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Ruthenium-catalyzed efficient routes to oxindole

derivatives

Khalil Tabatabaeian, Manouchehr Mamaghani, Nosratollah Mahmoodi, and

Alireza Khorshidi

Abstract: Ruthenium-catalyzed preparation of oxindoles from one-pot trimerization of indoles under oxidative conditions
and from electrophilic substitution reaction of indoles with isatins or isatin-derived imines under very mild reaction condi-

tions is reported.
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Résumé : On a réalisé la préparation d’oxindoles par la réaction de trimérisation monotope d’indoles dans des conditions
oxydantes et catalysée par le ruthénium ainsi que par la réaction de substitution électrophile d’indoles avec des isatines ou
des imines dérivées de I’isatine, dans des conditions réactionnelles trés douces.

Mots-clés : ruthénium, oxindoles, isatines, indoles, conditions oxydantes.

[Traduit par la Rédaction]

Introduction

Various indole derivatives occur in many pharmacologi-
cally and biologically active compounds,! and the chemistry
of indoles has been and continues to be one of the most ac-
tive areas of heterocyclic chemistry.2 Isatins are also famil-
iar for their biological activity. Oxindoles are well-known
amongst different isatin derivatives and are useful as antibac-
terials, antiinflammatories, and laxatives.*> Although these
heterocyclic compounds were recently isolated from
plants, for example, the marine alkaloid Convolutamydine A
from the marine bryozoan Amathia convoluta,® oxindole de-
rivatives have been prepared by different methods, such as
the reaction of indoles and isatin in acid conditions,” silica
sulfuric acid catalysis,® KAI(SO,), catalysis under micro-
wave conditions,® bismuth triflate catalysis,!? and few others.
All of these methods have their own drawbacks, such as long
reaction times, non-environment-friendly solvents, low
yields of products, and so forth. Recently, we have been in-
volved in the study of the catalytic activity of ruthenium to-
wards organic reactions.!!-1* As a matter of fact, many
organic transformations, which involve ruthenium species as
catalyst, are known and well-documented.!>-17 We found
that ruthenium chloride hydrate smoothly acts as homogene-
ous catalyst in one-pot trimerization of indoles under oxida-
tive conditions and also in condensation of indoles with
isatins or isatin-derived imines, providing the desired oxin-
doles in high yields under mild reaction conditions and using
a relatively easy work-up.
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Results and discussion

A recent report on the trimerization of indole through
laccase catalysis,!8 along with previous reports, such as io-
dine-catalyzed trimerization,!® prompted us to evaluate the
trimerization of indoles under ruthenium catalysis. We have
recently reported the efficient condensation of indoles with
aldehydes or ketones using RuCl3;-nH,O as homogeneous
catalyst.!! To obtain oxindoles directly from indoles, as it is
shown in Scheme 1, the scheme of reaction involves in situ
oxidation to isatins and then condensation of the latter with
excess indoles.

In an optimized procedure, treatment of indole (3 mmol) with
hydrogen peroxide (3 mmol) in the presence of RuCl;-nH,O
(5 mol%) in methanol (5 mL) at 50 °C for 120 min gave the
corresponding 3,3-di(1H-indole-3-yl)indolin-2-one as a white
solid precipitate, which was easily purified (see Experimental
section). NMR data were consistent with those previously re-
ported for 3,3-di(1H-indole-3-yl)indolin-2-one (1a),29 while
laccase catalysis was shown to produce 2,2-di(1H-indol-3-
yD)indolin-3-one.!8 From a mechanistic point of view, initial
oxidation of indole to isatin followed by the coordination of
C3-located carbonyl group of isatin with ruthenium and then
aldol condensation may be responsible for the formation
of products, while laccase catalysis proceeds via a different
pathway.!8 A mechanistic pathway for oxidation under
ruthenium catalysis could be found in our previous report.'4
As shown in Table 1, indoles bearing substitution on 2- or 3-
position failed to produce the desired products (Table 1,
entries 5 and 6) probably because of oxidation to products
other than isatin.

To further explore the formation of oxindoles, the conden-
sation reaction of indoles and isatins was examined. In the
condensation of indole (2 mmol) with isatin (I mmol) in
the presence of RuCl;-nH,O catalyst (5 mol%) in methanol
(3 mL) at 50 °C, the reaction furnished an excellent yield
of the product 1a in a rather short time (95%, 5 min). This
may be due to the fact that the product is insoluble in the
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Scheme 1. Trimerization of indole under oxidative conditions.
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reaction solvent. As shown in Table 2, this method worked
with a variety of substrates. In most cases, the products are
insoluble in the reaction solvent, and a simple filtration and
rinsing (with methanol) work-up provides spectroscopically
pure products. One interesting example is the reaction of 3-
methylindole with isatin (Table 2, entry 4), which provided
the alcohol product 4b, while other reported methods failed
for this reaction. RuCl;-nH,O was found to be an efficient
catalyst in the view of handling, temperature, yields, and
reaction times as indicated in comparison with the reported
methods.”-10

Although bis-indolylalkanes were usually prepared by nu-
cleophilic addition of indoles to aldehydes, the addition of
indoles to Schiff bases is also studied. However, the reactiv-
ity of Schiff bases is lower in comparison with aldehydes.
Some reports in this context involve the reaction of indoles
with aromatic aldimines in low-to-moderate yields in the
presence of BF; etherate or MesSiClL,2! InCls-catalyzed addi-
tion to aromatic aldimines in an extremely difficult proce-
dure,22 and the addition of indoles to N-tert-
butanesulfinylaldimines, which requires long reaction
times.22 We found that isatin-derived imines bearing an
electron-withdrawing group on the amine moiety, also, react
with indoles in a smooth fashion to provide the desired ox-
indoles as an alternative route (Scheme 2). Typical results in
this context are listed in Table 3. To ensure that the products
were not formed from isatin due to hydrolysis of aldimine in
the presence of Rulll, a control reaction was set up without
indole, and no isatin was detected (checked by TLC). To
the best of our knowledge, this is the first report on efficient
addition of indoles to aldimines. Here again, the unique fea-
ture of the protocol is the insolubility of the products in the
reaction solvent, offering an easy work-up.

Conclusion

In conclusion, we have developed convenient routes to
oxindole derivatives.

Experimental

General

IR spectra were recorded on a Shimadzu FTIR-8400S
spectrometer. 'H NMR spectra were obtained on a Bruker
DRX-500 Avance spectrometer and '3C NMR spectra were
obtained on a Bruker DRX-125 Avance spectrometer.
Chemical shifts of 'H and !3C NMR spectra were expressed
in ppm downfield from tetramethylsilane. Melting points
were measured on a Biichi Melting Point B-540 instrument
and are uncorrected. Elemental analyses were performed by
a Carlo-Erba EA1110 CNNO-S analyzer and agreed with
the calculated values. Microwave irradiation was performed
in a LBP125 microwave oven.
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Scheme 2. Ru-catalyzed condensation of indoles with an isatin-
derived aldimine.
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Materials

All materials were purchased from Merck and used with-
out further purification.

3

RuClynH,0 (5 mol %)
Indoles +

Oxindoles
MeOH, 50 °C

General procedure for trimerization of indoles under
oxidative condensations

To a solution of indole (3 mmol) and RuCl;-nH,0
(10.7 mg, 0.05 mmol) in methanol, H,O, (340 mg of a 30%
solution) was added, and the reaction mixture was heated in
an oil bath at 50 °C under reflux conditions for the time
specified in Table 1. After completion of the reaction, the
white solid precipitate was filtered and washed with cold
methanol until removal of all traces of impurities (checked
by TLC), providing the product 1la (273 mg, 75%). The
same procedure was used for the other products, except for
products 3a (Table 1, entry 3), 4b, and Sb (Table 2, entries
4 and 5, respectively), which were purified by preparative
TLC (n-hexane/ethyl acetate 10:5).

Characterization data for the products

3,3-Di(1H-indol-3-yl)indolin-2-one, 1a

White solid, mp 310-312 °C. IR (KBr) v (cm™!): 758,
1012, 1103, 1336, 1473, 1614, 1706, 3056, 3280, 3323,
3427. 'TH NMR (500 MHz, CDCl;, 25 °C) §: 6.51 (2H, t, J =
7.5 Hz), 6.59 (1H, t, J = 7.5 Hz), 6.62 (2H, s), 6.69 (1H, d, J
=7.7 Hz), 6.72 2H, t, J = 7.5 Hz), 6.88 (1H, t, J = 7.6 Hz),
6.97 (1H, d, J = 7.4 Hz), 7.02 (4H, t, J = 7.65 Hz), 9.78 (1H,
$), 9.89 (2H, s) ppm. 13C NMR (125 MHz, CDCls, 25 °C) &:
53.41, 11048, 112.47, 115.14, 119.01, 119.13, 121.62,
122.26, 125.05, 125.21, 126.55, 128.70, 135.45, 137.77,
142.17, 179.60 ppm. Anal. calcd. for C,4H7N30: C, 79.32;
H, 4.72; N, 11.56. Found: C, 79.35; H, 4.75; N, 11.55.

1-Methyl-3,3-bis(1-methyl-1H-indol-3-yl)indolin-2-one, 2a
White solid, mp 232-234 °C. IR (KBr) v (cm!): 742,
1014, 1083, 1128, 1157, 1251, 1334, 1371, 1467, 1608,
1714, 2925, 3051. 'H NMR (500 MHz, CDCls, 25 °C) 3:
3.40 (3H, s), 3.74 (6H, s), 6.92 (2H, s), 6.99 2H, t, J =
7.4 Hz), 7. 04 (1H, d, J = 7.8 Hz), 7.08 (1H, t, J = 7.5 Hz),
7.21 (2H, t, J = 7.5 Hz), 7.32 (2H, d, J = 8.3 Hz), 7.35 (2H,
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Table 1. Ru-catalyzed trimerization of indoles under oxidative conditions.

Entry” Indole Product Time (min) Yield”(%)
1 120 75¢
2 80 80°
3 150 65
4 150 68
3 _ _
6 _ _

“ All products were characterized by 'H NMR, *C NMR, and IR data.

b Isolated yields.

“Identified by comparison with authentic samples.?’

d, J =8.1 Hz), 7.38 (1H, t, J = 7.4 Hz), 7.51 (1H, d, J =
7.3 Hz) ppm. 13C NMR (125 MHz, CDCl;, 25 °C) 8: 27.08,
33.20, 53.19, 108.62, 109.72, 114.17, 119.43, 121.84,
121.96, 123.13, 125.72, 126.89, 128.46, 129.19, 134.74,
138.20, 143.38, 178.30 ppm. Anal. calcd. for C,;H»3N30: C,
79.97; H, 5.72; N, 10.36. Found: C, 79.95; H, 5.74; N, 10.35.

3,3-Di(5-cyano-1H-indole-3-yl)-5-cyanoindolin-2-one, 3a

White solid, mp 289-291 °C. IR (KBr) v (cm™!): 754,
812, 1470, 1618, 1704, 2224, 3259, 3340. 'H NMR
(500 MHz, CDCl;, 25 °C) 8: 6.94 (2H, d, J = 2.5 Hz), 7.01
(1H, d, J = 8.3 Hz), 7.18 (2H, dd, J = 8.3, 1.3 Hz), 7.29
(1H, d, J = 8.5 Hz), 7.33 (2H, d, J = 8.3 Hz), 7.53 (1H, s),
7.69 (2H, s), 10.45 (1H, s), 10.78 (2H, s) ppm. 3C NMR
(125 MHz, CDCl;, 25 °C) 8: 53.10, 102.13, 110.87, 113.19,
11598, 121.44, 122.60, 124.68, 125.39, 125.99, 126.98,
128.84, 133.86, 139.47, 141.49, 179.70 ppm. Anal. calcd.
for CyH;4NgO: C, 73.96; H, 3.22; N, 19.17. Found: C,
74.01; H, 3.24; N, 19.17.

3,3-Di(5-bromo-1H-indole-3-yl)-5-bromoindolin-2-one, 4a

White solid, mp 286-288 °C. IR (KBr) v (cm!): 653,
677, 751, 799, 888, 1103, 1464, 1618, 1714, 3281, 3323,
3429. 'TH NMR (500 MHz, CDCls;, 25 °C) 8: 6.85 (2H, s),
6.96 (1H, d, J = 8.5 Hz), 7.02 (2H, dd, J = 8.7, 1.7 Hz),
7.10 (1H, d, J = 8.5 Hz), 7.16 (2H, d, J = 8.5 Hz), 7.27
(1H, s), 7.40 (2H, s), 9.99 (1H, s), 10.33 (2H, s) ppm. 13C
NMR (125 MHz, CDCl;, 25 °C) 8: 53.75, 110.54, 112.87,
113.65, 114.66, 122.65, 123.99, 124.65, 125.68, 126.49,
127.99, 128.49, 134.35, 136.40, 141.89, 179.86 ppm. Anal.
caled. for Co4H4BrsN;O: C, 48.03; H, 2.35; N, 7.00. Found:
C, 48.07; H, 2.33; N, 7.03.

3,3-Di(2-methyl-1H-indole-3-yl)indolin-2-one, 3b

White solid, mp 297-299 °C. IR (KBr) v (cm™): 611,
686, 740, 760, 1018, 1176, 1298, 1421, 1458, 1616, 1712,
2927, 3055, 3330, 3417. 'H NMR (500 MHz, CDCl;,
25 °C) & 2.11 (3H, s), 2.30 3H, s), 641 (1H, d, J =
7.6 Hz), 6.80-6.85 (3H, m), 6.98-7.09 (4H, m), 7.37 (2H,
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Table 2. Ru-catalyzed condensation of indoles with isatin.
RuCl;-nH,0 (5 mol %)

Indoles + Isatin »  Oxindoles
MeOH, 50 °C
Entry” Indole Product Time (min) Yield’ (%)
1 Indole 1a 5 95°¢

@

\ l
N N
OO ~
2 1-Methylindole 0 5 90°
o=
2b
HN

\

0
N
H 3b

:/;
4 3-Methylindole HN—=_oH 60 75
(6]

N
H b
N

3 2-Methylindole

H H
N N

4
Ve
5 5-Cyanoindole o 30 78
c CN
H
5b

H H
N N

N
\
6 5-Bromoindole ' 10 92
o=
6b

“All products were characterized by "H NMR, *C NMR, and IR data.
"solated yields.
“Identified by comparison with authentic sample .20

S

e
>

d, J=75Hz), 782 (1H, d, J = 7.6 Hz), 7.92 (1H, d, J = Table 3. Ru-catalyzed condensation of indoles with aldimine.
8.2 Hz), 10.39 (1H, s), 10.51 (1H, s), 10.92 (1H, s) ppm. , . —
13C NMR (125 MHz, CDCl, 25 °C) &: 13.87, 14.05, 53.28, ~ Entry  Indole Product Time (min)  Yield” (%)
110.21, 110.29, 111.21, 111.27, 118.78, 118.84, 120.15, ! Indole Ia ! 85¢
120.21, 120.46, 120.63, 122.13, 12632, 127.90, 128.54, 2 1-Methylindole ~ 2b 15 88¢
128.68, 132.84, 134.81, 13576, 135.83, 136.44, 142.06, 3 2-Methylindole  3b 20 75
180.21 ppm. Anal. calcd. for CoHy N3O: C, 79.77; H, 5.41; 4 5-Cyanoindole  5b 60 67

5 5-Bromoindole  6b 60 70

N, 10.73. Found: C, 79.78; H, 5.40; N, 10.72.

. . . “All products were characterized by 'H NMR, "*C NMR, and IR data.
3-Hydroxy-3-(3-methyl-1H-indol-2-yl)indolin-2-one, 4b "Isolated yields.

White solid. IR (KBr) v (cm™): 748, 1001, 1064, 1093, “Identified by comparison with authentic samples.*
1124, 1209, 1242, 1328, 1467, 1622, 1685, 1716, 2833, 2941,
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3222, 3357. 'TH NMR (500 MHz, CDCls, 25 °C) &: 2.01 (1H,
br), 2.08 (3H, s), 6.90 (1H, d, J = 7.8 Hz), 7.16 (1H, t, J =
7.1 Hz), 7.21 (1H, t, J = 7.0 Hz), 7.29-7.34 (3H, m), 7.44
(1H, d, J = 7.4 Hz), 7.58 (1H, d, J = 7.8 Hz), 8.30 (1H, s),
8.75 (1H, s) ppm. 13C NMR (125 MHz, CDCl;, 25 °C) 3:
9.59, 9747, 110.74, 111.17, 111.38, 119.12, 119.93, 122.81,
123.69, 126.55, 129.62, 129.77, 130.24, 131.28, 135.37,
14091, 178.08 ppm. Anal. calcd. for C7H4N,O,: C, 73.37;
H, 5.07; N, 10.07. Found: C, 73.43; H, 5.10; N, 10.09.

3,3-Di(5-cyano-1H-indole-3-yl)indolin-2-one, 5b

White solid, mp 273-275 °C. IR (KBr) v (cm™): 752,
810, 1101, 1228, 1346, 1469, 1618, 1670, 1706, 2223,
3259, 3338. 'H NMR (500 MHz, CDCl;, 25 °C) §: 6.87
(1H, t, J = 7.0 Hz), 6.91-6.95 (3H, m), 7.10-7.18 (4H, m),
7.31 (2H, d, J = 8.3 Hz), 7.62 (2H, s), 9.98 (1H, s), 10.64
(2H, s) ppm. 13C NMR (125 MHz, CDCl;, 25 °C) §8: 52.93,
102.03, 110.85, 113.14, 11598, 121.45, 122.59, 124.62,
125.32, 125.99, 126.98, 128.81, 133.79, 139.47, 141.39,
179.39 ppm. Anal. calcd. for C,4H sNsO: C, 75.53; H, 3.66;
N, 16.94. Found: C, 75.55; H, 3.65; N, 16.94.

3,3-Di(5-bromo-1H-indole-3-yl)indolin-2-one, 6b

White solid, mp 264-266 °C. IR (KBr) v (cm™!): 651, 675,
750, 798, 885, 1101, 1463, 1562, 1616, 1712, 3280, 3323,
3427. '"H NMR (500 MHz, CDCl;, 25 °C) 8: 6.75 (2H, d, J =
2.4 Hz), 6.79 (1H, t, J = 7.4 Hz), 6.86 (1H, d, J = 7.7 Hz),
6.97 (2H, dd, J = 8.6, 1.7 Hz), 7.02-7.08 (4H, m), 7.32 (2H,
d, J = 1.3 Hz), 9.87 (1H, s), 10.12 (2H, s) ppm. 13C NMR
(125 MHz, CDCl;, 25 °C) 8: 53.65, 110.43, 112.32, 113.51,
114.64, 122.27, 123.65, 124.47, 125.42, 126.29, 127.89,
128.40, 134.26, 136.29, 141.50, 179.64 ppm. Anal. calcd. for
C,4H;5Br,N;0: C, 55.31; H, 2.90; N, 8.06. Found: C, 55.35;
H, 2.92; N, 8.05.
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