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Lithiation with butyllithium of 2-(benzylamino)benzamides (N-benzyl anthranilamides) occurs at the
benzylic position to give an a-amino-organolithium that cyclizes to the 3-indolinone (indoxyl) ring (sim-
ilar to a Parham cyclization). Autoxidation in air gives 2-hydroxy-3-indolinones. In the absence of a pro-
ton source, rearrangement of the aryl group from C-2 to C-3 occurs to give the 3-hydroxy-2-indolinone
(oxindole) ring.

� 2010 Elsevier Ltd. All rights reserved.
N

Ph

O

N

CONEt2

SnBu3

Ph

THF, –60 °C

2

64%

1

BuLi

Scheme 1. Cyclization to the pyrrolidin-3-one 2.7
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Scheme 2. Preparation of the carboxylic amide 5a. Reagents and conditions: (i)
Et2NH, BuLi, Et2O, 0 �C then heat, 90 min, 55%; (ii) PhCH2Br, MeCN, K2CO3, rt, then
heat, 24 h, 80%.
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The Parham-type cyclization of an organometallic species onto a
carboxylic amide group has been used for the preparation of a variety
of substituted cyclic ketones.1 The chemistry is amenable to the
presence of a heteroatom in the ring to provide a method to prepare
heterocyclic ketones.2–5 Our research group has a long-standing
interest in the preparation of cyclic amines using an anionic cycliza-
tion (intramolecular carbometalation) strategy.6 This chemistry
involves the cyclization of an a-amino-organolithium onto an
alkene, although we have previously reported one example of a
cyclization onto a carboxylic amide (Scheme 1).7 In this case, the
organolithium derived from the stannane 1 undergoes cyclization
to give the pyrrolidin-3-one 2 after aqueous work-up.

One of the problems with this chemistry is that it involves the
use of potentially toxic organotin compounds. We therefore
considered how to conduct such cyclizations by simple proton
abstraction. This would require a relatively acidic molecule that
could be deprotonated in preference to reaction of the base with
the carboxylic amide (or other carbonyl group). We reasoned that
benzylic organolithiums could be formed in this way and could be
sufficiently reactive to cyclize onto the pendant carbonyl group.4,5

We report here the successful demonstration of this approach and
its application to the preparation of 2- or 3-indolinones (oxindoles
or indoxyls).

To avoid complications with enolate formation, we selected the
carboxylic amide 5a for initial studies. Amide 5a was prepared in
two steps from methyl anthranilate (3) (Scheme 2). This was
accomplished by reaction of methyl anthranilate with lithium
diethylamide followed by double N-benzylation with excess
benzyl bromide in acetonitrile and potassium carbonate.

The key step in our sequence is the treatment of the benzyl-
amine 5a with a base. There are several protons that could be
ll rights reserved.
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removed from compound 5a, although we were hoping that one
of the benzylic protons alpha to the nitrogen atom would be most
acidic, possibly helped by a complex-induced proximity effect.8

After screening several bases and conditions we found that n-BuLi
in Et2O provided a reasonable yield of a cyclization product arising
from benzylic deprotonation (Scheme 3). Lower yields were
Ph5a 6a
Ph

Scheme 3. Cyclization to the 3-indolinone 6a. Reagents and conditions: (i) 2 equiv
n-BuLi, Et2O, �78 �C to rt, 4 h, then air, 30 min, then MeOH, 51%.
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Figure 1. Single crystal X-ray structure of product 6a.

Figure 2. Single crystal X-ray structure of product 7c.
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Scheme 5. Possible pathway for the formation of oxindole 7c.
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obtained using different bases or solvents (e.g., n-BuLi in THF,
PhMe or Et2O/TMEDA). Spectroscopic analysis revealed that the
product 6a was not that from simple cyclization and loss of dieth-
ylamide, but contained a hydroxy group. This was confirmed by
single crystal X-ray analysis (Fig. 1). From this we deduce that
the product from initial cyclization undergoes oxidation in air,
and indeed the yield of the product 6a was slightly enhanced by
allowing the mixture to stir in air after warming to room temper-
ature. This methodology therefore allows a novel and unusual en-
try to a 2-phenyl-2-hydroxy-3-indolinone (a 2-hydroxyindoxyl).9

To explore the scope of this transformation, we prepared the
carboxylic amides 5b and 5c by analogous chemistry, starting from
the amine 4 (Scheme 4). Treatment of the amide 5b with n-BuLi
under the same conditions as used for compound 5a gave none
of the desired cyclic product. Quenching this reaction with D2O
gave recovered starting material 5b, suggesting that no proton
abstraction was occurring. By contrast, the para-methyl analogue
5c did undergo the deprotonation–cyclization reaction, however
the product was not the expected ketone, but the oxindole 7c.

Evidence for the oxindole product 7c came from 13C NMR
spectroscopic studies (in CDCl3), in which the carbonyl carbon
resonates at 179 ppm, whereas the ketone carbon in compound
6a resonates at 198 ppm (in C6D6).

In addition, X-ray crystallographic analysis of 7c showed the
oxindole ring system (Fig. 2). The conversion of the amide 5c into
the oxindole 7c presumably occurs through the ketone 6c (formed
by autoxidation of the intermediate indolin-3-one) followed by
rearrangement (Scheme 5). This rearrangement has been proposed
in related chemistry.10,11
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Scheme 4. Formation of the substrates 5b and 5c and treatment with base.
Reagents and conditions: (i) p-MeOC6H4CH2Cl or p-MeC6H4CH2Br, MeCN, K2CO3, rt,
then heat, 24 h, 5b 47%, 5c 79%; (ii) 2 equiv n-BuLi, Et2O, �78 �C to rt, 6 h, then air,
30 min, then MeOH, 7c 47%.
We therefore re-explored the lithiation of the amide 5a with
n-BuLi and found that, under what seemed to be identical conditions
to those described in Scheme 3, the oxindole 7a was now the major
product, as judged by NMR spectroscopy (46% yield).12 The forma-
tion of the oxindoles (7a and 7c) seemed to depend on the amount
of base that was added. A more reliable method to prepare the ketone
6a was found, in which acetic acid was added at room temperature
before exposing to air (Scheme 6). It was reasoned that this should
promote protonation of any alkoxide and thereby disfavour rear-
rangement, and we were pleased to find that the ketone 6a was
formed under these conditions [38% yield, together with a small
amount (<10% yield) of starting material 5a, but no oxindole 7a].13

In addition, the ketone 6a could be transformed in high yield into
the oxindole 7a by heating with KOH in ethanol.

The ability to prepare either the 3-indolinones 6 or the 2-indoli-
nones 7 was confirmed by treating the amide 5c with butyllithium
followed by warming to room temperature, the addition of acetic
acid then exposure to air. This gave the desired 3-indolinone 6c
(and none of the oxindole 7c), (Scheme 7). This illustrates the abil-
ity to prepare either cyclization product (6 or 7) from the same
amide substrate (5).

To investigate the possibility of carrying out the chemistry with
substituents on the benzamide ring, we prepared compounds 10,
13a and 13b (Scheme 8). Starting with the substituted anthranilic
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Scheme 6. Cyclization to the ketone 6a and conversion into the oxindole 7a.
Reagents and conditions: (i) 2 equiv n-BuLi, Et2O, �78 �C to rt, 6 h, then AcOH
(4 equiv), air, 1 h, then MeOH 6a, 38%; (ii) KOH, EtOH, heat, 7a, 88%.
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Scheme 7. Cyclization to the ketone 6c. Reagents and conditions: (i) 2 equiv n-BuLi,
Et2O, �78 �C to rt, 16 h, then AcOH, air, 1 h, then MeOH, 33%.
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Scheme 8. Preparation of the carboxylic amides 10, 13a and 13b. Reagents and
conditions: (i) N-hydroxysuccinimide, DCC, dioxane, rt, 3 d, then isolation of the
(crude) activated ester (from 8 67%, from 11 55%), then Et2NH, 60 �C, 4 h, 9 43%, 12
56%; (ii) ArCH2Br, MeCN, K2CO3, rt, then heat, 2 d, 10 67%, 13a 57%, 13b 50%.

Figure 3. Single crystal X-ray structure of product 17.
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acids 8 and 11, the carboxylic amides 9 and 12 were obtained via the
activated esters of 8 and 11 (using N-hydroxysuccinimide plus dicy-
clohexylcarbodiimide followed by treatment with diethylamine).
Benzylations then provided the substrates 10, 13a and 13b. In addi-
tion to these substrates, we prepared the N-benzyl-N-methyl deriv-
ative 16 (see Scheme 9) from commercial methyl N-methyl
anthranilate by amide formation (Et2NLi) followed by N-benzylation.

Treatment of the substrates 10, 13a and 13b with n-BuLi in Et2O
(no acetic acid quench) gave the oxindoles 14, 15a and 15b, respec-
tively, in moderate yields (Scheme 9). In each case IR and NMR
spectroscopic data, together with high resolution mass spectrome-
try, confirmed the identity of the products. The substrate 16 gave
mixed results, with the ketone 18 as the major product using n-
BuLi. However, using sec-BuLi a reasonable yield of the cyclized
product 17 was obtained (Scheme 9).
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Scheme 9. Cyclization to the oxindoles 14, 15a, 15b and 17. Reagents and
conditions: (i) for 10, 13a and 13b: 2 equiv n-BuLi, Et2O, �78 �C to rt, then air,
1 h, then MeOH; or, for 16: 2 equiv n-BuLi, Et2O, �78 �C to rt, 6 h, then air, 1 h, then
MeOH, 17 <10%, 18 78%; or 2 equiv sec-BuLi, Et2O, �78 �C to rt, 17 h, then air, 1 h,
then MeOH, 17 43%, 18 <10%.
In line with the other oxindole products, the carbonyl carbon in
compound 17 resonates at 180 ppm in the 13C NMR spectrum (in
CDCl3). An authentic sample of the oxindole 17 was prepared from
N-methylisatin and phenylmagnesium chloride and its spectro-
scopic data were identical to that from the product of deprotona-
tion–cyclization of 16. In addition, a single crystal X-ray structure
of the oxindole 17 was obtained (Fig. 3). An attempt to carry out
the cyclization with acetic acid quench gave only a very low yield
of the 3-indolinone product.

In summary, we have demonstrated a simple method for the
preparation of 2-aryl-2-hydroxy-3-indolinones and 3-aryl-3-hy-
droxy-oxindoles. This occurs by regioselective lithiation at the ben-
zylic position of N-benzyl anthranilic acid amides followed by
cyclization onto the carboxylic amide group. The 3-indolinone
products were found to be the result of autoxidation in air and
these rearrange under basic conditions to oxindole ring products.
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