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ty and Ins
A B S T R A C T

p-TsOH catalyzed Diels-Alder reaction of 3-(indol-3-yl)maleimides with 3-phenacylideneoxindoles in
toluene at 80 �C for two hours afforded cis/trans isomers of 3a’,40,60,10c’-tetrahydrospiro[indoline-3,50-
pyrrolo[3,4-c]carbazoles] in nearly comparable yields, which could be easily converted to the
corresponding 40,60-dihydrospiro[indoline-3,50-pyrrolo[3,4-c]carbazole] in high yields and with high
diastereoselectivity by further DDQ oxidation. Additionally, the similar reaction of 3-(indol-3-yl)
maleimides with 2-arylidene-1,3-indanediones in toluene 80 �C and sequential DDQ oxidation afforded
functionalized dihydrospiro[indene-2,50-pyrrolo[3,4-c]carbazoles] as major products.
© 2020 Chinese Chemical Society and Institute of MateriaMedica, Chinese Academy ofMedical Sciences.

Published by Elsevier B.V. All rights reserved.
Among the various nitrogen-containing heterocyclic systems,
carbazole is one of the most biologically important privileged
heterocycle. The motif of carbazole exists widely in various
naturally occurring alkaloids and pharmacologically active com-
pounds and is featured in a large family of synthetic analogues
exhibiting broad spectrum of important bioactivities, such as anti-
tumor activity, anti-protein kinase C activity [1–3]. Additionally,
the carbazole derivatives also have potential applications in
organic light-emitting diodes and other functional materials [4].
Therefore, the development of efficient synthetic methodologies
for functionalized carbazole derivatives have been attracted much
attentions from organic and medical chemistry [5,6]. Among the
various elegant synthetic protocols, Diels-Alder reaction of active
2-vinylindolines or 3-vinylindolines with diverse dienophiles has
become the most attractive strategy for the synthesis of many
carbazole derivatives [7,8]. On the other hand, spirooxindole
represents the core structure of a wide variety of medicinal agents
and natural products with broad biological activities ranging from
antitumor, antimicrobial, anti-HIV and antipyretics agents [9]. As a
consequence, considerable interest have been paid for the
development of elegant synthetic methodologies for diverse
spirooxindole derivatives [10]. The merge of carbazole with
spirooxindole might result in the privileged heterocyclic system
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with interesting biological activities. The readily available and
multifunctionalized 3-methyleneoxindoles are active dipolaro-
philic and dienophilic synthons and have been employed to react
with various 2-vinyl and 3-vinylindolines to give functionalized
spiro-carbazole-oxindole derivatives [11,12]. In recent years, we
have successfully developed several domino Diels-Alder reactions
between the in situ generated active 2-vinyl or 3-vinylindolines
with 3-methyleneoxindoles for synthesis of versatile spiro-
carbazole-oxindole sysemes [13]. In this respect, 3-(indol-3-yl)
maleimides can be regarded as one of the masked 3-vinylindolines
[14]. Even through the C¼C double bond connected to two
electron-withdrawing carbonyl groups, the Diels-Alder of
3-(indol-3-yl)maleimides with common active 1,3-dienophiles
such as maleimides, cyclopent-2-enone, β-cis-cyanoacrylate at
definte conditions have been reported in early years (Scheme 1)
[15a-e]. Recently, Zhao and coworkers also sucessfully developed
an effcient Pd(OAc)2 catalyzed Diels-Alder reaction of 3-(indol-3-
yl)maleimides with maleimide for indolopyrrolocarbazoles [15f].
With our continuous aim of domino reactions for convenient
assembly of various spirooxindoles [16,17]. Herein, we wish to
report the convenient synthesis of 40,60-dihydrospiro[indoline-
3,50-pyrrolo[3,4-c]carbazoles] via one-pot two-step reaction of
p-TsOH catalyzed Diels-Alder reaction of 3-(indol-3-yl)maleimides
with 3-phenacylideneoxindoles and sequential dehydrogenation
reactions.

Initially, the reaction conditions was optimized with the
reaction of 3-(1-methylindol-3-yl)-N-phenylmaleimide [16] and
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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Scheme 1. Diels-Alder reaction of 3-(indol-3-yl)maleimides.
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Fig. 1. Single crystal structure of the compound 1c.
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Fig. 2. Single crystal structure of the compound 2c.
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3-phenacylideneoxindole as model reaction. When the reaction
was carried out in refluxed in toluene without any catalyst, no
reaction was observed after refluxing overnight with TLC
monitoring. When a few amount of p-TsOH was added, the
reaction proceeded smoothly to give the expected spiro products.
When TfOH was used as catalyst, the reaction also gave the spiro
compounds with some byproducts. After carefully examination, it
was found that the best result was obtained by carrying the
reaction in toluene at 80 �Cwith 20%mol of p-TsOH as catalyst for 2
h (Table 1). However, the reaction usually resulted in a mixture of
cis/trans-tetrahydrospiro[indoline-3,50-pyrrolo[3,4-c]carbazoles]
1a–1c and 2a–2c in nearly comparing yields. The cis/trans-isomers
could be separated by column chromatography and were
successfully characterized with various spectroscopy including
2DNMR spectra of the compounds 1c and 2c. The cis/trans-isomers
clearly come from the endo- or exo-stereoselectivity of Diels-Alder
reaction between the cyclic dienes and dienophiles. In order to
elucidate the relative configuration of the cis/trans-isomers, the
single crystal structures of the compounds 1c (Fig. 1, CCDC:
2016991) and 2c (Fig. 2, CCDC: 2016992) were successfully
determined by X-ray diffraction method. From the Fig. 1, it can
be seen that the fused motif of N-phenylsuccinimide exists on
trans-position of the benzoyl group and the phenyl group in
oxindole moiety in the trans-isomer 1c. In Fig. 2, the motif of N-
phenylsuccinimide stands on cis-position of the benzoyl group and
the phenyl group in oxindolemoiety in the cis-isomer 2c. However,
the benzoyl group and the phenyl group in oxindole moiety
exists on cis-position in both cis-isomer 2c and trans-isomer 1c.
Because the benzoyl group and the phenyl group in oxindole
Table 1
Formation of cis/trans-tetrahydrospiro[indoline-3,50-pyrrolo[3,4-c]carbazoles]a.

[TD$INLINE]

Entry R1 R2 Ar Compd Yield(%)b Compd Yield(%)b

1 Ph H p-CH3C6H4 1a 53 2a 41
2 Ph H C6H5 1b 52 2b 39
3 Bn Cl p-ClC6H4 1c 56 2c 38

a Reaction conditions: 3-(indol-3-yl)maleimide (1.0mmol), 3-phenacylideneox-
indole (1.0mmol), toluene (8.0mL), p-TsOH (0.2mmol), 80 �C, 2h.

b Isolated yields.
moiety originally exist on cis-position in the starting
3-phenacylideneoxindoles, the relative configuration of the two
groups was retained in the reaction, which also indicated that an
acid-catalyzed concerted Diels-Alder reaction process was in-
volved in this reaction.

Because the above acid-catalyzed Diels-Alder reaction afforded
a mixture of cis/trans-isomers in nearly comparable yields, which
decreased the potential application of this synthetic protocol, we
decided to convert them to 40,60-dihydrospiro[indoline-3,50-
pyrrolo[3,4-c]carbazole] by dehydrogenation process. After the
acid-catalyzed Diels-Alder reactionwas finished, further oxidation
reaction with DDQ was carried out in acetonitrile at room
temperature for 2h. By using this one-pot two-step reaction
process, the expected 40,60-dihydrospiro[indoline-3,50-pyrrolo[3,4-
c]carbazoles] 3a-3owere successfully prepared in high yields. The
results are summarized in Table 2. Various substituted 3-
phenacylideneoxindoles reacted smoothly to give the expected
products. The 3-(2-alkoxycarbonyl)methyleneoxindoles also gave
the spiro compounds 3h and 3i in good yields. Besides normal
3-(1-methylindol-3-yl)pyrrole-2,5-dione, it should be noticed that
3-(indol-3-yl)pyrrole-2,5-dionewith NH group can be successfully
employed in the reaction to give the spiro compounds 3n and 3o in
high yields. The structures of the obtained spiro compounds 3a-3o
were fully characterized by various spectroscopies. The single
crystal structures of the compounds 3a (Fig. 3, CCDC: 2016993), 3e
(CCDC: 2016994), 3f (CCDC: 2016995), 3l–3n (Figs. S1–S5 in
Supporting information, CCDC: 2016996, CCDC: 2016997, CCDC:
2016998 for 3l, 3m and 3n, respectively) were successfully
determined by X-ray diffraction. We were pleased to find that
the same relative configuration were observed in these six single
crystal structures, in which the scaffold of pyrrolo[3,4-c]carbazole
exist in nearly one plane, the benzoyl group and the phenyl group
of the oxindole moiety stand in cis-position as that of the cis/trans-
isomers 1 and 2. Thus, we were pleased to find that the relative
configurations of these two groups were retained in the one-pot
two-step reaction.



Table 2
Synthesis of spiro[indoline-3,50-pyrrolo[3,4-c]carbazoles] 3a-3oa.

[TD$INLINE]

Entry Compd R1 R2 R3 R4 E Yield (%)b

1 3a CH3 Ph H Bn p-CH3C6H4 88
2 3b CH3 Ph Cl Bn p-CH3C6H4 86
3 3c CH3 Ph F Bn p-CH3C6H4 86
4 3d CH3 Ph Cl Bn p-CH3OC6H4 87
5 3e CH3 Ph CH3 Bn p-ClC6H4 88
6 3f CH3 Ph CH3 Bn p-CH3OC6H4 88
7 3g CH3 Ph Cl Bu p-CH3OC6H4 85
8 3h CH3 Ph Cl Bn OCH3 87
9 3i CH3 Ph CH3 H OCH2CH3 87
10 3j CH3 Ph H H p-CH3C6H4 88
11 3k CH3 Ph CH3 H p-CH3C6H4 88
12 3 l CH3 CH3 Cl Bn p-ClC6H4 86
13 3m CH3 Bn H Bn p-CH3C6H4 89
14 3n H Ph H Bn p-CH3C6H4 82
15 3o H Ph CH3 Bn p-CH3OC6H4 81

a Reaction conditions: 1. 3-(indol-3-yl)maleimide (1.0mmol), 3-phenacylide-
neoxindole (1.0mmol), toluene (8.0mL), p-TsOH (0.2mmol), 80 �C, 2h; 2. DDQ
(1.2mmol), CH3CN (10.0mL), r.t., 2 h.

b Isolated yields.
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Fig. 3. Single crystal structure of the spiro compound 3a.

[(Scheme_2)TD$FIG]

Scheme2. Synthesis of spiro[indene-2,50-pyrrolo[3,4-c]carbazoles] 4a-4f. Reaction
conditions: 1. 3-(indol-3-yl)maleimide (1.0mmol), 2-arylidene-1,3-indanedione
(1.0mmol), toluene (8.0mL), p-TsOH (0.2mmol), 80 �C, 2h; 2. DDQ (1.2mmol),
CH3CN (10.0mL), r.t., 2 h.

[(Fig._4)TD$FIG]

Fig. 4. Single crystal structure of the spiro compound 4e.
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For developing the scope of this one-pot two-step reaction,
2-arylidene-1,3-indanediones were employed to react with
3-(1-methylindol-3-yl)pyrrole-2,5-dione under same reaction
conditions. The results were summarized in Scheme 2. The
expected dihydrospiro[indene-2,50-pyrrolo[3,4-c]carbazoles] 4a–
4f were successfully obtained in moderate to good yields. The
substituents in 2-arylidene-1,3-indanediones showed marginal
effect on the yields. It should be pointed out that a byproduct 5was
isolated in lower yields in all cases, which were obviously come
from the self-Diels-Alder reaction of 3-(1-methylindol-3-yl)-N-
phenylmaleimide. The similar dimerization has been noticed in the
previously reported reaction of 3-(1-indol-3-yl)-N-phenylmalei-
mides [14b]. The structures of the spiro compounds were
characterized by IR, HRMS, 1H and 13C NMR spectra. Because
there is only one possible diastereoisomer in the spiro compounds
4a-4f, the 1H NMR spectra clearly showed one set of absorption
peaks for the characteristic groups. The single crystal structure of
the spiro compound 4e (Fig. 4, CCDC: 2016999) and dimer 5 (Fig. S6
in Supporting information) were successfully determined.
For demonstrating the synthetic values of this Diels-Alder
reaction, the gram-scale reactions for the preparation of the spiro
compounds 3e and 4f were carried out under standard reaction
conditions (Scheme 3). We were pleased to find that the two spiro
compounds 3e and 4f were successfully prepared in 90% and 74%
yields, respectively, which were slightly higher than the previous
yields in the microscale reactions.

In summary, we have investigated one-pot two-step of 3-
(indol-3-yl)maleimides with 3-phenacylideneoxindoles or
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Scheme 3. Gram-scale synthesis of spiro compounds 3e and 4f.
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2-arylidene-1,3-indanediones. This reaction successfully provid-
ed an efficient synthetic protocol for the construction of
3a’,40,60,10c’-tetrahydro- and 40,60-dihydro-spiro[indoline-3,50-
pyrrolo[3,4-c]carbazoles] as well as dihydrospiro[indene-2,50-
pyrrolo[3,4-c]carbazole]. The advantages of this simple reaction
included using readily available reagents, good yields, high
diastereoselectivity and molecular diversity. The reaction mecha-
nism included Lewis acid catalyzed Diels-Alder reaction of
electron-deficient diene with electron-deficient dienophiles and
sequential oxidation reaction. The potential applications of this
reaction for synthesis of complex heterocyclic spiro compounds
might be significant.
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