Three-Component Domino Reactions

for Selective Formation of

ORGANIC
LETTERS

2012
Vol. 14, No. 20
5210-5213

Indeno[1,2-blindole Derivatives

Bo Jiang,’ Qiu-Yun Li,' Shu-Jiang Tu,*! and Guigen Li**$

School of Chemistry and Chemical Engineering, and Jiangsu Key Laboratory of Green
Synthetic Chemistry for Functional Materials, Jiangsu Normal University, Xuzhou,
221116, Jiangsu, P. R. China, Institute of Chemistry & Biomedical Sciences,

Nanjing University, Nanjing 210093, P. R. China, and Department of Chemistry and
Biochemistry, Texas Tech University, Lubbock, Texas 79409-1061, United States

laotu@jsnu.edu.cn; guigen.li@ttu.edu

Received August 21, 2012

ABSTRACT

Efficient three-component domino strategies for the synthesis of multifunctionalized tetracyclic indeno[1,2-blindole derivatives with different
substituted patterns have been established successfully. The first pathway involves a novel sequential methyl migration, aromatization, and
esterification, while a second reaction in HOAc leads to compounds 6 with high syn diastereoselectivity. Both reactions showed attractive
features including mild conditions, convenient one-pot operation, short reaction times of 15—32 min, and excellent regio- and/or stereoselectivity.

Heterocycles of indole derivatives containing multiple
rings widely exist in nature; they often serve as “privileged
structures” in drug discovery and development based
on their attractive capacity of binding to many cell recep-
tors with high affinity' and subsequent potent biological
and pharmaceutical profiles.> Among fused indole com-
pounds, tetracyclic indeno[1,2-b]indole skeletons are par-
ticularly important because they have been widely used as
building blocks in total synthesis of many natural products
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and display biological activities such as powerful lipid
peroxidation inhibitors,* potassium channel openers,*
DNS intercalators, and topoisomerase II inhibitors.’ There-
fore, these derivatives have attracted special attention in
organic and medicinal fields. So far, many approaches to
polycyclic indeno[1,2-blindoles have been developed; most
of these syntheses were achieved via cascade cyclization
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reactions in the presence of metal catalysts,® ninhydrin
annulations,’ intramolecular reductive N-heteroannulation,®
and reductive cyclization of hydrazone’ or 2-nitrobenzylide
naphthalide.'® The development of alternative step-eco-
nomical methods for the assembly of these heterocyclic
cores, producing less waste and byproducts, continues to
be of considerable interest and important. However, to the
best of our knowledge, a one-pot synthesis of tetracyclic
indeno[1,2-b]indoles via a multicomponent domino strat-
egy involving sequential methyl migration/aromatization/
esterification has not been documented yet.

On the other hand, multicomponent domino reactions
(MDRs) for total synthesis of natural products or natural-like
structures are believed to be one of the key tools for assem-
bling multiring-junction frameworks that can be predicted by
controlling reaction processes.'"*'? These reactions have at-
tracted special attention over the past few decades because of
their high efficiency, synthetic economy, and ecology in the
construction of complex heterocyclic frameworks.'* In
addition, multicomponent strategy often proceeds with
impressive selectivity.'* Designing multicomponent domino
processes for constructing multiring-junction architectures
provides a great challenge in modern organic synthesis.

In the past several years, we have been engaging in the
development of unique MDRs that can provide easy access
to new core structures of chemical and pharmaceutical
interest."> During our study of this project, we now discov-
ered novel multicomponent reactions of N-heteroannulations
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of enaminones, 2,2-dihydroxyindene-1,3-dione, and acid
anhydride or aromatic amines; they can selectively provide
multifunctionalized indeno[l,2-blindoles with different
substituted patterns 4 and 6 (Scheme 1). The great features
of this multicomponent domino chemistry are shown by
the fact that new fused pyrazoles (tetracyclic 6—5—5—6
skeleton) were readily formed in domino fashions that
involved sequential nucleophilic substitution/cyclization/
methyl migration/aromatization/esterification. The latter
provided new N-arylamino substituted indeno[1,2-blindole
derivatives with excellent stereo- and regioselectivity; two
quaternary centers including a quaternary amine function-
ality were controlled very well in a one-pot operation.
The present work sets excellent examples for synthesizing
such an important family of polysubstituted indeno-
[1,2-b]indoles.

Scheme 1. Synthesis of Indeno[1,2-b]indoles 4 and 6
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Recently, we established a new three-component dom-
ino reaction of enaminones for the synthesis of multifunc-
tionalized indole derivatives through allylic esterification.'>*"
During the continuation of this project, we attempted to
employ ninhydrin as a precursor to realize allylic esterifica-
tion (Table 1). In the first attempt, the reaction of enam-
inones 2a with 2,2-dihydroxyindene-1,3-dione 1 was
heated in HOAc at 100 °C under microwave irradiation
conditions (Table 1, entry 1). The reaction scarcely pro-
ceeded to give the desired product 7, even at enhanced
temperatures. When the solvent was changed to the cosol-
vent of HOAc/acetic anhydride (Table 1, entry 2), the
reaction resulted in red solids. Surprisingly, we found that
the product is not the expected allylic esterification product
7. Instead, we found that an acetyl group was introduced in
the final product in which H chemical shift of methylene on
enaminone ring cannot be observed. Eventually, the struc-
tural elucidation was unequivocally determined by X-ray
diffraction of a single crystal 4a (Figure 1), and a novel
polysubstituted indeno[1,2-b]indole derivative 4a was pro-
duced in 35% yield (Table 1).

Encouraged by the above results, we set the reaction of
1 with 2a as the model reaction in acetic anhydride for
optimizing reaction conditions. Experiments were carried
out in two cosolvents of TFA/Ac,O and DMF/Ac,O. The
reaction failed to give the product 4a in TFA/Ac,O
(Table 1, entry 3); an incomplete reaction was observed
in DMF/Ac,0O (Table 1, entry 4). In another case, when
Ac>O was used as the solvent, the reaction proceeded more
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efficiently to give product 4a in 76% isolated yield by flash
chromatography (Table 1, entry 5). Subsequently, the
reaction was performed in Ac,O and repeated many times
at different temperatures in a sealed vessel under micro-
wave heating for 25 min. After a series of experiments, we
found that in acetic anhydride, 1a was converted into the
product 4a in 85% chemical yield at 120 °C. It turned out
that in this reaction acetic anhydride behaved as the
solvent at the same time as the esterification reagent.

Table 1. Optimization for the Synthesis of 4a under MW

)

00 R
j’/ Not observed

7

1 2a R=4-Fluorophenyl 44
entry solvent temp/°C time (min) yield” (%)
1 HOAc 100 25 no
2 AcOH/Ac,0¢ 100 25 35
3 TFA/Ac,0% 100 25 trace
4 DMF/Ac,0 100 25 27
5 Ac,0O 100 25 76
6 Ac,0 120 25 85

@Cosolvent: v/v = 1:1. ®Isolated yields.

Figure 1. X-ray structure of 4a.

With the optimized system in hand, we next explored its
scope using various readily available starting materials.
The results are presented in Table 2. As usual, the reactions
can be finished in 20—32 min. A range of valuable indeno-
[1,2-b]indoles can be synthesized in high yields. The reac-
tion is easy to perform simply by heating a mixture of cyclic
enaminones and 2,2-dihydroxyindene-1,3-dione 1 in acetic
anhydride with microwave. We found that reactants can be
not only N-arylenaminones 2a, 2h, and 2j, which possess
electron-withdrawing substituents such as fluoro, bromo,
and chloro groups at the para position of the benzene ring,
but also 2c—e and 21 having electron-donating substituents
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such as methyl and methoxy groups to give the corre-
sponding N-arylindeno[l,2-b]indole derivatives 4c—e
and 4o in good to high yields. The bulky o-substituted
N-arylenaminone 2f was converted into the corresponding
indeno[1,2-blindole 4f in 76% yield (entry 6).

In addition to N-aryl substitutents, N-methyl and
N-cyclopropyl were also found to be suitable for the pres-
ent three-component domino reaction to afford the ex-
pected N-methyl- and N-cyclopropylindeno[1,2-bJindole
derivatives 4g and 4p in 74% and 69% yields, respectively
(entries 7 and 16). The propionic andydride was also
suitable for the reaction and smoothly gave desired prod-
ucts 4h—j and 4q—r in good yields of 63—81%. The results
showed the good scope and generality of the novel methyl
migration under domino condition with respect to a range
of enaminone substrates.

Table 2. Domino Synthesis of Indeno[1,2-b]indoles 4

entry product 4° R time®  yield/ %
1 o 4a 4-Fluorophenyl (2a) 25 85
2 Ao 9 4b Phenyl (2b) 24 80
3 4¢ 4-Methylphenyl (2¢) 20 83
4 4d 3-Methylphenyl(2d) 26 84
5 4a- 4g 4e 4-Methoxyphenyl(2e) 20 79
6 HL" 4f 2-Methoxyphenyl (2f) 28 76
7 o8 (I 4g Methyl 2g) 30 74
8 N 4h 4-Methylphenyl (2¢) 20 77
9 o 4h-41 4i 4-Methoxyphenyl (2e) 22 81
10 Q 2-Methoxyphenyl (2f) 30 63

11 4k 4-Bromophenyl (2h) 26 72
12 O 4-Fluorophenyl(2i) 28 87
13 i 4p 4m 4-Chlorophenyl(2j) 26 86

n Phenyl (2k) 25 80
0 4-Methylphenyl 21) 22 82
p Cyclopropyl (2m) 28 69
17 q 4-Fluorophenyl(2i) 32 72
18 4q uR 4r Cyclopropyl (2m) 25 74

”Rea})gents and conditions: Ac,O, (1.5 mL), 120 °C, microwave
heating. ” Time (min). ¢ Isolated yields.

After the above reaction was achieved, we then turned
our attention to investigate the three-component reaction
of enaminones 2, 2,2-dihydroxyindene-1,3-dione 1, and
aromatic amines 5. Due to nucleophilicity of aromatic
amines which is stronger than that of carboxylic acid,
allylic amination was expected to be realized using aro-
matic amines as a nucleophile (Table 3). On the basis of this
analysis, 2,2-dihydroxyindene-1,3-dione 1 was subjected to
the reaction of 2a with 4-chloroaniline 3a in different acids,
such as formic acid (HCOOH), HOAc,and TFA, at 120 °C
for 24 min under microwave heating. The expected product
8 was not observed in all acidic solvents that we examined.
Instead, a polysubstituted indeno[1,2-b]indole derivative
6a was generated regioselectively to give 32% yield in
HCOOH solvent, but this product cannot be formed in
another acidic solvent, TFA. The best yield (82%) of
product 6a was obtained in HOAc which was thus chosen
for the substrate scope investigation. Next, the reactions
of N-substituted 5,5-dimethyl-3-aminocyclohex-2-enones
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(2b, 2¢, 2e, 2h and 4-chlorophenyl 2n) with various aro-
matic amines 5 and 1 in acetic acid were performed for
short periods (15—28 min), leading to formation of a series
of new polysubstituted indeno[1,2-blindoles with excellent
regio- and stereoselectivity as listed in Table 3. Both
electron-deficient and electron-rich aromatic groups on
the N-substituted 5,5-dimethyl-3-aminocyclohex-2-enones
showed very good chemical yields of 6a—m (entries 1—13).
N-Phenyl-3-aminocyclohex-2-enone 20 was converted
into the corresponding arylamino-substituted indenol[1,2-
blindoles 6n and 60 in 65% and 80% yields, respectively.
The tolerance of functionalities, such as chloro, bromo in
this protocol provides the opportunity of their various further
chemical manipulations in products. The structural elucida-
tion and attribution of relative regio- and stereoselectivity
were determined by NMR analysis and X-ray diffraction of
single crystal 6d (see the Supporting Information).

Table 3. Domino Synthesis of Indeno[1,2-blindoles 6°

©<§< Q s | CO

Not observed

entry product 2 Ar time® yield/ %
1 6a 2b  4-CIPh(5a) 24 82
2 o 6b 2b  Ph(5b) 20 86
3 & O 6c 2b  4-MePh(5¢) 15 80
4 ‘ i 64 2¢  4CIPh(Sa) 25 84
5 ® Ar  6e 2c¢  Ph(5b) 16 78
6 6a-6m  6f 2c 4-BrPh(5d) 22 83
7 6g 2¢ 4-CIPh(5a) 20 80
8 6h 2h  4-CIPh(5a) 26 85

(o)
? Ho,
9 ‘] .O 6i 2h  Ph(5b) 18 78

ST 6 2h 4-MePh(Se) 20 82

1 & A 6k 2h 4-BrPh(5d) 25 74
12 6n-60 61 2n  Ph(5b) 25 67
13 6m 2n  4-BrPh(5d) 28 72
14 6n 20 4-CIPh(5a) 20 80
15 60 20 4-BrPh(5d) 26 65

“Rea;:gents and conditions: HOAc (1.5 mL), 120 °C, microwave
heating. ” Time (min). “Isolated yield.

In general, the reaction can be finished efficiently with all
cases within 15—32 min. Water is nearly a sole byproduct,
which makes the workup convenient. In most cases, the
products precipitated out after cold water was poured into
the reaction mixture. During these two domino reaction
processes, the construction of fused indole skeleton,
methyl (H) migration, and esterification were readily
achieved via regioselective three-component domino reac-
tion in a one-pot operation, and two stereogenetic centers
have been completely controlled including a quaternary
amine center attached on the indene ring in the latter.

The mechanism hypothesis for these reactions was
proposed and is shown in Scheme 2. The former involves
the ring closure cascade reactions that consist of initial
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nucleophilic substitution (1 to A), intramolecular cycliza-
tion (A to B), dehydration (B to C), isomerization of the
carbocation (C to D), methyl (H) migration (D to E),
deprotonation (E to F), and final aromatization/esterifica-
tion (F to 4). The reason of methyl (H) migration is
attributed to the stability of the resulting positive cations.
The stability of tertiary carbocation is higher than that of
secondary one. Similar to the former, the latter involves
nucleophilic substitution and intramolecular cyclization
(1to B), which underwent Sy 1 type reaction with aromatic
amines to regioselectively yield thermodynamically stable
N-arylamino-substituted indeno[1,2-bJindoles due to its
intramolecular hydrogen bonding (G and H).

Scheme 2. Possible Mechanism for Products 4 and 6

Ac,0 (3a) T—ZHZO

o
OH o
OH2 bR 2
——
H* -\
1N HO N

+OHHN

HOAc

\O ’
’ Ar-| NHZ J HZO
_NH N ‘ ‘j ‘i
Ar R :N H,O N
R R
6 H G

In conclusion, we have successfully established new three-
component domino reactions for the synthesis of polyfunc-
tionalized indeno[l,2-b]indoles with different substituted
patterns. The reaction mechanism involves novel methyl
(H) migration and esterification. The reactions were shown
to have attractive features of mild conditions, convenient
one-pot operation, short reaction reaction times of 15—32
min, and excellent regio- and stereoselectivity.
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