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DIISOPROPYLSILYL DITRIFLATE AND DI-tert-BIJTYLSILYL DITRIFLATE 

NEW REAGENTS FOR THE PROTECTION OF DIOLS 

E. J Corey and Paul B. Hopkins 
Department of Chemistry, Harvard Unlverslty, Cambridge, Massachusetts 02138 

Summary Dllsopropylsllyl dltrlflate and dl-tert-butylsllyl dltrlflate, each avallable from 

the appropriate dlalkylchlorosllane and trlfllc acid, react with 1,2-, 1,3-, and 1,4-dlols 

usually at 25OC III the presence of 2,6-lutldlne to provide the corresponding dlalkylsllylene 

derlvatlves In high yield. These derlvatlves, which are readily deprotected under mild condo- 

tlons, can be utilized for selective reactions of polyhydroxy compounds 

1 
Several years ago, In connectlon wth the study of the total synthesis of erythronolide A, 

we lnvestlgated the use of di-tert-butyldichlorosllane as a reagent for the protection of dials 

as their dl-tert-butylsilylene derivatives We found dl-tert-butyldlchlorosilane to be rela- 

tively unreactive under standard silylation conditions and because of this to be of llmited 
2 

applicability In agreement with these findings IS the report of Trost that only under forcing 

condltlons(65-95°C, catalytic l-hydroxybenzotriazole, CH~CN or DMF) does dl-tert-butyldlchloro- 

silane react with even relatively unhindered dlols to provide the sllylene derivatives The 
3 

recent use of trlalkylsilyl trlflates for the silylation of hlndered alcohols under mild condi- 

tions suggested a solution to this problem In this paper, we describe the synthesis and use 

of diisopropylsilyl dltrlflate and dl-tert-butylsllyl ditriflate, two highly effective reagents 

for the protection of a wide range of 1,2-, 1,3-, and 1,4-dials under mild condltlons. 

Dllsopropylsllyl ditriflate and dl-tert-butylsllyl ditriflate are conveniently prepared 
4 

as follows Dilsopropylchlorosilane, 4 5g (30 mmol) , stirred at 22'C In a flask equipped with 

a dropping funnel 

R,Si HCI 

and gas outlet 

+ 2 CF,SO,H 

tube connected to a bubbler was treated with 8 0 ml (13 5g, 

--_) R#(OSO,CF,), + H, + HCI 

90 mmol) of trlfllc acid over 20 min After an additional 10 min at 22'C, the dropping funnel 

was replaced with a reflux condenser, and the mixture was heated at reflux for 2 h Direct 

distillation from the reaction flask afforded 9.6g (77%) of dllsopropylsllyl dltrlflate as a 

pale yellow llquld, b p. 61.5 - 63.5O (0.30 mm), p 1.406, pmr (CDC13, 270 MHz) 6 1.24 
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2,s 
(12H.d, J=7.6 Hz), 1.59 (2H, septet, J=7.6 Hz) Slmllar treatment of dl-tert-butylchlorosllane 

5 3g (30 mmOl), afforded 9.49 (71%) of dl-tert-butylsllyl dltrlflate as a pale yellow llquld, 
6 

b-p 73 5 - 74 5' (0.35 mm), p 1 358, pmr (CDC13, 80 MHz) 6 1.25 (s). Both reagents were 

stored under dry argon. 

The formation of dllsopropylsllylene ccmpounds la-7a was readily effected by treatment of 
..,_ __ 

a solution of dlol (1 0 equlv, ca 0.5 M) and 2,6-lutldlne (3.0 equlv)ln CDCl at O°C with - 3 

dllsopropylsllyl dltrlflate (1.2 equlv) and warmlng to 25'~ Analysis by pmr after 5 min 

revealed the essentially quantitative formatlon of the silylene derivative. It is noteworthy 

that even plnacol reacts to form 4a rapidly at 25OC The five- and seven-membered dllsopropyl- 
-_ 

sllyl derlvatlves of dials are rapldly cleaved during tic separation on silica gel. In contrast, 

the SIX-membered ring derlvatlves of 1,3-dlols 5a and 6a are stable to tic Most of the 
_I _I 

dllsopropylsllyl derivatives could be isolated by passing the reaction mixture through a plug 

7 
of Florisil (5% ethyl acetate-hexane as eluant) Although derlvatlves la, 3a, and 4a are 

_I __ . ..V 

extremely sensltlve to water (5 1 THF-water at pH 7 for 1 h at 25'C resulted in hydrolysis to 

hydroxysilyl mono ethers 8a), the six-membered ring derivatives showed much greater stablllty 
_... 

(5% being recovered unchanged after exposure to 5 1 THF-water at pH's 4 10 for 12 h at 25OC), 

the stabllltv of 7a was IntermedIate 
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Although dl-tert-butylsllyl dltrlflate 1s sanewhat less reactive than the dllsopropyl 

analogue, reaction with various dlols (1.0 equlv) in the presence of 2,6-lutldlne (3.0 equlv) 

In CDC13 with dl-tert-butylsllyl dltrlflate (1.2 equlv) (conveniently monitored by pmr) occurs 

at a reasonable rate at 0 - 25'C After plug flltratlon through slllca gel (10% ethyl acetate- 

hexane as eluant) ethers lb and 2b of 1,2-dlols were obtained U-I 84 and 83% yield, resPectlvel> 
_." __ 

Slmllarly,products5b and 6b from 1,3-dlols were obtalned at 25°C In 95 and 96% yleldn 
__ _I 

respectively. The ether 7b from a 1,4-dlol was prepared at 25OC In 79% yield. The more _- 

hlndered sllylene 3b was avallable In 88% yield after 24 h at 5O'C Even the dltertlary dlol 
_I 

plnacol afforded 4b (70%) after 24 h at 100°C 
W5 

Dl-tert-butylsllylene derlvatlves of 1,3- and 1,4-dlols were found to be considerably more 

stable than those of 1,2-dlols The 1,2-dlol derlvatlves lb - 3b undergo rapid hydrolysis under 
_- __ 

basic condltlons (5 1 THF-pH 10 buffer, 22'C, 5 mln) to form hydroxysllyl mono ethers of the 

parent dlol Hydrolysis of 1,2-dlol derlvatlves lb - 3b In 5 1 THF-water at pH 7 was relatively 
-- _" 

slow, requlrlng several hours. The six- and seven-membered cyclic derlvatlves 5b and 7b, III 
W... _" 

canparlson, were unaffected at pU's 4 - 10 and 22°C over several hours 

Deprotectlon of the dlalkylsllylene derlvatlves can be accomplished satlsfactorlly with 

aqueous hydrofluorlc acid In acetonltrlle 8,9 Treatment of dllsopropylsllylene derlvatlve 6a 
__ 

with 1 7 48% aqueous HF-acetonltrlle for 15 mln at 25'~ afforded the deprotected dlol In 95% 

yield. Slmllarly, the dl-tert-butyl derlvatlve 6b was deprotected In 88% yield after 12 h at 
--_ 

25'~. 

The ease of formatlon, stablllty toward hydrolysis, and mild condltlons for deprotectlon of 

the dlalkylsllylenederlvatlves of 1,3- and 1,4-dlols suggest that these protecting groups 

~111 be useful In the selective transfonnatlon of polyhydroxy compounds For example, pyrldlnlum 

dlchromate oxldat=on'O (2.5 equlv PDC, CH2C12, 27 h, 25'C) of a 1 1 mixture of cls-4-tert- -- 

butylcyclohexanol and 6b resulted In the near quantltatlve formation of 4-tert-butylcyclohexanone 
_-. 

and recovery of 6b Slmllarly, tosylatlon (3 equ=v TsCl, pyrldlne, 27 h, 25OC) of the same __ 

mixture provided the corresponding tosylate and recovered 6b, each In over 90% yield 11,12 
_I 



4874 

References and Notes 

1. E J Corey, P B Hopkins, S. Km, S E. Yoo, K. P. Namixar, and J R Falck, J Am. Chem 
E, 101, 7131 (19791. 

- 

2. B. M Trost and C. G. Caldwell, Tetrahedron Lett , 22, 4999 (1981). 
= 

3 (a) E J Corey, H Cho, C Rucker, and D. H. Hua, Tetrahedron Lett , 22, 3455, (b) for 
a review see G Sxnchen et al Synthesis, 1 (1982). - 

--' 

4. Prepared by treatment of lsopropylmagneslum chloride (2.0 equiv) In THF with trlchloro- 
sllane (1 0 equlv) See R. F. Cunlco and L. Bedell, J. Org Chem., 45, 4797 (1980). = 

5. M. Weldenbruch, H. Pesel, W. Peter, and R Stelchen, J. Organcxnetal. Chem., 141, 9 (1977). 
= 

6. Shorter reaction tunes resulted in Incomplete formation of dl-tert-butylsllyl dltrlflate 
as evidenced by the presence of t-Bu2S1(H)OTf (6 1 12) and t-Bu2S1(C1)OTf (6 1 19) In the - - 
crude reactlon mixture. 

7 Satisfactory Infrared and pmr spectral data have been obtalned for the sllylene derlvatlves 

reported hereln. 

8. R. F. Newton and D P Reynolds, Tetrahedron Lett., 3981 (1979) 

9. Trost has described the use of pyrldlnlum hydrofluorlde for this purpose. 2 

10 E. J Corey and G. Schmidt, Tetrahedron Lett., 399 (1979) 

11 For the use of a hlndered blfunctlonal dlslloxane for 1,3-dlol ProtectIon, 

M.J Roblns and J S Wilson, J. Am Chem. SOC , 103, 932 (1981) 
- 

see 

12 This research was asslsted flnanclally by the Natlonal Institutes of Health 

(Received In USA 28 July 1982) 


