
Tetrahedron Letters,Vo1.29,No.20,pp 2483-2486,1988 0040-4039/88 $3.00 + .oo 
Printed in Great Britain Pergamon Press plc 

A NEW METHOD FOR THE PREPARATION OF TERTIARY BUTYL ETHERS AND 

Alan Armstrong, Ian Brackenrldge, Richard P.W. Jackson,* and Joanna M. Rirk 

Department of Organic Chemistry, School of Chemistry, Bedson Building, The University, 

Newcastle upon Tyne, NEl 7RU. 

Swnmary: T-butyl 2,2,2-trichloroaceiimi&e (l), reaa?ly prepared by addition of t-butawl to 
trichloroacetonitrile, is an efficient reagent for the preparation of t-butyl ethers and esters in the 
presence of a catalytic amount of boron trifhon& etherate. 

Traditional methods for the preparation of t-butyl ethers and esters rely upon the use of 

isobutene in the presence of strong acid (e.g. concentrated sulphuric acid’ 3 2 or phosphoric acid 

in the presence of boron trifluoride etherate’) for generation of the t-butyl cation. More 

recent methods for the preparation of t-butyl esters involve conversion of a carboxylic acid to 

a mixed anhydride, followed by addition of t-butanol.4 An alternative approach, due to 

Vowinkel,s involves treatment of the carboxylic acid with 0-t-butyl-N,N’-dicyclohexyl isourea 

(2). Unfortunately (2) cannot be easily purified, and yields of t-butyl esters are only 

moderate. In addition, it is necessary to free the product from dicyclohexyl urea, which can be 

difficult. We now report a mild and effective method for the conversion of alcohols and acids 

directly to the corresponding t-butyl derivatives using t-butyl trichloroacetimidate (1) in the 

presence of a catalytic amount of boron trifluoride etherate (Scheme 1). This method has the 

advantage that it is more compatible with acid sensitive functionality than the traditional 

methods using isobutene, is more amenable to small scale work (avoiding the handling of 

gaseous isobutene), and has allowed the selective protection of the less hindered hydroxyl group 

of a diol. 
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Alkyl trichloroacetimidates were first prepared by Cramer,6 who further investigated their 

rearrangement to N-alkyl trichloroacetamides. 7 More recently, trichloroacetimidates have found 
use in the synthesis of allylic amines ,a the formation of glycosidic bonds9 and the preparation 
of benzyl and ally1 ethers in the presence of trifluoromethanesulphonic acid. lo- 12 We 

envisaged that t-butyl trichloroacetimidate (1) would be a more convenient source of t-butyl 

cation than isobutene in the preparation of tertiary butyl ethers and esters. The required 

t-butyl trichloroacetimidate (1) was prepared by a modification1 3 of the literature method.6 

Primary alcohols are converted to the corresponding t-butyl ethers by treatment with 

t-butyl trichloroacetimidate (1.1 eq.) in cyclohexane (2 ml/mmol of alcohol) at room 

temperature, on addition of a catalytic amount of boron trifluoride etherate (20 @nmol). 

Work-up involves addition of solid NaHCO 3, filtration of the reaction mixture through a short 

plug of silica to remove trichloroacetamide, and finally removal of solvent. If the alcohol is 

insoluble in cyclohexane alone, use of a mixture of cyclohexane (2 ml/mmol) and 

dichloromethane (1 ml/mmol) is possible.14 Secondary alcohols generally require 2 equivalents 

of acetimidate (1) for complete conversion. This must reflect the slower rate of reaction of 

the more sterically congested hydroxyl group, which competes less effectively with the 

decomposition of t - butyl trichloroacetimidate (1) to isobutene. 6 In the absence of a 

nucleophilic group, treatment of t-butyl trichloroacetimidate in cyclohexane with a catalytic 

amount of boron trifluoride etherate at room temperature led to complete decomposition of (1) 

within 10 minutes. Our resqlts for the preparation of t-butyl ethers are detailed in Table 1. 

TABLE 1 

Substrate (l), Equiv. Tims, h Product Yield, ‘I(a 

PhCH ,OH 

WC”,) ,O” 

f-c-0” 
0 0 x 

PhCH,OCH,CH(OH)CH,OH b 

PhCH(OH)CH, 

02’ OH o 

1.1 21 PhCH,OBu’ 72 

1.1 19 Ph(CH,) ,OBut 91 

1.1 16 C, 5H,gCH,0But 69 

1.1 58 

1.1 PhCH,OCH,CH(OH)CH,OBut 67 

2 21 PhCH(OBut)CH, 72 

4 16 V 0But 68 

a Yields of homogeneous isolated material. b Solvent: CH,Cl, (1 mUmmo1) and Cyclohexane (4 mYmmo1). 
c Solvent: CH,Cl, (2 ml/mmol) and .Cyclohexane (4 mUmmol). 
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Treatment of carboxylic acids with t-butyl trichloroacetimidate (1) constitutes a 

straightforward method for the preparation of t-butyl esters. Since most carboxylic acids are 
insoluble in cyclohexane, the carboxylic acid is first dissolved in dichloromethane (1 ml/mmol of 

acid), then a solution of (1) (2 eq.) in cyclohexane (2 ml/mmol) is added, followed by boron 
trifluoride etherate (20 @nmol). Work-up as for the t-butyl ethers leads to good yields of 

the corresponding t-butyl esters. Our results are detailed in Table 2. 

TABLE2 

Substrate Time, h Product Yield, %a 

0 CO,H 

Me0 CO,H b 

Me0 CH,CO,H 

16 

16 

16 

16 

QhCH(CH,)CO,H 16 QhCH(CHB)CO,But 8.5 

~,CW~,) ,CO,H 16 CH,CO(CH,),CO,But 83 

BrCH,CO,H 16 BrCH,CO,But 

llMB 16 

EL 
=C02H 

DMB - 4,4'-dimethoxybenzhydryl 

16 

CO,But 

Me0 CO,Bur 

Me0 CH,CO,But 

Me0 
(o> 

CH,CO,Bu' 

Me0 

ii 
-‘CO,B& 

BrCH, CO@ 

K 

92 

83 

14 

97 

71 

70 

54 

a Yields of homogeneom isolated material. b Solvent: CH,Cl, (2 ml/mmol) and Cyclohexane (4 ml/mmol). 



2486 

Acknowledgemen& We thank the Nuffield foundation for an equipment grant. 

Referencea 

1. H.C. Beyerman and J.S. Bontkoe, Proc. Chem. Sot., 1961, 249. 

2. A.L. McCloskey, G.S. Forken, R.W. Kluiber and W.S. Johnson, Org. Synth., CoUect. Vol. 

ZV, 1%3, 261. 

3. H.C. Beyerman and G.J. He&wolf, J. Chem. Sot., 1963, 755. 

4. P. Jouin, B. Castro, C. Zeggaf, A. Pantaloni, J.P. Senet, S. Lecolier and G. Sennyey, 

Tetrahedron L&t., 1987, 28, 1661, and references therein. 

5. E. Vowinkel, Chem Ber., 1967, 100, 16. 

6. F. Cramer, K. Pawelzik and H.J. Baldauf, Chem. Ber., 1958, 91, 1049. 

7. F. Cramer and N. Hennrich, Chem. Ber., 1961, 94, 976. 

8. A. Clizbe and L.E. Overman, Org. Synth., 1978, 58, 4. 

9. R.R. Schmidt, Angew. Chem., Int. Ed. Engl., 1986, 25, 2l2. 

10. T. Iversen and D.R. Bundle, J. Gem. Sot., Chem. Commun., 1981, 1240. 

11. H.-P Wessel, T. Iversen and D.R. Bundle, J. Chem. Sot., Perti TrMs. I, 1985, 2247. 

12. U. Widmer, Sytihe.ris, 1987, 568. 

13. Potassium t-butoxide (1.68 g, 15 mmol) was dissolved in t-butanol (30 ml) and dry diethyl 

ether (30 ml) and this solution was added over 15 min to a stirred solution of 

trichloroacetonitrile (21.6 g, 15 ml, 150 mmol) in dry diethyl ether (30 ml) cooled to 0 CC 

under nitrogen. The yellow mixture was allowed to warm to 20 OC over 1 h, and then 
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