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Abstract—A rate enhancement of tert-butoxycarbonylation of aromatic amines by Boc2O in alcohols compared to aprotic solvents
was demonstrated. Kinetic analysis by NMR suggested that the reaction in CD3OD was faster than in CDCl3 by a factor of 70.
Reactions between Boc2O and various aliphatic and aromatic amines in ethanol provided the N-Boc derivatives in good to excellent
yields in short reaction times.
� 2006 Elsevier Ltd. All rights reserved.
Protection of amines is a frequently employed strategy
for decreasing the nucleophilicity of the amino group
in order to perform other transformations in molecules.
Among various amine protecting groups, the tert-butoxy-
carbonyl (Boc) group is perhaps one of the most widely
used due to its exceptional stability towards a variety of
reagents and reaction conditions, yet it can be readily
removed under moderately strong acidic conditions.1

The Boc group has also been used as a directing group
for ortho-metallation of aromatic amines.2 Di-tert-butyl
dicarbonate (Boc2O, 1)3 is usually the reagent of choice
for introduction of Boc groups due to its high reactivity
and reasonable stability.4 However, Boc-protection of
poorly nucleophilic aromatic amines is generally not as
efficient as that of aliphatic amines. N-Deprotonation
of the aromatic amine using a strong base such as
NaHMDS has been employed to increase the reactivity.5

Other solutions to overcome the low reactivity of aro-
matic amines exist. These include the use of a high tem-
perature, a nucleophilic catalyst such as DMAP6 or
NH2OH,7 and, more recently, Lewis acid catalysts such
as Yttria-Zirconia,8 ZrCl4

9 and Zn(ClO4)2.10 These pro-
cedures, although effective, have certain drawbacks
including the formation of side-products such as isocya-
nates11 and poly-acylated products,6a the requirement of
unusual, highly reactive or environmentally harmful cat-
alysts, and the necessity for chromatographic, or extrac-
tive work-up to isolate the product from the catalyst.
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Although the unique role of water to mediate many
organic reactions is currently attracting much interest,12

the ability of alcohols to mediate or accelerate several
reactions via general acid catalysis has not been widely
appreciated. We have previously reported an interesting
rate enhancement on the addition of organoindium
reagents to imines in alcoholic solvents.13 In this letter,
a rate enhancement on the tert-butoxycarbonylation of
aromatic amines in alcohols is reported. Boc protections
of amines have been typically carried out in aprotic sol-
vents such as dichloromethane or THF, often in the
presence of a base such as triethylamine. Although the
use of alcohols or aqueous alcohols as solvents for
Boc protection of polar compounds such as amino acids
is well known,1,4 there has been no specific mention of
rate enhancement. A model reaction between p-toluidine
2a and Boc2O (1, 1.5 equiv) was carried out in a variety
of solvents (Table 1) without addition of base. TLC
monitoring suggested that the reactions in methanol
and ethanol were essentially complete within 0.5 h at
30 �C (entries 1 and 2). The same reactions in aprotic
solvents were slower (4–6 h) (entries 3–5). Addition of
triethylamine did not result in any rate improvement
(entry 6). The same trend was observed with electron
deficient p-chloroaniline 2b as the substrate (entries
7–8). While the reaction in ethanol required 6 h to
complete, the reaction in CH2Cl2 was only 50%
complete after the same period of time.

From Table 1, it is clear that the alcoholic solvent exerts
a beneficial rate acceleration on the tert-butoxycarbonyl-
ation of aromatic amines. In order to obtain a more
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Table 1. Comparison of reaction time for tert-butoxycarbonylation of aromatic amines in various solventsa

R NH2
solvent

O O O

OO
+

Boc2O, 1

R

2a  R = Me
2b  R = Cl

3a R = Me
3b R = Cl

NHBoc

Entry Substrate Solvent Time (h) Product (% yield)b

1 2a MeOH 0.5 3a (93)
2 2a EtOH 0.5 3a (96)
3 2a MeCN 4 Not determined
4 2a THF 6 Not determined
5 2a CH2Cl2 6 Not determined
6 2a CH2Cl2 + Et3N 6 Not determined
7 2b EtOH 6 3b (96)
8 2b CH2Cl2 <50% at 6 h Not determined

a Reaction conditions: 0.75 mmol of 1, 0.5 mmol of 2a or 2b, 1 mL of solvent, 30 �C, progress monitored by TLC.
b Isolated yield.
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quantitative picture, reactions between p-toluidine 2a
and 1 were studied by 1H NMR spectroscopy. While
the reaction was essentially complete after 1 h in
CD3OD, the same reaction in CDCl3 only proceeded
to 50% extent after 12 h at 20 �C. Kinetic analysis sug-
gested that in both cases the reactions follow a second-
order rate law. From the calculated second-order rate
constants of 1.3 · 10�2 and 1.8 · 10�4 l mol�1 s�1 in
CD3OD and CDCl3, respectively, it was estimated that
the rate in CD3OD was enhanced relative to that in
CDCl3 by a factor of 70. This remarkable rate enhance-
ment could be attributed to activation of the electro-
philic C@O group in 1 by hydrogen-bonding with the
hydroxyl group of the alcohol (Scheme 1). Furthermore,
stabilization of the polar transition state of the initial
tetrahedral intermediate resulting from attack of the
nucleophile on the carbonyl group of 1 may also play
a significant role. Interestingly, the rate in the more
acidic alcohol, 2,2,2-trifluoroethanol, was comparable
to that in acetonitrile. This is probably because of the
diminished nucleophilicity of the amine as a result of
acid–base interaction with the acidic solvent.

In order to study the generality and scope of the alcohol-
assisted tert-butoxycarbonylation of amines, a number
of aliphatic and aromatic amines (2c–2u) were employed
as substrates (Table 2).14 With few exceptions, the
desired products were obtained in good to excellent
O O O
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Scheme 1.
yields and high purities after evaporation of the solvent
without the requirement for chromatographic purifica-
tion and/or acid–base extraction. Unhindered primary
and secondary aliphatic amines usually reacted instanta-
neously to give the products in almost quantitative
yields (Table 2, entries 1–5). The sterically hindered di-
cyclohexylamine gave a somewhat poorer yield (Table
2, entry 6). Electron-rich or moderately electron-defi-
cient aromatic amines (Table 1, entries 1, 2, 7 and Table
2, entries 7–9) reacted within 6 h at room temperature.
Sterically hindered and secondary aromatic amines (en-
tries 10–14) reacted somewhat more slowly (up to 48 h).
Electron deficient aromatic amines required stronger
conditions (50 �C, 3–5 equiv of Boc2O, a few days)
and gave poorer yields (entries 16–18). The presence of
phenolic and alcoholic hydroxyl groups was well toler-
ated. Both amino alcohols and amino phenols chemose-
lectively provided the N-Boc products even when 1 was
added in excess (entries 3, 4, 8 and 11). Highly deacti-
vated aromatic amines including diphenylamine and 4-
chloro-2-aminobenzonitrile failed to react under these
conditions. Interestingly, the reaction of 2-aminopyri-
dine with Boc2O in EtOH provided the ethyl carbamate
instead of the expected Boc-derivative. This is most
likely due to attack of the solvent on the isocyanate
formed in situ.11 Changing the solvent to tert-butanol
gave Boc derivative 3u in 72% yield (Table 2, entry
19). This behavior is unique to 2-aminopyridine since
O

O
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+
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Table 2. Yield of N-Boc products obtained from the tert-butoxycarbonylation of various aliphatic and aromatic amines in ethanol as solvent

Boc2O
EtOH

R1
H
N

R2+ R1 N
R2

Boc
+ +CO2

tBuOH

21 3

Entry Amine Product R1 R2 Time Yielda (%)

1 2c 3c Bn H <1 min 92
2 2d 3d (S)-PhCH(Me) H <1 min 98
3 2e 3e HOCH2CH2CH2 H <1 min 98
4 2f 3f DD-Phenylalaninol <1 min >99
5 2g 3g N-Phenylpiperazine <1 min 95
6 2h 3h cHex cHex 2 h 76
7 2i 3i 4-MeOC6H4 H 0.5 h 94
8 2j 3j 2-HOC6H4 H 2 h 86
9 2k 3k o-Phenylenediamine 2 h >99b

10 2l 3l C6H5 Me 12 h 86
11 2m 3m C6H5 HOCH2CH2 24 h >99
12 2n 3n 2,6-Me2C6H3 H 48 h >99
13 2o 3o 2,6-iPr2C6H3 H 48 h 97
14 2p 3p 1-Naphthyl H 24 h 99
15 2q 3q 3-MeO2CC6H4 H 12 h 94
16 2r 3r 4-O2NC6H4 H 72 hc 38
17 2s 3s 4-Cl-3-O2NC6H3 H 72 hc 96
18 2t 3t 2-HO2CC6H4 H 72 hc 88
19 2u 3u 2-Pyridyl H 24 hd 72

a Isolated yield.
b Bis-Boc derivative.
c The reaction was carried out at 50 �C with excess of 1 (3.5 equiv) added.
d The reaction was performed in tert-butanol.
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no ethyl carbamate formation was observed with other
substrates. It should be noted that the alcoholic solution
of 1 is fairly stable, no significant decomposition (<2%)
of 1 was observed in CD3OD by 1H NMR after 8 h at
30 �C. However, significant decomposition was ob-
served at higher temperature, therefore a large excess
of 1 was required for the poorly reactive substrates
which required heating. When 1 was used in excess,
chromatographic purification or treatment of the reac-
tion mixture with 3-morpholinopropylamine to form
an acid-soluble by-product, which could be removed
by simple extraction, was necessary.15

To explore further the scope of this reaction with other
urethane-type amine protecting groups such as Z and
Fmoc, it was observed that p-anisidine 2i reacted
smoothly with benzyl N-succinimidyl carbonate (ZOSu)
and 9-fluorenylmethyl N-succinimidyl carbonate (Fmoc-
OSu) in ethanol as a solvent to afford the Z- and Fmoc-
protected p-anisidine derivatives (3v and 3w) in 93% and
94% yields, respectively, after aqueous work-up (Scheme
2).

The present procedure for Boc as well as Z and Fmoc
protection offers several practical advantages. The reac-
tion provides improved or at least comparable results in
MeO NH2 MeO NHPG

PG = Z
PG = Fmoc

93%
94%

PG-OSu

EtOH, rt, O/N

2i

Scheme 2.
terms of yield and reaction rate compared to Lewis acid
mediated protocols.16,17 The reaction conditions and
isolation of the products are simple and involve a readily
available and environmentally benign solvent. By-prod-
ucts from the reactions are volatile and relatively non-
toxic. These features should make the reaction attractive
for both laboratory and process chemists.
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