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CHLORIDE (TIPSCL)
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Various types of carboxylic acids can be converted effectively to their corresponding
TBDMS and TIPS esters using TBDMSCI and TIPSCI in the presence of imidazole under
solvent-free conditions. The advantage of this modified method in comparison with that
reported by Corey is the elimination of DMF, which eliminates aqueous work-up. The
method is not a time-consuming process and the reactions proceed spontaneously. By this
method, absolute chemoselectivity for the protection of carboxylic acid functions in the pres-
ence of 2°, 3° hydroxyl groups are observed.

Keywords: Silylation; Protecting groups; TBDMS carboxylate: TIPS carboxylate; Sol-
vent-Free reaction; Imidazole

INTRODUCTION

Protection of functional groups via chlorosilanes plays an important role in
modern synthetic reactions for the synthesis of complex organic
molecules'. Protection of hydroxyl functions with chlorosilanes such as
TBDMSCI and TIPSCI show their own useful properties in the total syn-
thesis of organic molecules?. They can be deprotected easily under mild
conditions? and on the other hand, they are stable towards certain oxida-

* Corresponding Author.

71



13: 05 28 January 2011

Downl oaded At:

72 HABIB FIROUZABADI et al.

tion, reduction, and mild solvolytic conditions®, Corey has reported that
the use of imidazole as a catalyst in DMF as a solvent proved to be an
excellent condition for the conversion of alcohols to terr-butyldimethylsi-
lyl ethers. This procedure suffers from tedious aqueous work-up and also
long reaction times. Since TBDMSCI / IM /DMF method does not apply
well to carboxylic acids®, many variation method therefore have been
reported . Recently, we have reported a modified procedure for the pro-
tection of alcohols by TBDMSCI in the presence of imidazole by elimina-
tion of DME This simple modification has provided an effective media for
the efficient and chemoselective protection of alcohols. By this new method,
the reaction times are decreased to a few minutes. The yield of silyl ethers
for the highly hindered alcohols such as adamantanol is increased to 54%
whereas, by the previously reported method we were not able to isolate the
related silyl ether in more than 10%. Protection as well as activation of car-
boxylic acids is an important operation in organic synthesis therefore, intro-
duction of a new procedure for the high yield and efficient preparation of
highly stable hindered trialkylsilyl esters is of value in organic synthesis.
Preparation of TIPSesters® from a carboxylic acid and TIPSCI in DMF in
the presence of imidazole proceeds at 60°C in 48h° or in THF in the pres-
ence of Et;N at room temperature in 1h'?. The effect of TIPS and TBDMS
groups on the chemical behavior of their related esters is quite different. For
example, TIPS esters of a,B- unsaturated carboxylic acids do not undergo
Michael addition reaction with alkylcuprates and C=C bond remains intact
whereas, such an effect has not been observed in the corresponding TBDMS
esters which undergo addition reaction with cuprates normally!! TIPS esters
are useful in nucleotide synthesis because the TIPS group is more stable
than the TBDMS against hydrolysis'2.

Now, in this report we introduce efficient preparation of TBDMS and
TIPS esters of carboxylic acids by using imidazole as a catalyst in the
absence of solvent at room temperature in excellent yields (Scheme).

R1RyR3SiCl

RCO,H » RCO,SiR|RyR3

imidaznle
R=phenyl, allyl, akyl
Ri=Ry = Me, Ry =tert-butyl
Ri1=Ry=R3=i-Pr
SCHEME
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RESULTS AND DISCUSSION

In this paper we report a simple, high yield and efficient conversion of car-
boxylic acids to their corresponding silyl esters by heating the mixture of
the appropriate amount of the TIPSCI or TBDMSCI and imidazole in a
wide-neck round bottomed flask until a melt results which is cooled to
room temperature. By this process formation of N-silyl imidazole, as an
effective silylating agent, is facilitated. To the resulting mixture the appro-
priate carboxylic acid is added and then is thoroughly mixed by a glass rod
at room temperature. The reaction is exothermic and a paste results sponta-
neously. To the resulting paste, petroleum ether (60-80°C) is added and
the mixture is purified by using a short column of silica gel to give the
desired silyl esters in high purity. The results for the preparation of
TBDMS and TIPS esters are summarized in the Tables (1,2) respectively.

TABLE [ Preparation of TBDMS Carboxylates with TBDMSCl/Imidazole under
Solvent-Free Conditions

Entry Substrate Subst./ TBDMS-Cl / Imidazole Yield (% )"
1 PhCO,H 1714715 93
2 4-MeOC¢H,CO,H 1.5/ 1.7 90
3 4-MeCgH,CO,H 1/ 1.4/ 1.6 92
4 3-BrC¢H,CO,H 1713/ 1.5 89
5 3-CIC¢H,CO,H /1215 90
6 PhCH,CO,H /1315 92
7 PhCH = CHCO,H 1/1.3/1.5 91
8 CH, = CH(CH;)3CO-H 1/1.4/ 1.5 85
9 CH;3(CH,),,CO,H 171.5/ 1.7 87
10 H,0C(CH,),CO,H 1125121 88
11 H,OCCH = CHCO,H 1/12.5/2.1 89

a. Reaction was completed spontaneously at room temperature and the yield refers to the
isolated pure product.

Selectivity of the reaction is a criterion, which is important for its appli-
cation in the multi-step synthesis of organic molecules. Therefore, we
investigated the selectivity of the presented method for the protection of
carboxyl functions in the presence of hydroxyl groups with both TBDM-
SCI and TIPSCI reagents. The results show that primary alcohols in the
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presence of carboxylic acids are protected easily with almost absolute
chemoselectivity with TBDMSCI (Entries 1-3, Table III). In the case of
secondary and tertiary alcohols, the carboxylic function is protected
almost exclusively in excellent yields with this reagent (Entries 4—7, Table
III). Selectivity for the protection of phenolic hydroxyl group with
TBDMSCI in the presence of carboxyl groups was also investigated. The
reaction of phenol in the presence of benzoic acid with TBDMSCI results
in the formation of 70% of the phenol silyl ether and 30% of the corre-
sponding silyl ester respectively. In order to show the selectivity behavior
of the method for the protection of — OH vs — COOH groups in a single
molecule, three isomeric hydroxyl benzoic acids, as model compounds,
were studied. Carboxy! functional group of 2-hydroxy benzoic acid is pro-
tected and the corresponding ester is obtained in 92% yield. 3-Hydroxy
benzoic acid does not show a promising selectivity and both functional
groups are protected equally in the presence of 1.2 equivalent amounts of
TBDMSCI and 1.5 molar equivalents of Imidazole. Therefore, with 2.2
equivalents of TBDMSCI and 2.5 equivalents of imidazole, high yields of
the protected functional groups are obtained. The same results are also
observed for 4-hydroxy benzoic acid (Table IV). TIPSCI shows quite dif-
ferent behavior and the carboxylic acid function is protected more easily
than 1°, 2°, and 3° hydroxyl functional groups. Therefore, this method is
quite useful for the selective protection of -COOH in the presence of -OH
functionality (Table V). Protection of phenolic hydroxyl groups in the
presence of carboxylic acid functional groups was also investigated. In
contrast to TBDMSCI, which protects phenolic groups easier than car-
boxyl groups, TIPSCI protects carboxyl functionality much easier. In a
mixture of benzoic acid and phenol, silyl carboxylate is formed in 95%
whereas; silyl phenol ether is produced in only 5% yield. Phenols substi-
tuted with electron-withdrawing groups show more reactivity towards
silylation with TIPSCI and selectivity of the reaction decreases drastically
(Entry 2, Table VI). In order to show the effect of steric hindrance upon the
chemoselectivity of the method; the reaction of three isomeric hydroxy
benzoic acids was investigated. 2-Hydroxy benzoic acid gives the corre-
sponding silyl ester in 90% yield. 3- and 4- Hydroxy benzoic acids do not
show such selectivity and both functional groups are protected equally
(Entries 4-5, Table VI). In this study, we have shown that steric factors
play an important role for chemoselectivity observed in these reactions.
Therefore, in the case of 2-hydroxy benzoic acid in which, the two func-
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tional groups are close together the more reactive -COOH functional group
is protected first and there is not enough room for the second bulky TBDM-
SCl and TIPSCl reagents to enter and attack the phenolic — OH group.

TABLE II Preparation of TIPS Carboxylates with TIPSC)/Imidazole under Solvent-Free
Conditions

Entry Substrate Subst/ TIPS-Cl / Imidazole Yield (%)
I PhCO,H 1/713/1.5 95
2 4-MeOC¢H,CO,H 1/13/1.5 93
3 4-MeC4H,CO,H V13715 92
4 3-BrC4H,CO,H 1/13/1.5 92
5 2-CIC4H,CO,H 113/ 15 90
6 PhCH,CO,H V1315 93
7 PhCH = CHCO,H 1/1.3/ 1.5 94
8 CH, = CH(CH,)4CO.H 1/ 1.4/ 1.5 92
9 CHy(CH1)4CO.H 1/ 15/ 1.6 91
10 CICH,CO,H 1116/ 1.6 85
I Hy0C(CH,),CO,H 1/2.4/2.6 89
12 H-OCCH = CHCO-»H 1/2.4/2.6 90
13 H,0CCO,H 1/2.5/2.6 87
14 I 4-CgHy(CO,H), 1/2.4/2.5 90

a.  Reaction was completed after mixing at room temperature and the yield refers to the iso-
lated product.

CONCLUSION

In conclusion, high rates of the reactions, high yields of the desired prod-
ucts accompanied with a promising selectivity, easy non-aqueous work-up
(elimination of DMF) are the strong practical points of the presented
method. The absence of water eliminates the formation of silanol and the
excess of TBDMSCI, TIPSCI and imidazole that makes the purification
process very easy and not time-consuming. The method is not also harmful
to heat sensitive compounds. In this study, we have found that the chem-
oselectivity behavior of TBDMSCI and TIPSCI is quite different for the
protection of- OH and — COOH under solvent-free conditions.
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TABLE VI Selective Silylation of Phenols and Carboxylic Acids with TIPSC! /Imidazole
under Solvent-Free Conditions

Subst. 1/Subst. 2/

Entry Substrate Product TIPSCI /imidazole Yield(%)
@—OH @—OTI PS 5
I VUL2LS
@-Cozﬂ @—Cozn PS 95
CI—-@—OH cn—@-on PS 40°
2 V11215
@'COZH @—CO{F IPS 60°
CO2H CO,TIPS
3 @( ‘ 11.2/1.5 90°
OH OH
COsH CO)TIPS
4 @ @ /2225 91b
OH OTIPS
O2H 0,TIPS
5 1122125 94°

OH OTIPS

a. Reactions were completed after mixing at room temperature and the yields are based on
the "HNMR spectra of isolated mixtures.
b. Yields refer to isolated products.

EXPERIMENTAL

General

All yields refer to isolated pure products unless otherwise stated. Most of
products were purified by short column chromatography. They were iden-
tified by the comparison of their physical data with those reported for the
authentic samples. The purity of the products was determined with TLC on
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silica-gel polygram SIL G/UV 254 plates. IR spectra were recorded on a
Perkin-Elmer 781 spectrophotometer. The NMR spectra were recorded on
a Bruker Avance DPX instrument (250 MHz).

Preparation of tert-butyldimethylsilyl and triisopropylsilyl carboxylates
with TBDMSC! and TIPSCl! in the Presence of Imidazole
under Solvent-Free Conditions

General Procedure

A mixture of TBDMSCI or TIPSCI (1.2-2.5 mmol) and imidazole (1.5-
2.5 mmol) was heated in a wide-neck round bottomed flask (25ml) until a
melt resulted. The resulting melt was cooled to room temperature. Then,
the appropriate carboxylic acid (1 mmol) was added and mixed thoroughly
by a glass rod at room temperature. The formation of a homogeneous paste
is an indication of the completion of silylation reaction. To the resulting
paste, petroleum ether (20 ml, 60-80 °C) was added and the mixture was
magnetically stirred for a few minutes. The supernatant liquid was sepa-
rated and the residual mixture was washed with petroleum ether (3x20
ml). The petroleum solutions were mixed and were applied on a short sil-
ica-gel column for further purification. Petroleum ether was evaporated
under reduced pressure to give the desired pure silyl carboxylates in excel-
lent yields (Tables I, II).

A Typical Procedure for the Preparation of tert-Butyldimethylsilyl
Benzoate with TBDMSCI in the Presence of Imidazole
under Solvent-Free Conditions

A mixture of TBDMSCI (210 mg, 1.4 mmol) and imidazole (100 mg,
1.5 mmol) was heated in a wide-neck round bottomed flask (25 ml) until a
melt resulted. The resulting melt was cooled to room temperature. Benzoic
acid (122 mg, 1 mmol) was added and was mixed thoroughly by a glass
rod at room temperature until a homogeneous paste was obtained. To the
resulting paste, petroleum ether (20 ml, 60-80 °C) was added and the mix-
ture was magnetically stirred for a few minutes. The supernatant liquid
was separated and the residual mixture was washed with petroleum ether
(3%x20 ml). The petroleum solutions were mixed and were applied on a
short silica-gel column for further purification. Petroleum ether was evap-
orated under reduced pressure to give the desired pure terr-butyldimethyls-
ilyl benzoate in 93% yield. (Tables I).
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