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The direct transformation of various secondary amides into N-arylimidates via mild electrophilic amide
activation with trifluoromethanesulfonic anhydride (Tf2O) in the presence of 2-chloropyridine (2-ClPyr)
is described. Low-temperature amide activation followed by C–O bond formation with 2-naphthol
provides the desired N-arylimidates in short overall reaction times. In contrast, reaction with oxindole
proceeds via formation of a C–C bond to give 1-(1H-indol-2-yl)naphthalene-2-ol.

� 2010 Elsevier Ltd. All rights reserved.
N-Arylimidates, serve as starting materials in the Chapman
rearrangement for the production of N,N-diarylamides and polya-
mides.1 Therefore, general methods reported for the synthesis of
N-arylimidates imply the Beckman rearrangement of ketoximes2

or the addition of phenols to imidoyl chlorides.3 Another way to
synthesize N-arylimidates is to react N-aryl imidoyl chlorides with
an alkoxide anion in THF at reflux with exclusion of moisture under
nitrogen.4 The dehydration of secondary amides to give imidoyl
chlorides has traditionally been carried out by heating with re-
agents such as SOCl2, PCl5, or POCl3 in excess, or by treatment with
Ph3P/CCl4 at room temperature.5 The major drawbacks of these
methods are that the excess dehydrating agent and reagent-de-
rived by-products need to be removed. Moreover, the pure imidoyl
chlorides are separated either by fractional distillation or precipita-
tion methods under anhydrous conditions. Due to the low reactiv-
ity of imidoyl chlorides, stoichiometric amounts of Lewis acids6 or
more nucleophilic phenoxide anions7 are required. An alternative
method for the formation of N-arylimidates includes the use of
oxalyl chloride as a chlorinating agent in the presence of 2,6-luti-
dine at 0 �C, which generates the imidoyl chlorides in situ without
the formation of by-products.8

A nitrilium ion generated as an intermediate under Beckmann
rearrangement conditions or via activation of imidoyl chlorides
with stoichiometric amounts of Lewis acids plays the key role in
the production of N-arylimidates. A combination of trifluorometh-
anesulfonic anhydride (Tf2O) and pyridine in the pioneering work
of Charette and Grenon, in their synthesis of amidines, thiazolines,
thioamides, and cyclic orthoesters, has proven to be a useful meth-
od for the activation of amides and their subsequent conversion
into other functional groups.9 In 2006, Movassaghi developed an
efficient method for the conversion of amides into highly electro-
philic 2-chloropyridinium adducts by using a combination of
ll rights reserved.
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Tf2O and 2-ClPyr, which enabled the synthesis of a variety of
azaheterocycles.10

Compared to the reported methods for the synthesis of N-ary-
limidates, we considered that the development of new methodol-
ogies would allow the highly effective activation of a variety of
amide substrates, including N-arylamides, without requiring isola-
tion of sensitive intermediates or the use of Lewis acid additives.
Herein, we describe an expedient transformation of various sec-
ondary amides into N-arylimidates via mild electrophilic amide
activation with Tf2O in the presence of 2-ClPyr.

First we optimized the conditions for the synthesis of
naphthalen-2-yl N-4-methoxyphenylpivalimidate (2a) from N-(4-
methoxyphenyl)pivalamide (1a) and 2-naphthol (Table 1).11 All
analytical data including IR, 1H and 13C NMR, and the mass frag-
mentation pattern of 2a12 were in agreement with the proposed
structure.13

2-ClPyr proved to be the best base and gave a 96% yield of the
desired product (Table 1, entry 7). While base additives such as tri-
ethylamine and pyridine had no effect on the reaction progress
(Table 1, entries 3 and 4), other bases activated amide 1a with
moderate efficiencies (Table 1, entries 2 and 5). An excess of 2-
ClPyr was found to have a minor inhibitory effect (Table 1, entry
8), perhaps by shifting the equilibrium away from 5, the more ac-
tive nitrilium intermediate, toward 4, the less active amidinium
intermediate, in order to counteract the increasing concentration
of 2-ClPyr (see Scheme 1).14 The reaction proceeds with less effi-
ciency when using the Hendrickson reagent15 (Table 1, entry 6).
Therefore, the superiority of the Tf2O–2-ClPyr combination as an
amide activating agent is evident.

We next explored the substrate scope using the optimal condi-
tions with a variety of secondary amides. The results are presented
in Table 2 and revealed that substrates with electron-donating as
well as electron-withdrawing groups were tolerated in the
reactions. While relatively electron-rich pivalamides gave the
corresponding products in 94% to 96% yields (Table 2, entries 1, 3
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Table 1
Results obtained for the direct conversion of amide 1a into N-arylimidate 2a

H
N C(Me)3

O
MeO

OH

(Me)3C N

O

N C(Me)3

MeO

OMe

1a                                    2a    2a' 

  (not formed)

conditionsa

Entry Base additive Equiv Isolated yield (%)

1 None — 35
2 K2CO3 2.0 37
3 Et3N 1.2 0
4 Pyridineb 1.2 0
5 2,6-Lutidine 1.2 73
6 Hendrickson reagentc 1.2 61
7 2-ClPyr 1.2 96
8 2-ClPyr 2.0 91

a Conditions: amide (1.0 equiv), Tf2O (1.1 equiv), base, CH2Cl2, �78 �C, 5 min, then warmed to 0 �C, 2-naphthol (1.0 equiv), then 25 �C, 3 h.
b Naphthalen-2-yl trifluoromethanesulfonate and recovered starting amide were obtained.
c Triphenylphosphonium anhydride trifluoromethanesulfonate was used without 2-ClPyr at 0 �C.
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Scheme 1. Reaction mechanism for the formation of 2.

Table 2
Results obtained for the direct conversion of amides 1 into N-arylimidates 2a–m via mild electrophilic activation by Tf2O–2-ClPyr

H
N R2

O

N R2

O

R1

conditionsa

+
OH

R1
1 2

Entry R1 R2 Product Isolated yield (%)

1 4-MeO- tert-Bu- 2a 96
2 H- tert-Bu- 2b 93
3 4-Me- tert-Bu- 2c 94
4 3-Me- tert-Bu- 2d 87
5 3,4-(Me)2- tert-Bu- 2e 94
6 4-Cl- tert-Bu- 2f 83
7 4-NO2- tert-Bu- 2g 66
8 H- Cyclohexyl- 2h 78
9 4-Me- Cyclohexyl- 2i 80

10 4-MeO- Cyclohexyl- 2j 81
11 H- Ph- 2k 63
12 4-Me- Ph- 2l 66
13 4-Cl- Ph- 2m 58

a Conditions: amide (1.0 equiv), Tf2O (1.1 equiv), 2-ClPyr (1.2 equiv), CH2Cl2, �78 �C, 5 min, then warmed to 0 �C, 2-naphthol (1.0 equiv), then 25 �C, 3 h.
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Table 3
Rections of amides 1c and 1g with 1-naphthol and 4-tert-butylphenola

Entry Amide Ar-OH Product Isolated yield (%)

1 1c

OH

N

O

Me

Me
Me

Me
2n

88

2 1c

OH

MeMe

Me

N

O

Me

Me
Me

Me
Me

Me

Me

2o

98

3 1g

OH

MeMe

Me

N

O

Me

Me
Me

O2N
Me

Me

Me
2p

80

a Conditions: amide (1.0 equiv), Tf2O (1.1 equiv), 2-ClPyr (1.2 equiv), CH2Cl2, �78 �C, 5 min, then warmed to 0 �C, Ar-OH (1.0 equiv), then 25 �C, 3 h.
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and 5), reactions of relatively electron-deficient benzamides pro-
ceed to the products less efficiently (Table 2, entries 11, 12, and
13). Cyclohexanecarboxamides with moderate electronic character
afforded N-arylimidates 2 in 78–81% yields (Table 2, entries 8–10).

We also examined the effect of 1-naphthol, and 4-tert-butyl-
phenol and the results are shown in Table 3. Reactions with 1-
naphthol16 and 4-tert-butylphenol17 proceeded similar to those
with 2-naphthol affording the corresponding N-arylimidates. It is
notable that while relatively electron-rich N-p-tolylpivalamide
gave 2o in 98% yield, electron-deficient N-(4-nitrophenyl)pivala-
mide afforded 2p in 80% yield (Table 3, entries 2 and 3).
N
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O
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Scheme 2. Formation of 2q from oxindole.
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To rationalize the results, the pathway depicted in Scheme 1
seems to be operative in our method. Activation of amides 1 af-
fords the O-triflyliminium triflate 3. Addition of 2-ClPyr to 3 then
gives the 2-chloropyridinium adduct 4. Subsequent reaction of 2-
naphthol with either 4 or the nitrilium ion 5 affords the N-arylim-
idates 2.14 Electron-rich amides with higher propensity to form a
nitrilium ion upon activation with the Tf2O–2-ClPy combination
are expected to give the highest yields. On the other hand, elec-
tron-deficient amides, which are reluctant to form the correspond-
ing nitrilium ions afford the lowest yields, probably due to the
inductive effect of the nitrogen substituent.13

Particularly significant is oxindole, reaction of which proceeds
by formation of a C–C bond to give 1-(1H-indol-2-yl)naphthalen-
2-ol (2q) in 52% yield under the reported reaction conditions
(Scheme 2).18 We believe that the different behavior of oxindole
in comparison to other amides relies on the different intermediates
reacting with 2-naphthol (Scheme 3). Activation of oxindole
affords the O-triflyliminium triflate 6. It is conceivable that
aromatization rapidly converts 6 into the intermediate 7. It has
been reported that aryl triflates appear to be extremely stable
N
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N
H

O
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  2q

TfO

m for the formation of 2q.
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and unreactive compounds in comparison to triflates 3 derived
from amides 1 (see Scheme 1).19 In contrast to compounds 3 which
are easily converted into intermediates 4 (see Scheme 1), triflate 6
persists in the reaction medium until it attacks the 2-naphthol.
Compared to 4 which is a hard electrophile, triflate 6 is a soft spe-
cies which reacts with 2-naphthol via formation of a C–C bond to
give 2q.20

In conclusion, we have developed a new one-pot synthesis of N-
arylimidates via reaction of 2-naphthol with activated secondary
amides using Tf2O and 2-ClPyr. With the exception of oxindole,
reaction of which proceeds via C–C bond formation to give 1-
(1H-indol-2-yl)naphthalene-2-ol (2q), the other amides investi-
gated in this study afforded N-arylimidates via formation of a C–
O bond.
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