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ABSTRACT

A series of mixed 3,30-bisindoles were efficiently synthesized via a Rh2(OAc)4-catalyzed three-component reaction of 3-diazooxindoles with
indoles and ethyl glyoxylate in high yields with excellent diastereoselectivities. The product easily underwent further synthetic transformations
and could be potentially applied to the total synthesis of (()-gliocladin C and related natural alkaloids.

3-(2-Hydroxy-alkyl)-3-indol-30-yloxindoles (A, Figure 1)
belong to a unique family of mixed 3,30-bisindoles that
display various biological activities.1 They have been used
askey intermediates for the total synthesis of (þ)-gliocladin

C2,3 and could be potentially applied to the total synthesis
of a number of other indole alkaloids possessing 3,30-
bisindole skeletons (Figure 1).4�8 Therefore, much effort
has been focused toward methodological development for
the synthesis of such molecules as well as their further
applications to the total synthesis of related natural
products.2,3,4b,7,9 The Overman research group has devel-
oped an elegant Mukaiyama�aldol reaction of 2-siloxyin-
dolewith aldehydes,10whichwas successfully applied to the
total synthesis of (þ)-gliocladin C.2 Trost and co-workers
have reported an efficient protocol by Pd(0)-catalyzed
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hydrocarbonation of allenes with 3-aryl-30-yloxindoles
that can be used to synthesizemixed 3,30-bisindoles.7 Gong
and co-workers reported a convenient method for the
R-alkylation of aldehydes with 3-hydroxy-3-indol-30-ylox-
indole and furnished the total synthesis of (þ)-gliocladin
C.3 A similar R-alkylation strategy of cyclic ketones has
also been developed by Guo, Peng and co-workers.11

Despite their high synthetic values, however, all of those
methods required the indole ring and the oxindole moiety
to be preconnected at the C3 and C30 positions before the
2-hydroxy-substituted side chain was further introduced.
Therefore, it would be highly efficient if one could
assemble the three parts in one single step to provide
the desired 3-(2-hydroxy-alkyl)-3-indol-30-yloxindole pro-
duct. Toward this end, herein we report an efficient and
straightforward three-component reaction for the synth-
esis of such molecules starting from 3-diazooxindoles with
indoles and ethyl glyoxylate as catalyzed by Rh2(OAc)4
(Scheme 1, path 2).

As part of our continuous interest in exploring new
multicomponent reactions (MCRs) based on the elec-
trophilic trapping of active intermediates generated
from metal carbenoids,12,13 we have recently developed
an efficient three-component reaction in which an active
zwitterionic intermediate generated from an aryl dia-
zoester and indole was efficiently trapped by imine to
afford 3-substituted indole moieties.14 In view of its high
efficiency, we decided to apply this novel zwitterionic-
trapping process to synthesize mixed 3,30-bisindoles by

choosing 3-diazooxindole as the diazo source15with indole
and a suitable electrophile (Scheme 1, path 2). However,
due to the relatively low reactivity of 3-diazooxindole16

and the rapid 1,2-proton transfer process for the zwitter-
ionic intermediate to afford C�H insertion products,
which itself had been used as an elegant approach for the
synthesis of 3-indol-30-yloxindole (Scheme 1, path 1),7,17 it
is not clear whether the zwitterionic intermediate could be
efficiently trapped by a corresponding electrophile. As
such, the key point for the desired three-component reac-
tion would be the choice of an efficient electrophile.

As the starting point, ethyl glyoxylate (3) was chosen for
its high electrophilicity18 aswell as the easy-functionalizing
feature of the ester group resulting in the desired product.
Therefore, benzyl-substituted 3-diazooxindole (1a) and
benzyl-substituted indole (2a) were allowed to react with
ethyl glyoxylate (3) in CH2Cl2 in the presence of 1 mol %
Rh2(OAc)4 and 4 Å molecular sieves. To our great delight,
the desired three-component product 4a via a zwitterion
generation/Aldol addition sequence was obtained in very
good yield (94%) and diastereoselectivity (94:6) (Table 1,
entry 1). It is worth mentioning that when ethyl glyoxylate
3was directly subjected to the C�H insertion product 1,10-
dibenzyl-3-indol-30-yloxindole, 4a was not obtained either
with or without Rh2(OAc)4,

19,20 indicating the signifi-
cance and efficiency of this three-component zwitterionic-
trapping process. With the initial result, further condition

Figure 1. 3-(2-Hydroxy-alkyl)-3-indol-30-yloxindole (A) as key
intermediates for the synthesis of a number of natural alkaloids.

Scheme 1. Trapping of Zwitterionic Intermediate with Ethyl
Glyoxylate for Three-Component Reactions
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optimizations were conducted. A brief solvent screening
revealed that this three-component reaction ran smoothly
in 1,2-dichloroethane (DCE) and toluene but did not
afford the desired product in tetrahydrofuran (THF);
however, with toluene as the solvent, relatively poor
diastereoselectivity was achieved (Table 1, entries 2�4).
Raising the reaction temperature to 40 �C resulted in a
decreased yield (Table 1, entry 5). When the reaction was
conductedwithout 4 Åmolecular sieves, the desired product
was obtained in even higher diastereoselectivity (97:3) while
the yield remained satisfactory (88%) (Table 1, entry 6).
To test the substrate generality of this Rh(II)-catalyzed

three-component reaction, a series of substituted 3-dia-
zooxindoles and indoles were first investigated under
the optimized reaction conditions. Different protecting
groups on the nitrogen atom of 3-diazooxindole including
benzyl (1a), Cbz (2a), andBoc (3a) proved to be efficient in
providing corresponding three-component products in
high yields with excellent diastereoselectivities (Table 2,
entries 1�3). On the other hand, alkyl substituents such
as a methyl or benzyl group on the nitrogen atom of the
indole component also provided the desired three-compo-
nent products (Table 2, entries 1, 4). Substituents at the 5-
or 6-position of the aromatic ring of 3-diazooxindole were
evaluated: chloro-substituted substrates gave lower yields
but with excellent diastereoselectivities, and 5-methyl-sub-
stituted 3-diazooxindole gave the corresponding product
in high yield and excellent diastereoselectivity (Table 2,
entries 5�7). A more thorough substituting effect on the
indole ring was also investigated. While different sub-
stituents on the 5-, 6-, and 7-position of the indole ring
provided corresponding products in moderate to good

yields with excellent diastereoselectivities, a substituent
at the 4-position gave the desired product in poor yield,
indicating a strong steric effect (Table 2, entries 8�13).
The relative stereochemistry of products was assigned
in analogy with 4k as determined by single-crystal X-ray
diffraction (Figure 2). The use of other aldehydes, such as
benzaldehyde or cinnamaldehyde, as the substrate resulted
in no desired product formation under current reaction con-
ditions, indicating the high electrophilicity of ethyl glyoxy-
latewas essential for this three-component reaction tooccur.
The broad scope of this three-component reaction allows us
to utilize this methodology for the rapid synthesis of a series
of mixed 3,30-bisindoles for biological evaluations of their
intriguing biologically active features.

To demonstrate the synthetic potential of this new three-
component reaction, we explored a gram scale reaction of

Table 1. Reaction Condition Optimizationa

entry solvent

temp

(�C)
yield

(%)b drc

1 CH2Cl2 25 94 94:6

2 DCE 25 94 94:6

3 THF 25 <5 �
4 toluene 25 93 85:15

5 CH2Cl2 40 76 95:5

6d CH2Cl2 25 88 97:3

aReaction conditions: To the mixture of 2a (0.11mmol), 3 (0.2 mmol),
4 Å� MS (100 mg), and 1 mol % Rh2(OAc)4 in 0.5 mL of the solvent was
added 1a (0.1mmol) in 0.5mLof the solvent via syringe pumpover 30min.
b Isolated yield. cDetermined byHPLC. dWithout the addition of 4 Å�MS.

Table 2. Substrate Scopea

entry R1 R2 R3 R4 4

yield

(%)b drc

1 Bn Bn H H 4a 88 98:2

2 Cbz Bn H H 4b 85 95:5

3 Boc Bn H H 4c 80 95:5

4 Bn Me H H 4d 96 97:3

5 Bn Bn 5-Cl H 4e 77 99:1

6 Bn Bn 5-Me H 4f 92 99:1

7 Bn Bn 6-Cl H 4g 61 94:6

8 Bn Bn H 5-Br 4h 67 99:1

9 Bn Bn H 5-NO2 4i 79 97:3

10 Bn Bn H 5-MeO 4j 96 98:2

11 Bn Bn H 6-Br 4k 86 97:3

12 Bn Bn H 7-Me 4l 67 97:3

13 Bn Bn H 4-Br 4m 22 98:2

aReaction conditions: To themixture of 2 (0.33mmol), 3 (0.6mmol),
and1mol%Rh2(OAc)4 in1.5mLCH2Cl2wasadded1 (0.3mmol) in1.5mL
of CH2Cl2 via syringe pump over 30 min. b Isolated yield. cDetermined
by HPLC.

Figure 2. X-ray crystal structure of 4k.
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N-Boc-3-diazooxindole (1c) with N-Bn-indole (2a) and
ethyl glyoxylate (3). As shown in eq 1, the use of only
0.5 mol % Rh2(OAc)4 promoted the formation of 4c in
82% yield with 94:6 diastereoselectivity (eq 1).

Due to the intriguing 3,30-bisindole structural feature
established through this method, we sought to explore
its further synthetic applications toward the synthesis
of related natural alkaloids. The hydroxyl group of 4a

was first protected with the TBS group to afford 5 in good
yield. Reduction of the ester group of 5 with DIBAL-H
furnished the corresponding primary alcohol in 69%yield.
Then, under Dess-Martin conditions, primary alcohol 6
was oxidized into aldehyde 7, which could be used as a
key intermediate for the total synthesis of (()-gliocladin C
(Scheme 2).7

In summary, we have developed a highly efficient Rh2-
(OAc)4-catalyzed three-component reaction of 3-diazoox-
indoles with indoles and ethyl glyoxylate. This reaction
allows the step economical formation of mixed 3,30-bisin-
doles bearing a quaternary carbon center in high yields
with excellent diastereoselectivities. The product easily
undergoes further synthetic elaborations to obtain key
intermediates that could be potentially applied to the total
synthesis of natural alkaloid (()-gliocladin C. A catalytic

asymmetric version of this three-component reaction21

and further application to the synthesis of related natural
alkaloids bearing 3,30-bisindole structural motifs are cur-
rently being investigated in our laboratory.
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Scheme 2. Synthetic Applications of Product 4a
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