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The multiple reactivity of the mesomeric anion formed by N- or C(3)-deprotonation of 3-unsubstituted
oxindoles hampers the selective introduction of substituents onto the nitrogen atom. A conveniently
applicable reaction sequence has been elaborated for the synthesis of 3-unsubstituted oxindole-1-
carboxamides starting from the easily available 1,3-bis(phenoxycarbonyl)oxindoles. Selective amida-
tion of the N-phenoxycarbonyl moiety and subsequent removal of the C(3)-phenoxycarbonyl moiety
furnished the title compounds, which are useful building blocks for further functionalization. Besides the
novel methodologies, several new representatives of this valuable compound family and their in-
termediates are also described below.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

The occurrence of 2-oxo-2,3-dihydroindole-1-carboxamides
(1,3-dihydro-2H-indol-2-one-1-carboxamides, oxindole-1-carbox-
amides, 1, Fig. 1) exhibiting various substituents at the 3-position is
scarce in scientific journals.1�7 On the contrary, the patent
literature of these compounds is rich due to the interest aroused by
the therapeutic efficacy of some members of this compound fam-
ily.8�12 An outstanding example of this type of oxindole derivatives
is (Z)-5-chloro-3-[1-hydroxy-1-(2-thienyl)methylene]-2-oxo-2,3-
dihydroindole-1-carboxamide (tenidap, 1a, Fig. 1)11,13,14 exhibiting
anxiolytic and antirheumatic activity, which was finally not
launched because of serious side-effects. The development of ilo-
nidap (1b, Fig. 1),6 a successor of tenidap, was also abandoned.

Earlier activity of our research group ranged from the synthesis of
3-acyloxindole-1-carboxamides (1, R3¼H,R4¼acyl)15�18 tooxindole-
1,3-dicarboxamides (2).19 Next, we aimed at elaborating a practical
synthesis of 3-unsubstituted oxindole-1-carboxamides (3), which
are appropriate building blocks for further functionalization.

According to the described procedures, the 1-carbamoyl moiety
of 3-unsubstituted (3),20�22 3-acyl (1, R3¼H, R4¼acyl)11,12,23 or 3,3-
dialkyl (1, R3,R4¼alkyl)24�26 substituted oxindoles can be
ddress: porcs-makkay.marta@

All rights reserved.
introduced using isocyanates. Nevertheless, the use of isocyanates
for the introduction of the 1-carbamoyl group does not make the
direct synthesis of N,N-disubstituted oxindole-1-carboxamides
possible. Moreover, the applicability of this method is further lim-
ited by the fact that relatively few organic isocyanates are com-
mercially available.14

3-Unsubstituted 1-alkoxy(aryloxy)carbonyl-oxindoles (4, Fig. 1)
seemed to be appropriate starting compounds for the
synthesis of 3-unsubstituted oxindole-1-carboxamides (3). How-
ever, our earlier experiments showed that treatment of 5-chloro-1-
phenoxycarbonyloxindole (4a) with ammonium carbonate
(1 equiv) in DMF at 25 �C for 3 h resulted in a mixture of the desired
5-chlorooxindole-1-carboxamide (3a) and by-product 5-
chlorooxindole (5a) in a 2:1 ratio (Scheme 1),16 and the use of
various amines instead of ammonium carbonate also furnished
similar mixtures in a ratio depending on the character of the amine
applied.27

The use of the 1-(4-nitrophenoxy)carbonyl group seemed to
eliminate this problem (i.e., N-desaryloxycarbonylation), as de-
scribed in the only paper published in this field,28 and in a pat-
ent application29 for the transformation of 4b to the 1-carbamoyl
derivative 3b. The 1-(4-nitrophenoxy)carbonyl moiety has
also been applied to a similar reaction of 3,3-dialkylated oxin-
doles.24 Nevertheless, (4-nitrophenoxy)chloroformate is an ex-
pensive reagent and it has earlier been demonstrated that
preparation of the starting compound 4b via selective N(1)-
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Fig. 1. Structure of various oxindole-1-carboxamides (1, 3), 1,3-dicarboxamides (2) and intermediates thereof (4).
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Scheme 1. Literature procedures for the preparation of oxindole-1-carboxamides.
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aryloxycarbonylation could not be carried out due to the
facile formation of N(1),O- and N(1),C(3)-bis(aryloxycarbonyl)
derivatives (types 6 and 7, respectively, see Scheme 2)15,16

Thus, 4b did not seem an ideal starting material for our pur-
pose, either.

Our earlier studies demonstrated, although for 3-substituted
congeners, that the 1-phenoxycarbonyl moiety took part in ami-
nolysis under mild conditions. 5-Chloro-1-phenoxycarbonyl-3-
thenoyloxindole (8, Scheme 1), which exists in the Z enol struc-
ture,16 and the 4-N,N-dimethylaminopyridinum (DMAP) salt of 5-
chloro-1,3-diphenoxycarbonyloxindole (7a)30 could easily be ami-
dated with various primary, secondary aliphatic and cyclic amines
to form the corresponding 1-carbamoyl derivatives 917 and 10,19

respectively, in good yields (Scheme 1).
Based on the above, and supposing that removal of the 3-

phenoxycarbonyl group is viable, we decided to investigate
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a general synthesis of oxindole-1-carboxamides (3) starting from
the easily available30 1,3-bis(phenoxycarbonyl)oxindole DMAP salts
7 (Scheme 2).

2. Results and discussion

We describe here a convenient, widely applicable synthesis of 3-
unsubstituted oxindole-1-carboxamides (3). The synthetic route
applied is depicted in Scheme 2.

The synthesis of diester salts 7aed has been described in our
earlier publication30 by N,O-bis(phenoxycarbonylation) of oxin-
doles 5aed to 6aed and their subsequent rearrangement (Scheme
2). New derivatives 6eeg and 7eegwere nowobtained by using the
same protocol.

Selective amidation of diester DMAP salt 7a to form 1-
carboxamido-3-phenoxycarbonyl compounds 10beg (Scheme 2)
has been described earlier.19 New compounds 10a and 10heowere
now prepared by an analogous procedure. Treatment of
compounds 10with aqueous hydrochloric acid for 0.5e3 h at room
temperature or at 60e80 �C resulted in the removal of the 3-
phenoxycarbonyl group via hydrolysis and decarboxylation, lead-
ing to 3-unsubstituted oxindole-1-carboxamides 3 (Scheme 2,
route A). Carrying out the amidation and the subsequent dephe-
noxycarbonylation in one-pot (route B) was also viable, as shown
by the transformation of diesters 7b and 7c to target compounds 3j
and 3k.

Considering the reaction conditions of the single synthetic steps
leading from diesters 6 to 3-unsubstituted amides 3, the opportu-
nity arose to carry out the transformations in one-pot (Scheme 2,
route C). Thus, compounds 3aeo were prepared in most cases in
good yields in one-pot, by treatment of the corresponding N,O-
bis(phenoxycarbonyl) derivatives 6with DMAP in DMF, followed by
amidation of the resulting 1,3-diester salts 7, without isolation of
intermediates 10, and subsequent removal of the 3-
phenoxycarbonyl group on acidic treatment of the reaction
mixture.
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Table 1 summarizes the yields of transformations 6/3 carried
out with isolation of intermediates 7 and 10 (route A), with iso-
lation of 10 alone (route B), and in one-pot (route C). In cases where
the total yield of the first two steps (6/7 and 7/10) was lower
than the yield of the one-pot reaction (6/3), acidic hydrolysis of
intermediates 10 to compounds 3 was not performed. The data
demonstrate that the one-pot procedure (route C) is in most cases
superior to routes A and B, in terms of yield and synthetic sim-
plicity. However, for a few derivatives (3a, 3iek), the stepwise
approach resulted in a higher overall yield.
Table 1
Comparison of the total yields of transformations 6/3 carried out with isolation of int
(route C)

6,7 X 10,3 NR1R2 Yield (%) Yield (%) Y

6/7 7/10 1

a 5-Cl a NH2 93b 93 9

a 5-Cl b N 93b 63c

a 5-Cl c N 93b 83c

a 5-Cl d N O 93b 77c 6

a 5-Cl e N N
N

N
93b 94c 6

a 5-Cl f
HN

93b 80c 9

a 5-Cl g
NCH3

93b 50c 4

a 5-Cl h
HN

93b 43 6

a 5-Cl i N N 93b 86 9

b 6-Cl j N 97b 90

c H k N 96b 95 7

d 5-NO2 l N 94b 48 9

e 5-F m N 92 72

f 6-F n N 66 57

g 5-MeO o N 96 34

a Yield of product 3 is calculated for 6 as the starting compound.
b See Ref. 30.
c See Ref. 19.
At the beginning, 5-chlorooxindole derivatives were used as
model compounds (see 3aei). Later on, we inquired whether this
methodology could be generalised by varying the character and the
position of the substituent on the aromatic nucleus. Thus, we in-
vestigated the analogous synthesis of 6-chloro (3j), 5-nitro (3l), 5-
methoxy (3o), 5-fluoro (3m), 6-fluoro (3n) and unsubstituted (3k)
oxindole derivatives, using piperidine as the amine reagent. It was
concluded that in each case the desired oxindole-1-carboxamides
(3) could be prepared using the one-pot procedure, in medium to
good yield.
ermediates 7 and 10 (route A), with isolation of 10 alone (route B), and in one-pot

ield (%) Total yield (%) of sequential
steps (route Aa)

Total yield (%)
via route a

One-pot yield (%)
via route Ca

0/3 6/7/10/3 6/7/3 6/3

5 82 49

71

86

5 47 51

7 59 68

9 74 97

0 19 34

7 27 93

9 79 46

88 86

4 67 41 46

9 46 86

73

75

88
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3. Conclusions

Various procedures have been developed at our laboratory for
the practical synthesis of 3-unsubstituted oxindole-1-
carboxamides (3). The most convenient one-pot approach applies
the easily available N(1),O-bis(phenoxycarbonyl) derivatives (6) as
starting materials, and involves (i) O/C(3) migration of the phe-
noxycarbonyl moiety (6/7); (ii) amidation in position 1 (7/10);
and (iii) hydrolysis and decarboxylation of the 3-phenoxycarbonyl
group upon acidic treatment, furnishing oxindole-1-carboxamides
(3) in medium to high overall yields. The methodology described
above is applicable for oxindole derivatives with various sub-
stituents on the aromatic nucleus and offers a convenient approach
to a wide range of new oxindole-1-carboxamides, which are only
circuitously or, in the case of N,N-disubstituted carboxamides, not
at all available by other procedures.

4. Experimental section

4.1. General

All melting points were determined on a B€uchi 535 capillary
melting point apparatus. IR spectra were obtained on a Bruker IFS-
113v FT spectrometer in KBr pellets. 1H NMR spectra were recorded
on a Varian Gemini 200 (200 MHz), Bruker Avance III (400 MHz) or
a Varian Unity Inova 500 (500 MHz) spectrometer. CDCl3 or DMSO-
d6 was used as solvent and tetramethylsilane (TMS) as internal
standard. Chemical shifts (d) and coupling constants (J) are given in
parts per million and in hertz, respectively. Elemental analyses
were performed on a PerkineElmer 2400 analyzer. The reactions
were followed by analytical thin layer chromatography on silica gel
60 F254. All unspecified reagents were purchased from commercial
sources. Compounds 6aed,30 7aed30 and 10beg19 were described
in our earlier papers. New intermediates and final products are
described below in detail.

4.2. General procedure I for the synthesis of N,O-diacylated
oxindoles 630

To a solution of the corresponding substituted oxindole (5,
40 mmol) and triethylamine (88 mmol) in THF (140 mL) was added
phenyl chloroformate (13.76 g, 11.0 mL, 88 mmol) dropwise. The
temperature was kept below 30 �C during the addition. After stir-
ring for 30 min at room temperature, the solvent was evaporated.
Water (40 mL) was added to the residue and the mixture was
stirred for 2 h at 0e5 �C. The crystalline product was filtered and
recrystallized from ethyl acetate to give compounds 6.

4.2.1. Phenyl 5-fluoro-2-[(phenoxycarbonyl)oxy]-1H-indole-1-
carboxylate (6e). This compound was prepared according to the
general procedure I using 5-fluorooxindole (5e) to give 6e (5.90 g,
38%) as colourless crystals, mp 95e98 �C (ethyl acetate). IR (KBr,
cm�1): 1785, 1749, 1615, 1475. 1H NMR (CDCl3, 400 MHz) d 8.13
(1H, dd, J¼9.1, 4.5 Hz), 7.47 (2H, m), 7.37e7.23 (6H, m), 7.31 (1H, d,
J¼8.2 Hz), 7.09 (2H, m), 7.07 (1H, dd, J¼7.8, 2.6 Hz), 6.48 (1H, s).
13C NMR (CDCl3, 100 MHz) d 159.8 (d, J¼241.3 Hz), 151.0, 150.8,
149.8, 148.3, 142.1, 129.8, 129.6, 129.1 (d, J¼1.3 Hz), 127.6 (d,
J¼10.2 Hz), 126.8, 126.6, 121.5, 120.7, 117.0 (d, J¼9.1 Hz), 112.9 (d,
J¼24.9 Hz), 106.6 (d, J¼24.4 Hz), 98.3 (d, J¼3.7 Hz). Anal. Calcd for
C22H14FNO5 (391.36): C 67.52, H 3.61, N 3.58%. Found: C 67.40, H
3.63, N 3.58%.

4.2.2. Phenyl 6-fluoro-2-[(phenoxycarbonyl)oxy]-1H-indole-1-
carboxylate (6f). This compound was prepared according to the
general procedure I using 6-fluorooxindole (5f) to give 6f (11.3 g,
73%) as colourless crystals, mp 125e128 �C (ethyl acetate). IR (KBr,
cm�1): 1784, 1757, 1613, 1497. 1H NMR (CDCl3, 400 MHz) d 7.92 (1H,
dd, J¼10.2, 2.3 Hz), 7.51 (1H, d, J¼8.7 Hz), 7.30 (10H, m), 7.06 (1H,
dd, J¼8.8, 2.4 Hz), 6.48 (1H, s). 13C NMR (CDCl3, 100 MHz) d 161.0 (d,
J¼241.2 Hz), 151.1, 150.8, 149.8, 148.3, 141.1 (d, J¼3.4 Hz), 133.0 (d,
J¼13.3 Hz), 129.8, 129.6, 126.9, 126.6, 122.7, 121.8 (d, J¼9.6 Hz),
121.4, 120.7, 112.2 (d, J¼24.0 Hz), 103.4 (d, J¼29.3 Hz), 98.0. Anal.
Calcd for C22H14FNO5 (391.36): C 67.52, H 3.61, N 3.58%. Found: C
67.09, H 3.69, N 3.55%.

4.2.3. Phenyl 5-methoxy-2-[(phenoxycarbonyl)oxy]-1H-indole-1-
carboxylate (6g). This compound was prepared according to the
general procedure I using 5-methoxyoxindole (5g) to give 6g
(14.0 g, 87%) as colourless crystals, mp 117e121 �C (ethyl acetate).
IR (KBr, cm�1): 1787, 1758, 1604, 1481. 1H NMR (CDCl3, 400 MHz)
d 8.05 (1H, d, J¼9.1 Hz), 7.40e7.09 (10H, m), 7.03 (1H, d, J¼2.3 Hz),
6.95 (1H, dd, J¼9.1, 2.3 Hz), 6.43 (1H, s), 3.85 (3H, s). 13C NMR
(CDCl3, 100 MHz) d 156.7, 151.1, 150.9, 149.9, 148.4, 141.5, 129.7,
129.5, 127.5, 127.2, 126.7, 121.5, 120.7, 116.6, 113.3, 104.1, 98.4, 55.7.
Anal. Calcd for C23H17NO6 (403.40): C 68.48, H 4.25, N 3.47%. Found:
C 68.13, H 4.33, N 3.44%.

4.3. General procedure II for the synthesis of 1,3-diacylated
oxindole DMAP salts 730

To a solution of 6 (10 mmol) in DMF (10 mL) was added a so-
lution of DMAP (10 mmol) in DMF (10 mL) at 0e2 �C. The mixture
was stirred for 10 min and ice-water (40 g) was added. The crude
product was filtered and washed with water to give compounds 7.
An analytical sample was recrystallized from the solvent
indicated.

4.3.1. 4-(Dimethylamino)pyridinium 5-fluoro-1,3-bis(phenoxycarbo
nyl)-1H-indol-2-olate (7e). This compoundwas prepared according to
the general procedure II using 6e (3.91 g, 10 mmol) to give 7e (4.70 g,
92%) as colourless crystals, mp 184e186 �C (acetonitrile). IR (KBr,
cm�1): 2795, 1715, 1628, 1570. 1H NMR (DMSO-d6, 400 MHz) d 13.18
(1H, s), 8.20 (2H, d, J¼7.7 Hz), 7.60 (1H, d, J¼9.0 Hz), 7.48e7.08 (10H,
m), 7.32 (1H, d, J¼2.4 Hz), 6.96 (2H, d, J¼7.7 Hz), 6.49 (1H, d, J¼9.6,
2.8 Hz), 3.17 (6H, s). 13C NMR (DMSO-d6, 100 MHz) d 163.3, 161.5 (d,
J¼248.0 Hz), 158.3, 157.5, 157.1, 152.2, 150.7 (d, J¼9.3 Hz), 139.4, 129.7
(d, J¼22.8 Hz), 129.5, 129.0, 126.4, 125.8, 124.0, 122.5, 122.0, 121.4,
115.4, 113.2 (d, J¼9.3 Hz), 107.0, 103.4 (d, J¼23.4 Hz), 102.9 (d,
J¼25.4 Hz), 80.4, 24.1. Anal. Calcd for C29H24FN3O5 (513.53): C 67.83, H
4.71, N 8.18%. Found: C 67.53, H 4.75, N 8.09%.

4.3.2. 4-(Dimethylamino)pyridinium 6-fluoro-1,3-bis(phenoxycarbo
nyl)-1H-indol-2-olate (7f). This compound was prepared according
to the general procedure II using 6f (3.93 g, 10 mmol) to give 7f
(3.41 g, 66%) as colourless crystals, mp 210e214 �C (ethanol). IR
(KBr, cm�1): 2776, 1732, 1672, 1621. 1H NMR (DMSO-d6, 400 MHz)
d 13.19 (1H, s), 8.19 (2H, d, J¼7.7 Hz), 7.53 (1H, td, J¼6.0, 2.4 Hz), 7.40
(10H, m), 7.08 (1H, d, J¼8.6 Hz), 6.97 (2H, d, J¼7.7 Hz), 6.77 (1H, td,
J¼8.5, 2.6 Hz), 3.17 (6H, s). 13C NMR (DMSO-d6, 100 MHz) d 163.2,
162.8, 157.0, 156.8 (d, J¼230.0 Hz), 152.4, 150.7 (d, J¼10.3 Hz), 139.3,
130.3 (d, J¼11.7 Hz), 129.6, 129.0, 125.8, 123.8, 122.5, 122.0, 116.5,
108.7 (d, J¼21.0 Hz), 107.1, 100.7 (d, J¼28.8 Hz), 78.8. Anal. Calcd for
C29H24FN3O5 (513.53): C 67.83, H 4.71, N 8.18%. Found: C 67.56, H
4.69, N 8.39%.

4.3.3. 4-(Dimethylamino)pyridinium 5-methoxy-1,3-bis(phenoxycar
bonyl)-1H-indol-2-olate (7g). This compound was prepared
according to the general procedure II using 6g (4.03 g, 10 mmol) to
give 7g (5.05 g, 96%) as colourless crystals, mp 189e190 �C (tolu-
ene). IR (KBr, cm�1): 2814, 1715, 1674, 1622, 1584. 1H NMR (DMSO-
d6, 400 MHz) d 13.18 (1H, s), 8.18 (2H, d, J¼7.5 Hz), 7.54 (1H, d,
J¼8.6 Hz), 7.31 (10H, m), 7.24 (1H, d, J¼2.6 Hz), 6.92 (2H, d,



M. Porcs-Makkay et al. / Tetrahedron 68 (2012) 1427e14351432
J¼7.4 Hz), 6.32 (1H, dd, J¼8.6, 2.7 Hz), 3.76 (3H, s), 3.14 (6H, s). 13C
NMR (DMSO-d6, 100 MHz) d 163.4, 156.9, 155.9, 152.4, 150.9, 150.6,
139.9, 132.6, 129.8, 129.6, 129.5, 129.0, 125.6, 124.4, 123.8, 122.5,
122.1, 121.8, 115.5, 113.0, 107.0, 103.6, 102.6, 80.2, 55.0. Anal. Calcd
for C30H27N3O6 (525.57): C 68.56, H 5.18, N 8.00%. Found: C 68.70, H
5.23, N 8.06%.

4.4. General procedure III for the synthesis of compounds
1019

A solution of the DMAP salt of the 1,3-bis(phenoxycarbonyl)-
1H-indol-2-olate (7, 4.0 mmol) and the corresponding amine
(8.0 mmol) in DMF (10 mL) was stirred at room temperature for
2e4 h. The reaction mixture was poured onto ice-water (20 g) and
stirred for 1 h. The crystalline product was filtered and washed
with water to give compound compounds 10. The compounds
obtained could be used in the next step without further purifica-
tion. An analytical sample was recrystallized from the solvent
indicated.

4.4.1. 4-(Dimethylamino)pyridinium 1-carbamoyl-5-chloro-3-(phe-
noxycarbonyl)-1H-indol-2-olate (10a). A solution of the DMAP salt
of the 1,3-bis(phenoxycarbonyl)-1H-indol-2-olate 7a (2.12 g,
4.0 mmol) and ammonium carbonate (1.36 g, NH3 content 10%,
8.0 mmol) in DMF (10 mL) was stirred at 45 �C for 2 h. The reaction
mixture was poured onto ice-water (20 g) and stirred for 1 h. The
crystalline product was filtered and washed with water to give 10a
(1.69 g, 93%) as colourless crystals, mp 186e187 �C (acetonitrile).
IR (KBr, cm�1): 3316, 1704, 1557, 1436. 1H NMR (DMSO-d6,
500 MHz) d 13.18 (1H, br s), 9.44 (1H, br s), 8.18 (2H, d, J¼7.6 Hz),
7.99 (1H, d, J¼8.5 Hz), 7.53 (1H, d, J¼2.2 Hz), 7.37 (2H, m), 7.15 (1H,
m), 7.09 (2H, d, J¼7.6 Hz), 6.98 (1H, s), 6.96 (2H, J¼7.6 Hz), 6.71 (1H,
dd, J¼8.5, 2.2 Hz), 3.16 (6H, s). 13C NMR (DMSO-d6, 100 MHz)
d 165.7, 163.1, 157.1, 154.9, 152.1, 139.3, 131.5, 129.6, 129.0, 126.1,
124.1, 122.6, 117.4, 115.6, 114.3, 80.8. Anal. Calcd for C23H21N4O4
(452.90): C 61.00, H 4.67, Cl 7.83, N 12.37%. Found: C 60.92, H 4.66,
Cl 7.81, N 12.44%.

4.4.2. 4-(Dimethylamino)pyridinium 1-(benzylcarbamoyl)-5-chloro-
3-(phenoxycarbonyl)-1H-indol-2-olate (10h). This compound was
prepared according to the general procedure III using 7a and ben-
zylamine to give 10h (0.90 g, 43%) as colourless crystals, mp
202e205 �C (acetonitrile). IR (KBr, cm�1): 3058, 1701, 1647, 1538,
1398. 1H NMR (CDCl3, 400 MHz) d 10.21 (1H, t, J¼5.4 Hz), 8.24 (1H,
d, J¼8.8 Hz), 7.87 (2H, d, J¼7.5 Hz), 7.73 (1H, d, J¼2.2 Hz), 7.31 (11H,
m), 6.94 (1H, dd, J¼8.7, 2.4 Hz), 6.39 (2H, d, J¼7.6 Hz), 4.60 (2H, d,
J¼5.4 Hz), 3.05 (6H, s). 13C NMR (CDCl3, 100 MHz) d 165.8, 163.0,
157.0, 154.5, 152.1, 139.7, 139.6, 131.4, 129.5, 129.1, 128.6, 127.4, 127.3,
127.0, 126.2, 124.1, 122.5, 117.5, 115.7, 114.2, 107.1, 80.9, 42.6. Anal.
Calcd for C30H27ClN4O4 (543.03): C 66.36, H 5.01, Cl 6.53, N 10.32%.
Found: C 66.08, H 5.13, Cl 6.51, N 10.48%.

4.4.3. 4-(Dimethylamino)pyridinium 1-[(4-phenylpiperazin-1-yl)car
bonyl]-5-chloro-3-(phenoxycarbonyl)-1H-indol-2-olate (10i). This
compound was prepared according to the general procedure III
using 7a and 1-phenylpiperazine to give 10i (2.06 g, 86%) as col-
ourless crystals, mp 160e163 �C (acetonitrile). IR (KBr, cm�1): 3064,
1733,1647,1558,1394. 1H NMR (DMSO-d6, 500 MHz) d 13.27 (1H, br
s), 8.19 (2H, d, J¼7.3 Hz), 7.45 (1H, d, J¼1.5 Hz), 7.36 (2H, t, J¼7.8 Hz),
7.22 (2H, t, J¼7.8 Hz), 7.14 (1H, m), 7.08 (2H, d, J¼7.8 Hz), 6.95 (2H,
d J¼7.3 Hz), 6.94 (2H, d, J¼7.1 Hz), 6.84 (1H, d, J¼8.2 Hz), 6.79 (1H,
m), 6.66 (1H, dd, J¼8.2, 2.1 Hz), 3.79 (2H, br s), 3.56 (2H, br s), 3.27
(4H, m), 3.16 (6H, s). 13C NMR (DMSO-d6, 100 MHz) d 172.7, 157.4,
152.5, 152.3, 151.0, 149.6, 140.7, 139.8, 130.3, 129.5, 129.1, 129.0,
128.9, 127.5, 127.4, 127.3, 125.0, 124.7, 123.8,122.6,119.6, 119.4,116.7,
116.1, 116.0, 115.8, 115.3, 113.3, 113.2, 110.0, 107.1, 79.5, 35.9. Anal.
Calcd for C33H32ClN5O4 (598,11): C 66.27, H 5.39, Cl 5.93, N 11.71%.
Found: C 66.10, H 5.57, Cl 6.19, N 11.48%.

4.4.4. 4-(Dimethylamino)pyridinium 6-chloro-3-(phenoxycarbonyl)-
1-(piperidin-1-ylcarbonyl)-1H-indol-2-olate (10j). This compound
was prepared according to the general procedure III using 7b and
piperidine to give 10j (1.88 g, 90%) as colourless crystals, mp
183e185 �C (acetonitrile). IR (KBr, cm�1): 3066, 2942,1700,1493. 1H
NMR (DMSO-d6, 200 MHz) d 13.21 (1H, br s), 8.19 (2H, d, J¼7.3 Hz),
7.48 (1H, d, J¼7.9 Hz), 7.36 (2H, t, J¼7.8 Hz), 7.15 (1H, t, J¼7.3 Hz), 7.07
(2H, d, J¼7.8Hz), 6.98 (2H, d, J¼7.3 Hz), 6.69 (2H, d, J¼8.4 Hz), 3.55
(2H, br s), 3.29 (2H, br s), 3.15 (6H, s),1.59 (6H, br s). 13CNMR (DMSO-
d6, 100 MHz) d 157.0, 154.0, 140.0, 128.9, 123.7, 122.5, 119.8, 115.3,
108.5, 107.1, 24.0. Anal. Calcd for C28H29ClN4O4 (521.03): C 64.55, H
5.61, Cl 6.81, N 10.75%. Found: C 64.29, H 5.61, Cl 6.89, N 10.42%.

4.4.5. 4-(Dimethylamino)pyridinium 3-(phenoxycarbonyl)-1-(piper-
idin-1-ylcarbonyl)-1H-indol-2-olate (10k). This compound was
prepared according to the general procedure III using 7c and pi-
peridine to give 10k (1.85 g, 95%) as colourless crystals, mp
174e176 �C (acetonitrile). IR (KBr, cm�1): 2931, 1696, 1646, 1546. 1H
NMR (DMSO-d6, 200 MHz) d 13.33 (1H, br s), 8.18 (2H, d, J¼7.2 Hz),
7.48 (1H, d, J¼7.6 Hz), 7.34 (2H, t, J¼7.7 Hz), 7.12 (1H, m), 7.07 (2H, d,
J¼7.6 Hz), 6.92 (2H, d, J¼7.2 Hz), 6.76 (2H, m), 6.67 (1H, t, J¼7.6Hz),
3.70 (2H, br s), 3.40 (2H, br s), 3.15 (6H, s), 1.61 (6H, m). 13C NMR
(DMSO-d6, 100 MHz) d 157.4, 154.0, 142.0, 141.0, 129.5, 128.9, 127.6,
123.6, 122.5, 120.2, 118.9, 117.6, 115.3, 108.5, 107.0, 44.4, 26.1, 25.4,
24.1. Anal. Calcd for C28H30N4O4 (486.58): C 69.12, H 6.21, N 11.51%.
Found: C 69.13, H 6.42, N 11.14%.

4.4.6. 4-(Dimethylamino)pyridinium 5-nitro-3-(phenoxycarbonyl)-
1-(piperidin-1-ylcarbonyl)-1H-indol-2-olate (10l). This compound
was prepared in a one-pot procedure starting from 6d (1.67 g,
4.0 mmol), treated in a solution of DMF (10 mL) with DMAP (0.49 g,
4.0 mmol) at 0e2 �C. The mixture was stirred for 10 min, then pi-
peridine (0.68 g, 0.79 mL, 8.0 mmol) was added and stirred for 1 h
at room temperature. It was poured onto a mixture of ice and water
(20 g) and stirred for 1 h. The crystalline product was filtered and
washed with water to give 10l (1.02 g, 48%) as yellow crystals, mp
205e206 �C (acetonitrile). IR (KBr, cm�1): 3058, 2946,1691,1515. 1H
NMR (DMSO-d6, 200 MHz) d 8.34 (1H, d, J¼2.4 Hz), 8.18 (2H, d,
J¼7.6 Hz), 7.66 (1H, dd, J¼8.4, 2.4 Hz), 7.41 (2H, m), 7.16 (3H, m),
6.94 (3H, d, J¼8.6 Hz), 3.70 (2H, br s), 3.40 (2H, br s), 3.15 (6H, s),
1.90e1.30 (6H, m). 13C NMR (DMSO-d6, 100 MHz) d 164.3, 163.1,
157.0, 152.1, 151.6, 141.7, 139.3, 136.7, 130.3, 129.1, 124.2, 122.6, 114.6,
111.1, 107.7, 107.1, 79.7, 47.8, 44.4, 26.3, 25.5, 24.0. Anal. Calcd for
C28H29N5O6 (531.55): C 63.23, H 5.50, N 13.18%. Found: C 63.07, H
5.52, N 13.16%.

4.4.7. 4-(Dimethylamino)pyridinium 5-fluoro-3-(phenoxycarbonyl)-
1-(piperidin-1-ylcarbonyl)-1H-indol-2-olate (10m). This compound
was prepared according to the general procedure III using 7e and
piperidine to give 10m (1.45 g, 72%) as colourless crystals, mp
179e180 �C (acetonitrile). IR (KBr, cm�1): 2937, 1698, 1648, 1558,
1398. 1H NMR (DMSO-d6, 500 MHz) d 13.33 (1H, br s), 8.19 (2H, d,
J¼7.6 Hz), 7.34 (2H, t, J¼7.7 Hz), 7.19 (1H, dd, J¼10.7, 2.6 Hz), 7.14
(1H, t, J¼7.7 Hz), 7.08 (2H, d, J¼7.6 Hz), 6.96 (2H, d, J¼7.6 Hz), 6.76
(1H, dd, J¼8.2, 5.0 Hz), 6.41 (1H, td, J¼8.3, 2.7 Hz), 3.52 (4H, br s),
3.17 (6H, s), 1.55 (6H, br s). 13C NMR (DMSO-d6, 100 MHz) d 163.3,
158.3 (d, J¼230.3 Hz), 156.8, 152.4 (d, J¼22.6 Hz), 140.1, 129.0, 128.0,
123.9, 122.5, 108.8, 107.1, 103.2 (d, J¼24.0 Hz), 24.0. Anal. Calcd for
C28H29FN4O4 (504.57): C 66.65, H 5.79, N 11.10%. Found: C 66.40, H
5.58, N 10.84%.

4.4.8. 4-(Dimethylamino)pyridinium 6-fluoro-3-(phenoxycarbonyl)-
1-(piperidin-1-ylcarbonyl)-1H-indol-2-olate (10n). This compound
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was prepared according to the general procedure III using 7f
(2.06 g, 4.0 mmol) and piperidine (0.68 g, 0.8 mL, 8.0 mmol) to give
10n (1.15 g, 57%) as colourless crystals, mp 173e176 �C (acetoni-
trile). IR (KBr, cm�1): 2945, 1707, 1655, 1632, 1481. 1H NMR (DMSO-
d6, 400 MHz) d 13.34 (1H, s), 8.19 (2H, d, J¼7.6 Hz), 7.40 (1H, dd,
J¼8.8, 6.0 Hz), 7.34 (2H, m), 7.10 (3H, m), 6.96 (2H, d, J¼7.6 Hz), 6.58
(2H, m), 3.39 (4H, br s), 3.17 (6H, s), 1.59 (6H, br s). 13C NMR (DMSO-
d6, 100 MHz) d 156.9, 156.7 (d, J¼230.2 Hz), 155.6, 152.4 (d,
J¼16.3 Hz), 139.9, 129.5, 128.9, 123.6, 122.5, 107.1, 106.1 (d,
J¼21.0 Hz), 96.5 (d, J¼27.0 Hz), 78.6, 58.0, 34.0, 24.1. Anal. Calcd for
C28H29FN4O4 (504.57): C 66.65, H 5.79, N 11.10%. Found: C 66.55, H
5.59, N 10.98%.

4.4.9. 4-(Dimethylamino)pyridinium 5-methoxy-3-(phenoxycarbo
nyl)-1-(piperidin-1-ylcarbonyl)-1H-indol-2-olate (10o). This com-
poundwas prepared according to the general procedure III using 7g
and piperidine to give 10o (0.70 g, 34%) as colourless crystals, mp
136e138 �C (ethyl acetate). IR (KBr, cm�1): 2939, 1693, 1644, 1561,
1398. 1H NMR (DMSO-d6, 400 MHz) d 13.30 (1H, br s), 8.19 (2H, d,
J¼7.6 Hz), 7.36 (2H, m), 7.11 (4H, m), 6.96 (2H, d, J¼7.6 Hz), 6.67 (1H,
d, J¼8.3 Hz), 6.25 (1H, dd, J¼8.3, 2.6 Hz), 3.65 (3H, s), 3.39 (4H, br s),
3.17 (6H, s), 1.59 (6H, br s). 13C NMR (DMSO-d6, 100 MHz) d 163.2,
157.5, 156.8, 154.5, 152.9, 152.6, 140.2, 129.5, 128.9, 126.4, 123.6,
122.5, 118.9, 115.4, 80.1, 59.9, 55.2, 25.9, 24.1, 23.8, 20.9, 14.2. Anal.
Calcd for C29H32N4O5 (516.6): C 67.43, H 6.24, N 10.85%. Found: C
67.38, H 6.34, N 10.53%.

4.5. General procedures IV/AeIV/C for the synthesis of
compounds 3

General procedure IV/A (route A). A suspension of compound 10
in a mixture of water (2 mL/mmol 10) and concentrated HCl (82 mL/
mmol 10) was stirred for 0.5e3 h at room temperature or at
60e80 �C. The crystalline product was filtered and washed with
water to give compound 3. An analytical sample was recrystallized
from the solvent indicated.

General procedure IV/B (route B). To a solution of 4-(dimethyla-
mino)pyridinium 1,3-bis(phenoxycarbonyl)-1H-indol-2-olate (7) in
DMF (2 mL/mmol 7) the corresponding amine (2.0 equiv) was
added and the solution thus obtained was stirred at room tem-
perature for 2e4 h. It was poured onto a mixture of ice-water (2 g/
mmol 7) and concentrated HCl (82 mL/mmol 7), and stirred for 2 h
at room temperature. The crystalline product was filtered and
washed with water to give compound 3. An analytical sample was
recrystallized from the solvent indicated.

General procedure IV/C (route C). To a solution of 1-
phenoxycarbonyl-2-(phenoxycarbonyloxy)indole (6) in DMF
(1 mL/mmol 6) was added a solution of DMAP (1.0 equiv) in DMF
(1 mL/mmol 6) at 0e2 �C. The mixture was stirred for 10 min, the
corresponding amine (2.0 equiv) was added and the solution thus
obtained was stirred at room temperature for 2e4 h. It was poured
onto a mixture of ice-water (200 g) and concentrated HCl (82 mL/
mmol 6), and stirred for 1e3 h at room temperature or at
50e100 �C. The crystalline product was filtered and washed with
water to give compound 3. An analytical sample was recrystallized
from the solvent indicated.

4.5.1. 5-Chloro-2-oxo-2,3-dihydro-1H-indole-1-carboxamide
(3a). Method 1. This compound was prepared according to the
general procedure IV/C using 6a (4.08 g, 10 mmol) and ammonium
carbonate (3.40 g, NH3 content 10%, 20 mmol), and stirred with
aqueous HCl at 60 �C for 3 h to give 3a (1.03 g, 49%) as colourless
crystals, mp 206e209 �C (acetonitrile) (lit.12 mp 211 �C). IR (KBr,
cm�1): 3368, 1740, 1716, 1584, 1470, 1375. 1H NMR (DMSO-d6,
500 MHz) d 8.03 (1H, d, J¼8.7 Hz), 7.97 (1H, br s), 7.77 (1H, br s),
7.39 (1H, s), 7.34 (1H, dd, J¼8.7, 2.2 Hz), 3.85 (2H, s). 13C NMR
(DMSO-d6, 100 MHz) d 176.6, 152.0, 140.5, 128.0, 127.4, 126.8, 124.3,
116.8, 36.6. Anal. Calcd for C9H7ClN2O2 (210.62): C 51.32, H 3.35, Cl
16.83, N 13.30%. Found: C 51.29, H 3.37, Cl 16.69, N 13.37%.Method 2.
This compound was also prepared according to the general pro-
cedure IV/A using 10a (0.91 g, 2 mmol), and stirred with aqueous
HCl at 55e60 �C for 3 h to give 3a (0.40 g, 95%) as colourless crys-
tals, identical with compound obtained by Method 1.

4.5.2. 5-Chloro-1-(pyrrolidin-1-ylcarbonyl)-1,3-dihydro-2H-indol-2-
one (3b). This compound was prepared according to the general
procedure IV/C using 6a (4.08 g, 10 mmol) and pyrrolidine (1.44 g,
1.7 mL, 20 mmol), and stirred with aqueous HCl at room tempera-
ture for 1 h to give 3b (1.88 g, 71%) as colourless crystals, mp
159e162 �C (ethyl acetate/hexane). IR (KBr, cm�1): 2942, 1736,
1688, 1588. 1H NMR (DMSO-d6, 500 MHz) d 7.27 (1H, d, J¼2.1 Hz),
7.18 (2H, m), 3.65 (2H, t, J¼6.4 Hz), 3.61 (2H, s), 3.53 (2H, t,
J¼6.4 Hz),1.97 (4H, m). 13C NMR (DMSO-d6,100 MHz) d 172.0,149.5,
140.3, 128.9, 128.0, 125.6, 124.6, 113.7, 47.7, 47.2, 36.0, 25.8, 24.5.
Anal. Calcd for C13H13ClN2O2 (264.72): C 58.98, H 4.93, Cl 13.39, N
10.58%. Found: C 58.65, H 4.93, Cl 13.30, N 10.54%.

4.5.3. 5-Chloro-1-(piperidin-1-ylcarbonyl)-1,3-dihydro-2H-indol-2-
one (3c). This compound was prepared according to the general
procedure IV/C using 6a (4.08 g, 10 mmol) and piperidine (1.70 g,
2.0 mL, 20 mmol), and stirred with aqueous HCl at room temper-
ature for 1 h to give 3c (2.40 g, 86%) as colourless crystals, mp
112e114 �C (ethyl acetate). IR (KBr, cm�1): 2949, 1744, 1684, 1608.
1H NMR (DMSO-d6, 500 MHz) d 7.25 (2H, m), 7.05 (1H, d, J¼8.1 Hz),
3.67 (2H, s), 3.61 (2H, s), 3.38 (2H, s), 1.69 (6H, s). 13C NMR (DMSO-
d6, 100 MHz) d 172.1, 150.0, 140.6, 128.5, 127.8, 125.6, 124.5, 113.2,
48.2, 45.0, 35.8, 26.2, 25.3, 24.0. Anal. Calcd for C14H15ClN2O2
(278.75): C 60.32, H 5.42, Cl 12.72, N 10.05%. Found: C 60.13, H 5.39,
Cl 12.65, N 9.93%.

4.5.4. 5-Chloro-1-(morpholin-4-ylcarbonyl)-1,3-dihydro-2H-indol-
2-one (3d). Method 1. This compound was prepared according to
the general procedure IV/C using 6a (4.08 g, 10 mmol) and mor-
pholine (1.74 g, 1.70 mL, 20 mmol), and stirred with aqueous HCl at
room temperature for 1 h to give 3d (1.43 g, 51%) as colourless
crystals, mp 149e150 �C (ethyl acetate). IR (KBr, cm�1): 2930, 1733,
1681, 1613. 1H NMR (DMSO-d6, 500 MHz) d 7.29 (1H, d, J¼2.1 Hz),
7.26 (1H, m), 7.14 (1H, d, J¼8.2 Hz), 3.78 (4H, s), 3.63 (2H, s), 3.50
(4H, s). 13C NMR (DMSO-d6, 100 MHz) d 172.3, 150.1, 140.4, 129.2,
128.2, 125.6, 124.7, 113.9, 66.6, 36.0. Anal. Calcd for C13H13ClN2O3
(280.72): C 55.62, H 4.67, Cl 12.63, N 9.98%. Found: C 55.31, H 4.70,
Cl 12.41, N 9.71%. Method 2. This compound was also prepared
according to the general procedure IV/A using 10d (3.14 g, 6 mmol),
and stirred with aqueous HCl at room temperature for 1 h to give
3d (1.10 g, 65%) as colourless crystals, identical with compound
obtained by Method 1.

4.5.5. 5-Chloro-1-[(4-pyrimidin-2-ylpiperazin-1-yl)carbonyl]-1,3-
dihydro-2H-indol-2-one (3e). Method 1. This compound was pre-
pared according to the general procedure IV/C using 6a (4.08 g,
10 mmol) and 1-(pyrimidin-2-yl)piperazine (3.28 g, 20 mmol), and
stirredwith aqueous HCl at 70e80 �C for 2 h to give 3e (2.43 g, 68%)
as colourless crystals, mp 180e181 �C (ethyl acetate). IR (KBr,
cm�1): 2917, 1745, 1691, 1589, 1545. 1H NMR (DMSO-d6, 500 MHz)
d 8.33 (2H, d, J¼4.8 Hz), 7.28 (1H, d, J¼1.8 Hz), 7.26 (1H, m), 7.13 (1H,
d, J¼8.8 Hz), 6.55 (1H, t, J¼4.8 Hz), 3.96 (4H, s), 3.80 (2H, s), 3.65
(2H, s), 3.55 (2H, s). 13C NMR (DMSO-d6, 100 MHz) d 190.4, 172.3,
161.4, 157.7, 150.2, 140.4, 129.0, 128.1, 125.7, 124.6, 113.9, 110.5, 43.5,
36.0. Anal. Calcd for C17H16ClN5O2 (357.80): C 57.07, H 4.51, Cl 9.91,
N 19.57%. Found: C 57.17, H 4.53, Cl 9.67, N 19.21%. Method 2. This
compound was also prepared according to the general procedure
IV/A using 10e (0.90 g, 1.5 mmol), and stirred with aqueous HCl at
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70e80 �C for 2 h to give 3e (0.36 g, 67%) as colourless crystals,
identical with compound obtained by Method 1.

4.5.6. 5-Chloro-2-oxo-N-propyl-2,3-dihydro-1H-indole-1-carboxamide
(3f). Method 1. This compoundwas prepared according to the general
procedure IV/A using 10f (1.24 g, 2.5 mmol), and stirred with aqueous
HCl at 80 �C for 2 h to give 3f (0.63 g, 99%) as colourless crystals, mp
104e105 �C (ethanol). IR (KBr, cm�1): 3314, 2967,1750,1703, 1534. 1H
NMR (DMSO-d6, 500 MHz) d 8.51 (1H, t, J¼5.5 Hz), 8.01 (1H, d,
J¼8.7 Hz), 7.39 (1H, d, J¼2.3 Hz), 7.34 (1H, dd, J¼8.8, 2.3 Hz), 3.85 (2H,
s), 3.25 (2H, q, J¼6.9 Hz), 1.55 (2H, sext, J¼7.3 Hz), 0.90 (3H, t,
J¼7.3 Hz). 13C NMR (DMSO-d6, 100 MHz) d 176.7, 151.5, 140.5, 128.0,
127.3, 126.8, 124.3, 116.6, 41.1, 36.6, 22.4, 11.3. Anal. Calcd for
C12H13ClN2O2 (252.70): C 57.04, H 5.19, Cl 14.03, N 11.09%. Found: C
56.83, H 5.04, Cl 14.16, N 11.00%. Method 2. This compound was also
prepared according to the general procedure IV/C using 6a (4.08 g,
10 mmol) and propylamine (1.65 mL, 1.18 g, 20 mmol), and stirred
with aqueous HCl at 80 �C for 2 h to give 3f (2.5 g, 97%) as colourless
crystals, identical with compound obtained by Method 1.

4.5.7. N-Benzyl-5-chloro-N-methyl-2-oxo-2,3-dihydro-1H-indole-1-
carboxamide (3g). Method 1. This compound was prepared
according to the general procedure IV/C using 6a (0.82 g, 2.0 mmol)
and N-benzylmethylamine (0.48 g, 0.51 mL, 4.0 mmol), and stirred
with aqueous HCl at 80e100 �C for 2 h to give 3g (0.13 g, 34%) as
yellow crystals, mp 130e132 �C (acetonitrile). IR (KBr, cm�1): 2941,
1735, 1693, 1476. 1H NMR (DMSO-d6, 500 MHz) d 7.44e7.18 (7H, m),
7.05 (1H, d, J¼8.2 Hz), 4.70 (2H, br s), 3.81 (2H, br s), 2.94 (3H, s). 13C
NMR (DMSO-d6, 100 MHz) d 172.7, 151.6, 140.6, 136.5, 128.7, 127.5,
127.4, 127.3, 124.8, 113.1, 53.8, 51.8, 35.9. Anal. Calcd for
C17H15ClN2O2 (314.77): C 64.87, H 4.80, Cl 11.26, N 8.90%. Found: C
64.53, H 4.94, Cl 11.16, N 8.97%. Method 2. This compound was also
prepared according to the general procedure IV/A using 10g (2.23 g,
4 mmol), and stirred with aqueous HCl at 70e80 �C for 2 h to give
3g (0.50 g, 40%) as colourless crystals, identical with compound
obtained by Method 1.

4.5.8. N-Benzyl-5-chloro-2-oxo-2,3-dihydro-1H-indole-1-carboxamide
(3h). Method 1. This compound was prepared according to the gen-
eral procedure IV/A using 10h (0.50 g, 0.9 mmol), and stirred with
aqueous HCl at 60e80 �C for 2 h to give 3h (0.18 g, 67%) as colourless
crystals, mp 141e142 �C (acetonitrile). IR (KBr, cm�1): 2944, 1742,
1730, 1689, 1472. 1H NMR (DMSO-d6, 500 MHz) d 8.9 (1H, br s), 8.21
(1H, d, J¼8.8 Hz), 7.37 (4H, m), 7.32e7.27 (2H, m), 7.24 (1H, m), 4.58
(2H, s), 3.71 (2H, s). 13C NMR (DMSO-d6,100 MHz) d 176.5,151.9,140.2,
137.8, 129.9, 128.7, 128.4, 127.6, 127.5, 124.6, 124.1, 117.6, 43.8, 36.7.
Anal. Calcd for C16H13ClN2O2 (300.75): C 63.90, H 4.36, Cl 11.79, N
9.31%. Found: C 63.65, H 4.41, Cl 11.86, N 9.34%. Method 2. This
compoundwas also prepared according to the general procedure IV/C
using 6a (4.08 g, 10 mmol) and benzylamine (2.14 g, 2.2 mL,
20 mmol), and stirred with aqueous HCl at 70e80 �C for 2 h to give
3h (2.80 g, 93%) as colourless crystals, identical with compound ob-
tained by Method 1.

4.5.9. 5-Chloro-1-[(4-phenylpiperazin-1-yl)carbonyl]-1,3-dihydro-
2H-indol-2-one (3i). This compound was prepared according to the
general procedure IV/C using 6a (4.08 g, 10 mmol) and 1-
phenylpiperazine (3.24 g, 3.0 mL, 20 mmol), and stirred with
aqueous HCl at 70e80 �C for 2 h to give 3i (1.64 g, 46%) as colourless
crystals, mp 189e190 �C (ethyl acetate). IR (KBr, cm�1): 2922, 2825,
1736, 1677, 1598. 1H NMR (DMSO-d6, 500 MHz) d 7.26 (4H, m), 7.10
(1H, d, J¼8.3 Hz), 6.92 (3H, m), 3.89 (4H, s), 3.65 (2H, s), 3.28 (4H, s).
13C NMR (DMSO-d6, 100 MHz) d 172.5, 150.1, 140.5, 129.4, 129.2,
128.3, 125.7, 124.8, 117.0, 114.0, 36.0. Anal. Calcd for C19H18ClN3O2
(355.81): C 64.13, H 5.10, Cl 9.96, N 11.81%. Found: C 64.45, H 5.25, Cl
9.59, N 11.60%. Method 2. This compound was also prepared
according to the general procedure IV/A using 10i (0.60 g, 1 mmol),
and stirred with aqueous HCl at 70e80 �C for 2 h to give 3i (0.35 g,
99%) as colourless crystals, identical with compound obtained by
Method 1.

4.5.10. 6-Chloro-1-(piperidin-1-ylcarbonyl)-1,3-dihydro-2H-indol-2-
one (3j). Method 1. This compound was prepared according to the
general procedure IV/B using 7b (0.79 g, 1.5 mmol) and piperi-
dine (0.26 g, 0.30 mL, 3.0 mmol), and stirred with aqueous HCl at
room temperature for 2 h to give 3j (0.38 g, 91%) as colourless
crystals, mp 121e122 �C (ethanol). IR (KBr, cm�1): 2941, 1741,
1685, 1610, 1437. 1H NMR (DMSO-d6, 200 MHz) d 7.32 (1H, d,
J¼8.1 Hz), 7.13 (1H, dd, J¼8.1, 1.8 Hz), 7.03 (1H, d, J¼1.8 Hz), 3.73
(2H, br s), 3.57 (2H, br s), 3.36 (2H, br s), 1.65e1.40 (6H, m). 13C
NMR (DMSO-d6, 100 MHz) d 172.9, 149.3, 143.2, 131.9, 126.0,
124.2, 122.7, 111.7, 47.7, 44.5, 35.9, 26.2, 25.3, 23.7. Anal. Calcd for
C14H15ClN2O2 (278.74): C 60.33, H 5.42, Cl 12.72, N 10.05%. Found:
C 60.06, H 5.50, Cl 12.75, N 10.03%. Method 2. This compound was
also prepared according to the general procedure IV/C using 6b
(4.08 g, 10 mmol) and piperidine (1.70 g, 2.0 mL, 20 mmol), and
stirred with aqueous HCl at room temperature for 2 h to give 3j
(2.40 g, 86%) as colourless crystals, identical with compound
obtained by Method 1.

4.5.11. 1-(Piperidin-1-ylcarbonyl)-1,3-dihydro-2H-indol-2-one
(3k). Method 1. This compound was prepared according to the
general procedure IV/B using 7c (1.0 g, 2.0 mmol) and piperidine
(0.34 g, 0.4 mL, 4.0 mmol), and stirred with aqueous HCl at room
temperature for 2 h to give 3k (0.21 g, 43%) as colourless crystals,
mp 117e122 �C (ethanol). IR (KBr, cm�1): 2944, 1732, 1675, 1610,
1437. 1H NMR (DMSO-d6, 200 MHz) d 7.30 (1H, d, J¼7.0 Hz), 7.26
(1H, t, J¼7.9 Hz), 7.07 (1H, t, J¼7.5 Hz), 6.97 (1H, d, J¼7.9 Hz),
3.80e3.50 (4H, m), 3.36 (2H, br s), 1.65e1.40 (6H, m). 13C NMR
(DMSO-d6, 100 MHz) d 173.0, 149.7, 142.0, 127.6, 125.1, 124.6, 123.0,
111.3, 47.6, 44.4, 35.7, 26.3, 25.3, 23.8. Anal. Calcd for C14H16N2O2
(244.30): C 68.83, H 6.60, N 11.47%. Found: C 68.65, H 6.68, N
11.50%. Method 2. This compound was also prepared according to
the general procedure IV/C using 6c (1.87 g, 5 mmol) and piperi-
dine (0.85 g, 1.0 mL, 10 mmol), and stirred with aqueous HCl at
room temperature for 2 h to give 3k (0.56 g, 46%) as colourless
crystals, identical with compound obtained by Method 1. Method
3. This compound was also prepared according to the general
procedure IV/A using 10k (0.49 g, 1 mmol), and stirred with
aqueous HCl at room temperature for 2 h to give 3k (0.18 g, 74%)
as colourless crystals, identical with compound obtained by
Method 1.

4.5.12. 5-Nitro-1-(piperidin-1-ylcarbonyl)-1,3-dihydro-2H-indol-2-
one (3l). Method 1. This compound was prepared according to the
general procedure IV/C using 6d (8.37 g, 20 mmol) and piperidine
(3.40 g, 4.0 mL, 40 mmol), and stirred with aqueous HCl at
50e55 �C for 1 h to give 3l (5.0 g, 86%) as pale brown crystals, mp
160e162 �C (ethanol). IR (KBr, cm�1): 2948, 1762, 1693. 1H NMR
(CDCl3, 200 MHz) d 8.22 (1H, dd, J¼8.8, 2.2 Hz), 8.16 (1H, br s), 7.25
(1H, d, J¼8.8 Hz), 3.74 (4H, br s), 3.40 (2H, br s), 1.95e1.40 (6H, m).
13C NMR (CDCl3, 100 MHz) d 172.1, 149.1, 147.6, 143.8, 125.0, 124.8,
120.1, 112.2, 48.4, 45.3, 35.6, 26.3, 25.3, 24.0. Anal. Calcd for
C14H15N3O4 (289.30): C 58.12, H 5.23, N 14.53%. Found: C 58.23, H
5.39, N 14.15%. Method 2. This compound was also prepared
according to the general procedure IV/A using 10l (11.15 g,
21 mmol), and stirred with aqueous HCl at 65 �C for 0.5 h to give 3l
(6.0 g, 99%) as yellow crystals, identical with compound obtained
by Method 1.

4.5.13. 5-Fluoro-1-(piperidin-1-ylcarbonyl)-1,3-dihydro-2H-indol-2-
one (3m). This compound was prepared according to the general
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procedure IV/C using 6e (1.17 g, 3.0 mmol) and piperidine (0.51 g,
0.60 mL, 6.0 mmol), and stirred with aqueous HCl at room tem-
perature for 2 h to give 3m (0.58 g, 73%) as colourless crystals, mp
114e117 �C (obtained by chromatography on silica gel, eluent:
hexane/ethyl acetate 7:3). IR (KBr, cm�1): 2950, 1736, 1681, 1483,
1430, 1167. 1H NMR (CDCl3, 400 MHz) d 7.07 (1H, m), 6.98 (2H, m),
3.69 (2H, m), 3.61 (2H, s), 3.40 (2H, br s), 1.69 (6H, br s). 13C NMR
(CDCl3, 100 MHz) d 172.4, 159.3 (d, J¼241.6 Hz), 150.2, 138.1 (d,
J¼2.5 Hz), 125.6 (d, J¼8.8 Hz), 114.5 (d, J¼23.4 Hz), 113.3 (d,
J¼8.3 Hz), 111.9 (d, J¼24.8 Hz), 48.3, 45.1, 36.3 (d, J¼1.5 Hz), 26.3,
25.4, 24.1. Anal. Calcd for C14H15FN2O2 (262.29): C 64.11, H 5.76, N
10.68%. Found: C 63.75, H 5.78, N 10.65%.

4.5.14. 6-Fluoro-1-(piperidin-1-ylcarbonyl)-1,3-dihydro-2H-indol-2-
one (3n). This compound was prepared according to the general
procedure IV/C using 6f (1.61 g, 4.0 mmol) and piperidine (0.68 g,
0.80 mL, 8.0 mmol), and stirred with aqueous HCl at room tem-
perature for 2 h to give 3n (0.78 g, 75%) as colourless crystals, mp
139e142 �C (ethyl acetate/hexane). IR (KBr, cm�1): 2927,1737,1679,
1434. 1H NMR (CDCl3, 400 MHz) d 7.18 (1H, dd, J¼8.2, 5.4 Hz), 6.90
(1H, dd, J¼9.2, 2.4 Hz), 6.78 (1H, td, J¼9.4, 2.4 Hz), 3.70 (2H, m), 3.58
(2H, s), 3.40 (2H, br s), 1.69 (6H, br s). 13C NMR (CDCl3, 100 MHz)
d 173.0, 162.6 (d, J¼245.1 Hz), 149.8, 143.3 (d, J¼12.1 Hz), 125.2 (d,
J¼9.3 Hz), 119.3 (d, J¼3.4 Hz), 109.9 (d, J¼22.5 Hz), 101.0 (d,
J¼28.3 Hz), 48.4, 45.2, 35.5, 26.4, 25.4, 24.1. Anal. Calcd for
C14H15FN2O2 (262.29): C 64.11, H 5.76, N 10.68%. Found: C 63.83, H
5.86, N 10.74%.

4.5.15. 5-Methoxy-1-(piperidin-1-ylcarbonyl)-1,3-dihydro-2H-indol-
2-one (3o). This compound was prepared according to the general
procedure IV/C using 6g (1.57 g, 4.0 mmol) and piperidine (0.68 g,
0.80 mL, 8.0 mmol), and stirred with aqueous HCl at room tem-
perature for 2 h to give 3o (0.98 g, 88%) as colourless crystals, mp
81e84 �C (obtained by chromatography on silica gel, eluent: hex-
ane/ethyl acetate 7:3). IR (KBr, cm�1): 2941, 1736, 1718, 1700, 1487,
1425. 1H NMR (CDCl3, 400 MHz) d 7.05 (1H, d, J¼8.6 Hz), 6.85 (1H, d,
J¼2.2 Hz), 6.81 (1H, dd, J¼8.6, 2.2 Hz), 3.79 (3H, s), 3.68 (2H, m),
3.59 (2H, s), 3.40 (2H, br s), 1.68 (6H, m). 13C NMR (CDCl3, 100 MHz)
d 173.8, 157.3, 151.3, 136.5, 126.1, 113.6, 111.8, 56.1, 48.6, 45.4, 36.8,
26.6, 25.7, 24.4. Anal. Calcd for C15H18N2O3 (274.32): C 65.68, H 6.61,
N 10.21%. Found: C 65.45, H 6.59, N 10.24%.
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