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Recent Advance on the Synthesis of 3,3'-Bisindolylmethane
Derivatives under Transition-Metal-Free Catalytic Conditions

Zhang, Zhenguo Liu, Xiaoxiao Zong, Xinlong Yuan, Yalin Liu, Shuanglei

Zhang, Ting Wau, Zishang Yang, Jingying* Jia, Zhenhua*
(Institute of Advanced Synthesis, School of Chemistry and Molecular Engineering, Nanjing Tech University, Nanjing 211816)

Abstract 3,3'-Bisindolylmethanes (3,3'-BIMs) compounds are important indole alkyloads and their units are widely found in
various natural products, functional materials and synthetic pharmaceutical compounds. Due to diverse biological activities
and functionalities, for instance, antioxidant, anti-inflammatory, antiangiogenic, anti-bacterial and anti-cancer etc., the
construction of 3,3'-BIMs is raised considerable concerns. Conventional methods especially focused on symmetrical 3,3'-BIMs
were the condensition of indoles with carbonyl compounds via Friedel-Crafts pathway in the presence of Brensted acids or
Lewis acids. However, the utilization of transtion metals led the residue into the products and environmental contamination.
The recent advance on the synthesis of 3,3'-BIMs since 2010, mainly concerned on the approaches and corresponding me-
chanism to prepare symmetrical and unsymmetrical 3,3'-BIMs under transition-metal-free conditions is summarized and dis-
cussed, aiming to provide important theoretical evidence and techinical support for further biological evaluations on desired
compounds.
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1 Introduction

Indole scaffolds are important structural constitutions of
numerous natural products, pharmaceutical drugs, fine che-
micals and agrochemicals.") Among skeletons of indole
alkaloids, 3,3'-bisindolylmethanes (BIMs) units are ubiq-
uitous, which are widely found in various bioactive natural

products, synthetic compounds, pharmaceuticals and func-
tional materials (Scheme 1). From a variety of Terrestrial
and Marine natural resources, 3,3'-BIMs are separated and
identified the common structure consist of two indole rings
at 3- and 3'-positions connected with a single carbon atom.
These compounds exhibit a series of important biological
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activities, such as antioxidant, anti-inflammato-
ry,!""" antiangiogenic,!"® anti-leishmanial activity,!"” anti-
staphylococcus activity,”” anti-MRSA (Methicillin-resi-
stant staphylococcus aureus), anti-cancer activity”'! and
antifungal activity.'*”

In 1886, 3,3'-BIMs was synthesized by Fischer ef al. for
the first time.** The general method for the synthesis of
3,3'-BIMs was the reaction between indoles and carbonyl
compounds via Friedel-Crafts pathway in the presence of
stoichiometric acids or bases. Accompanying with the ex-
ploring the potential applications of BIMs in the field of
pharmaceutical industry, diverse strategies were developed
for the construction of 3,3'-BIMs. In particular, the cataly-
sis involving transition metals promoted the efficiencies
and decreased the price of the preparation of 3,3'-BIMs.
However, the utilization of transition metals could result in
the contamination of target products, which were essen-
tially considered during the further evaluation of their bio-
activities. In addition, the generation of the stoichiometric
chemical and metallic wastes could cause serious envi-
ronmental issues, which was not suitable with the devel-
opment of modern sustainable chemistry.”>**! Bisindol-
ylmethanes (BIMs) and trisindolylmethanes (TIMs) were
well reviewed by Shiri et al®*! in 2010, in which they
summarized the various approaches to BIMs and TIMs,

including 3,3'-BIMs, 2,2'-BIMs, 2,3'-BIMs and TIMs.

Recently, Xu,??! Xie,PY HelP" Yin,P¥ Yang,[39]
Zhong,[40] Mei, ! He,* Xia,* Shil*’ and others have
developed various methods for preparing BIMs. This
mini-review will focus on the recent advance on the syn-
thesis of 3,3'-bisindolylmethanes (BIMs), especially, it will
summarize the synthetic protocols of the symmetric and
asymmetric 3,3'-BIMs under transition-metal-free condi-
tions since 2010. The transformations catalyzed by transi-
tion metals for the synthesis of BIMs will be excluded in
this review.

2 Synthetic approaches to symmetrical 3,
3'-BIMs

The general mechanism for the formation of 3,3'-BIMs in
the presence of acids is depicted in Scheme 2. During this
Friedel-Crafts pathway, the key intermediate is enamine
(IIT), tautomerized with carbon cationic intermediate (IV)
that undergo further addition with the other indole molec-
ular to achieve symmetrical 3,3'-BIMs (Scheme 2).

In 2013, Huo et al.™ developed a sustainable strategy to
prepare symmetrical 3,3'-BIMs with a recyclable system.
They utilized the complex of sodium triphenylphosphine-
msulfonate (TPPMS) with CBr, as a highly efficient cata-

(A) Representative nature products containing 3,3'-bisindolylmetanes (BIMs) units

HN NH
(1

Arundine Vibrindole A

@)

Arsindoline A (3)

Trisindoline (4)

(B) Synthetic (BIMs) compounds and materials with diverse biological activities and functional applications

MeO OMe OAc
HN : S \ NH HN : ] \ NH

OMe Bu-t

13 14

15 16

Scheme 1 Representative nature products and synthetic compounds containing 3,3'-BIMs units
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BIMs + 17 H 18

Scheme 2 General Friedel-Crafts pathway to achieve symmet-
rical 3,3'-BIMs

lyst for the synthesis of 3,3'-BIMs from a range of carbonyl
compounds, such as aldehydes, ketones and acetals, in ex-
cellent yields. The process underwent smoothly at room
temperature without considering the effects of atmosphere
and water. In addition, the catalyst was stable and
easy-stored in air. Notably, the complex could be separated

Recycle and reuse

l > 10 times

TPPMS/CBr,4 (5 mol%)
Polar solvent or neat

\ 0
@E,} " R
H

17 19

TPPMS/CBry

PreC|p|tat|on
W|th Ether

:>

Process 20

from the reaction mixture and easily recovered to use for 10
times without obvious loss of the catalytic activities
(Scheme 3).

In 2014, Taha et al*® identified bisindolylmethane-
hydrazone hybrids as novel inhibitors of f-glucuronidase.
To obtain various target products to evaluate their corre-
sponding inhibitory potential, a sequential route was de-
signed. Bisindolylmethane ester (23) was prepared up to
93% yield in refluxing conditions, nevertheless other con-
ditions gave 23 in low yields, for instance, replacing acetic
acid by NaBrO;/NaHSO;, ethylammonium nitrate or
BF;+Et,0. The ester was transformed into hydrazide in-
termediate 24 followed by condensation with diverse al-
dehydes to generate the desired products (Scheme 4).

Incorporation of a trifluoromethyl group (CF;) in phar-
maceutical molecules affected their bioactivities and phys-
ico-chemical properties, compared to parent molecules.
Anbarsasan et al.*”! developed an efficient and general
one-pot trifluoromethylative functionalization of amides for
the synthesis of various trifluoromethylated bis(indolyl)-
arylmethanes (28). They successfully applied this method to
synthesize trifluoromethylated analog of hypolipidemic and
anti-obesity agent (29). During the trifluoromethylative
process, the essential trifluoromethylated iminium ion was
generated in-situ from trifluoromethyltrimethylsilane and
trapped by substituted indoles for achieving the final
products (Scheme 5).

The C—C triple bond of the alkynes could be activated

b Q\S/O_Na;r
h A

l
! ».'~

Selected examples

200, 75%

203, 83% 20b, 77%

20d, 71% 20e, 76%

Scheme 3 Huo’s synthesis of symmetrical 3,3'-BIMs by recyclable process

O._OMe

_HOAc ‘ _NaHa-H0
reflux O A O MeOH, reflux

M O O /
© 23 Me

Scheme 4 Taha’s synthesis sequential route of bisindolylmethane-hydrazone hybrids
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Scheme 5 Anbarsasan’s synthesis of trifluoromethylated bis(indolyl)arylmethanes

via m-coordination to the typical n-Lewis acid, B(C4Fs);. In
2018, Zhong et al.'*® reported B(C¢Fs);-catalyzed dihy-
droindolation of aryl alkynes by double Markovnikov ad-
dition to indoles under neat conditions, providing a viable
access to versatile symmetrical 3,3'-BIMs. The mechanism
was also described in Scheme 6. Firstly, coordination of
B(CgFs); with aryl alkyne 30 afforded the intermediate I.
Subsequently, nucleophilic attack of 26 on the internal
carbon of the C—C triple bond occurred to generate zwit-
terionic boron species II. The first proton transfer and
aromatization was followed to give the intermediate IIT and
release B(C¢Fs); at the same time. B(C¢Fs); coordinated
with intermediate III again to form the intermediate IV,
which was attacked by another 26 to involve the second
proton transfer and aromatization, producing the double

-
N

\
N
R 30 K

5 mol% B(CgFs)s

neat conditions

26

High regioselectivity

N

Markovnikov addition products 31 and regeneration of the
borane catalyst.

In the same year, He et al.'*”! described similar metal-free
protocol of B(C¢Fs);-catalyzed synthesis of the symmetrical
3,3'-BIMs. Instead of aldehydes, more readily available,
abundant, stable and easy-to-handle carboxylic acids were
treated as alkylating reagents. Mechanistic studies disclosed
that the carboxylic acids 33 initially reacted with silane to
obtain the silyl ester I with release of hydrogen gas.
Meanwhile, the Si—H bond of silane was coordinated to
B(C¢Fs); reversibly, generating the adduct in-sifu, which
donated the silica cation to the oxygen of carboxylic acids to
form ion pair II. Subsequently, the hydride transfer oc-
curred to generate disilyl acetals or aldehydes under acidic
conditions. Double nucleophilic attacks of the complex of

31 R

Proposed mechanism:

31

B(CeFs)3

26 R proton transfer
| aromatization
""" B(CsFs)3
] Ar
N \
/
R
}\ Ar
B(CsFs)s N\ First
proton transfer
aromatization
n
B(CeFs)3 Il

Scheme 6 Zhong’s B(C¢Fs);-catalyzed synthesis of the symmetrical 3,3'-BIMs
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B(CgFs); with indole derivatives towards disilyl acetals or
aldehydes proceeded to achieve the symmetrical 3,3'-BIMs
and regenerate B(C¢Fs); (Scheme 7).

Huo et al® discovered that the cheap, commercially
available and stable radical cation triarylaminium salt could
be applied as an initiator for Friedel-Crafts reaction of in-
doles with enamides at low catalyst loading (2 mol%) to
construct the complex of 3,3'-BIMs derivatives. They pro-
posed that the pathway of this protocol would involve the
process of single electron transfer (SET) and radical inter-
mediates from vinyl ethers, which were essential to furnish
the alkylation process efficiently (Scheme 8).

Toy et al."" synthesized a bidentate halogen bond donor
catalyst for the synthesis of symmetrical 3,3'-BIMs. Com-
pared with mono-dentate analogue and thiourea organocat-
alyst, the bidentate catalyst was proved to be more effective
in the halogen bond catalyzed Friedel-Crafts reactions of
diverse aldehydes and ketones with indoles. The natural
products, such as arsindoline A, arundine, trisindoline and
vibrindole A, were successfully accomplished in one-pot
from good to excellent yields (Scheme 9).

Halimehjani et al®® synthesized novel tetra-cationic
acidic organic salts (TCAOS) containing both sulfonic acid
and hydrogen sulfate groups, based on DABCO

was applied to synthesize the symmetrical 3,3'-BIMs in
water with excellent turnover frequency. This process was
efficient, environment friendly and the catalyst was recy-
cled and reused in the reaction more than five times without
significant loss of its catalytic ability (Scheme 10).

Recently, photo-catalysis was introduced for organic
transformations, due to its sustainability and efficient cap-
ture and utilization of solar energy. Itoh e al.”*! developed
a one-pot synthesis of the symmetrical 3,3'-BIMs from
benzyl alcohols as alkylation reagents, using catalytic io-
dine in oxygen atmosphere under visible light irradiation.
Under optimized conditions, indole and its derivatives were
coupled with various benzyl alcohols, but pyrrole was al-
kylated in only 18% yield. Mechanistic studies disclosed
that benzyl alcohols were transferred to corresponding al-
dehydes irradiated by visible light in the presence of cata-
lytic amount of modular iodine (Scheme 11).

Singh et al.® reported a visible light mediated strategy
to construct bisindolyl acetate derivatives with Eosin Y as
the photo-sensitizer. Activating C—F and C—Br bonds of
ethyl bromofluoroacetate (44) generated corresponding
radicals, which were subsequently trapped by indoles to
form the target products. The postulated mechanism was
provided based on several control experiments, but the

(1,4-diazabicyclo[2.2.2]octane). Subsequently, TCAOS
2mol% B(CgF5); R! R3 R
X 4.5 equiv. Et3SiH
1 N _R2, R3_
R Z~N R™+ R*—COOH neat conditions
\
R / 2 \
R RRrR R
32 33 34
Proposed mechanism: R3—COOH
34 33
B(CgFs)s + 32 B(CeFs)s Et,SiH
R1 R3 H2
X
= OSiEt, o]
N Rr2 EtBSi\OJ\R3
R o o !
g §Eg
R "H H
|
4 B(CoFs)s
B(CgFs)s + 32 ; .
, QS OSiEt,
R n .
OSiEts ~;>>_\\__E“&\o Rs
H-=B(CeF
B(CeFs)s " B(CeFs)s

Selected examples

"Wy
N N
<Ph PH>
34a, 63%

o
_—

34b, 54%

AN LA

|
e
/ \

M
34d,60% " °
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Scheme 7 He’s B(CgFs);-catalyzed reductive synthesis of the symmetrical 3,3'-BIMs
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Scheme 9 Toy’s synthesis of the symmetrical 3,3'-BIMs by halogen bond catalyzed strategy
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Scheme 10 Halimehjani’s tetra-cationic acidic organic salts (TCAOS)
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Scheme 11 Itoh’s photo-induced I,-catalyzed synthesis of
symmetrical 3,3'-BIMs in O, atmosphere

pathway was still not clear (Scheme 12).
In 2007, Xia et al.®” developed a photo-redox protocol
of 1,3-dipolar cycloaddition of nitrones with alkenes to

@ v E _25mol% EosinY
\HJ\OEt iPr,NEt, DMF, r.t.
Green LEDs

35 44
Selected examples

obtain isoxazolidine derivatives. When indole was sub-
jected to the reaction conditions, the symmetrical 3,3'-BIMs
were achieved in moderate to good yield. To the respect of
mechanism, the catalyst was excited by visible light, which
accepted one electron from indole to generate the radical
cation intermediate I. Afterwards, this radical cation was
trapped by nitrone to form the intermediate III. After
elimination of phenyl-hydroxylamine radical, cationic in-
termediate IV was formed, which could react with another
indole molecular indole. Deprotonation of intermediate IV
by phenyl-hydroxylamine radical led to the target product
generated (Scheme 13).

In 2020, Qiu er al® reported a concise CF;SO,Na-
induced synthesis of symmetrical 3,3'-BIMs under UV
irradiation and oxygen atmosphere. Cyclic or acyclic ke-
tones and various aldehydes were coupled with indoles at
molar ratio of 1 : 2. Especially, selected target products
showed anticancer activities in human bladder cancer cell
lines EJ and T24. From the insight of mechanism, the key
radical species was formed in-situ from CF;SO,Na under
irradiation of UV light (Scheme 14).

In 2014, Ning et al.”" reported an unexpected Br,-

0. OEt MeQ o. Ogt Me Oy OEt Et
AP M

45a, 83% 45b, 75%
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Scheme 12  Singh’s organo-photo-catalyst mediated synthesis of symmetrical 3,3'-BIMs
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Scheme 14 Qiu’s CF;SO,Na-induced synthesis of symmetrical 3,3'-BIMs

catalyzed synthesis of 3,3'-BIMs from indoles and carbonyl
compounds with low catalyst loading (down to 2 mol%),
high efficiency and broad substrate scope, and the reaction
could be conducted in either organic solvents or water. This
robust catalytic activity of bromine was treated as an un-
derrated Lewis acid, which might inspire more novel
Br,-catalyzed organic transformations and provide the po-
tential for more focus on the possible function of bromine

Chin. J. Org. Chem. 2021, 41, 52~64
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(Scheme 15).

Zhang et al.®™ described a facile synthesis of 3,3'-BIMs
using fiber-supported ionic liquids (ILs) in water at room
temperature. During the process of Friedel-Crafts alkyla-
tion, the relevant characterizations of ILs were investigated
to confirm that ILs were immobilized on the surface layer
of polyacrylonitrile fibers (PANF) and could be recycled
with excellent stability. The mechanism was proposed as
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Scheme 15 Ning’s Br,-catalyzed synthesis of symmetrical
3,3-BIMs

the simple “release and catch” catalytic process in detail.
The mild reaction conditions and the simple procedure
combined with the easy recycle of the catalyst and solvent
proved that this method was environmentally friendly and
economical for the synthesis of bioactive BIMs. As far as
reported, this is the first example of utilizing the inexpen-
sive and commercially available PANF as the support for
novel ILs (Scheme 16).

R V. g, 10mol% PANFPAMSA
& N H,0, r.t,4h
35 18
1 2 R1
R\\ R =
\ ; \ N
HN= o —NH
Q
CNH— —CN
MeSO; 'NH, NC— + A
3 2 ? IOI NH2_
CNH— —CNH™ MeSO,
Il
Hy —CNH
MeSO;’(N 9 . B
! \-)T—CNH— —CNH,N | MeSO;
Q
| - CN )
Ne Y. Meso;
HN—|
y
PANF-PAMSA

Scheme 16 Zhang’s fiber-supported ILs-catalyzed synthesis of
symmetrical 3,3'-BIMs

In 2018, Arai et al.”” developed the protocol of 2-iodo-
imidazolinium salt-catalyzed Friedel-Crafts reaction to
synthesize bis(indolyl)methane alkaloids using indoles and
aldehydes. Under mild conditions, various 3,3'-BIMs de-
rivatives were obtained in good to high yields (Scheme 17).

Yamajala et al.'®” reported that thiamine hydrochloride
(VB)) was an efficient and reusable catalyst to synthesize
3,3'-BIMs under water, solvent-free and grinding conditions
with low catalyst loadings (down to 1 mol%). The desired
products were isolated without column chromatography.
Green matrix calculations showed high atom-economy
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Scheme 17 Arai’s 2-iodoimidazolinium salt-catalyzed synthesis
of symmetrical 3,3'-BIMs

and small E-factor. The gram-scale reaction was proven to
have potential industrial application. Additionally, the cat-
alyst could also be utilized effectively to preparea varieties
of alkaloids derived BIMs and biscoumarins (Scheme 18).

0,
RZI_\ \ » 0 VB, (1 mol%)
= N + R OH Water/neat/grinding
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Scheme 18 Yamajala’s VB;-catalyzed synthesis of symmetrical
3,3-BIMs

More recently, Wang et al.'®) discribed a simple and
transition-metal-free method for the synthesis of 3,3'-BIMs
via a new graphene oxide-induced alkylation strategy.
3,3'-BIMs derivatives were generated under mild reaction
conditions, with a broad indole scope and excellent regi-
oselectivities, in moderate to excellent yields. The di-
chotomous catalytic behavior of graphene oxide was effi-
cient to promote the process of C—C bond oxidative cou-
pling and C—O bond cleavage (Scheme 19).

3 Synthetic approaches to unsymmetrical
3,3'-BIMs

The retro-synthesis analysis disclosed that two different
indolyl substrates were coupled to construct unsymmetrical
3,3"-BIMs. Conventional strategy was utilizing a leaving
group pre-installed on one indole substrate. When the
leaving groups were removed under various conditions, the
corresponding cationic intermediates were generated in-situ
trapped by another different indole substrate to obtain un-
symmetrical 3,3'-BIMs via the subsequent process of
deprotonation (Scheme 20).
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Scheme 20 General strategy for the synthesis of unsymmetrical
3,3'-BIMs

In 2012, Sigman et al.'®”! discovered that p-TsOH cata-
lyzed hydroarylation of vinyl indoles (56) to form the pu-
tative cationic intermediate with any additional stabiliza-
tion, which was trapped by indole derivatives to form the
diverse unsymmetrical 3,3'-BIMs in good to excellent
yields. Further evaluation of the biological activities of
several prepared compounds, especially product 57 exhib-
ited promising cytotoxic activity against and selectivity for
MCEF-7 breast cancer cell line (Scheme 21).

Sasaki ef al.'*! developed a trifluoroacetic acid catalyzed
method to introduce trifluoromethyl group into 3,3'-BIMs.
They screened reaction conditions to evaluate the impact of
different Bronsted acids in diverse solvents. Moreover, the
selective synthesis of unsymmetrical 3,3'-BIMs mainly
depended on the stability of the a-carbocation (Scheme 22).

In 2016, Xiao et al.'® described a green and efficient
process, in which indolyl alcohols in water reacted with
diverse nucleophiles, including indole derivatives, to obtain
unsymmetrical 3,3'-BIMs in the absence of any catalyst.
The mechanism was proposed that water might be treated as
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Scheme 21 Sigman’s p-TsOH catalyzed synthesis of unsym-
metrical 3,3'-BIMs
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Scheme 22 Sasaki’s synthesis of trifluoromethyl-functionalized
unsymmetrical 3,3'-BIMs

a weak acid, target products were obtained in good yields
when the reaction temperature was elevated to higher. The

http://sioc-journal.cn/ 61
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putative mechanism of this dehydration process was SN;-
type pathway catalyzed by water (Scheme 23).

©E§
H R3, 7

Scheme 23 Xiao’s synthesis of unsymmetrical 3,3'-BIMs in
water

Catalyst -free
H,0, 80 ~ 100 °C

Miiller er al!®! described another efficient approach to
unsymmetrical 3,3'-BIMs in water without any catalyst and
additives involved. (3-Indolylmethyl)trimethylammonium
iodides were utilized as the starting materials to couple with
a broad range of substituted indole derivatives. Interest-
ingly, 7-azaindole led to 3,3'-BIMs, while 4- and 5-aza-
indoles reacted at the N(1)-nitrogen atom to afford novel
aza-BIMs derivatives (Scheme 24).

2
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Scheme 24 Miiller’s synthesis of unsymmetrical 3,3'-BIMs in
water

4 Synthetic approaches to asymmetrical
3,3'-BIMs

Only a few examples focused on the enantioselective
synthesis of 3,3'-bisindolylmethane derivatives. In 2010,
You et al'®® pioneered the synthesis of asymmetrical

62 http://sioc-journal.cn/
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3,3"-bisindolylmethanes. Their method, using chiral phos-
phoric acid derived phosphoric acid as the chiral catalyst,
mediated asymmetric Friedel-Crafts alkylation of 1-methyl
indole with 3-indolylmethanamines, to generate optically
pure 3,3'-bisindolylmethanes derivatives up to 80% yield
and 68% ee (Scheme 25).

TsHN
\ N 5 mol% cat.
5A M.S., benzene, r.t.
o N
H

OO
(0]
/
O\ P/

1 :
A= & : 0" NoH
Ly No¢
I | ! R
HN N ;
\ \ Cat.
66 Me ! CF3
5 CFs

66a, 80% yield, 68% ee

66b, 64% vyield, 61% ee

Br

()

(o 3,50
\N HN’ \N

66d, 62% yield, 56% ee

MeO
i I
HN

66¢c, 96% yield, 50% ee

Scheme 25 You’s the first enantioselective synthesis of chiral
3,3-BIMs

In 2014, Zhang et al.'®" achieved enantioselective syn-
thesis of unsymmetrical 3,3'-BIMs and pyrrolylsubstituted
triarylmethanes in good to excellent yields with ee up to
95%, using a novel imidodiphosphoric acid catalyst derived
from (R)-BINOL framework. The process of Friedel-Crafts
alkylation exhibited low catalyst loading, broad functional
group tolerance and provided potentially practical methods
for the synthesis of enantioselective bioactive 3,3'-BIMs
(Scheme 26).

Kim et al.'®® provided a similar route for the synthesis of
bisindolylarylmethane sulfamate derivatives in good yields
and moderate to good enatioselectivities (up to 89% yield,
94 © 6 er) with similar chiral phosphoric acid as the catalyst.
This protocol was well-tolerated to various 3-indolylsul-
famates and indoles. In addition, the biological activities of
these products were evaluated and confirmed to prevent
peripheral nerve degeneration efficiently (Scheme 27).
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Scheme 26 Zhang’s enantioselective synthesis of chiral 3,3'-
BIMs

5 Conclusions and perspectives

Although the chemical synthetic principles of 3,3'-bis-
indolylmethanes (3,3'-BIMs) have been described more
than a century ago, the emerging of catalysis in the absence
of transition metals was blooming as increasing concerns on
environmental pollution. In recent years, 3,3'-BIMs have
demonstrated various biological activities and functionali-
ties, therefore, approaches under transition-metal-free con-
ditions to 3,3'-BIMs were explored to meet the further bi-
ological evaluations. This review summarized useful and
practical methods for the synthesis of different types of 3,3'-
BIMs reported in last decade, and illustrated the versatilities
of indole derivatives coupled with other partners bearing
diverse functional groups in reasonable yields.

Considering the sustainability of chemical synthesis in
the field of pharmaceutical chemistry, we environ remark-
able concerns on the development of novel protocols to-
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N /,

HN/S\O

Chiral phosphoric acid
@ (10 mol%)
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Scheme 27 Kim’s chiral phosphoric acid catalytic synthesis of
chiral 3,3'-BIMs sulfamate derivatives

wards the practical synthesis of 3,3'-BIMs. On account of
increasing requirements of screening biological activities,
the diversities of 3,3'-BIMs are expected, especially stere-
oselective synthesis of 3,3'-BIMs, in future.
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