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A novel 1-tert-butoxy-2-tert-butoxycarbonyl-1,2-
dihydroisoquinoline (BBDI)-catalyzed esterification of
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Abstract—A very mild, BBDI-catalyzed esterification using approximately equimolar amounts of N-protected amino acids and
alcohols, in junction with Boc2O is described.
� 2006 Elsevier Ltd. All rights reserved.
Ester moieties constitute major backbones, as well
as important functional groups, in numerous natural
products and synthetic compounds.1 In addition, ester
groups are also useful protecting groups for carboxylic
acids in chemical synthesis.2 Esterification is defined as
the transformation of carboxylic acids or their deriva-
tives into esters. A major problem that is frequently
encountered in esterification technology arises from
equilibration. To shift the equilibrium to the product
side, one of the reactants must be used in excess and/
or one of the products must be continuously removed
constantly during the reaction.

Accordingly, use of a non-equilibrium reaction ap-
proach, with the aid of activated reactants such as acid
anhydrides and halides or alkoxides, can be effective in
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bypassing such a problem, on some occasions.3 We
recently reported on the simple and mild esterification
of N-protected a-amino acids using approximately equi-
molar amounts of alcohols via tert-butoxycarbonyl
esters using 1-tert-butoxy-2-tert-butoxycarbonyl-1,2-
dihydroisoquinoline (BBDI) (Scheme 1).4 In pursuing
our interest in the use of BBDI as a tert-butoxycarbonyl-
ation reagent in the organic synthesis,5 further we
describe the novel BBDI-catalyzed esterification of
N-protected a-amino acids in the presence of Boc2O
herein.

It is noteworthy that isoquinoline is liberated form
BBDI in the tert-butoxycarbonylation of carboxylic acid
with BBDI (Scheme 1). We consider that BBDI is regen-
erated from isoquinoline with Boc2O. On the basis of the
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Table 2. Esterification of 1 with alcohols using BBDI (10 mol %) in the
presence of Boc2O

BBDI (10 mol%)R

PGHN COOH

R'OH (1~1.1 equiv)
CH2Cl2, rt, 24 h

R

PGHN COOR'

1 2

Boc2O (110 mol%)

Entry N-PG-AA Alcohol Ester Yield (%)a

1 Cbz-Ala 1b Me 2b 89
2 Cbz-Ala 1b Et 2c 95
3 Cbz-Ala 1b Allyl 2d 89
4 Cbz-Ala 1b Ph 2e 88
5 Cbz-Ala 1b p-MeO-C6H4 2f 82
6 Cbz-Ala 1b C6H5CH2 2g 98
7 Cbz-Ala 1b TMSEb 2h 90
8 Cbz-Phe 1a C6H5CH2 2i 95
9 Cbz-Met 1c Allyl 2j 95

10 Cbz-Met 1c C6H5CH2 2k 99
11 Cbz-Pro 1d Allyl 2l 82
12 Cbz-Val 1e Allyl 2m 77
13 Cbz-Phe 1a (CH3)2CH 2n 91
14 Boc-Ala 1f Allyl 2o 83
15 Boc-Ala 1f p-MeO-C6H4 2p 90
16 Boc-Ala 1f C6H5CH2 2q 91
17 Boc-Phe 1g Allyl 2r 90
18 Boc-Phe 1g C6H5CH2 2s 89
19 Boc-Met 1h Allyl 2t 84
20 Fmoc-Ala 1i Allyl 2u 88
21 Fmoc-Phe 1j Allyl 2v 93

a Isolated yield.
b TMSE = 2-TMSCH2CH2.
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above consideration, the esterification of N-Cbz LL-
phenylalanine (1a) with allyl alcohol using a catalytic
amount of BBDI (10 mol %) in the presence of Boc2O
(110 mol %) in dioxane for 24 h at room temperature
was examined. As expected, the corresponding allyl ester
2a was obtained in 57% yield. Fortunately, the yield was
dramatically improved to 97%, when dichloromethane
was used as a solvent, instead of dioxane. In addition,
the screening experiments involving various reaction
times were conducted for the reaction of 1a and allyl
alcohol as shown in Table 1 and the finding indicated
that approximately 24 h was required for the completion
of the reaction.

Thus, a variety of N-protected amino acids were treated
with BBDI (10 mol %) in the presence of Boc2O
(110 mol %) in dichloromethane for 30 min, followed
by the addition of various alcohols (1–1.1 equiv) for
24 h at room temperature.6 The results are shown in
Table 2.7 The yields for most reactions are high, similar
to cases in which 120 mol % of BBDI was used.4 How-
ever, the yields using bulkier amino acids such as proline
and valine (entries 11 and 12) accompanied with a
couple of substrates (entries 5, 14 and 19) exhibited
somewhat low yields (77–84%).

Furthermore, it was found that this esterification pro-
ceeded in the presence of alcohols to provide the corre-
sponding esters in high yields. In a typical experiment,
alcohols, Boc2O and BBDI were sequentially added to
a solution of 1a in CH2Cl2 and the reaction mixture
was stirred for 24 h. This procedure permits esterifica-
tion to proceed in a single operation. The reaction mix-
ture was concentrated, ethyl acetate added and the
organic solvent washed with dilute HCl and brine. The
reagent-derived byproducts are easily removed by a sim-
ple aqueous workup. The results are shown in Table 3.

In order to better understand the nature of this BBDI-
catalyzed esterification, the following experiments were
carried out (Table 4). First, in the absence of BBDI,
the use of isoquinoline (10 mL%) provided 2a in 66%
yield (entry 1). It was found that isoquinoline, even
without BBDI, could be reacted with Boc2O to form
BBDI and esterification proceeded though the reaction
time was long. On the other hand, the use of quinoline
Table 1. Esterification of N-Cbz-Phe 1a with allyl alcohol using BBDI (10 m

BBDI (10 mol%)CH2Ph

CbzHN COOH

CH2=CHCH2OH (1
solvent, rt

1a

Boc2O (110 mol%

Entry Solvent Time (h

1 Dioxane 24
2 CH2Cl2 24
3 CH2Cl2 18
4 CH2Cl2 10
5 CH2Cl2 5

a Isolated yield.
in place of isoquinoline resulted in a low yield (16%)
(entry 2).8 The yield of esterified product with isoquino-
line containing 4-dimethylaminopyridine (DMAP) (10
mol %) as an additive was improved slightly to 81%
yield (entry 3). However, the use of only DMAP resulted
in a very low yield (4%) (entry 4). Based on the above
results, we propose the following reaction mechanism
(Scheme 2). Isoquinoline liberated from BBDI is again
reacted with Boc2O to regenerate BBDI. A long reaction
time (�24 h) would be required for the reformation of
BBDI. tert-Butoxylation of carboxylic acid group with
Boc2O was not promoted by either quinoline or
DMAP.9 Accordingly, the formation of BBDI of
isoquinoline with Boc2O may be accelerated by DMAP.
ol %)

~1.1 equiv)

CH2Ph

CbzHN COOCH2CH=CH2

2a

)

) Ester Yield (%)a

2a 57
2a 97
2a 61
2a 48
2a 23



Table 3. Esterification of 1a with BBDI in the coexistence of alcohols
beforehand

Entry N-PG-AA R 0 Ester Yield (%)a

1 1a Allyl 2a 94
2 1a C6H5CH2 2i 96
3 1a (CH3)2CH 2n 92

a Isolated yield.

Table 4. Esterification of 1a with allyl alcohol in the absence of BBDI
under several conditionsa,b

Entry Catalyst
(10 mol %)

Additive
(10 mol %)

Ester Yield
(%)c

1 Isoquinoline — 2a 66
2 Quinoline — 2a 16
3 Isoquinoline DMAP 2a 81
4 — DMAP 2a 4

a Reaction time (24 h).
b Use of Boc2O (110 mol %).
c Isolated yield.

Y. Saito et al. / Tetrahedron Letters 47 (2006) 3099–3102 3101
The issue of whether the amounts of BBDI in the esteri-
fication of 1b with allyl alcohol could be further re-
duced was next examined. The use of 5 mol % and
1 mol % of BBDI provided yields of 92% and 84% of
2d, respectively. However, to achieve this, it was neces-
sary to extend the reaction times to 48 h and 10 days,
respectively.

The data presented herein show that no significant
racemization of the chiral center on the a-carbon atom
occurred during the synthesis.10

In conclusion, we developed a novel BBDI-catalyzed
esterification of N-protected amino acids in the presence
of Boc2O under simple and mild conditions. Although a
variety of methods for acid-catalyzed esterification reac-
tions have been reported,11 the use of a nearly neutral
catalyst such as BBDI has not been extensively investi-
gated.12 This procedure has several advantages includ-
ing the use of nearly equimolar amounts of alcohols,
no requirement for additives, and no racemization
occurs.
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Scheme 2. Postulated mechanism of BBDI-catalyzed esterification.
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