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AbstractÐTwo protocols have been developed for the synthesis of 1,3-di[alkoxy(aryloxy)carbonyl]-2-oxo-2,3-dihydroindoles starting from
the corresponding N,O-diacyl derivatives obtained by treatment of 2-oxindoles with chloroformic acid esters and triethylamine. The ®rst is
rearrangement of N,O-diacylated compounds in the presence of 4-dimethylaminopyridine to give N,C(3)-diacylated products with identical
acyl groups in the two positions. The second involves O-deacylation of the N,O-diacylated compounds, followed by O-acylation and
rearrangement resulting N,C(3)-diacylated 2-oxindoles with different acyl groups in the two positions. q 2000 Elsevier Science Ltd. All
rights reserved.

Introduction

As a part of our program in medicinal chemistry we required
1,3-di[alkoxy(aryloxy)carbonyl]-2-oxo-2,3-dihydroindoles
(exempli®ed by compounds 11 and 12, Scheme 2) as start-
ing material, containing identical or different alkoxy(aryloxy)-
carbonyl groups in the two positions.

Several papers dealt with the reactions of 3-substituted-2-
oxindole derivatives and alkyl chloroformates under various
conditions, encountering the formation of product mixtures
and low yield of the required regioisomer.1±5 In the most
instructive paper in this ®eld, Beccalli and Marchesini
described the reactions of 3-aroylmethyl-2-oxo-2,3-dihydro-
indoles (1) with ethyl chloroformate.6 When compounds 1
were treated with excess of ethyl chloroformate and triethyl-
amine in dichloromethane at 08C, in addition to the expected
product 2, derivatives 3 and 4 were formed in some cases
(Scheme 1). If the acylation reaction of 1 (Ar�Ph) was
carried out by re¯uxing after the ethyl chloroformate
addition, compound 4 (Ar�Ph) was obtained as the single
product. Treatment of type 3 N,O-diacylated compounds
with ethyl chloroformate and triethylamine resulted in the
formation of 2 and 4 in some cases. The results were
rationalized as follows: attack of ethyl chloroformate at
the nitrogen atom is followed by acylation of the oxygen
at C(2). Acylation at the oxygen of the side chain carbonyl
leads to compounds 2. Derivatives 4 arise from compounds
3 by O±C(3) acyl migration.

O±C(3) Acyl migrations were carried out in quantitative
yields by heating 3 (Ar: 2-thienyl, and 1-carbethoxy-2-
indolyl) in dichloromethane in the presence of a catalytic
amount of 4-dimethylaminopyridine (DMAP).

There are very few examples in the literature for the acyla-
tion of 2-oxindoles unsubstituted in the 3-position. Treat-
ment of 2-oxindole with sodium hydride and ethyl
chloroformate in THF gave the N-acylated derivative in
20% yield.7 In a patent application8 we described N,O-
diacylation of 5-chloro-2-oxindole with alkyl- and aryl-
chloroformates and the conversion of the N,O-diacylated
compounds to N-acylated ones.
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In a recent communication9 2-oxindole and 3-methyl-2-
oxindole were shown to have different reactivities in acyl-
ation reactions under similar conditions. Treatment of
2-oxindole with benzyl chloroformate and triethylamine in
THF gave only the N,O-diacylated derivative. 3-Methyl-2-
oxindole did not react under the same conditions, however,
its treatment with benzyl chloroformate and DMAP gave
N,C(3)-diacylated derivative in moderate yield.10 We are
unaware, however, of any examples of N,C(3)-diacylation
of 2-oxindoles unsubstituted in the 3-position.

After consideration of the information provided by the
literature we reasoned that N,O-diacylated compounds 6
and 8 could serve as the appropriate precursors of the
desired N,C(3)-diacylated products 11 and 12 (Scheme 2).
In this paper we describe the reaction conditions where the
required rearrangement proceeds smoothly and the products
are obtained in high yield. Recently, we have reported the
application of a similar strategy in our synthesis of anti-
rheumatic drug tenidap. 8,11

Results and Discussion

Treatment of 2-oxindoles 5 with 2.2 equiv. of chloroformic
acid esters and triethylamin in THF afforded N,O-diacylated
derivatives 6.8,9,11 The O-acyl moiety was removed by

reaction with ammonium carbonate in DMF to give N-
[alkoxy(aryloxy)carbonyl]-2-oxo-2,3-dihydroindoles 7 with
good yields.8,11 The reaction of N-acylated derivatives 7
with 1.1 equiv. of chloroformic acid esters and triethylamine
in THF afforded mixed N,O-diacylated derivatives 8.

Attempts to rearrange compounds 6a and 8a to 11a and 12a
using catalytic amounts of triethylamine or DMAP as well
as equivalent amount of triethylamine afforded product
mixtures. Treatment of 6a with 1 equiv. of DMAP followed
by acidic work-up resulted in the formation of 11a in good
yield. Derivatives 11 and 12 with aryl- or benzyloxycar-
bonyl group in the 3-position were unstable towards the
acidic work-up. However, 4-dimethylaminopyridinium
salts of 11 and 12, namely enolates 9 and 10 were easily
accessible by addition of water to the reaction mixture in
DMF. The structures of enolates 9 and 10 shown in Scheme
2 are assigned on the bases of single crystal X-ray analysis
of 9d (Fig. 1).

The formation of salts 9 and 10 points to the different role
played by DMAP in the rearrangement of 3-substituted and
3-unsubstituted N,O-diacylated 2-oxindoles. Rearranged
products obtained from 3-substituted N,O-diacylated
2-oxindoles using a catalytic amount of DMAP do not
exhibit an acidic hydrogen in the 3-position.6 However, in
the case of the corresponding 3-unsubstituted derivatives

Scheme 2.
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the reaction is accomplished by the formation of enolates 9
and 10 with the equivalent amount of DMAP present
(Scheme 2).

As mentioned above, addition of aqueous hydrogen chloride
solution to the reaction mixture containing 9 and 10 enolates
in DMF did not afford conjugate acids 11 and 12 in all cases
with preparatively useful yields. On treatment with aqueous
acid, 3-aryl- and 3-benzyloxycarbonyl groups underwent
hydrolysis and decarboxylation. However, selected type
11 and 12 compounds containing 3-alkyloxycarbonyl
group were isolated in good yield (Table 7). The 1H NMR
spectra of 11 and 12 indicated an equilibrium between the
keto and enol forms in solution, while single crystal X-ray
analysis has shown that 11b exhibits enol form in crystalline
state (Fig. 2).

Enolates 9 and 10 are useful synthetic intermediates in

medicinal chemistry for the preparation of various 1- and
3-carboxamide derivatives of 2-oxindoles.

Crystal structures

The 1,3-di(ethoxycarbonyl) derivative 11bÐapart from the
chemically non-equivalent N(1) and C(3) positions of the
indole moietyÐtheoretically has Cs or C2 molecular
symmetry. In the crystal lattice this pseudosymmetry is
further diminished by the asymmetric orientation of the
central OH group closing an intramolecular OH´ ´ ´O hydro-
gen bond with the carbonyl group bound to C(3). This
de®nes the ®nal asymmetric stretching of the molecule
(Fig. 2).

The 1,3-di(benzyloxycarbonyl) derivative 9d is chlorinated
on C(5) and forms a salt with DMAP. The proton of the
cation is bifurcated and donates two almost symmetrical
NH´ ´ ´O bonds to the charged central oxygen and one of
the neighbouring carbonyl oxygens (geometry parameters
in AÊ and 8) (Table 1).

The above described pseudosymmetry of 11b retained in 9d
enables the anion to assume a stretched array between the
terminal C(16) and C(36) phenyl carbons in such a way that
N(1) and C(3) are swapped with a probability 0.82:0.18.
This gives also rise to a positional disorder of the chlorine
atom (Fig. 1).

Figure 1. Perspective view of 9d showing atomic numbering. The posi-
tional disorder of N(1) vs. C(3) and Cl(5) with 82:18 (A:B) ratio are labelled
(£) in structure B.

Figure 2. ORTEP drawing of 11b. Displacement ellipsoids correspond to
50% probability.

Table 1. Hydrogen bond parameters for compound 9d

D±H A H´´ ´A (AÊ ) D´ ´ ´A (AÊ ) DHA (8)

N44±H44 O2 2.00 2.710(2) 139.4
N44±H44 O31 2.16 2.816(2) 132.4
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Experimental

Melting points are uncorrected. 1H NMR spectra were
recorded at 200 or 400 MHz. All unspeci®ed reagents
were from commercial sources.

Structure determination of 9d and 11b by X-ray crystal-
lography. Intensity data were collected on an Enraf Nonius
CAD4 diffractometer. The structures were solved by direct
methods.12

9d. C31H28ClN3O5; Mr�558.01, crystallized from ethyl
acetate as colourless crystals. The triclinic cell parameters
and calculated cell volume are a�10.568(1) AÊ , b�
11.274(1) AÊ , c�12.151(2) AÊ , a�93.07(1)8, b�97.60(1)8,
g�106.16(1)8, V�1372.1(2) AÊ 3. Space group: P-1. Re®ne-
ment on F2 values for all non-hydrogen atoms yielded
R1�0.0438 and wR2�0.1287 for 4391 [I.2s(I)] observa-
tions.

11b. C14H15NO5; Mr�277.27, crystallized from ethanol as
colourless crystals. The triclinic cell parameters and calcu-
lated cell volume are a�4.993(1) AÊ , b�9.184(2) AÊ ,
c�15.145(1) AÊ , a�99.78(1)8, b�92.51(1)8, g�95.51(1)8,
V�679.95(16) AÊ 3. Space group: P-1. Re®nement on F2

values for all non-hydrogen atoms yielded R1�0.0414 and
wR2�0.1284 for 1943 [I.2s (I)] observations.

General procedure for the synthesis of N,O-diacylated 2-
oxindoles 6. To a solution of 2-oxindole 5 (0.10 mol) and
triethylamine (0.22 mol) in THF (360 mL) was added
chloroformic acid ester (0.22 mol) dropwise. The tempera-
ture was kept below 308C during the addition. After stirring
for 30 min at room temperature, the solvent was evaporated.
Water (100 mL) was added to the residue and the mixture
was stirred for 2 h at 0±58C. The crystalline product was
®ltered and recrystallized to give 6. For the yields, mp's,
solvents of recrystallization, elemental analyses and 1H
NMR data see Table 2.

General procedure for the synthesis of N-acylated
2-oxindoles 7. To a solution of 6 (0.1 mol) in DMF
(200 mL) was added ®nely powdered ammonium carbonate
(7.80 g, NH3 content 22%, 0.1 mol) at 0±58C. The mixture
was stirred for 6 h at room temperature then poured into ice-
water (400 g). The crude product was ®ltered, washed with
water and recrystallized to give 7. For the yields, mp's,
solvents of recrystallization, elemental analyses and 1H
NMR data see Table 3.

General procedure for the synthesis of `mixed' N,O-
diacylated 2-oxindoles 8. To a solution of 7 (0.10 mol)
and triethylamine (0.11 mol) in THF (360 mL) was added
chloroformic acid ester 2 (0.11 mol) dropwise. The
temperature was kept below 308C during the addition.

After stirring for 30 min at room temperature, the solvent
was evaporated. Water (100 mL) was added to the residue
and the mixture was stirred for 2 h at 0±58C. The crystalline
product was ®ltered and recrystallized to give 8. For the
yields, mp's, solvents of recrystallization, elemental
analyses and 1H NMR data see Table 4.

General procedure for the synthesis of N,3-diacylated 2-
oxindole-4-dimethylamino-pyridinium salts 9 and 10. To
a solution of 6 or 8 (0.1 mol) in DMF (100 mL) was added a
solution of 4-dimethylaminopyridine (0.1 mol) in DMF
(100 mL) at 0±28C. The mixture was stirred for 10 min
and ice-water (400 g) was added. The crude product was
®ltered, washed with water and recrystallized to give 9 or
10, respectively. For the yields, mp's, solvents of recrystal-
lization, elemental analyses and 1H NMR data see Tables 5
and 6, respectively.

General procedure for the synthesis of N,3-diacylated 2-
oxindoles 11 and 12. To a solution of 6 or 8 (0.1 mol) in
DMF (100 mL) was added a solution of 4-dimethylamino-
pyridine (0.1 mol) in DMF (100 mL) at 0±28C. It was stirred
for 10 min and a mixture of concentrated HCl (8.2 mL) and
ice-water (400 g) was added. The crude product was ®ltered,
washed with water and recrystallized to give 11 or 12,
respectively. For the yields, mp's, solvents of recrystalliza-
tion, elemental analyses and 1H NMR data see Table 7.
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