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Efficient cleavage of carboxylic tert-butyl and 1-adamantyl
esters, and N-Boc-amines using H2SO4 in CH2Cl2
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Abstract—A new procedure for the deprotection of carboxylic tert-butyl and 1-adamantyl esters, and N-Boc-amines using H2SO4 in
CH2Cl2 is described. The proposed method is simple, cheap, eco-friendly and represents a valid alternative to existing ones, with
special significance in large scale applications.
� 2005 Elsevier Ltd. All rights reserved.
tert-Butylation of free carboxylic acids is a widespread
procedure for the protection of the carboxyl function,
receiving continuous attention in many fields of chemis-
try.1 Moreover, this kind of protection found a variety
of applications in peptide synthesis, both in the semiper-
manent masking of the a-carboxyl group of amino
acids2 and for the purpose of protecting some side chain
functions.3 A similar protection of the carboxyl function
is also achieved by formation of 1-adamantyl esters.1b,4

In the same fashion, the tert-butoxycarbonyl (Boc)
group has been widely employed to mask the amino
function,5 finding widespread use in both organic6 and
peptide7 synthesis.

Numerous methods are presently available for removing
either the above mentioned ester protections1a,b or the
N-Boc group,5a,b,8 usually based on their easy cleavage
by acids, and among them the procedure employing
CF3COOH (TFA), neat or in its concentrated CH2Cl2
solution, appears to be of choice.9 Nevertheless, large
scale employment of TFA presents a number of draw-
backs10 and its use in some applications is not accept-
able.11 We have recently published a convenient
procedure for selective cleavage of tert-butyl and 1-adam-
antyl esters,12 as well as for the removal of N-Boc pro-
tections,13 employing HNO3 in CH2Cl2. This method
proved very efficient, but in some instances, involving
oxidation sensitive substrates, the unmasking reaction
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failed, giving rise to tarry mixtures.13 Therefore, it ap-
peared of potential interest to perform the reaction in
the same solvent, but using H2SO4 instead of HNO3 as
the acid, in order to avoid the oxidative action of the lat-
ter and evaluate the effectiveness of the method.10a

We have found that treating a number of tert-butyl es-
ters (1a–e, Scheme 1, Table 1), prepared from carboxylic
acids with different steric properties and potentially
reactive functionality, with just the stoichiometric
amount of commercial 96% H2SO4 in CH2Cl2, at rt
for 6 h, gave in a smooth reaction the complete depro-
tection of the corresponding organic acids, which were
recovered in very good yields after a simple work up
(Table 1). The double bond present in substrate 1d
was remarkably left intact, as well as the amide function
of the ester 1e. Tricyclo[3.3.1.13,7]dec-1-yl 2,2-dimethyl-
propanoate (1-adamantyl pivalate, 1f) reacted similarly
under the same conditions, yielding 2,2-dimethylpropa-
noic acid (2f) in almost quantitative yield. In a typical
procedure, a solution of the selected ester (1, 25.0 mmol)
in CH2Cl2 (12.5 mL) was added dropwise into a chilled,
well stirred mixture consisting of 96% H2SO4

(12.5 mmol) and CH2Cl2 (12.5 mL), and the resulting
mixture was stirred for 6 h at room temperature. After
this time, the reaction mixture was extracted with 2 M
G-COOR
H2SO4

CH2Cl2
G-COOH

R = t-Bu or 1-adamantyl1 2

Scheme 1.
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Table 1. Deprotection of tert-butyl and 1-adamantyl esters of carboxylic acids according to Scheme 1

Entry Substrate Conversion (%)a Product Yield (%)b

1 (CH3)3CCOOt-Bu (1a)12a >99 (CH3)3CCOOH (2a) 89

2 PhCH2COOt-Bu (1b)12a >99 PhCH2COOH (2b) 98

3 PhCOOt-Bu (1c)12a >99 PhCOOH (2c) 98

4 (E)-PhCH@CHCOOt-Bu (1d)12a 98 PhCH@CHCOOH (2d) 96

5 PhCH2(AcNH)C(S)HCOOt-Bu (1e)14 >99 PhCH2(AcNH)C(S)HCOOH (2e) 90

6 (CH3)3COO (1f)15 >99 (CH3)3CCOOH (2f) 96

a Reported conversions were determined by 1H NMR, on intact reaction mixtures, after dilution with CH2Cl2, washing with 10% aqueous Na2SO4,

drying over anhydrous Na2SO4, evaporation of the solvent, and redissolution in CDCl3.
b Yields refer to isolated products.
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NaOH (2 · 25 mL); the combined water phase was
made acidic by addition of 37% HCl (10 mL), extracted
with Et2O (2 · 25 mL), and the combined organic phase
washed with 10% aqueous Na2SO4, dried over anhy-
drous Na2SO4, and concentrated to dryness, affording
the expected free acid (2) in almost quantitative yield
(Table 1). The use of less than the stoichiometric
amount of H2SO4 resulted in a marked drop of effi-
ciency, most likely due to the consumption of the acid,
captured by forming tert-butyl cation with production
of the corresponding ester, the latter only slowly decom-
posing to 2-methylpropene.

The above conditions (Scheme 2) were then tested (Ta-
ble 2) to perform the deblocking of a number of N-
Boc-protected amines (3a–g) and derivatives of amino
acids (3h,i). The method proved equally efficient, but a
moderate excess of acid (1.5 mol H2SO4 per mol of sub-
strate) was required to bring the unmasking reaction to
completion, being consumed in neutralizing the formed
H2SO4

CH2Cl2G 2

N(CH3)3COCO
G 1

G 2
NH

G 1

3 4

Scheme 2.

Table 2. Deprotection of N-Boc-amines according to Scheme 2

Entry Substrate G1, G2

1 3a13 CH2Ph, H

2 3b13 CH2Ph, CH3

3 3c13 Ph, H

4 3d13 Ph, CH3

5 3e13 (C6H4)m-CH3, H

6 3f16 (C6H3)m,m0-(CH3)2, H

7 3g13

N
N

CH3
CH3

O Ph
, H

8 3h17 C(S)H(CONHCH2Ph)CH2Ph, H

9 3i19 C(S)H(CONHCH2Ph)CH2OCH2Ph, H

aReported conversions were determined by 1H NMR, on intact reaction mix

drying over anhydrous Na2SO4, evaporation of the solvent, and redissolut
b Yields refer to isolated products.
free amine and compensating some basicity present in
the substrates. The reaction was carried out by adding
dropwise a solution of the selected N-Boc-amine (3,
4.0 mmol) in CH2Cl2 (15 mL) into a chilled, well stirred
mixture consisting of 96% H2SO4 (6.0 mmol) and
CH2Cl2 (5.0 mL), and stirring the resulting mixture for
6 h at room temperature. After this time, the reaction
mixture was extracted with H2O (2 · 10 mL), the aque-
ous phase made alkaline by addition of 4 M NaOH
(4.5 mL, 18.0 mmol), treated with solid Na2SO4 (1.0 g),
and finally extracted with CH2Cl2 (2 · 20 mL). The
combined organic phase was washed with 10% aqueous
Na2SO4 (20 mL), dried over anhydrous Na2SO4 and
concentrated to dryness, giving the desired free amine
(4) in very good yield (Table 2). In the case of N-Boc-
amino acid amides (3h,i), the final reaction mixture
was concentrated to a small volume, the residue washed
twice with hexane (2 · 10 mL), treated with NaOH
(4.5 mL, 18.0 mmol), extracted with EtOAc
(2 · 20 mL) and the expected products (4h,i) recovered
as described above. Also in this case, the proposed meth-
od proved very efficient, being suitable even when ap-
plied to oxidation sensitive substrates,13 like 3f and 3g,
which were smoothly deprotected and the corresponding
amines recovered in almost quantitative yields (Table 2).

In conclusion, the present work has shown the advan-
tages of the procedure employing H2SO4 in CH2Cl2
for the deprotection of carboxylic tert-butyl and 1-adam-
Conversion (%)a Product Yield (%)b

>99 4a 93

>99 4b 93

>99 4c 97

>99 4d 96

>99 4e 98

>99 4f 96

>99 4g 98

>99 4h8,9c,18 98

>99 4i20 94

tures, after dilution with CH2Cl2, washing with 10% aqueous Na2CO3,

ion in CDCl3.
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antyl esters, as well as N-Boc-amines and amino acids
derivatives, without affecting additional functions pres-
ent in the substrates. The proposed method represents
a useful simple, cheap, eco-friendly and safe protocol,
which is a valid alternative to existing ones, being espe-
cially suitable in large scale applications.
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