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Various types of primary and secondary alcohols and phenols can be converted efficiently to 
their corresponding TBDMS ethers using TBDMCSlimidazole under solvent-free conditions. 
Elimination of DMF, accompanied with an easy non-aqueous work-up and a high rate 
enhancement of the reaction are worthy to be mentioned for the presented method. The reac- 
tions show absolute chemoselectivity for the protection of primary in the presence of second- 
ary alcohols. 

Keywords: Silylation; Protection; Protecting groups; Silyl Ethers; TBDMS Ethers; Sol- 
vent-Free Condition 

INTRODUCTION 

The sterically hindered tert-butyldimethylsilyl group has been widely uti- 
lized as a protecting group for hydroxy functions[’,21. Since the introduc- 
tion and application of this group by Storkr3] and Coreyf4’ there have been 
explosive challenges in the development of new procedures for the prepa- 
ration of TBDMS ethers. A variety of reagents and methods have been 
established for this process, such as T B D M C S / I ~ ~ ~ ~ Z O ~ ~ / D M F [ ~ ~ ,  

~~ ~ 
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tert-butyldimethylsilyl perchlorate in the presence of ~yridine[~],  
TBDMCS/ DMAP/DMF[61, TBDMCS/Li2S/CH3CN[71, 0-silylated ketena- 
cetaUCH3CNIS1, ally1 trialkylsilane/ TsOHL9], TBDMS-enol etherL1'], 
TBDMCS/ AgN03/pyridine[111 and TBDMCS/KH/18-Crown-6 in THF 
which has been studied exclusively for the protection of sterically hin- 
dered alcoholsr12], TBDMSCN' 13], TBDMSOTf/2,6-lutidine in 
CH2C12[14], TBDMCS/DBU['51 and etc" I. However, many of these meth- 
ods require forceful conditions, prolonged reaction times and the yield are 
not always satisfactory. On the other hand some of the previously reported 
reagents such as TBDMSOTf, TBDMSCN, TBDMSC104 are expensive 
and should be handled with special precaution due to their high moisture 
sensitivity or explosive character. However, the generally used procedure 
for the preparation of TBDMS ethers involved treatment of alcohols with 
TBDMCS in the presence of imidazole in DMF solutionr41. Although in 
most cases in this method the reactions proceed at room temperature to 
give excellent yields of the corresponding TBDMS ethers, the reaction 
times are too long (12-15h) and the requirement of DMF which is claimed 
to be toxic are also drawbacks of the method. Aqueous work-up of the 
reaction mixture and contamination of the products with t-butylditmethyl- 
silanol which results in the aqueous work-up is also a problem [81. 

RESULTS AND DISCUSSION 

In this report we wish to represent a simple and useful modification to the 
previously reported procedure[41 for the selective silylation of varieties of 
structurally different alcohols and phenols under solvent-free condition[161 
(Table I). 

Examination of the data shows that the formation of TBDMS ethers of 
primary and secondary aliphatic, benzylic, allylic alcohols as well as phe- 
nols occurred almost immediately at room temperature by simple mixing 
of the alcohol with TBDMCS (1.2-2.5 equiv.) and imidazole (1.5-3 
equiv.) in the absence of solvent (Table I). Silylation of benzhydrol, ben- 
zoin, and borneol is sluggish at room temperature, but at 5&55"C, pro- 
ceeded almost immediately and the desired TBDMS ethers were obtained 
in good to excellent yields (Table I, entries 11, 12, 15). 
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TABLE I Silylation of Alcohols and Phenols with TBDMCSfimidazole under Solvent-Free 
Conditions 

Entry Substrate Subst./ TBDMCSI Condition' Yield ( O h )  

Imidazole 

1 

2 

3 

4 

5 

6 

1 

8 

9 

10 

1 1  

12 

13 

14 

%-OH 

roH 
-OH 

P h u O H  

-OH 

Fll 

Fll 

OH 

1 : 1.2 : 1.5 

1 : 1.2 : 1.5 

1 : 1.5 : 1.5 

1 : 1.2 : 1.5 

1 : 1.5 : 1.5 

1 : 2 : 2  

1 : 1.2 : 1.5 

1 : 1.2 : 1.5 

1 : 1.5 : 1.5 

1 : 2.5 : 3 

1 : 1.8 : 1.8 

1 : 2.5 : 3 

1 ;  1.8: 1.8 

1 : 2.5 : 3 

1 :  1.8: 1.8 

1 : 2.5 : 3 

1 : 2 : 2  

1 : 2.5 : 3 

1 : 1.2 : 1.5 

1 : 1.5; 1.5 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 

B 

A 
B 

A 

B 

A 

B 

A 

B 

A 

91 

95 

93 

95 

96 

9s 

97 

95 

93 

85 

97 

80 
9s 

50 

95 

60 

93 

89 

94 

93 

An interesting feature of this procedure is conversion of steroidal alco- 
hols such as cholesterol, dehydroepiandrosterone, and 5a-andros- 
tane-17/3-01 to their corresponding TBDMS ethers in excellent yields 
almost immediately (Table I, entries 19-21). Even, 1 -adamantanol, a 
highly strically hindered alcohol is converted to its TBDMS ether in 54% 
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TABLE I Continued 

15 

16 

17 

18 

19 

20 

21 

22 

&- 1 : 2.2 : 2.2 

1 : 2 : 2  

1 : 1.5 :1.5 

1 : 1.5 : 1.5 

1 : 1.8 : 1.8 

1 : 1.2 : 1.5 

1 :2.2 : 2.2 

1 : 2.2 : 2.2 

1 : 2.2 : 2.2 

1 : 2.2 : 2.2 

B 

A 

B 

A 

A 

B 

B 

B 

B 

B 

80 

90 

95 

92 

97 

91  

89 

98 

97 

54 

a Reaction was completed after mixing; A = room temperature; B = 50-55 "C. bYields refer to 

isolated pure products. 

yield in an immediate reaction. We have also found that primary alcohols 
in the presence of secondary alcohols are protected with absolute chem- 
oselectivity by the presented method (Table 11). 

In order to show the usefulness of the solvent-free method in comparison 
with those that have been performed in DMF, the reactions of some 
selected alcohols have been studied in our laboratory. Although the 
in-solution procedure, as shown in Table 111, is of equal efficiency for 
transformation of steroidal alcohols with the non-solvent method, it suffers 
from prolonged reaction time (12-15h) and from a tedious and a time con- 
suming work-up due to the presence of DMF. In case of 1-adamantanol, 
the solvent-free method is more efficient than the in solution procedure 
(Table 111). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
4
9
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



TERT-BUTYLDIMETHYLSILANE ESTERS 49 

TABLE 11 Selective Silylation of Primary vs. Secondary Alcohols with TBDMCSnmidazole 
under Solvent-Free Conditions 

Entry Substrate Product Subst. l/Subst. 2/ Yield(%)" 
TBDMCShidazole 

Ph-OH P ~ ~ O T B D M S  100 
1 1 : 1 : 1.2 : 1.5 

0 

60 

ph-0~ P~-OTBDMS 40 

ph LPb r 
2 Ph-OH P~"OTBDMS 1 : 1 : 1.2 : 1.5 

100 

0 
1 : 1 : 1.2 : 1.5 ph-OH Ph-OTBDMS 

3 

Fll 

1 : 1 : 1.2 : 1.5 
Ph-OH Ph-OTBDMS 

4 @H O O T B D M S  

100 

0 

66 

34 
P h L  p h b  

Yields based on GC and NMR spectra of the isolated products. 

CONCLUSION 

In conclusion, high rates of the reactions, high yields of the desired prod- 
ucts accompanied with high selectivity, easy non-aqueous work-up, and 
the avoidance of DMF which is claimed to be toxic,['71 are the advantages 
of the presented method. In this method because of the absence of water 
for the work-up, silanol formation is not possible and the excess of 
TBDMCS and imidazole are absorbed easily on silica-gel surface and do 
not interfere in the purification process. The reaction of TBDMCS with 
alcohols in the presence of imidazole is not so exothermic, therefore, the 
method could be used for multi-gram laboratory scales. The method 
should also not be harmful to heat sensitive compounds. 
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TABLE 111 Comparison of Solvent-Free Method with in DMF Solution Procedure 

T B D M C S h i h l d M  TBDMCSIImidazolci50-55 "C 

Time (h) Yield(%)b Time Yield(%)b 
Substrate 

95 Immediate Reaction 98 

95 97 

85 89 

10 54 

SubstrateRBDMCS/Imidazole; 1 : 1.2 : 2.5. Isolated yields. 

EXPERIMENTAL 

General 

All yields refer to isolated pure products unless otherwise stated. Chemi- 
cals were either prepared in our laboratories or were urchased from Fluka, 
BDH and Merck chemical companies. Most of the products were purified 
by short column chromatography, vacuum distillation or recrystallization 
and were identified by the comparison of their mp, bp, IR, MS, and NMR 
with those reported for the authentic samples and also by the conversion to 
their parent alcohols using tetrabutylammonium fluoride. The purity deter- 
mination of the products was accomplished by GLC on a Shimadzu model 
GC-8A instrument with a flame-ionization detector using a column of 
15% carbowax 20m chromosorb-W acid washed 60-80 mesh or by TLC 
on silica-gel polygram SIL G/UV 254 plates. Mass spectra were run on a 
Shimadzu GC MS-QP 1000 EX. IR spectra were recorded on a Per- 
kin-Elmer 781 spectrophotometer. The NMR spectra were recorded on a 
Bruker Avance DPX instrument (250 MHz). 
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Preparation of tert-Butyldimethylsilyl Ethers with TBDMCS 
in the Presence of Imidazole under Solvent-Free Conditions 

General Procedure 
The alcohol (10 mmol), imidazole (15-25 mmol), and TBDMCS (12-25 
mmol) were mixed together in a dry mortar by a pestle at room tempera- 
ture (condition A), or at 50-55 "C (condition B). It is important to note that 
all solid pieces of the mixture collapsed. The formation of a homogeneous 
paste is an indication of the completion of silylation reaction. To the result- 
ing paste petroleum ether (20 ml, 60-80 "C) was added and the mixture 
was magnetically stirred for a few minutes, and filtered through a short sil- 
ica-gel column, and the filter cake was washed with petroleum ether 
(100 ml, 60-80 "C). Evaporation of the solvent under reduced pressure 
gave the desired pure product. Further purification was achieved by vac- 
uum distillation or recrystallization from appropriate solvent to afford the 
proper silyl ether (Table I). 

Acknowledgements 
The authors are grateful to the Shiraz University Research Council for the 
partial support of this work. 

References 
[ I ]  T. W.Greene and P. G. M. Wuts. Protective Group., in Organic Synthesis (John Wiley, 

New York, 1991) 2nd ed., pp 77-83. 
[2] M. Loland and T. H. Chan Synthesis 1985,817. For a recent review on selective depro- 

tection of silylether see : T. D. Nelson and R. D. Crouch Synthesis 1996, 1031. 
[3] G.Stork and P. F. Hudrlik J.  Am. Chem. Sac.. 90,4462 (1968) and 4464. 
[J] E. J. Corey and A. Venkateswarlu, J .  Am. Chem. Soc., 94,6190 (1972). 
[S] T. J.Barton and C. R.Tully J. Org. Chem., 43,3649 (1978). 
[6] S. K. Chaudhary and 0. Hernandez Tetrahedron Lett. 1979.99. 
[7] G. A.Olah, B. G. B.Gupta, S.  C.  Narang and R. Malhotra J. Org. Chem.. 44, 4272 

(1979). 
[ X I  Y. Kita, J.  Haruta, J.  Segawa and Y. Tamura Teirahedron Lett. 1979, 431 1. Y. Kita, J.  

Haruta, J. Segawa and Y. Tamura Synthesis 1981,45 I .  
191 T. Morita, Y. Okamoto and H. Sakurai Tetrahedron Ler?. 1980, 835. 

[ 101 T. Veysgla and L. A. Mitscher Tetrahedron Lett. 1981, 1299. 
[ 1 11 G. H. Hakimelahi, Z. A. h o b a  and K. K. Ogilvie Tetrahedron Lett., 22,4775 ( I98 I ) .  
[ 121 T. F. Braish and P. L. Fuchs, Synth. Commun., 16, 111 (1986). 
1131 K. Kai and G. Patil J. Org. Chem., 51,3545 (1986). 
[ 141 D. Askin, D.Angst and S. Danishefsky J. Org. Chem., 52,622 (1987). 
[ 151 S. Kim and H. Chang, Bull. Chem. Soc. Jpn., 58,3669 (1985). 
[ 161 For a recent review on non-solvent reactions see: F. Toda Svnlett. 1993, 303. 
[ 171 The Merck Index "An Encyclopedia of Chemical and Drugs" 12th ed., p549, 1996. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
4
9
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1


