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Abstract—A very mild, one-step esterification using nearly equimolar amounts of N-protected amino acids and alcohols, in conjunc-
tion with 1-tert-butoxy-2-tert-butoxycarbonyl-1,2-dihydroisoquinoline (BBDI) as a novel condensing reagent is described.
� 2005 Elsevier Ltd. All rights reserved.
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The synthesis of carboxylic esters is one of the most fun-
damental and pivotal protocols for producing natural
and synthetically useful compounds in organic chemis-
try. To date, a variety of esterification conditions have
been developed.1 Among them, coupling reactions be-
tween activated derivatives of carboxylic acids and alco-
hols have been employed.2 However, most procedures
require either the presence of strong acids,3 bases,4 or
other catalysts or heating. In some cases, a reagent-de-
rived byproduct such as urea makes product purification
difficult. Accordingly, the further development of simple
methods for esterification under mild condition would
be desirable. These procedures are of considerable inter-
est, especially as relate to the manipulation of peptides
or complicated biologically active compounds such as
macrolides. Following our interest in the use of 1-tert-
butoxy-2-tert-butoxycarbonyl-1,2-dihydroisoquinoline
(BBDI) as a novel butoxycarbonylation reagent in the
organic synthesis,5 we describe herein a simple and mild
esterification that uses nearly equimolar amounts of N-
protected amino acids and alcohols and BBDI as a novel
condensing reagent without the need for any additives
(Scheme 1).
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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Recently, Zacharie et al. reported6a a simple one-step
conversion of carboxylic acids to esters using 2-ethoxy-
1-(ethoxycarbonyl)-1,2-dihydroquinoline (EEDQ) as a
new condensing reagent.6 However, this procedure re-
quires a large excess of alcohol, because EEDQ in the
presence of carboxylic acids liberates ethanol, which
reacts with carboxylic anhydride to produce the
corresponding ethyl ester as a byproduct. With this
drawback in mind, we considered the possibility of
reacting BBDI with carboxylic acids to afford the corre-
sponding mixed anhydrides A which, represents a promi-
sing active intermediate for esterification, because the
tert-butanol liberated from the BBDI would not attack
the carboxylic anhydride owing to steric hindrance
(Scheme 2).

In practice, it is found that the method allows the prep-
aration of N-protected amino acid esters in a single-step
reaction.7,8 Thus, the N-protected amino acid is treated
with BBDI (1.2 equiv) in dioxane for 30 min, followed
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by the addition of alcohol (1–1.1 equiv) at room temper-
ature. This procedure allows the esterification to pro-
ceed in a single operation. The reaction mixture was
concentrated, ethyl acetate added and the organic sol-
vent washed with diluted HCl and brine. The reagent-
derived byproducts are easily removed by a simple aque-
ous workup. Our results using N-Cbz amino acids are
shown in Table 1. It is possible that the prepared alkyl
(allyl, benzyl, p-methoxyphenyl, 2-trimethylsilylethyl)
esters are selectively cleaved (entries 4–13).9 The reac-
tion is not fast and requires from 5 to 20 h for comple-
tion in most cases except for entries 13 and 14. Extended
reaction times were needed for both the use of N-Cbz-
valine (R = isopropyl) (entry 13) and a secondary alco-
hol (entry 14). Accordingly, the rate of the reaction is
dependent on the bulkiness of reactants. However, in
all cases examined, the yields were high, and no tert-
butyl esters were found in the reaction mixture.10 On
the other hand, similar esterification of N-Cbz-alanine
Table 1. Esterification of N-Cbz-protected amino acids 1 with BBDI

BBDI  (1.2 equiv)

R

CbzHN COOH

R'OH (1~1.1 equiv)
dioxane, rt

R

CbzHN COOR'

1 2

Entry 1 R 0 Product Yield (%)c

1 Cbz-Ala CH3
a 2ad 86

2 Cbz-Ala C2H5
b 2bd 95

3 Cbz-Ala C6H5
a 2ce 90

4 Cbz-Ala Allyla 2de 85

5 Cbz-Ala p-MeOPhb 2ee 90

6 Cbz-Ala C6H5CH2
b 2fd 88

7 Cbz-Ala 2-TMSCH2CH2
a 2gd 90

8 Cbz-Phe Allyla 2he 91

9 Cbz-Phe C6H5CH2
b 2ie 82

10 Cbz-Met Allyla 2je 89

11 Cbz-Met C6H5CH2
b 2ke 92

12 Cbz-Pro Allyla 2ld 84

13 Cbz-Val Allyla 2mf 81

14 Cbz-Phe (CH3)2CH
a 2ng 84

15 Cbz-Ser Allyla 2od 6 (56)h

16 Cbz-Thr Allyla 2pd Trace (51)h

a 1.1 equiv.
b 1 equiv.
c Isolated yield.
d Reaction time: 20 h.
e Reaction time: 5 h.
f Reaction time: 72 h.
g Reaction time: 24 h.
h Allyl alcohol was used as a solvent in place of dioxane.
with benzyl alcohol (1 equiv) using EEDQ gave 2f
(42%) accompanied by the corresponding ethyl ester
(57%). Thus, BBDI appears to be superior to EEDQ
as a reagent.12 Unfortunately, the esterification of N-
Cbz-serine and -threonine containing a hydroxy group
with an equimolar amount of allyl alcohol resulted in
very low yields (6% and a trace) of the desired esters
2o and 2p accompanied by a mixture of unknown com-
pounds. However, when allyl alcohol was used as a
solvent, the yields were improved to 56% and 51%,
respectively (entries 15,16).

The method is also compatible with the commonly used
N-protecting groups and no deprotection was noted
even with both the acid-labile N-Boc-protected and the
base-labile N-Fmoc-protected amino acids, as shown
from the results reported in Table 2.

The data collected show that no significant racemization
of the chiral center on the a-carbon atom occurred dur-
ing the synthesis.13

In conclusion, a simple and mild esterification of N-pro-
tected amino acids using BBDI as a novel condensing re-
agent in a one-pot method was developed. This protocol
has several advantages including the use of nearly equi-
molar amounts of alcohols, no requirement for addi-
tives, and no racemization occurs.15 The scope and
limitations of BBDI as dehydrating reagent are cur-
rently under investigation.16
Table 2. Esterification of N-Boc- and N-Fmoc-protected amino acids 3

and 4 with BBDI

BBDI  (1.2 equiv)

R

PGHN COOH

R'OH (1~1.1 equiv)
dioxane, rt

R

PGHN COOR'

3, PG = Boc
4, PG = Fmoc

5, PG = Boc
6, PG = Fmoc

Entry N-PG-AA R0a Product Yield (%)b

1 Boc-Ala p-MeOPh 5ac 95

2 Boc-Ala C6H5CH2 5bd 91

3 Boc-Ala Allyl 5cc 83

4 Boc-Phe Allyl 5dd 85

5 Boc-Phe C6H5CH2 5ed 96

6 Boc-S-Bzl-Cys Allyl 5fc 88

7 Fmoc-Ala Allyl 6ad 85

8 Fmoc-Phe Allyl 6bd 90

a 1.1 equiv was used except for entry 1 (1 equiv).
b Isolated yield.
c Reaction time: 5 h.
d Reaction time: 24 h.
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