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A simple and efficient approach to the synthesis of a novel series of polysubstituted 6’-(1H-indol-3-yl)-
1,7’-dihydrospiro[indoline-3,4’-pyrazolo[3,4-b]pyridine]-2-one derivatives in high yields was developed from
a one-pot, three-component reaction of 3-cyanoacetyl indoles, isatins, and 1H-pyrazol-5-amines in H,O/

HOAc.

Introduction

A wide range of advantages offered by multicomponent
reactions (MCRs), such as high degree of atom economy,
convergence, ease of execution, and access to complex
molecules has been recognized in the past decade. The utility
of MCRs in preparing libraries to screen for biologically
active compounds and potent drug candidates is well-
appreciated.' Thus, the search and discovery of new MCRs
is still of considerable current interest.

The indole ring system is probably the most ubiquitous
heterocycle in nature. Because of the great structural diversity
of biologically active indoles, it is not surprising that the
indole ring system has become an important structural
component in many pharmaceutical agents.” Furthermore,
indoles substituted with heterocyclic rings at the 3-position
have been found in a fascinating array of bioactive natural
products and pharmaceutical compounds (Figure 1). New
indole alkaloids with a broad spectrum of biological proper-
ties are being discovered rapidly as marine invertebrate
metabolites.>® For example, nortopsentins A—C exhibit in
vitro cytotoxicity against P388 cells;” hamacanthin B reveals
cytotoxic activities against a wide range of human tumor
cell lines with GI5S0 values at micromolar concentration:®
meridianins A—E show cytotoxicity toward murine tumor
cell lines and have potent inhibition against several protein
kinases.” Moreover, many other analogous indole deriva-
tives'"'* demonstrate strong inhibitory effects against a
variety of tumor cell lines, including leukemia, non-small-
cell lung cancer, ovarian cancer, colon cancer, renal cancer,
and breast cancer.

On the other hand, spirooxindole derivatives occupy a
special place in organic and medicinal chemistry because
these compounds are well-known as microtubule assembly
inhibitors (spirotryprostatin A and B),"* muscarinic M1, and
serotonin receptor modulators (pteropodine and isopteropo-
dine)'® and nonpeptidyl growth-hormone secretagogues
(MK-0677).'¢ Similarly, considerable attention has been
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focused on the development of new methodologies to
synthesize many kinds of pyrazolopyridine ring systems
because of their interesting biological and pharmacological
properties, such as vasodilatory, hypoglycemic, anti-inflam-
matory, analgesic, and antipyretic activities.'”'® Furthermore,
spiro[indoline-3,4’-pyrazolo[3,4-b]pyridines] seem to be
promising candidates for biological responses because it has
been reported that sharing of the indole 3-carbon atom in
the formation of spirooxindole derivatives highly enhances
biological activity.'? 2!

Despite the potent and diverse biological activities of
indoles and spiro[indoline-3,4’-pyrazolo[3,4-b]pyridines], no
report is yet available on the synthesis of substituted indoles
containing spiro[indoline-3,4’-pyrazolo[3,4-b]pyridine] struc-
tures at the 3-position. Out of our interest in the multicom-
ponent synthesis and in continuation of our work on the
synthesis of indole and spirooxindole derivatives,** guided
by the observation that the presence of two or more different
heterocyclic moieties in a single molecule often enhances
the biocidal profile remarkably and that water is a nontoxic,
cheap, abundantly available and environmentally benign
solvent,” herein, we report the synthesis of various polysub-
stituted 6’-(1H-indol-3-yl)-1’,7’-dihydrospiro[indoline-3,4’-
pyrazolo[3.4-b]pyridine]-2-one derivatives via a facile, atom-
economical, one-pot, three-component condensation reaction
in H,O/HOAc.

Results and Discussion

The reaction of 3-(1H-indol-3-yl)-3-oxopropanenitrile 1a
(0.5 mmol) with an equimolar amount of 5-bromoindoline-
2,3-dione 2a and 3-methyl-1-phenyl-1H-pyrazol-5-amine 3a
as a simple model system was examined to establish the
feasibility of the strategy and optimize the reaction condi-
tions. It is well-known that the choice of an appropriate
reaction medium is of crucial importance for successful
synthesis. The growing demand for clean and efficient eco-
friendly chemical synthesis has been increasing our interest
in synthesizing indole derivatives. So, to begin with, the
model reaction was employed in water without any catalyst
at 100 °C (Table 1, entry 1). To our delight, the saffron
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Figure 1. Representatives of important indol-3-yl substituted heterocycles and spirooxindoles.

Table 1. Model Reaction, Conditions, and Yields® Scheme 1. Synthesis of the Intermediate Sa

Br 0
\@\—/ﬁ s 0 100°C,2h
~ _—
N"So N” NH, H,0
H @ 92 % yield

2a 3a
solvent temperature time yield
entry (Hzc()\%())Ac) (°C) (h) (%) 4a was not obtained. Instead, compound 5a, which is a
. 0 100 ” 0 Baylis—Hillman type adduct of 2a and 3a was isolated even
b 10 100 12 trace when the reaction time was prolonged to 24 h (Scheme 1).**
3¢ 1:0 100 12 trace The intermediate Sa was characterized by spectroscopic
b . . . . .
gh 18 }gg 3 Erace methods. Considering the above observation, a variety of
: race . .
6 1:0 100 12 trace Lewis and Brgnsted acid catalysts, such as CeCl;*7H,0,
7° 1:0 100 12 trace Yb(OTf);, InCl;, HOAc, p-toluenesulfonic acid, and HCI
8 2:1 100 12 38 were tested (Table 1, entries 2—7), but the results was also
9 1:1 100 12 48 . .. .
10 19 100 2 50 disappointing because the desired product 4a was only
11 1:1 120 12 66 obtained in trace amount. Although the yield was very low,
g 1} }28 1§ gg we were encouraged to examine other reaction conditions
14 01 120 12 61 to incre'ase t.he yiel.d. Thusz H%O/HOAf: was erpployed as
15¢ 140 12 30 solvent in this reaction considering that intermediate Sa was
164 140 12 37

obtained in excellent yield when the solvent was water and
that HOAc can be used as both catalyst and solvent because

“Isolated yield. ”The reaction was catalyzed by 10 mol %
CeCl;+7H,0, Yb(OTf)s;, InCl;, HOAc, p-toluenesulfonic acid or HCI

respectively. ¢ The reaction was carried out in H,O/(CH,OH), (1:1 v/v).
4 The reaction was catalyzed by 10 mol % HOAc in H,O/(CH,OH), (1:1
v/Iv).

yellow color of 2a faded out during the reaction. After
heating for 2 h, 2a and 3a almost disappeared according to
thin layer chromatography analysis. Unfortunately, product

of the very low solubility of 1a and 5a. The volume ratio
1:1 (H,O/HOACc) gave the better result at 100 °C, as shown
in Table 1, entry 9. Then, the synthesis of 4a was performed
at temperatures ranging from 120 to 140 °C and reaction
times ranging from 6 to 12 h in H,O/HOAc (1:1 v/v) (Table
1, entries 11—13). The yield of 4a was highest (80%) when
the reaction was carried out at 140 °C for 12 h in the mixed
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Scheme 2. Synthesis of 6’-(1H-Indol-3-yl)-1",7’-dihydrospiro[indoline-3,4’-pyrazolo[3,4-b]pyridine]-2-one Derivatives 4
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Table 2. 6’-(1H-Indol-3-yl)-1’,7’-dihydrospiro[indoline-3,4’-

pyrazolo[3,4-b]pyridine]-2-one Derivatives 4
entry R! R? R} X product  yield” (%)

1 H H Ph 5-Br 4a 80
2 H H Ph 5-Cl 4b 82
3 H H Ph 6-Br 4c 81
4 H H Ph H 4d 87
5 6-CH; H Ph 5-Br 4e 83
6 6-CH; H Ph 5-Cl 4f 86
7  6CH, H Ph 6-Br 4g 81
8 H CH; Ph 5-Br 4h 78
9 H CH; Ph 5-Cl 4i 80
10 H CH; Ph 6-Br 4j 81
11 H CH; Ph H 4k 86
12 7-CH; H Ph 5-Br 41 88
13 7-CH; H Ph 6-Br 4m 85
14 7-CH; H Ph H 4n 82
15 5-Br H Ph 5-Br 40 90
16 5-Br H Ph 5-Cl 4p 86
17 5-Br H Ph 6-Br 4q 81
18 5-Br H Ph H 4r 92
19 H H CH; 5-Br 4s 80
20 H H CH; 6-Br 4t 88
21 H H CH; H 4u 87
22 6-CHj; H CH; 5-Br 4v 84
23 6-CHj; H CH; 6-Br 4w 82
24 6-CH; H CH; H 4x 88
25 5-Br H CH; 5-Br 4y 90
26 5-Br H CH; 6-Br 4z 83

“Isolated yield.

solvent (Table 1, entry 12), in contrast with HOAc as sole
solvent (Table 1, entry 14) or HyO/(CH,OH), as mixed
solvent (Table 1, entries 15 and 16).

Encouraged by this success, we extended this reaction to
commercially available isatins, 1H-pyrazol-5-amines and a
range of 3-(1H-indol-3-yl)-3-oxopropanenitriles with both
electron withdrawing and electron releasing substituents in
indole heterocycles under the same conditions, resulting in
high yields of the corresponding 6’-(1H-indol-3-yl)-1’,7-
dihydrospiro[indoline-3,4’-pyrazolo[3,4-b]pyridine]-2-one de-
rivatives (Scheme 2). We have shown that the use of a range
of substituents in 3-(1H-indol-3-yl)-3-oxopropanenitriles 1,
isatins 2 and 1H-pyrazol-5-amines 3 in this three-component
reaction makes possible the synthesis of libraries under the
same circumstances. The results are summarized in Table
2. In this work, the products were characterized by melting
point, IR, NMR, HRMS (or LC-MS) and combustion
analysis. Furthermore, the structure of 4d was established
by X-ray crystallographic analysis (see Supporting Informa-
tion).

Although the detailed mechanism of the above reaction
remains to be fully clarified, according to the experimental

H,O:HOAC (1:1viv)
140 'C,12h

NH,

observation, compound 4 could be formed from the inter-
mediate S via nucleophilic substitution and condensation with
3-cyanoacetyl indole 1, followed by tautomerization (Scheme
3). Evidence supporting this proposed mechanism came from
the observation that when the intermediate 5a was prepared
as a separate exercise and subsequently reacted with 1a under
the same conditions, the expected product 4a was obtained
in a yield similar to that obtained in the one-pot reaction
(Scheme 4).

In summary, we have demonstrated a simple, atom-
economical, and efficient approach for synthesis of highly
functionalized indole-containing spirooxindole derivatives via
one-pot, three-component reactions using readily available
starting materials. This method incorporates both indole and
spiro[indoline-3,4’-pyrazolo[3,4-b]pyridine] moieties into a
single molecule. In view of those molecules having either
functionality, these novel compounds may potentially have
enhanced biological activities. Prominent among the advan-
tages of this new method are novelty, operational simplicity,
high yields, and easy workup procedures employed. Further
reactivity studies and synthetic applications of this methodol-
ogy are in progress in our laboratory.

Experimental Section

Typical Procedure for the Synthesis of 5-Bromo-6"-(1H-
indol-3-yl)-3’-methyl-2-0x0-1’"-phenyl-1’,7’-dihydrospiro[in-
doline-3,4’-pyrazolo[3,4-b]pyridine]-5'-carbonitrile 4a. A mix-
ture of 3-(1H-indol-3-yl)-3-oxopropanenitrile 1a (0.5 mmol)
with an equimolar amount of 5-bromoindoline-2,3-dione 2a
and 3-methyl-1-phenyl-1H-pyrazol-5-amine 3a in 4 mL of
H,O/HOAc (1:1 v/v) at 140 °C was stirred for 12 h (the
progress was monitored by TLC). After completion, the
reaction mixture was neutralized by the freshly prepared
saturated solution of NaHCOs;; then, it was filtered. The
precipitate was washed with water (10 mL) and ethanol (5
mL) to afford the pure 4a as a white solid (yield 80%). mp:
243—245 °C. IR (KBr): v 3425, 3356, 3090, 2195, 1730,
1629, 1529, 1472, 1394, 1217, 752 cm™!. 'H NMR (400
MHz, DMSO-ds) (6, ppm): 11.70 (s, 1H, NH), 10.81 (s, 1H,
NH), 10.06 (s, 1H, NH), 7.86 (d, J = 1.6 Hz, 1H, ArH),
7.71 (d, 1H, J = 7.2 Hz, ArH), 7.65 (d, J = 8.0 Hz, 2H,
ArH), 7.47—17.55 (m, 4H, ArH), 7.36—7.41 (m, 2H, ArH),
7.16—7.22 (m, 2H, ArH), 6.94 (d, J = 8.4 Hz, 1H, ArH),
1.61 (s, 3H, CH3). *C NMR (100 MHz, DMSO-ds) (6, ppm):
177.8, 147.2, 144.3, 140.4, 138.3, 138.2, 136.9, 136.0, 132.0,
129.2,128.4, 127.9, 127.1, 125.4, 123.4, 122.0, 120.1, 120.0,
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Scheme 3. Possible Mechanism for the Synthesis of Product 4

Scheme 4. Synthesis of 4a According to the Reaction of 1a
and Sa

H,O:HOAC (1:1 viv)
140 C,12h

119.6, 114.4, 112.2, 111.8, 107.9, 98.5, 78.8, 51.3, 11.4.
HRMS: calculated for CooH,sBrN4O [MH"]: 547.0876; found
547.0867.
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