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cyclic), aromatic and heteroaromatic amines react with Cbz-Cl to give excellent yields of products. The
reactions were carried out in water and at room temperature.
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1. Introduction

Allyloxycarbonyl (Alloc), tert-butoxycarbonyl (Boc) and benzyl-
oxycarbonyl (Cbz) are amongst the most useful protecting groups
for alcohols, amines and, to a lesser extent, thiols.1 Amongst these,
the Cbz group is used extensively, as it can be introduced easily by
acylation with allyl2 or benzyl chloroformate in the presence of a
base,3 and removed when needed, by catalytic hydrogenation,
using Pd–fibroin (Pd/Fib),4 lithium-mediated naphthalene-cata-
lyzed reductive cleavage5 or tetrabutylammonium fluoride.6

The use of the Cbz group as a protecting agent for amines is of
much interest in the pharmaceutical industry, for the synthesis
of novel HIV second-generation protease inhibitors,7 and toxins
related to Alzheimer’s and Parkinson’s diseases and dementia.8

Cbz-protection is also used in the preparation of chiral ligands that
form complexes with gadolinium which are used for in vivo diag-
nostics.9 Certain surface modified dendrimers for drug delivery
systems also involve this Cbz-protection step in their synthesis.10

The benzyloxycarbonyl group also has application in the syn-
thesis of peptides,11 nucleotides,12 carbohydrates13 and antibio-
tics.14,15 The other applications of Cbz-protection include C–C
bond formation reactions16 and synthesis of biodegradable
copolymers.17

Various methods are available for the N-benzyloxycarbonyl-
ation of amines, which include selective protection of L-arginine
at the Na-position in a NaHCO3–NaOH buffered solution,18 use of
polymer-bound 1-hydroxybenzotriazole for immobilization,19
ll rights reserved.

: +91 22 24145614.
).
chemoselective protection of amines in the presence of
La(NO3)3�H2O,20 or in the presence of an aqueous phase and
b-cyclodextrin,21 reaction on a solid surface,22 and the use of
molecular iodine.23

Due to the growing importance and awareness about environ-
mental protection, there has been a significant impetus in the field
of green chemistry. Various techniques such as microwave24 and
ultrasonic25 promoted synthesis have been widely explored. As
water is the most abundant and environmentally acceptable sol-
vent, organic reactions in aqueous media have attracted much
attention. Thus, attempts are being made to replace organic
solvents, with water.26

Recently, we reported on the chemoselective N-benzyloxycarb-
onylation of amines at room temperature using silica sulfuric
acid.27 In continuation of our efforts in green chemistry28 and to
explore the applicability of aqueous micelles as reaction med-
ium,29 we tested the applicability of this medium for the Cbz-pro-
tection reaction. Here, we describe the N-benzyloxycarbonylation
of various amines in micellar medium (Scheme 1). To our surprise,
we observed that the Cbz-protection reactions occurred in water in
R = alkyl, aryl

Scheme 1.
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Table 1
Effect of surfactant on the yield of N-Cbz producta

Entry Surfactant Concentration (mM) Yieldb (%)

1 None — NRc

2 SDS 50 23
3 Triton X-114 50 NRc

4 TTAB 50 71
5 CTAB 25 45
6 CTAB 50 82
7 CTAB 75 83

a Reaction conditions: 4-fluoroaniline (2.5 mmol) was added to the surfactant
solution according to the given concentration and the reaction stirred for 2–3 min.
To this stirring solution Cbz-Cl (2.5 mmol) was added slowly dropwise and the
reaction stirred until a solid product formed.

b Isolated yield.
c No reaction.

Table 2
N-Benzyloxycarbonylation of various amines in the presence of CTAB-H2O at room tempe

Entry Amine Productb

1

NH2

2

NH2

F F

3

NH2
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NH2

Cl Cl
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NH2
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NH2

HOOC HOOC

7

NH2
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the presence of surfactants without any catalyst. To the best of our
knowledge, this is the first report on the Cbz-protection of amines
in micellar medium in the absence of a catalyst.

The model reaction studied in the present case was the N-ben-
zyloxycarbonylation of 4-fluoroaniline (Scheme 2).

When the reaction was carried out in water, without any surfac-
tant no product formation was observed (Table 1, entry 1). In order
to study the effect of surfactant we investigated the reaction in
aqueous surfactant solutions of cationic, anionic and non-ionic sur-
factants. The solutions in consideration were taken well above
their critical micellar concentrations (CMC). The yield observed
in the case of SDS was only 23% at a concentration of 50 mM (Table
1, entry 2), whilst with Triton X-114, no product formation
occurred at the same concentration (Table 1, entry 3). However,
when the reaction was carried out in the presence of the cationic
surfactant tetradecyl trimethylammonium bromide (TTAB), the
yield was 71% in 50 mM solution (Table 1, entry 4). When the
cationic surfactant, cetyltrimethylammonium bromide (CTAB)
was used, we observed product formation in 45% yield at only
25 mM concentration (Table 1, entry 5). Using higher concentra-
tions of CTAB led to a considerable increase in the yield. In the
presence of 50 mM surfactant solution, 82% yield was achieved
(Table 1, entry 6). On further increasing the surfactant concentra-
raturea
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Table 2 (continued)

Entry Amine Productb Time (min) Yieldc (%)
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NH2 N

H
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Cl
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Table 2 (continued)

Entry Amine Productb Time (min) Yieldc (%)

18
NH2

N
H

Cbz
10 76

19 NH2
N
H

Cbz
5 88

20 PhH2C-N NH PhH2C-N CbzN 5 82

21
NH2

HO
N
H

HO Cbz
10 83

a Reaction conditions: 4-fluoroaniline (2.5 mmol) was added to CTAB solution (10 mL, 50 mM) and stirred for 2–3 min. To this Cbz-Cl (2.5 mmol) was added slowly
dropwise and stirred the reaction at room temperature.

b All products are well characterized by IR and 1H NMR.
c Isolated yield.
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tion (75 mM), no significant increase in the yield was observed
(Table 1, entry 7).

Thus, CTAB at a concentration of 50 mM was used as the reac-
tion medium for further studies.

Encouraged by these results we performed the reaction using
various aliphatic (open chain and cyclic), aromatic and heteroaro-
matic amines (Table 2).

The reaction thus carried out at room temperature afforded
excellent yields of the products (65–95%). In the case of an amino
alcohol (Table 2, entry 21), chemoselectivity was observed and
the N-Cbz derivative was obtained as the sole product, without
competitive formation of the O-Cbz product.

When the reactant concentration was increased 40 times, the
activity and selectivity remained the same. The micellar media
proved to be an efficient reaction medium on 100 mmol scale. To
400 mL of a solution of CTAB in distilled water (50 mM) was added
4-methylaniline(100 mmol). This solution was stirred for
15–20 min and Cbz-Cl (100 mmol) was slowly added dropwise
with constant stirring. Vigorous stirring was continued for 1 h
and then the reaction mixture was allowed to stand for 15 min.
The resulting solid was filtered and washed with water, affording
a 72% yield of product.

In summary, we have developed an efficient method for N-benz-
yloxycarbonylation of amines in a micellar medium at room tem-
perature. The method affords high yields of N-Cbz protected
products.

2. General experimental procedure for the
N-benzyloxycarbonylation of amines

To a 10 mL solution of CTAB in distilled water (50 mM) in a
round-bottomed flask was added amine (2.5 mmol), and the mix-
ture was stirred for 5–10 min. To this stirring solution, Cbz-Cl
(2.5 mmol) was added slowly dropwise and the stirring continued
until the reaction was complete as indicated by TLC. The resulting
product, if solid, was separated by simple filtration and washed
with water. In the case of liquid products, the reaction mixture
was extracted using ethyl acetate, and concentrated under reduced
pressure to give a crude product which was further purified by
column chromatography (hexane:ethyl acetate, 9:1).

2.1. Spectral data of selected compounds

Entry 3: 1H NMR (400 MHz, CDCl3): d = 8.11 (s, 1H), 7.42–7.32
(m, 4H), 6.97–7.25 (m, 5H), 5.85 (s, 2H); IR (KBr): m 3310, 3095,
1710, 1600, 1506, 1412, 1291, 1043, 750 cm�1; Anal. Calcd for
C14H12O2NF: C, 68.57; H, 4.90; N, 5.71. Found C, 68.12; H, 4.71;
N, 5.38; EIMS m/z 245 (M+).

Entry 5: 1H NMR (400 MHz, CDCl3): d = 7.42–7.32 (m, 4H), 7.29–
7.26(m, 5H), 5.19 (s, 2H), 6.66 (s, 1H); IR (KBr): m 3308, 2800, 2613,
2421, 1725, 1497, 1207, 1051 cm�1; Anal. Calcd For C14H12O2NBr:
C, 54.90; H, 3.92; N, 4.57. Found C, 54.35; H, 3.97; N, 4.23; EIMS
m/z 306 (M+).

Entry 7: 1H NMR (400 MHz, CDCl3): d = 2.29 (s, 3H), 5.18 (s, 2H),
6.64 (s, 1H), 7.40–7.08 (m, 9H); IR (KBr): m 3368, 2810, 1730, 1560,
1199, 1029 cm�1; Anal. Calcd For C15H15O2N: C, 74.68; H, 6.22; N,
5.81. Found C, 74.31; H, 6.30; N, 5.89; EIMS m/z 241 (M+).

Entry 13: 1H NMR (400 MHz, CDCl3): d = 7.30–7.36 (m, 5H), 5.08
(s, 2H), 4.65 (s, 1H), 1.72–1.66 (m, 4H), 1.32–1.39 (m, 4H), 1.17–
1.11 (m, 2H); IR (KBr): m 3535, 3326, 2826, 2360, 1922, 1689,
1282, 1065 cm�1 Anal. Calcd for C14H19O2N: C, 72.10; H, 7.72; N,
6.00. Found C, 71.92; H, 7.33; N, 5.80; EIMS m/z 233 (M+).
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