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Abstract

Deprotection of Boc groups in the presence of tert-butyl esters was achieved by using concentrated
H2SO4 (1.5±3.0 equiv.) in tBuOAc or MeSO3H (1.5±3.0 equiv.) in tBuOAc:CH2Cl2 (4:1 v/v). The yields
ranged from 70 to 100% for a variety of amino acid and dipeptide substrates. # 2000 Elsevier Science Ltd.
All rights reserved.
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N-tert-Butoxycarbonyl (Boc) and tert-butyl ester are among the most utilized protecting
groups in organic syntheses, and they serve a critical role in amino acid and peptide chemistry.1,2

While there is no reliable procedure for the selective deprotection of tert-butyl esters in the
presence of Boc, Rapoport and co-workers reported that a Boc group can be selectively removed
by treatment with 1 M HCl in EtOAc.3a This protocol works well for a variety of amino acid
substrates, especially if the product crystallizes out of the reaction mixture, which presumably
helps to prevent further deprotection of the tert-butyl ester group. Thus, when a phenylalanine
substrate was subjected to the standard conditions,3a it a�orded 78% yield of the desired amino
ester in one experiment (1.8 mmol scale), but in another experiment (16 mmol scale), the material
collected by ®ltration consisted of a 3:1 mixture of the amino ester and the Boc-protected amino
acid as a result of tert-butyl ester removal (54% combined yield).
We then examined the mechanisms of the deprotection of Boc and tert-butyl esters. It is highly

likely that the removal of Boc is an irreversible process due to protonation of the amine product
and loss of CO2. In contrast, the deprotection of the tert-butyl ester should be reversible under
acidic conditions (Scheme 1). Indeed, tert-butyl esters are generally prepared under acid-catalyzed
conditions in the presence of a t-Bu+ source (e.g. isobutylene,1,2 tBuOAc,2 t-butanol,4 etc.). Based
on this analysis, we have discovered a simple procedure for the deprotection of Boc groups in the
presence of tert-butyl esters, which is reported herein.
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Thus, in a typical experiment,5 the substrate was dissolved (or suspended) in tBuOAc (0.2 to
0.5 M), and concentrated H2SO4 was added (1.5 equiv.) (Method A). The reaction was stirred at
room temperature until complete consumption of the starting material (2 to 16 h, an additional
0.5 to 1.5 equiv. of concentrated H2SO4 may be necessary). After the reaction mixture was
neutralized by addition of saturated NaHCO3, the product was extracted with EtOAc.
Concentration a�orded the product as the free amine (>95% purity by NMR).6 Alternatively,
MeSO3H (1.5 to 3 equiv.) can be used in the place of concentrated H2SO4 with CH2Cl2 added as
a co-solvent (4:1 v/v) (Method B). Under the latter conditions, the starting material and the
product are more likely to remain in solution during the course of the reaction, and may o�er
advantages in some cases. As summarized in Table 1, these conditions work well for a variety of
amino acid and dipeptide substrates. The yields range from good to excellent in all the cases
studied. It is also noteworthy that a number of common nitrogen-protecting groups remain intact
under these conditions.

Scheme 1.

Table 1
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The e�ectiveness of this new protocol was also examined in a competition experiment. Thus, a
mixture of 3 and 4 was subjected to the standard conditions (Methods A and B, respectively), and
the reaction was followed by HPLC (Scheme 2). After 20 h at room temperature, >99% of 3 was
converted to the free amine 5, and <1% of the acid 6 was detected under either conditions.

For mechanistic considerations, BocPhe 7 was subjected to the standard reaction conditions
(Method B), and the course of the reaction was followed by HPLC. After 15 min, a rapid
formation of BocPheOtBu 1a was observed along with PheOtBu 2a and Phe 8 as their methane-
sulfonic acid salts, and only the latter precipitated out from the reaction mixture (determined by
NMR after isolation) (Scheme 3). At 4 h, a more signi®cant amount of PheOtBu (2a) was
observed at the expense of 1a. After 20 h at room temperature, 2a and 8 were the only products
observed by HPLC and LC±MS.7 These results suggest that acid-catalyzed equilibration between
carboxylic acids and tBuOAc is a rapid process, and the mechanism in Scheme 1 is likely to
operate under these conditions. It is worth noting, however, that the extent of ester exchange
remains unknown.

In a related study, Fmoc-Ala-HMPB-resin, Fmoc-Ala-Wang-resin and Fmoc-Ala-chlorotrityl-
resin were treated with tBuOAc:CH2Cl2:MeSO3H (80:20:1, 1 g resin/5 mL solvent mixture). In
each case, a 1:1 mixture of Fmoc-Ala-OtBu and Fmoc-Ala-OH was obtained (rt, 16 h). Although
not synthetically useful, these results also demonstrate that ester exchange is a facile process
under these acid-catalyzed conditions.
In comparison with concentrated H2SO4 or MeSO3H, neither tri¯uoroacetic acid nor

concentrated HCl was found to be e�ective for the removal of Boc groups in the presence of
tert-butyl esters. Alternative solvents were also studied (e.g. HCO2tBu, ClCH2CO2tBu, and

Scheme 2.

Scheme 3.
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AcCH2CO2tBu). Among them, only HCO2tBu performed well, but it is signi®cantly more
expensive than tBuOAc. Finally, EtOAc was compared side by side with tBuOAc using 1a as a
substrate, and a much lower yield was obtained (15 to 20% less).
In summary, we have developed a convenient and e�cient procedure for the removal of Boc in

the presence of tert-butyl esters. It has the advantage of using commercial reagents8 and ease of
scale-up,9 and it is also e�ective for peptide substrates. The yields are good to excellent for a
number of amino acid and dipeptide substrates.
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