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The protection of amines with tert-butyloxycarbonyl (Boc)
group is a widely used reaction in organic synthesis because of
its inertness toward catalytic hydrogenolysis and resistance to-
ward hydrolysis under most basic conditions and nucleophilic re-
agents.1 N-Boc deprotection is generally achieved under mild
acidic conditions1 such as trifluoroacetic acid (TFA), either neat
or in combination with CH2Cl2, HCl in EtOAc, H2SO4 in tBuOAc,
pTSA, methanesulfonic acid in tBuOAc–CH2Cl2, aqueous phosphoric
acid (H3PO4) in THF,2 or with Lewis acids such as BF3�OEt2, TMSI,
TMSOTf, TiCl4, SnCl4, AlCl3, Sn(OTf)2, and ZnBr2.1,3 The deprotection
can also be carried out with montmorillonite K-10 clay,4 silica gel
at low pressure,5 ceric ammonium nitrate (CAN),6 CeCl3�7H2O–NaI
system,7 tetrabutylammonium fluoride (TBAF),8 and by thermo-
lytic conditions.9 There are a few methods available for the cleav-
age of N-Boc group under basic conditions. The Boc group present
on an activated amine such as a pyrrole or indole can be cleaved
under strong basic conditions using NaOMe.10 Tom and co-workers
developed a method for the deprotection of primary Boc-protected
amines under strong basic conditions using NaOtBu in slightly wet
2-methyltetrahydrofuran or tetrahydrofuran.11 Recently, methods
for the cleavage of the Boc group under basic conditions such as
Cs2CO3–imidazole in acetonitrile,12 Na2CO3 in DME–H2O mixture13

have been reported.
Microwave (MW)-assisted organic synthesis was first reported

by Gedye and co-workers in 1986.14 Since then, the use of micro-
wave irradiation has become the method of choice for many chem-
ists and biochemists for a multitude of reactions. It has been
successfully applied in numerous organic reactions.15 Recently,
microwave-assisted Boc deprotections with silica gel16 and trifluo-
roacetic acid17 have been reported. Herein, we report a simple and
very efficient method for the rapid deprotection of N-Boc group un-
der microwave conditions using the mild base K3PO4�H2O in MeOH.
ll rights reserved.
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s).
In the course of our ongoing research program to synthesize
imidazoisoindol-3-one derivatives18 from 2-bromobenzyl imidaz-
olinone derivative 1a by a palladium-catalyzed C–H insertion reac-
tion using Pd(OTf)2, 1,2-bis(diphenylphosphino)ethane (dppe), and
Cs2CO3 in DMF–EtOH, we serendipitously noticed the complete
deprotection of N-Boc group without any expected cyclized prod-
uct (Scheme 1). Attempted C–H insertion in the presence of
Pd(OAc)2, dppe, and Cs2CO3 in EtOH also removed N-Boc group giv-
ing 2-bromobenzyl imidazolinone 1b in an improved yield, but
with minor impurities. Replacement of the solvent EtOH with
MeOH resulted in a clean removal of N-Boc moiety yielding 1b
without any impurities. Encouraged by this observation, we were
interested in a detailed study of N-Boc deprotection under different
basic conditions.

In our quest of a ‘greener’ approach toward N-Boc deprotection,
we have carried out a series of experiments using tert-butyl 3-ben-
zyl-2,4-dioxoimidazolidine-1-carboxylate (2a) under different
reaction conditions (Scheme 2). The compound 2a was prepared
from hydantoin in two steps by first treating with BnBr and
NaH,19 and then with (Boc)2O and Et3N. Firstly, the treatment of
2a with Cs2CO3 in boiling MeOH for 15 min cleanly deprotected
the Boc moiety to furnish 3-benzylimidazolidine-2,4-dione
(2b).19 Conducting the same experiment using a catalytic amount
of Cs2CO3, under microwave conditions,20 drastically reduced the
reaction time to 2 min. To investigate the role of the solvent, we
subjected 2a to microwave irradiation in MeOH without adding
any base. We were surprised to observe 90% conversion after
Pd(OAc)2, dppe, Cs2CO3
EtOH, 80 ºC, 3 h, 78%
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Scheme 2.

Table 1
Optimization of the reaction conditions

Entry Base (equiv) Condition Time Yielda (%)

1 Cs2CO3 (1.2) MeOH, reflux 15 min 96
2 Cs2CO3 (0.1) MeOH, MW 2 min 95
3 — MeOH, MW 15 min 90b

4 — DMF, MW 20 min 5b

5 — DMSO, MW 20 min 5b

6 — CH3CN, MW 20 min Trace
7 — THF, MW 20 min NR
8 K2CO3 (1.2) MeOH, reflux 15 min 95
9 K2CO3 (0.1) MeOH, MW 3 min 92

10 Na2CO3 (1.2) MeOH, reflux 30 min 95
11 Na2CO3 (0.1) MeOH, MW 4 min 92
12 Li2CO3 (1.2) MeOH, reflux 4 h 92
13 KHCO3 (1.2) MeOH, reflux 3 h 100b

14 KHCO3 (1) MeOH, MW 5 min 95
15 NaHCO3 (1.2) MeOH, reflux 3 h 100b

16 NaHCO3 (1) MeOH, MW 5 min 95
17 K3PO4�H2O (0.2) MeOH, reflux 30 min 95
18 K3PO4�H2O (0.2) MeOH, MW 2 min 95
19 Na2CO3 (1.2) DME–H2O, reflux 2 h 53
20 Na2CO3 (1.2) DME–H2O, MW 2 h 53
21 Cs2CO3 (1) CH3CN, reflux 24 h Trace
22 Cs2CO3 (1) CH3CN, MW 10 min NR

a Isolated yield.
b Conversion based on TLC and LCMS.

Table 2
Rapid deprotection of N-Boc compounds

Entry Substrate K3PO4�H2O Condition

1
N

NBoc

OBr

1a

— MeOH, M
20 mol % MeOH, M
20 mol % MeOH, re

2
N
Boc

N

O

O Bn

2a

— MeOH, M
20 mol % MeOH, M
20 mol % MeOH, re

3

3a
N N

Boc
— MeOH, M
20 mol % MeOH, M
20 mol % MeOH, re

4

4a

N
N
Boc

— MeOH, M
20 mol % MeOH, M
20 mol % MeOH, re

5

5a

N
Boc

CO2Me — MeOH, M
20 mol % MeOH, M
20 mol % MeOH, re
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15 min. We then examined other solvents such as DMF, DMSO,
CH3CN, and THF (Table 1, entries 3–7). These results clearly dem-
onstrate the importance of a suitable protic solvent and a catalytic
amount of base to accelerate the deprotection phenomenon.

We next examined various bases such as K2CO3, Na2CO3, Li2CO3,
KHCO3, NaHCO3, and K3PO4�H2O in MeOH with both conventional
heating and microwave irradiation (Table 1). Although different
bases were able to induce the cleavage of N-Boc moiety of 2a to af-
ford 2b,21 we were interested in developing mild basic conditions
with an easy work-up sequence which would serve as a green pro-
tocol. Due to the dramatic reduction in reaction times and the
nearly identical yields under microwave conditions and conven-
tional heating, we chose to use the catalytic amount of K3PO4�H2O
for further Boc deprotection studies.

The use of the mild base, K3PO4�H2O, offers many advantages
such as exclusion of anhydrous reaction conditions, simple filtra-
tion of the base, and the removal of MeOH to provide the free
amine intermediates which can be taken forward for the next step
without any purification.18 Based on the above factors, we believe
that the present study is a greener approach compared to the pre-
viously reported methods.

To explore the scope and limitations of this reaction, we inves-
tigated the Boc deprotection of various N-Boc-protected com-
pounds (Table 2). All N-Boc-protected compounds were prepared
from the corresponding starting free amines by reacting with
(Boc)2O, Et3N and a catalytic amount of DMAP either in THF or in
CH2Cl2 at ambient temperature. It was quite interesting to observe
the Boc cleavage of many of the substrates to some extent in the
absence of the base under microwave conditions. Primary Boc-pro-
tected amines are inert to the cleavage of the Boc group as the
deprotection of doubly Boc-protected 2-phenylethanamine 8a,
and tryptophan derivative 9a gave the corresponding mono Boc-
protected derivatives 8b and 9b, respectively. The Boc-protected
s Time Product Yielda (%)
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Table 2 (continued)

Entry Substrate K3PO4�H2O Conditions Time Product Yielda (%)

6

6a

N
Boc

N
O2N

— MeOH, MW 20 min

6b

N
H

N
O2N

99
20 mol % MeOH, MW 2 min 97
20 mol % MeOH, reflux 15 min 93

7

7a

N
Boc

CHO

— MeOH, MW 20 min

7b

N
H

CHO

60b

20 mol % MeOH, MW 2 min 100
20 mol % MeOH, reflux 15 min 100

8
8a

N(Boc)2
— MeOH, MW 20 min

8b

NHBo c
0

100 mol % MeOH, MW 8 min 93
100 mol % MeOH, reflux 10 h 97

9

9a
N
Boc

CO2Me

NHBoc

— MeOH, MW 20 min

9b
N
H

CO2Me

NHBoc

5b

100 mol % MeOH, MW 5 min 72
100 mol % MeOH, reflux 8 h 62

10

10a
O

Boc
N

O — MeOH, MW 10 min

10b
O

H
N

O 96

11

11a
N
Boc

O — MeOH, MW 20 min

11b
N
H

O 87

a Isolated yield, all compounds were either identified with authentic commercially available samples, or new, fully characterized by 1H NMR, 13C NMR, and MS.
b Conversion based on TLC and LCMS.
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aliphatic secondary amines are also unreactive under the present
conditions.22 Most N-Boc-protected heterocyclic compounds
cleanly underwent the deprotection except 10a and 11a (Table 2,
entries 10 and 11). Use of 20 mol % of K3PO4�H2O in both micro-
wave and conventional heating conditions resulted in the cleavage
of oxazolone moiety 10a to give tert-butyl 2-hydroxyphenylcarba-
mate (10c).23 Fortunately, microwave irradiation of 10a in MeOH
without any base afforded the desired deprotection in excellent
yield. Similarly, tert-butyl 2-oxo-3,4-dihydroquinol-ine-1(2H)-car-
boxylate (11a)24 in MeOH under microwave irradiation conditions
gave 3,4-dihydroquinolin-2(1H)-one (11b) in good yield. Our
methodology greatly compliments previously reported strong ba-
sic N-Boc deprotection methods due to its ability to deprotect het-
eroaromatic secondary amines, amides, and heterocyclic
compounds.10

In summary, we have developed a mild, simple, and efficient
method for the deprotection of secondary Boc-protected amino
compounds under basic conditions assisted by microwave irradia-
tion. The scope for the chemoselective deprotection of different N-
Boc groups has been demonstrated.
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