthesis 1986,561. (g) Bou, 

V.; Vilarrasa. J. Tetrahedron Lett. 1990.31, 567. 

5. (a) Franke, F.; Guthrie, R.D. Aust. J. Chem. 1978,31, 1285. (b) Dodd, G.H.; Golding, B.T.; 

Ioannou, P.V. .7. Chem. Sot. Chem. Commun. 1975, 249. 

6. Prakash, C.; Saleh, S.; Blair, I.A. Tetrahedron L&t. 1989,30. 19. 

7. Collington, E.W.; Finch, H.; Smith I.J. Tetrahedron L&t. 1985.26, 68 1. 

8. Bis-silyl ethers were prepared by a standard procedure (Ref 3c) and were obtained in yields of 7597%. 

Briefly, To a solution of the substrate (1 equiv) in DMF was added imidazole (3 equiv) and tert- 

butyldimetbylsilyl chloride (3 equiv) at 0 *C and the reaction mixture was stirred at room temperature over 

night. All new compounds possessed satisfactory spectroscopic and analytical data. 

9. GUMS analysis was carried out as described in ref. 6, Full scan EI mass spectra of the TMS derivatives 

were obtained from the mfz 50 to m/z 500 with a scanning time of 1.5 sec. The silyl derivatives all 

showed characterstic M-57 ions corresponding to M-tert-Bu. 

10. Trimethyl silyl ethers were prepared by treatment of the crude reaction product with bis-trimethylsilyl- 

trifluroacetamide at 60 @Z for 1 h. 

11. Products were characterized by MS and 1~ NMR. Yields efer to isolated compounds. 

12. Supported by NIH grants GM 3 1304 and GM 1543 1. 

(Received in USA 1 July 1994; revised 12 August 1994; accepted 18 August 1994) 


