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bstract

Rapid N-tert-butoxycarbonylation of amines by treatment with di-tert-butyl dicarbonate in the presence catalytic amount of Bi(NO3)3·5H2O as
mild and highly efficient catalyst under solvent-free conditions at room temperature in excellent yields is described.
2006 Elsevier B.V. All rights reserved.

tion;

m
p
o
t
d
b
r
f
d
t
p
c
s
t
s
i
N
T
d

eywords: Bismuth(III) nitrate pentahydrate; Amines; N-tert-Butoxycarbonyla

The protection/deprotection of amines is one of the most
undamental and useful transformation in organic synthesis,
specially in peptide synthesis [1]. Among the protecting
roups for amines, N-tert-butoxycarbonylation [2] is used with
igh frequency, because N-tert-butylcarbamates are stable to
ide range of nucleophiles in alkaline conditions and are very

iable under mild acidic conditions to give the parent amine [1].
lthough, various methods are available for the preparation of
-tert-butylcarbamates using di-tert-butyl dicarbonate [3–11],
nly few reports on acid mediated N-tert-butoxycarbonylation
f amines, “Yttria–Zirconia” needs longer reaction times
3–48 h) [12] and very recently Lewis acids [13–16] such as
rCl4, copper(II) tetrafluoroborate, InBr3, HClO4–SiO2 have
een reported for this transformation.

A literature survey revealed that bismuth(III) nitrate pen-
ahydrate is a relatively non-toxic, inexpensive, insensitive to
ir and no special care is required and used in various organic
ransformations [17a–h]. Also, there is no report on the use of
i(NO3)3·5H2O for the N-tert-butoxycarbonylation of amines
ith di-tert-butyl dicarbonate. Here, we report rapid and an
fficient method for N-tert-butoxycarbonylation of amines
sing di-tert-butyl dicarbonate in presence of Bi(NO3)3·5H2O
nder solvent-free conditions.

� IICT Communication No. 060831.
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Solvent-free conditions

In continuation of our search for catalytic application of
etal nitrate salts [18], in the multi-step synthesis of natural

roducts and discovery of chemoselective reagents, we have
bserved that Bi(NO3)3·5H2O can be utilized efficiently for
he N-tert-butoxycarbonylation of amines with di-tert-butyl
icarbonate under solvent-free conditions. While N-tert-
utoxycarbonylation of amines using Bi(NO3)3·5H2O, the
eaction conditions are compatible with the presence of other
unctionalities such as, acetyl, benzyl and some isopropyli-
enes and no by-products were observed. We first examined
he reaction of aniline with di-tert-butyl dicarbonate in the
resence of Bi(NO3)3·5H2O at room temperature gave the
orresponding of N-tert-butylcarbamate 100% yield in very
hort time (Table 1, entry 1). This success has encouraged us
o extend the generality of the reaction on various primary,
econdary and aryl amines with di-tert-butyl dicarbonate
n presence of Bi(NO3)3·5H2O to give the corresponding
-tert-butylcarbamates in good to excellent yields (Scheme 1,
able 1). Further, it is note worthy to observe that when the
iamines were subjected to N-tert-butoxycarbonylation, major
ono N-tert-butylcarbamate is formed with very good yields

Table 1, entries 10 and 13). The formation of the N-tert-Boc
mine was recognized by the presence of nine-proton signal at
∼ 1.40 as singlet in 1H NMR spectra of the products [19].
In conclusion, we have described mild and an efficient
ethod for N-tert-butoxycarbonylation of amines using di-

ert-butyl dicarbonate in the presence of catalytic amount of
i(NO3)3·5H2O. The method is having advantage of reduced
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Table 1
N-tert-Butoxycarbonylation of amines in the presence of bismuth(III) nitrate pentahydrate under solvent-free conditions

Entry Substrate Producta Time (min) Yield (%)b

1 1 100

2 2 98

3 3 95

4 2 100

5 4 98

6 2 98

7 1 99

8 2 100

9 3 98

10 3 99

11 10 95

12 15 96
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Table 1 (Continued)

Entry Substrate Producta Time (min) Yield (%)b

13 2 98

14 10 95

15 2 98

16 1 99

17 2 98

a The structures of the products were established from their spectral data (1H NMR, EIMS).
b Isolated yields obtained after column chromatography.
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Scheme 1.

eaction time, simple experimental work-up procedure with high
ields of products, which makes a useful addition to the present
xisting methodologies.

Typical experimental procedure. To a mixture of amine
1 mmol), di-tert-butyl dicarbonate (1.2 mmol) was added finely
rinded Bi(NO3)3·5H2O (5 mol%) and the reaction was stirred
t room temperature for an appropriate time (Table 1). After
ompletion of the reaction as monitored by TLC, water (10 mL)
as added to the reaction mixture and the product was extracted

nto ethyl acetate (3× 20 mL). The combined organic layer was
ashed with brine and concentrated in vacuum to give crude
ass, which was purified over silica gel column chromatogra-

hy to afford corresponding product.
cknowledgements
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