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Deprotection of t-Butyldimethylsiloxy (TBDMS) Protecting Group
with Catalytic Copper (11) Chloride Dihydrate
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Abstract: t-Butyldimethylsilyl (TBDMS) ether can be cleaved upon refluxing in acetone/H,O (95 :
5) in the presence of a catalytic amount of copper (1) chloride dihydrate (5 mmol %).
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The protection of functional group is unavoidable in multi-step organic synthesis. Along
with tetrahydropyranyl (THP) ethers, t-butyldimethylsilyl (TBDMS) ethers have been
widely used for protecting hydroxyl groups. TBDMS ether is more stable to hydrolysis
than trimethylsilyl ether, but is still readily cleaved by a variety of selective conditions®.
The deprotection of TBDMS is usually under mild acidic conditions [AcOH/H,O/THF,
3:1:12, or BF; Et,0/CHCI.?, etc.*], or with a fluoride ion®®. Although those deprotection
conditions have been widely applied in organic synthesis, there is still a need to look for
alternative and milder condition for the deprotection of TBDMS ethers. We have recently
reported that catalytic amount of cheap and readily available copper (I1) chloride
dihydrate (CuCl,-2H,0) can efficiently cleave THP ethers®. In this communication, we
further describe the successful removal of TBDMS ether by CuCl,-2H,0 under catalytic
condition (Scheme 1).

Scheme 1
Me CUCI#2H,0 (5 mmol%s)
RO-Si—t-Bu > ROH
AN Acetone/H,0 (95:5)
Me
1 2

The TBDMS ethers with different structures were prepared by the literature
procedure in good yields®. The deprotection was performed by refluxing the TBDMS
ether in acetone/H,0O (95/5) containing 5 mmol % of CuCl,-2H,0. Under this condition,
the TBDMS ethers investigated in our study were completely removed within 2 to 30 h.
The corresponding parent alcohol was isolated in moderate to excellent yield by column
chromatography. The results are summarized in Table 1.

In order to know if this novel deprotection is general for silyl ether, we proceed to
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investigate deprotection of t-butyldiphenylsilyl ether, which is more stable than TBDMS
ether. Thus, t-butyldiphenylsilyl ether 3 was prepared and then hydrolyzed in
acetone/H,O (95/5) in the presence of CuCl,;-2H,O (Scheme 2). We found that this
protecting group could also be cleaved under this condition, although the reaction took
longer time than the corresponding TBDMS ether.

Scheme 2
Pl CUCI»2H,0 (5 mmol%)
@—CHZCHZOSi\—t-Bu > @—CHZCHZOH
Ph Acetone/H,0 (95:5)
24 h, 65 %
3 4

Since the selective removal of one protecting group in the presence of another in the
same molecule is often required in organic synthesis’, we further investigated the
possibility to selectively remove one protecting group by CuCl,-2H,0 when both THP
ether and t-butyldiphenylsilyl ether are present. We have previously reported that THP
ether can also be cleaved by CuCl,~2H,0° but the reaction generally needs higher
temperature with 95 % alcohol as solvent. Thus, as shown in Scheme 3, sequential

Scheme 3
CuCl, 2H,0
tBUPh,SICI (L.2¢q), Ph (5 mmol%)
N —_— et R —SiI0TY —_— >
HO 0o O~ Imidazole (2.5eq) tBu /SIO 0 O” Acetone/H,0 (95:5)
5 DMF, 35 °C, 63% Ph 6 89 %
CUCly2H,0
Ph_ (5 mmoloo)
t-Bu—Si0O""OH — » HO™N"OH
pr 95 9% EtOH
7 60 % 8

protection of the 1,3-propandiol with THP and t-butyldiphenylsilyl groups gave
compound 6. In contradiction to our initial expectation, deprotection of compound 6 by
refluxing with CuCl,-H,0O in acetone/H,O (95/5) resulted in the selective removal of
THP group to give 7 in 89 % isolated yield. The t-butyldiphenylsilyl ether of 7 can be
further removed by refluxing it with CuCl,2H,O in 95 % EtOH. This example
demonstrates that by careful control of the reaction condition, it is possible to selectively
remove THP ether in the presence of t-butyldiphenylsilyl ether. However, the scope and
limitation of the selectivity needs further investigation.

In summary, we have shown an alternative method for the deprotection of TBDMS
ethers by catalytic amount of CuCl,-2H,0. The reaction condition is nearly neutral, and
the reagent is readily available. Therefore, this novel method should find application in
organic synthesis.
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Table 1. Deprotection of TBDMS Ethers Catalytic Amount of CuCl, -2H,0

Entry Compound Reaction Time (h) Isolated Yield (%)

1 CHs(CH2)sOTBDMS 3 86

6.5 99

4 @—CHZOTBDMS 6 98

()]

OTBDMS
30 80

9 CHg(CH,),,0TBDMS 2 99

General procedure for the deprotection with CuCl,-2H,0: The TBDMS ether (1
mmol) was dissolved in acetone/H,O (95/5, 10 mL). To the solution was added
CuCl,-2H,0 (0.05 mmol) and the homogenous solution was heated under gentle reflux
until completion of the reaction, as indicated by TLC check. The solvent was evaporated
and the residue was subjected to column chromatography with silica gel. The pure parent
alcohol was compared with an authentic sample (TLC and *H NMR).

Acknowledgment

Financial support by National Natural Science Foundation of China (Grant No. 29972002) is
greatly acknowledged.



756 Zhong Ping TAN et al.

References

1. T. W. Greene, P. G M. Wuts, Protective Groups in Organic Synthesis, John Wiley and Sons, Inc.,
New York, 1991.
. E. J. Corey, A.Venkateswarlu, J. Am. Chem. Soc., 1972, 94, 6190.
. D. R. Kelly, S. M. Roberts, R. F. Newton, Synth. Commum., 1979, 9, 295.
4. a) E. J. Corey, J. W. Ponder, P. Ulrich, Tetrahedron Lett., 1980, 21, 137.
b) B. Ganem, V. R. Small, Jr., J. Org. Chem., 1974, 39, 3728.
c) B. W. Metcalf, J. P. Burkhart, K. Jund, Tetrahedron Lett., 1980, 21, 35.
5. a) L. A. Carpino, A. C. Sau, J. Chem. Soc., Chem. Commun., 1979, 514.
b) R. F. Newton, D. P. Reynolds, M. A. W. Finch, D. R. Kelly, S. M. Roberts, Tetrahedron Lett.,
1979, 3981.
6. J. Wang, C. Zhang, Z. Qu, Y. Hou, B. Chen, P. Wu. J. Res. Chem.(S), 1999, 294.
7. S. Kim, J. H. Park, Tetrahedron Lett., 1987, 28, 439.

w N

Received 8 March 2000



