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a b s t r a c t

A new and facile microwave-assisted protocol for the debenzylation of N-benzylamides with triflic acid
has been developed. Both secondary and tertiary aliphatic or aromatic amides are obtained in moderate
to good yields.

� 2010 Elsevier Ltd. All rights reserved.
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While deprotection of N-benzyl-protected amines and ethers is
quite a straightforward practice in organic chemistry,1,2 deprotec-
tion of N-benzylamides is more challenging, and often the removal
conditions may be incompatible with other functional groups pres-
ent in the molecule. This seriously limits the applicability of the
non-expensive and widely accessible benzyl as the protective
group for the amide function and several substituted benzyl
groups, with increased acid sensitivity, have been used with lim-
ited success.1

Most typical methods for the cleavage of a simple benzyl group
in N-benzylamides can be classified into three different types: (i)
radical cleavage, which is commonly achieved by the use of
NBS,3 Li or Na in liquid NH3,4 Li with catalytic naphthalene,5 and
NHPI/Co(OAc)2/Mn(OAc)2

6, (ii) oxidative deprotection with t-
BuLi/O2 (or MoOPH)7 or t-BuOK/O2

4c,8, and (iii) acidic hydrolysis,
for which several conditions have been developed such as aqueous
HBr,9 MeSO3H,10 HCO2H,11 p-TsOH12 or some Lewis acids such as
AlCl3.13 Despite the various acids employed in the deprotection
of simple N-benzylamides, up to date there is no general method
described, which covers a range of structurally diverse N-
benzylamides.

We have recently reported the use of trifluoromethane sulfonic
acid (also referred to as triflic acid or TfOH) for the debenzylation
of highly functionalized N-benzylquinoline-2-ones (I).14 The N-
debenzylation reactions were carried out in neat TfOH under tradi-
tional heating (110 �C) to yield the deprotected products (II) with
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variable yields (27–80%), depending on the quinoline-2-one sub-
stituents (Scheme 1). Within our company, this method has found
a broad use for amide debenzylations where the weaker acids fail
to provide satisfactory conversion.

Microwave-Assisted Organic Synthesis (MAOS) has become
increasingly popular in recent years to improve the yield and/or
to shorten the reaction times in a large variety of synthetic trans-
formations.15,16 To the best of our knowledge this technology has
not yet been applied to the removal of the benzyl moiety of an
N-benzylcarboxamide.

Encouraged by the initial results shown in Scheme 1, we
decided to further explore the potential of TfOH as a new agent
for the N-debenzylation of amides. This report describes an effi-
cient and operationally simple method for the selective deprotec-
tion of N-benzylamides with TfOH upon microwave irradiation.
N-benzylbenzamide (1a) was chosen as a model substrate, as it
facilitates the monitoring of the reaction by LCMS and can be easily
isolated by column chromatography over silica gel. Scheme 2
shows the preliminary experiment of our study. Treatment of N-
benzylbenzamide (1a) with neat TfOH at 150 �C for 5 min under
I Cl ClII

Scheme 1. Precedent of N-debenzylation of amides with TfOH.14
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Scheme 2. N-Benzylbenzamide as the model reactant for the microwave assisted
debenzylation with TfOH.
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Figure 1. Set of amides and triazolones used in the microwave assisted N-
debenzylation reaction.
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microwave irradiation showed an excellent and clean conversion
toward benzamide (2a), which was isolated in 45% yield after
aqueous work-up followed by column chromatography.

This positive initial result prompted us to further investigate
the conditions suitable for this deprotection reaction under micro-
wave irradiation. The results obtained are summarized in Table 1.

Firstly, in order to avoid the use of neat TfOH, toluene was cho-
sen as a solvent due to its nucleophilic nature, which may add on to
the scavenging of the formed benzyl cations. In addition, toluene is
immiscible in TfOH at room temperature and forms a top-layer
that avoids the evolution of TfOH toxic fumes. Thus, when 1a
was treated with 4 equiv of TfOH in toluene at 150 �C for 5 min,
the reaction proceeded with 67% conversion to 2a (Table 1, entry
2); extension of the irradiation time from 5 to 15 min resulted in
the complete conversion and 2a was isolated in 69% yield (Table
1, entry 3).17 Attempts to decrease the reaction temperature (Table
1, entry 4) or to reduce the number of equiv of TfOH (Table 1, en-
tries 5 and 6) were unsuccessful. Toluene could be replaced by 1,2-
dichloroethane (DCE) with comparable yields (Table 1, entries 7
and 8): the product was however chromatographically more diffi-
cult to isolate from the viscous black tar formed using the latter
solvent. Protonatable solvents such as 1,4-dioxane and AcOH led
to very little conversion and are not suitable for this chemical
transformation (Table 1, entries 9 and 10). Finally, bromobenzene
gave the fastest and cleanest reaction (Table 1, entry 11), but we
decided to keep toluene as the first choice as it facilitates the reac-
tion work-up due to its volatility.

Starting from these data, we chose microwave irradiation of the
amide (1) with 4 equiv of TfOH in toluene at 150 �C for 15 min as
the standard reaction conditions to perform the deprotection reac-
tion of N-benzylamides.18
Table 1
Debenzylation reaction of N-benzylbenzamide (1a) with TfOH under microwave
irradiation

N
H

O

NH2

O

µW, T, t
2a1a

TfOH (n equiv), solvent

Entry TfOH (n equiv) Solvent T (�C) t (min) Yielda,b (%)

1 Neat — 150c 5 45 (100)
2 4 Toluene 150 5 �(67)
3 4 Toluene 150 15 69d (96)
4 4 Toluene 100 15 �(4)
5 2 Toluene 150 15 �(0)
6 3 Toluene 150 15 �(53)
7 4 DCE 150 5 �(65)
8 4 DCE 150 15 72 (100)
9 4 AcOH 150 15 �(6)

10 4 Dioxane 150 15 �(8)
11 4 PhBr 150 5 70 (100)

a Yield of isolated products.
b Figures in brackets refer to conversion of 1a to 2a as determined by LCMS

analysis of the reaction crude with UV detection.
c Traditional heating for 15 min led to 100% conversion by LCMS.
d Average of five runs.
Figure 1 displays a set of representative N-benzylamides (1b–k)
and two N-benzyltriazolones (1l, 1m) from our internal reagent
and building block databases chosen to explore the scope and lim-
itations of this process. The results for each amide are summarized
in Table 2.19

As shown in Table 2, our microwave-assisted N-debenzylation
with TfOH worked well for a variety of alkyl-, aryl-, and hetero-
aryl-amides (Table 2, entries 1–10). In all the cases the reaction
was clean, and the only significant products found by LCMS were
the debenzylated amide 2 and a variable amount of the starting
Table 2
Debenzylation reaction of amides (1b–m) with TfOH under microwave irradiation

R N
H

O

R NH2

O

µW, T, 15 min
2b-m1b-m

TfOH (4 equiv), toluene

Entry Amide 1a T (�C) Conversion (%)b Yield (%)

1 1b 150 100 —
2 1c 150 100 82c

3 1d 150 93 78c

4 1e 210 — 78d

5 1f 210 — 75d

6 1g 150 86 67c

7 1h 150 95 81c

8 1i 150 94 83c

9 1j 150 50 38c

10 1k 150 Decomposed —
11 1l 150 100 92c

12 1m 150 98 72c

a The reactions were carried out on 1 mmol scale.
b The conversion was determined by LCMS of the reaction crude with UV

detection.
c Isolated yield.
d Yield determined by LCMS of the crude with chemiluminescent nitrogen

detection.



Table 3
Debenzylation reaction of benzamides (1n–w) with TfOH under microwave
irradiation

N
H

O

NH2

O

µW, 150 ºC, 15 min
2n-w

RR

1n-w

TfOH (4 equiv), toluene

Entry Amide 1a Yieldb (%)

1 1n 86
2 1o 55
3 1p 71
4 1q 57
5 1r 78
6 1s 6 (45)c

7 1t 0 (55)d

8 1u 0 (62)d

9 1v 88
10 1w 63

a The reactions were carried out on 1 mmol scale.
b Isolated yield.
c Yield in brackets refers to the isolated 3-carbamoylbenzoic acid, which was

obtained instead of the ester.
d Yield in brackets refers to the isolated hydroxybenzamide, which was obtained

instead of the ether.
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material 1. Primary (1g, 1h) and secondary (1b) acyclic amides, and
both cyclic aliphatic (1i) and aromatic amides (1c, 1d, 1j) (Table 2,
entries 1–3 and 6–9) were easily deprotected under our standard
conditions with the only exception of the N-benzylisatin (1k),
which was unstable in the acidic reaction medium and decom-
posed (Table 2, entry 10). Simple aliphatic N-benzylamides such
as 1e and 1f required higher temperatures and prolonged reaction
times to yield the expected compounds: nevertheless the final
amides were obtained in good yields (Table 2, entries 4 and 5).
Interestingly, compound 1g, which presents in its structure both
an N-phenethyl- and N-benzylamide, was successfully deprotected
under standard conditions without altering the N-phenetylcarbox-
amide moiety (Table 2, entry 6). We were pleased to find that tria-
zolones 1l and 1m also underwent the debenzylation process with
TfOH without having to modify the reaction conditions, and the
corresponding deprotected compounds were obtained in good
yield after chromatographic purification.

To further study the scope of this deprotection reaction, a new
set of N-benzylbenzamides (1n–w) carrying different functional
groups were prepared (Fig. 2) and subjected to the TfOH-mediated
debenzylation process in toluene. The results obtained are summa-
rized in Table 3.

As shown in Table 3, both aromatic (1n, 1o) and aliphatic (1r)
amines were compatible with the microwave-assisted N-debenzy-
lation with TfOH, giving moderate to good yields of the corre-
sponding primary benzamides (Table 3, entries 1, 2 and 5).
Furthermore, the debenzylation was found to proceed in moderate
to good yield in the presence of non-benzylic amide (1p), benzyl
chloride (1q), sulfone (1v), and ketone (1w) functional groups (Ta-
ble 3, entries 3, 4, 9, and 10). Two functional groups, the ester (1s),
and the aromatic ether (1t, 1u) were found to be unstable under
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Figure 2. Set of differently substituted N-benzylbenzamides used in the microwave
assisted N-debenzylation reaction.
the above-mentioned N-debenzylation conditions. Thus, for the
N-debenzylation of 1s the ester 2s was isolated in 6% yield, while
the major product was the N-debenzylated acid (Table 3, entry
6). The N-debenzylation of amides 1t and 1u occurred with the
cleavage of the ether function affording moderate yields of the cor-
responding 3- and 4-hydroxybenzamides (Table 3, entries 7 and 8).
These results can be easily explained as both alkyl-aryl ethers and
esters are known to cleave under strongly acidic conditions.

In summary, we have developed a new method for the debenzy-
lation of N-benzylamides with TfOH under microwave irradiation.
Initial results point to the use of TfOH as a good alternative to the
known Brönsted acids for this synthetic transformation. The N-
debenzylation method has shown quite a general application and
secondary/tertiary, aliphatic/aromatic, and acyclic/cyclic amides
are suitable substrates for this process. In addition, good functional
group tolerability has been found. Further studies on the scope and
limitations of this methodology are ongoing and will be reported in
due course.
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