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Abstract: The use of a 0.25M CH3OH/CCI 4 ( l: I) solvent mixture under ultrasound for the selective 
deprotection of tert-butyldimethlysilyl ethers of Lgnzyl alcohols is described. This method enables to 
delwotect tert butyldimethlysilyl ethers of primary alcohols, whereas tert-butyidimethlysilyl ethers of 
scxzondary and terUary alcohols were stable under the reaction condition. 

In order to synthesize more complicated molecules,  chemists  have developed increasingly satisfactory 

protective groups and effective methods for the lormat ion and cleavage of protected compounds.  The  selective 

method to remove protective groups is an important  tool in organic synthesis.  1,2 Transformat ion of an alcohol 

to its corresponding silyl e ther  is a c o m m o n  and useful method for protecting hydroxyl  groups. Within the silyl 

ethers,  tert-butyldimethyisilylatlon is the most  commonly  used protecting method. 3 ,4  There  are a number  of 

papers reporlang selective desilylating methods of tert-butyldimethylsilyl  ethers. 5-14 The  cleavage of  the Si-O 

bond  of  t e r t -bu ty ld ime thy l s i l y l  ether is typically performed with fluoride ion or under  acidic or basic conditions. 

Even  though a few desilylating methods are reported, a highly selective desilylating method is valuable for 

silylated alcohols in organic synthesis. Herewith,  we wish to report highly chemoselect ive  desilylations of  

alcoholic tert-butyldimethylsilyl  ethers under  ultrasonic condi t ions (Scheme 1). 

Scheme 1 
-OSitBuMe 2 

CHsOH/CCl4(1:1), 
M~tBuSiO--T';~J ) ) ) ,  1.5 h Me2t BuSIO_~;~ OH 

The typical procedure for desilylating tert-bu~'ldimethylsi lyl  e ther  to its corresponding alcohol follows: A 

solution (0.25M) of tert-butyldimethylsilyl ether in CH3OH/CCI4  ( 1:1, v/v) is sonicated for 1.5 - 3 h in a 
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commercial ultrasonic cleaning bath (Crest 575-D, 39 kHz) at around 40-50 °C. After the reaction is completed 

(monitored by TLC), the solvent is removed under reduced pressure. This procedure features a non-quenching 

treatment and the product after removal of solvent is clean enough that further purification is unnecessary. The 
results are shown in Table 1. In many cases, sonification for one and half hour is enough, but whenever it is not 

Table I Deailyletion of tert-butyldimethyleilyl ethers (I: = SilIBuMe2)" 

Entry Substrate Product Reaction Time (h) Yield 

, ,-cH20Y ~ .--cH20H 
1 1.5 93% 

CI 

2 3 N.R. b 
CI 

OZ OZ 
~ 1.5 51% 

3 OZ OH 3 90% 

4 Z O ~  I~OT" Z O ~  OH 1.5 94"/0 

~ / ~ ' ~ O Z  ~ O H  1.5 93% 
5 ZO TO 

OMe OMe 

OZ 

O ~ - - ~ ~ - - O Z  ~ O H  
OZ O~ 

1.5 92% 

3 N.R. b 

1.5 96% 

1.5 ~ 50% 
3 93% 

(a)The general reaction conditions are described in the text. 
(b) No reaction and 100% recovery of starting material. 
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satisfactory, the reactions for three hours gave the product, pnmary alcohol in very good yields. Under these 

conditions, tert-butyldimethylsilyl ethers of phenols, and secondary and tertmry alcohols are not hydrolyzed 

(Entries 2-5 and 7-9). In ",~ddition, our investigations show that numerous functionalities are resistant to this 

desilylating method (e.g. -CO2R, -OR, -NR2, -CI, -COR, -CHO, -CONR2, etc.). It is interesting to note that 

0. IM and 0.5M CH3OH/CCI4 ( 1:1 ) solvent mixture produce a lower yield of desilylation and the desilylating 

reaction becomes much slower when the methanol is replaced with more steric hindered alcohol, such as 

isopropyl alcohol or ten-butyl alcohol. 

In the past, ultrasonic irradiation was considered only as a simple laboratory device, limited to use as a 

stirring improvement or as an exotic field of chemistry with only phenomenological interest. Recently, however, 

it became widely used as an energy source to generate radicals and initiate the electron transfer process in organic 

synthesis, 15 the cleavage of the Si-O bond performed under ultr~sounic conditions is little reported. 14 Since 

earlier studies showed that sonication of CC14 in distilled water led to a reduction to pH 2 almost immediately 

• and additional treatment produced no further effect, 16 the mixture of alcohol and carbon tetrachloride as a 

reagent and an organic solvent was investigated. The resulting desilylaUon reactions performed well under 

ultrasound and produced a high yield. Thus, based on the results, we estimate that the CH3OH/CCI4 mixture 

turns to a solution of pH 2 during cavitation, similar to a H20/CC14 mixture under similar condition. 

Our results showed that the primary tert-butyldimethylsilyl ether was selectively deprotected to the 

corresponding alcohol, whereas secondary' and te~ar) '  tert-butyldimethylsilyl ethers were stable under the 

reaction condition (Table 1). ortho-di-tert-Butyldimethylsilyl alcohol (Entr3' 3) and 1,3-di-tert- 

butyldimethylsilyloxybutane (Entry 9) were selectively deprotected to benzyl alcohols about 50% under the 

reaction condition. A highly chemoselective desilylation and high yield was achieved with reaction for 3 h. 

Fluoride-induced desilylation generated a mixture of alcohols, 13 because of silyl migration from a six-membered 

intramolecular chelation of silicon between the two oxygen atoms. 17,18 

We further investigated the desilylation bem'een tert-butyldimethylsilyl ether and tert-butyldiphenylsilyl 
ether. 1-tert-Butyldimethylsilyloxy-6-tert-butyldiphenylsilyloxyhexane was somcated under the reaction 

condition lot 1.5 h to afford a chemoselectively desilylated product (yield 71% and recovery 25% of starting 

material after chromatograph, Scheme 2). The yield of the selective desilylated product increased to 90% with 

6% starting material recover 3' after sonication lot 3 h. 

Scheme 2 

CHsOH/CCI4(1:1 ), ~,,. 
IBuPI~ siO ~ O s i l B u M e 2  ,)) 

1.5 h 
3 h  

tBuPh~SiO ~ O H  

7 1 %  (and 25 % S.M.) 
90 % (and 6 % S.M.) 

These results lead us to further investigate this extremely highly chemoselective desilylating process of 

different silyl groups (e.g. SiEt3, SiPh3, Si i~3)  and the studies are underway. 

Acknowledgement: We thank the National Soence Council of Taiwan (NSC 83-02(YS-M-032-024) and 

Tamkang University for financial support. 



6894 

References: 

1. Greene, G. W. and Wuts, P. G. M. Protective Groups in Organic Synthesis; John Wiley & Sons, Inc.: 

New York, 1991. 

2. Colvin, E. W. Silicon Reagents in Organic Synthesis, Academic Press: New York, 1988. 

3. Muzart, J. Synthesis 1993, i 1-27. 

4. Lalonde, M. and Chan, T. H. Synthesis 1985, 817-845. 

5. Zhang, W.; Robins, M. J. Tetrahedron Lett. 19 9 2, 33, 1177- 1180. 

6. Pilcher, A. S.; Hill, D. K.; Shimshock, S. J.; Waltermire, R. E.; DeShong, P. J. Org. Chem. 1992, 57, 

249°,-2495. 

7. Nakata, T.; Fukui, M.; Oishi, T. Tetrahedron Lett. 1988, 29, 2219-2223. 

8. Kawai, A.; Hara, O.; Hamada, Y.; Shioiri, T. Tetrahedron Lett. 198 8, 29, 6331-6334. 

9. Danishefsky, S. J.; Armistead, D. M.; Wincott, F. E.; Selnick, H. G.; Hungate, R. J. Am. Chem. Soc. 

1987, 109, 8117-8119. 

10. Bruce, R. A.; Hertzler, D. V. J. Org. Chem. 1986, 51, 3451-3453. 

11. Corey, E. J.; Kyu, Y. Y. TetrahedronLett. 1992, 33, 2289-2290._ 

12. Prakash, C.; Saleh, S. and Blair, I. A. Tetrahedron Lett. 1994, 35, 7565-7568. 

13. Collington, E. W.; Finch, H.; Smith, I. J. TetrahedronLett. 1985, 26, 681-684. 

14. Schmittling, E. A.; Sawyer, J. S. Tetrahedron Lett. 1991, 32, 7207-7210. 

15. Ley, S. V. and Low, C. M. R. Ultrasound in Synthesis, Spring-Verlag: New York, 1989. 

16. Mason, T. J. Ed. Advances in Sonochemist~, vol. l, 1990, p 1-37. 

17. Torisawa, Y.; Shibasaki, M.; lkegami, S. Tetrahedron Left. 1979, 20, 1865-1868. 

18. Howard, C.; Newton, R. F.; Reynolds, D. P.; Roberts, S. M. J. Chem. Soc. Perkin 1, 1981, 2049-2054. 

(Received in Japan 18 January 1995: revised 17 July 1995; accepted 20 July 1995) 


