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Trimethylsilyl Bromide-Induced Regioselective Dimerization of
N-Protected Indoles to 2,3'-Linked Indolylindolines

Tang, Ailing Jin, Weiwei* Liu, Chenjiang*
(College of Chemistry, Xinjiang University, Urumqi 830046)

Abstract A dimerization of N-methylindoles by trimethylsilyl bromide promoted C—C bond cross coupling reactions is
described. A series of 2,3'-linked indolylindolines are smoothly installed under mild reaction conditions with up to 95% yields.
The gram scale reactions demonstrate the practicality of this protocol. The UV-vis absorption and fluorescence spectra proper-

ties of target products are preliminarily studied.
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1 Introduction

Biindole and its derivatives are a class of important re-
action intermediates which have been extensively applied in
the construction of indole-based heterocyclic compounds.!!!
They are also significant building blocks widely existed in
natural products, luminescent material, and bioactive mol-
ecules.”’! Indolylindolines can be viewed as one kind of
special indole dimer, whose carbon-carbon double bond in
one of the pyrrole ring of indole is protonated. Due to the
high reactivities of indolylindolines, they often work as the
reaction active intermediates to take part in the chemical
transformation. For example, Yu group!'! demonstrated that
2,3"-indolylindolines could be converted to indole monomer
and reacted smoothly with a-oxo ketene dithioacetals to
afford the alkenylation products of indoles. With regard to
the preparation of 2,3'-indolylindolines, the well-estab-
lished methods are mainly relied on the strong acid medi-
ated dimerization of indoles (Scheme 1a)!'?l or transi-
tion-metal-catalyzed self-addition of indoles (Scheme

* Corresponding authors. E-mail: wwjin0722@163.com; pxylcj@126.com

1b).31 Other limited synthetic methods are usually men-
tioned during the studies of reaction mechanisms with the
assistant of stoichiometric Me;AICL!! LI TH,0%] and so
on (Scheme Ic). In view of the highly application of
2,3"-indolylindolines as reaction intermediates in synthetic
chemistry, less attention has been made on the exploration
of the synthetic methods of them, so the development of an
efficient, systematic, and practical preparation method with
broad substrates for these compounds is still highly desira-
ble. As we know, the intramolecular or intermolecular cross
coupling reactions are one of the frequently used tools to the
preparation of synthetically important heterocycles.[*! The
direct C-2 or C-3 functionalization of indoles with various
coupling partners through cross coupling reaction has at-
tracted much attention from organic synthetic chemists."*! In
the field of preparation of functionalized indoles, many
elegant examples have been well established including the
(hetero)arylation, halogenation,”®! amination,® alkenyla-
tion,”! and alkynylation!® of indole cycles and so on. In
contrast, the dimerization of indole and its derivatives has
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been less investigated. In 2010, Shi group reported the
formation of 3,3'-linked biindolyl scaffolds through the
palladium-catalyzed oxidative dimerization of N-protected
and free indoles. In the same year, Zhang et al.'%! developed
an oxidative homocoupling of N-substituted indoles to
2,3"-biindolyls via the palladium catalyzed regioselective
C—H activation. Subsequently, Liang and co-workers!!!
realized the iodine-induced regioselective dimerization of
N-protected indoles to 2,3'-linked biindolyl compounds
under metal free conditions.

Previous work:

R
R N diyHel
\/ N
\
ke

m M92A|C|/Tf20/|2
R—T—
Z >N

\

R'

This work:
R+\ \ K3PO4°3H20,TMSBF
\

Scheme 1 Various routes to proposed mechanism

Based on our longstanding interest and continuous re-
search on the functionalization of indoles,!'9] herein our
recent progress on trimethylsilyl bromide-induced regiose-
lective C—C bond formation of N-protected to the for-
mation of 2,3'-indolylindolines is presented (Scheme 1d).

2 Results and discussion

The initial optimization began with the use of 5-chloro-
1-methyl-1H-indole (1a) as the model substrate. To our
delight, the anticipated product 2a was produced in 61%
yield with the assistant of 2.0 equiv of K,COs and 4.0 equiv.
of TMSCI in dichloromethane at room temperature for 12 h
(Table 1, Entry 1). To improve the reaction efficiency, the
effect of bases was then investigated (see Supporting In-
formation, Table S1). As summarized, it was found that
using K3PO4*3H,0 as base gave the best result, whereas
KOH was less effective (Entries 1~3). Subsequently, var-
ious solvents were screened in the reaction (see Supporting
Information, Table S2), the two component mixed solvents
showed better reaction efficiency than single solvent. After
systematic screening, the two component mixed solvents
DCM/CHCIs; (DCM=dichloromethane) seemed to be the

Chin. J. Org. Chem. 2021, 41, 4758 ~4765

best combination and led to 2a in 68% isolated yield (Entry
5). With an attempt to improve the yield of the reaction,
further efforts related the influence of different additives
was examined (see Supporting Information, Table S3).
Luckily, employing 4.0 equiv. of TMSBr as the additive led
to a dramatic increase in the yield. TfOH, TMSOTT, and
TMSI proved to be less effective (Entries 6~9). Decreasing
the loading of TMSBr to 3.0 equiv. led to 35% yield of the
target product (Entry 10). Increasing the reaction tempera-
ture had no promotion to the reaction activity (Entry 11).
Control experiments demonstrated that additives and bases
were the most important factors which enabled the model
reaction to proceed smoothly. The optimized reaction con-
ditions were thus optimized as shown in Entry 9: 2.0 equiv.
of K3P0O4*3H,0 and 4.0 equiv. of TMSBr in DCM/CHCl;
at room temperature for 12 h. Other N-protected indoles
were also tested under standard conditions. Only N-ethyl-
indole and N-benzylindole furnished their respective de-
sired products in the yields of 36% and 22%, while N-Boc-
indole did not work (see Supporting Information, Table S4).

Table 1 Optimization of reaction conditions”

Cl

Cl

Cl\@\/\> conditions O O

N\ ) N

1a /N |

2a
Entry Base Solvent ~ Additive Yield of 2a%/%

1 K2COs DCM TMSCI 61
2 KOH DCM TMSCI 24
3 Ks3PO43H.0 DCM TMSCI 63
4 K3PO43H.O CHCI3 TMSCI 59
5 Ks3PO43H.0 DCM/CHCIz TMSCI 68
6 KsPO43H.0 DCM/CHCl; TfOH 50
7 K3PO43HO0 DCM/CHCIz TMSOTf 55
8 Ks3PO43H.0 DCM/CHCl; TMSI 29
9 Ks3P0O43H:0 DCM/CHCIls TMSBr 79
10¢ K3POs3HO0 DCM/CHCl3 TMSBr 35
119 K3P043H,0 DCM/CHCl3 TMSBr 78
12 — DCM/CHCI3 TMSBr nr.
13 K3PO43H.0 DCM/CHCI3 — n.r.

© 2021 Chinese Chemical Society & SIOC, CAS

@ Reaction conditions: 1a (0.25 mmol), additive (4 equiv.), base (2 equiv.),
solvent (¥: ¥=0.5:0.5, 1.0 mL), room temperature, air, 12 h. ? Isolated
yield. ¢ TMSBr (3 equiv.). 4 50 “C. n.r.=no reaction.

With the optimized reaction conditions in hand, our
attention was turned to the generality and substrate scope of
this methodology (Table 2). It is encouraging that most of
the reactions proceed smoothly, providing the desired
coupling products with various electron-donating and
electron-withdrawing groups in moderate to excellent yields
(44%~97%). In general, electron-rich indoles provided
much better reactivities than electron-deficient indoles. The
molecular structure of the representative product 2a was
further determined by X-ray crystallography. A variety of
N-methylindoles substituted at 4, 5, 6 or 7 positions can be

http://sioc-journal.cn/ 4759
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well tolerated. It was observed that substituted N-methylin-
doles with F, Cl, Br, CH3, and OCH3s at C-4 position
dimerized themselves under optimal conditions, providing
respective target products with yields of 67% ~ 95%.
Similarly, substrates with functional group, such as F, Cl,
Br, CN, CHj3, and OCHj3 at 4, 6 or 7 positions gave their
corresponding products in satisfied yields. Unfortunately,
4-methyl-N-methylindole and 6-iodo-N-methylindole failed
to deliver the target products under the optimized conditions
(21 and 2q). Interestingly, double electron deficient groups
substituted N-methylindole also was efficiently transformed
into its desired product 2g in 74% yield.

Table 2 Substrate scope®”
KsPO,* 3H,0 (2 equiv.)
R-_(j\/\> TMSBr (4 equiv.)
~N DCMICHCL,, rt., air, 12 h

1

—

R

A oS

N
/B
/
2a,R=Cl, 79%
2b,R =F, 68%
2c, R=Br, 81%
2d,R=1,67%
2e, R = CHj3, 95% X-Ray of 2a
2f, R = OCHj3, 95% CCDC: 2059592
F E R
R
Br O
Br
N N
N J \ N J \
/ /
29, 74% 2h, R =F, 63%; 2i, R = CI, 80%

R 2j, R = Br, 44%; 2k, R = CN, 56%
O O R 2l, R = CHj3, trace; 2m, R = OCH3; 95%
N
v ()
/
2n, R =F, 68%; 20, R = Cl, 83% \ / '\\‘

2p, R = Br, 63%; 2q, R = |, trace /
2r, R = CHj, 88%; 2s, R = OCH3, 83%

S0

2t, 92%

2u,R =F, 55%: 2v, R = Cl, 68%
2w, R = Br, 77%; 2x, R = CHz, 97%
2y, R = OCH3, 97%

Pl

4 Reaction conditions: 1a (0.25 mmol), TMSBr (4 equiv.), K3PO43H,O (2
equiv.), DCM/CHCl; (1.0 mL, V' : ¥=0.5:0.5), r.t., air, 12 h. ? Isolated
yields.

To verify the practicality of this protocol, the gram-scale
reactions were conducted under standard conditions. As
shown in Scheme 2, the selected substrates could be scaled
up to 16~17 mmol with the desired products 2x and 2y in
92% and 88% yields, respectively.

In the process of product purification, we noticed that
some of the products had fluorescence properties. In view of
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R
(a) K3PO, *3H,0 (2 equiv.)
A TMSBr (4 equiv.)
N DCM/CHCl; (40 mL) / h{
\ rt., air /N
12 h, 84% yield 2x

1x (16 mmol)

(b)
@@
N
\

24 h, 92% yield

K3PO4 -3H,0 (2 equiv.)
TMSBr (4 equiv.) Q
N
/

DCM/CHCIQ', (40 mL) MeO / l\f Me
OMe r.t., air
12 h, 61% yield 2y
1y (17 mmol) 24 h, 88% yield

Scheme 2 Gram-scale reactions

the unsaturated structure of the diindole derivatives, the
UV-vis absorption and fluorescence spectra properties of
these products. As shown in Figure 1, the main absorption
of compounds 2a, 2b, 2j, 2t, 2v, and 2z was in the ultravi-
olet region, and their significant fluorescence properties
were exhibited. It can be observed that substituents have
no obvious effect on the change of fluorescence spectrum
wavelength, but only cause the difference of fluorescence
emission intensity. As shown in Figure 1, compound 2t has
the highest fluorescence emission intensity in dichloro-
methane solution. Subsequently, compound 2t was chosen
as the sample to test UV absorption and fluorescence
emission spectra in different organic solvents, such as
CH;CH;OH, CH;CN, CH3;0H, dichloromethane (DCM),
N,N-dimethylformamide (DMF), dimethyl sulfoxide (DM-
SO), toluene and tetrahydrofuran (THF) in 1.0 X0 4 mol/
L. As shown in Figure 2, the UV absorption wavelength of
compound 2t in different organic solvents is about 295 nm,
and the maximum fluorescence emission wavelengths of
these compounds range from 372 to 397 nm. It is found
that CH3CH>OH is the best solvent for fluorescence emis-
sion.

Some control experiments were carried out to investigate
the reaction mechanism (Table 3). Adding 2 equiv. of the
widely used radical scavengers, such as 2,6-di-tert-butyl-
4-methylphenol (BHT) or 1,1-diphenylethylene, did not
inhibit the model reaction at all. The results revealed that an
ionic process might be involved in this developed dimeri-
zation of indoles.

Table 3 Mechanistic studies

Cl Cl
cl N\ standard conditions O O
\©\/I\> free radical scavengers
1a \ (2 equiv.) N / 'il
/
2a
Entry Radical scavengers (2 equiv.) Yield/%
1 BHT 95
2 1,1-Diphenylethylene 66
3 Standard conditions 79

© 2021 Chinese Chemical Society & SIOC, CAS
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Figure 1 (A) UV-vis absorption spectra of 2a, 2b, 2j, 2t, 2v and 2z in DCM (1.0 X 10" # mol/L), and (B) fluorescence spectra of 2a, 2b,
2j, 2t, 2v and 2z in DCM (1.0 X 10 # mol/L, excitation wavelength Jex=300 nm)
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Figure 2 (A) UV-vis absorption spectra and (B) fluorescence spectra of 2t in CH;CH2OH, CH3CN, CH30H, DCM, DMF, DMSO, tolu-
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Scheme 3 Proposed mechanism

According to the results of control experiments and lit-
erature report, a plausible reaction mechanism was pro-
posed (Scheme 3). This reaction may be initiated through
the electrophilic addition of TMSBr to 1a to form the in-
termediate A, which undergo a nucleophilic attack by an-
other indole to give intermediate B. Then, The release of
HBr under basic condition affords intermediate C. C is
converted into D in the presence of K3PO4¢3H,0. Finally,

Chin. J. Org. Chem. 2021, 41, 4758 ~4765
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the loss of TMSOH from the intermediate D affords the
target product 2a.

3 Conclusions

In summary, a novel and efficient approach for the syn-
thesis of 1,1'-dimethyl-2,3-dihydro-2,3'-bisindole com-
pounds has been developed based on a simple TMSBr-

http://sioc-journal.cn/ 4761
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mediated dimerization of N-methylindole derivatives. This
novel protocol features metal-free and mild conditions,
readily accessible raw materials, easy operation, gram-scale
preparation, and good functional group compatibility. The
UV-vis absorption and fluorescence spectra properties of
some selected target products are further investigated.

4 Experimental section

4.1 General experimental information

Starting materials are all known compounds and synthe-
sized according to the reported method.'”? And other
chemical reagents were purchased from commercial sources
and used as received unless otherwise indicated. 'H NMR
and *C NMR spectra were recorded on a Varian Inova-400
(400 MHz and 100 MHz, respectively) spectrometer. 'H
NMR and *C NMR chemical shifts were determined rela-
tive to internal standard TMS at 6 0.00, CDCl; (‘H NMR &
7.26, 3C NMR 6 77.16). HRMS analysis was obtained on a
Agilent 6540 UHD Q-TOF mass spectrometer. The melting
point was recorded on BUCHI (M-560) and uncorrected.
Analytical thin layer chromatography (TLC) was performed
on 0.25 mm silica gel 60 F254 plates and viewed by UV
light (254 nm). Column chromatographic purification was
performed using 200~300 mesh silica gel.

4.2 General procedure for the synthesis of 2

A mixture of 1 (0.25 mmol), K3PO4*3H>0 (0.5 mmol),
TMSBr (1.0 mmol), and DCM/CHCI; (V - V=1 : 1,1 mL)
was added to a 10 mL reaction tube. The reaction was
stirred at room temperature for 12 h. After the reaction
finished, the resulting mixture was extracted with EtOAc
(10 mLX3). The combined organic phase was dried over
anhydrous MgSO,, filtered, and all the volatiles were
evaporated under reduced pressure. The resultant residue
was purified by silica gel column chromatography (eluent:
petroleum ether (60~90 ‘C)/EtOAc, V. V=70 . 1) to
afford the desired product 2.

5-Chloro-3-(5-chloro-1-methylindolin-2-yl)-1-methyl-
1H-indole (2a): 32.4 mg, 79% yield. White solid, m.p.
161.0~162.0 C; 'H NMR (CDCls, 400 MHz) ¢: 7.63 (dd,
J=1.9, 0.3 Hz, 1H), 7.24 (d, J=8.6 Hz, 1H), 7.19 (dd, J=
8.7, 2.0 Hz, 1H), 7.11~7.06 (m, 3H), 6.43 (d, /=8.3 Hz,
1H), 4.56 (dd, J/=11.2, 8.7 Hz, 1H), 3.77 (s, 3H), 3.25 (dd,
J=15.5,8.7 Hz, 1H), 3.17~3.10 (m, 1H), 2.61 (s, 3H); 13C
NMR (CDCls;, 100 MHz) ¢: 152.0, 136.1, 131.0, 128.8,
127.7, 127.4, 125.1, 124.4, 122.6, 122.4, 119.6, 114.5,
110.6, 108.0, 65.0, 37.6, 34.2, 33.1. HRMS (ESI) calcd for
CisH17CLN, [M+H]": 331.0763, found 331.0752.

5-Fluoro-3-(5-fluoro-1-methylindolin-2-yl)-1-methyl-
1H-indole (2b): 28.5 mg, 77% yield. White solid, m.p.
141.1~142.3 C; 'HNMR (CDCls, 400 MHz) &: 7.33 (dd,
J=9.8, 2.4 Hz, 1H), 7.23 (dd, J=9.0, 4.3 Hz, 1H), 7.12 (s,
1H), 6.99 (td, J=9.1, 2.5 Hz, 1H), 6.86~6.81 (m, 2H),
6.44~6.41 (m, 1H), 4.52 (dd, J=11.0,9.2 Hz, 1H), 3.78 (s,
3H), 3.24 (dd, J=15.9, 8.7 Hz, 1H), 3.17~3.10 (m, 1H),
2.61 (s, 3H); *C NMR (CDCls, 100 MHz) 6: 158.4 (d, J=
82.0 Hz), 156.0 (d, J=82.0 Hz), 149.7, 134.3, 130.7 (d,
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J=8.0 Hz), 129.1, 127.0 (d, /=10.0 Hz), 114.8 (d, J=5.0
Hz), 113.3 (d,/=22.0 Hz), 111.9 (d, /=24.0 Hz), 110.3 (d,
J=35.0Hz), 110.2,107.4 (d, /=8.0 Hz), 105.2 (d, /=23.0
Hz), 65.5, 37.7, 34.8, 33.2. HRMS (ESI) caled for
CisHi7F2N» [M+H]+Z 299.1354, found 299.1351.
5-Bromo-3-(5-bromo-1-methylindolin-2-yl)-1-methyl-1
H-indole (2¢): 43 mg, 81% yield. White solid, m.p. 169.8~
170.7 “C; '"H NMR (CDCl;, 400 MHz) 6: 7.78 (d, J=1.8
Hz, 1H), 7.32 (dd, J/=8.7, 1.9 Hz, 1H), 7.24 (dd, /=8.2, 1.9
Hz, 1H), 7.20~7.18 (m, 2H), 7.07 (s, 1H), 6.40 (d, /=8.2,
Hz, 1H), 4.57 (dd, J=11.1, 8.7 Hz, 1H), 3.77 (s, 3H), 3.25
(dd, J=15.8, 8.7 Hz, 1H), 3.14 (dd, J=15.7, 11.2 Hz,
1H), 2.60 (s, 3H); '*C NMR (CDCl;, 100 MHz) 6: 152.4,
136.4, 131.5, 130.3, 128.7, 128.3, 127.1, 124.9, 122.7,
114.3, 112.7, 111.1, 109.6, 108.7, 64.9, 37.6, 34.1, 33.1.
HRMS (ESI) caled for CisH;7BraN, [M+H]': 418.9753,
found 418.9749.
5-lodo-3-(5-iodo-1-methylindolin-2-yl)-1-methyl-1H-
indole (2d): 43 mg, 67% yield. Light yellow solid, m.p.
113.0~115.6 ‘C; '"H NMR (CDCls, 400 MHz) &: 7.96 (d,
J=1.6 Hz, 1H), 7.49 (dd, /=8.6, 1.7 Hz, 1H), 7.43 (d, J=
9.3 Hz, 1H), 7.38 (s, 1H), 7.10 (d, J/=38.6 Hz, 1H), 7.04 (4,
J=4.5, 1H), 6.35 (d, J=8.2 Hz, 1H), 4.61~4.56 (m, 1H),
3.76 (s, 3H), 3.25 (dd, J=15.8, 8.6 Hz, 1H), 3.14 (dd, J=
15.7, 11.0 Hz, 1H), 2.60 (s, 3H); '3*C NMR (CDCls, 100
MHz) ¢: 152.9, 136.8, 136.4, 132.7, 132.1, 130.4, 129.1,
128.9, 128.4, 114.0, 111.7, 109.6, 83.0, 64.7, 37.5, 34.0,
33.0. HRMS (ESI) caled for C;sH7LN; [M + H] *:
514.9476, found 514.9473.
3-(1,5-Dimethylindolin-2-yl)-1,5-dimethyl- 1 H-indole
(2¢)'81: 34.2 mg, 95% yield. White solid, m.p. 136.6~
138.6 “C; '"H NMR (CDCls, 400 MHz) 6: 7.50 (s, 1H), 7.22
(d, J=8.4 Hz, 1H), 7.08~7.05 (m, 2H), 6.97 (d, /=5.9 Hz,
2H), 6.48 (d, J/=7.6 Hz, 1H), 4.50 (t, J/=9.3 Hz, 1H), 3.76
(s, 3H), 3.23~3.20 (m, 2H), 2.63 (s, 3H), 2.42 (s, 3H), 2.30
(s, 3H); 3C NMR (CDCl;, 100 MHz) §: 151.6, 136.1, 129.9,
128.3, 127.7, 127.6, 127.3, 127.2, 125.1, 123.5, 119.9,
114.5,109.2, 107.5, 65.6, 37.9, 34.9, 32.9, 21.6, 20.9.
5-Methoxy-3-(5-methoxy-1-methylindolin-2-yl)-1-meth-
yl-1H-indole (2£)!'8): 38 mg, 95% yield. White solid, m.p.
96.0~98.8 “C; 'H NMR (CDCls, 400 MHz) 6: 7.21 (d, J=
8.8 Hz, 1H), 7.11 (d, J=2.4 Hz, 1H), 7.07 (s, 1H), 6.90 (dd,
J=8.9,2.5 Hz, 1H), 6.80 (d, /=2.5 Hz, 1H), 6.73 (dd, J=
8.4,2.6 Hz, 1H), 6.54~6.49 (m, 1H), 4.53 (s, 1H), 3.79 (s,
3H), 3.78 (s, 3H), 3.76 (s, 3H), 3.27 (dd, J=15.6, 8.4 Hz,
1H), 3.16 (dd, J=15.2, 10.8 Hz, 1H), 2.62 (s, 3H); 13C
NMR (CDCl;, 100 MHz) ¢: 154.1, 153.8, 133.0, 129.4,
128.9, 128.1, 127.3, 112.0, 111.8, 110.2, 110.0, 102.6,
102.2, 100.5, 65.7, 56.2, 56.1, 37.9, 35.3, 33.0.
(6-Bromo-3-(6-bromo-5-fluoro-1-methylindolin-2-yl)-5-
fluoro-1-methyl-1H-indole (2g): 42 mg, 74% yield. White
solid, m.p. 223.0~224.1 ‘C; '"H NMR (CDCls, 400 MHz)
0:7.49 (d, J=5.6 Hz, 1H), 7.37 (d, /=9.4 Hz, 1H), 7.09 (s,
1H), 6.88 (d, J/=8.0 Hz, 1H), 6.59 (d, J=5.5 Hz, 1H), 4.54
(dd, J=11.0, 8.8 Hz, 1H), 3.75 (s, 3H), 3.20 (dd, /J=15.9,
8.6 Hz, 1H), 3.05 (dd, /=16.0, 11.1 Hz, 1H), 2.56 (s, 3H);
13C NMR (CDCl;, 100 MHz) J: 154.9, 152.5, 134.8, 134.0,
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131.0, 129.9 (d, J=7.0 Hz), 129.6, 128.0 (d, J=9.0 Hz),
113.8, 113.4, 110.7, 106.6 (d, J=24.0 Hz), 103.0 (d, J=
25.0 Hz), 101.2 (d, J=4.0 Hz), 65.1, 37.3, 34.2, 33.3.
HRMS (ESI) calcd for CisH;sBraFoN, [M+H]': 454.9565,
found 454.9562.
4-Fluoro-3-(4-fluoro-1-methylindolin-2-yl)-1-methyl-
1H-indole (2h): 23.3 mg, 63% yield. White solid, m.p.
119.6~121.8 “C; '"H NMR (CDCls, 400 MHz) §: 7.20~
7.07 (m, 4H), 6.81 (dd, J=11.0, 7.7 Hz, 1H), 6.45 (t, J=8.5
Hz, 1H), 6.33 (d, J/=7.8 Hz, 1H), 4.96 (t, J/=9.7 Hz, 1H),
3.79 (s, 3H), 3.59 (dd, J=15.6, 9.0 Hz, 1H), 3.02 (dd, J=
15.7, 10.5 Hz, 1H), 2.77 (s, 3H); '3*C NMR (CDCls, 100
MHz) é: 160.5, 158.1 (d, J=5.0 Hz), 156.0 (d, /=9.0 Hz),
155.7, 140.1 (d, J=12.0 Hz), 129.3 (d, /=9.0 Hz), 126.7,
122.4 (d, J/=8.0 Hz), 115.8 (d, J/=21.0 Hz), 114.6 (d, J=
5.0 Hz), 114.2 (d, /=21.0 Hz), 105.7 (d, /=4.0 Hz), 105.3
(21.0 Hz), 104.7 (d, J/=20.0 Hz), 103.2 (d, J=2.0 Hz),
64.7, 35.2, 34.7, 33.3. HRMS (ESI) calcd for CigHi7F2N;
[M+H]": 299.1354, found 299.1359.
4-Chloro-3-(4-chloro-1-methylindolin-2-yl)-1-methyl-
1H-indole (2i): 33 mg, 80% yield. Colorless oil. 'H NMR
(CDCl3, 400 MHz) 4: 7.30~7.27 (m, 1H), 7.19~7.17 (m,
3H), 7.11 (t, J=8.0 Hz, 1H), 6.73 (d, /=28.0 Hz, 1H), 6.46
(d, J=7.8 Hz, 1H), 5.45 (s, 1H), 3.81 (s, 3H), 3.77~3.73
(m, 1H), 2.96 (s, 1H), 2.85 (s, 3H); '3*C NMR (CDCls, 100
MHz) 6: 154.7, 138.7, 130.3, 129.1, 127.5, 127.2, 126.0,
124.3,122.3, 120.4, 118.0, 116.9, 108.3, 105.2, 63.6, 39.7,
35.0, 33.3. HRMS (ESI) calcd for CisH7CLLN, [M+H]+Z
331.0763, found 331.0761.
4-Bromo-3-(4-bromo-1-methylindolin-2-yl)-1-methyl-
1 H-indole (2j): 23 mg, 44% yield. Colorless oil. "H NMR
(CDCl3, 400 MHz) 6: 7.31~7.27 (m, 1H), 7.25~7.24 (m,
1H), 7.15 (s, 1H), 7.06 (t, J=7.9 Hz, 1H), 6.98 (t, J=8.0
Hz, 1H), 6.81 (d, J=7.9 Hz, 1H), 6.42 (d, J=7.8 Hz,
1H), 5.51 (t, J=8.4 Hz, 1H), 3.75 (s, 3H), 3.72~3.68 (m,
1H), 2.86~2.82 (m, 1H), 2.79 (s, 3H); '3C NMR (CDCl;,
100 MHz) J: 154.4, 138.6, 129.4, 129.3, 127.8, 125.7,
123.9,122.6,120.7,119.4,117.4,113.8, 108.9, 105.6, 62.7,
41.9, 35.1, 33.3. HRMS (ESI) calcd for CisHi7BroN> [M+
H]": 418.9753, found 418.9750.
3-(4-Cyano-1-methylindolin-2-yl)-1-methyl-1H-indole-
4-carbonitrile (2k): 22 mg, 56% yield. White solid, m.p.
85.0~86.5°C; 'H NMR (CDCl;, 400 MHz) ¢: 7.57 (d, J=
8.3 Hz, 1H), 7.51 (d, J/=7.4 Hz, 1H), 7.29 (d, J=8.0 Hz,
1H), 7.25 (s, 1H), 7.17 (t, J=7.9 Hz, 1H), 6.91 (d, J=7.8
Hz, 1H), 6.65 (d, J/=8.0 Hz, 1H), 5.33 (t, /=9.4 Hz, 1H),
3.85~3.79 (m, 4H), 3.09 (dd, J=16.6, 9.8 Hz, 1H), 2.77 (s,
3H); 3C NMR (CDCls, 100 MHz) &: 153.4, 137.5, 133.5,
129.7, 128.7, 126.4 x 2, 121.5, 120.3, 119.5, 118.0, 115.4,
114.6, 110.6, 108.2, 102.0, 62.4, 39.0, 34.2, 33.2. HRMS
(ESI) caled for CaH;7Ny [M 4+ H]": 313.1448, found
313.1449.
4-Methoxy-3-(4-methoxy-1-methylindolin-2-yl)-1-meth-
yl-1H-indole (2m): 38 mg, 95% yield. Yellow solid, m.p.
121.4~122.8 “C; '"H NMR (CDCls, 400 MHz) §: 7.16~
7.14 (m, 1H), 7.12~7.10 (m, 1H), 6.99 (s, 1H), 6.94~6.92
(m, 1H), 6.51 (d, J/=7.8 Hz, 1H), 6.34 (d, /=8.2 Hz, 1H),
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6.26 (d, J=17.7 Hz, 1H), 5.12 (t, J=9.3 Hz, 1H), 3.89 (s,
3H), 3.82 (s, 3H), 3.74 (s, 3H), 3.55 (dd, J=15.7, 9.0 Hz,
1H), 2.84~2.80 (m, 1H), 2.77 (s, 3H); '*C NMR (CDCl;,
100 MHz) J: 155.9, 155.4, 154.6, 138.8, 128.8, 124.7,
122.4,117.4,117.1, 115.6, 102.8, 101.6, 101.5, 99.3, 65.2,
55.4, 552, 36.7, 353, 33.1. HRMS (ESI) calcd for
C20H23N>0, [M+H]": 323.1754, found 323.1756.
6-Fluoro-3-(6-fluoro-1-methylindolin-2-yl)-1-methyl-1
H-indole (2n): 25 mg, 68% yield. White solid, m.p. 140.5~
141.1 “C; '"H NMR (CDCls, 400 MHz) J: 7.54 (dd, J=8.7,
5.4 Hz, 1H), 7.04 (s, 1H), 7.01~6.96 (m, 2H), 6.86~6.80
(m, 1H), 6.39~6.34 (m, 1H), 6.21 (dd, /=10.2, 2.3 Hz,
1H), 4.67 (dd, J=10.7, 9.0 Hz, 1H), 3.73 (s, 3H), 3.26 (dd,
J=15.4,8.9 Hz, 1H), 3.16~3.09 (m, 1H), 2.61 (s, 3H); 1°C
NMR (CDCl3, 100 MHz) ¢: 163.9 (d, J=239.0 Hz), 160.1
(d, J/=236.8 Hz), 154.9 (d, J/=11.5 Hz), 137.8 (d, J/=12.0
Hz), 127.8 (d, J=3.4 Hz), 124.4, 124.3, 123.1, 121.1 (d,
J=10.0 Hz), 115.3, 107.9 (d, /=24.3 Hz), 103.3 (d, J=
22.3 Hz), 96.0 (d, J/=25.9 Hz), 95.1 (d, J=26.7 Hz), 65.2,
37.1, 33.6, 33.0. HRMS (ESI) caled for CigH;7F.N, [M+
H]": 299.1354, found 299.1353.
6-Chloro-3-(6-chloro-1-methylindolin-2-yl)-1-methyl-
1H-indole (20): 34 mg, 83% yield. Light yellow solid, m.p.
152.0~154.0 ‘C; '"H NMR (CDCls, 400 MHz) &: 7.53 (d,
J=8.5Hz 1H), 7.32 (d, J/=1.7 Hz, 1H), 7.05 (s, 1H), 7.02
(dd, J=8.5, 1.8 Hz, 1H), 6.98 (d, J=7.6 Hz, 1H), 6.68 (dd,
J=1.7,1.8 Hz, 1H), 6.47 (d, /=1.8 Hz, 1H), 4.66 (dd, J=
10.6, 9.0 Hz, 1H), 3.75 (s, 3H), 3.27 (dd, J=15.8, 8.9 Hz,
1H), 3.15~3.08 (m, 1H), 2.60 (s, 3H); '*C NMR (CDCl;,
100 MHz) J: 154.4, 138.1, 133.5, 128.2 x 2, 127.5, 125.1,
124.7,121.1, 119.9, 117.4, 115.1, 109.7, 107.3, 64.8, 37.3,
33.5, 33.0. HRMS (ESI) calcd for CisH;7ClLN, [M+H]+Z
331.0763, found 331.0764.
6-Bromo-3-(6-bromo-1-methylindolin-2-yl)-1-methyl-
1H-indole (2p): 33 mg, 63% yield. White solid, m.p.
145.6~147.0 'C; '"H NMR (CDCl;, 400 MHz) &: 7.49 (s,
1H), 7.47 (d J=6.3 Hz, 1H), 7.17 (dd, J/=38.6, 1.6 Hz, 1H),
7.06 (s, 1H), 6.94 (d, J=7.7 Hz, 1H), 6.85 (dd, J=7.7, 1.6
Hz, 1H), 6.65 (d, /=1.4 Hz, 1H), 4.71~4.66 (m, 1H), 3.75
(s, 3H), 3.26 (dd, J=15.8, 8.8 Hz, 1H), 3.11 (dd, J=14.8,
10.6 Hz, 1H), 2.60 (s, 3H); 3*C NMR (CDCl;, 100 MHz) 6:
154.6, 138.5, 128.1 X2, 125.4, 125.2, 122.5, 121.5, 121.4,
120.3, 115.8, 115.1, 112.7, 110.1, 64.6, 37.3, 33.5, 33.0.
HRMS (ESI) caled for CisH;7BraN, [M+H]': 418.9753,
found 418.9746.
3-(1,6-Dimethylindolin-2-yl)-1,6-dimethyl-1 H-indole
(2r): 31.7 mg, 88% yield. Colorless oil. 'H NMR (CDCl;,
400 MHz) ¢: 7.58 (d, J/=8.1 Hz, 1H), 7.13~7.12 (m, 1H),
7.02~6.98 (m, 2H), 6.92 (dd, J/=S8.1, 1.0 Hz, 1H), 6.57~
6.55 (m, 1H), 6.45~6.39 (m, 1H), 4.59 (s, 1H), 3.75 (s,
3H), 3.29~3.14 (m, 2H), 2.64 (s, 3H), 2.51 (s, 3H), 2.36 (s,
3H); 3C NMR (CDCls, 100 MHz) &: 153.7, 138.1, 137.4,
131.8, 126.9, 126.5, 124.8, 123.8, 120.8, 120.1, 118.4,
115.2, 109.5, 108.3, 65.2, 37.6, 34.1, 32.8, 22.0, 21.9.
HRMS (ESI) caled for CooH3N, [M+H] "2 291.1856, found
291.1860.
6-Methoxy-3-(6-methoxy-1-methylindolin-2-yl)-1-meth-
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yl-1H-indole (2s): 3 mg, 83% yield. Yellow solid, m.p.
126.0~126.5 “C; 'H NMR (CDCls, 400 MHz) 6: 7.54 (d,
J=8.6 Hz, 1H), 6.99 (d, J/=7.9 Hz, 1H), 6.97 (s, 1H), 6.78
(d, J=2.2 Hz, 1H), 6.75 (dd, J=38.6, 2.2 Hz, 1H), 6.25 (d,
J=7.9 Hz, 1H), 6.14 (s, 1H), 4.61 (t, /=9.8 Hz, 1H), 3.88
(s, 3H), 3.82 (s, 3H), 3.73 (s, 3H), 3.27~3.19 (m, 1H),
3.16~3.09 (m, 1H), 2.63 (s, 3H); *C NMR (CDCls, 100
MHz) d: 160.4, 156.6, 154.7, 138.4, 126.4, 124.2, 121.7,
121.1, 121.0, 115.3, 109.0, 101.6, 94.9, 93.1, 65.4, 55.8,
55.5, 37.2, 33.9, 32.8. HRMS (ESI) calcd for C0H23N20»
[M-+H]": 323.1754, found 323.1748.
1-Methyl-3-(1-methylindolin-2-yl)-1H-indole ~ (2¢)["L:
30.5 mg, 92% yield. Light yellow solid, m.p. 111.6~
113.0 °C; '"H NMR (CDCl;, 400 MHz) d: 7.71 (d, J=8.0
Hz, 1H), 7.34 (d, J =8.2 Hz, 1H), 7.27~7.23 (m, 1H),
7.19~7.07 (m, 4H), 6.74 (t, J=7.4 Hz, 1H), 6.55 (d, J=
7.7 Hz, 1H), 4.64 (dd, J=11.0, 9.0 Hz, 1H), 3.80 (s, 3H),
3.32 (dd, J=15.5, 8.7 Hz, 1H), 3.22 (dd, J=15.4, 11.1 Hz,
1H), 2.67 (s, 3H); '3C NMR (CDCls, 100 MHz) 4: 153.5,
137.6, 129.4, 127.7, 127.4, 126.9, 124.2, 121.9, 120.3,
119.1, 117.9, 115.2, 109.5, 107.3, 64.9, 38.0, 34.2, 32.9.
7-Fluoro-3-(7-fluoro-1-methylindolin-2-yl)-1-methyl-
1H-indole (2u): 20.5 mg, 55% yield. White solid, m.p.
111.1~113.4 °C; '"H NMR (CDCls, 400 MHz) 6: 7.43 (d,
J=17.8 Hz, 1H), 7.05 (s, 1H), 6.98~6.93 (m, 1H), 6.90~
6.85 (m, 3H), 6.69~6.64 (m, 1H), 4.57 (dd, J=11.6, 9.0
Hz, 1H), 3.99 (d,J=1.8 Hz, 3H), 3.36 (dd, /=15.8,9.0 Hz,
1H), 3.16 (dd, J=15.6, 11.7 Hz, 1H), 2.87 (d, J=1.8 Hz,
3H); '*C NMR (CDCl;, 100 MHz) é: 151.2 (d, J=129.0
Hz), 148.8 (d,J=125.0 Hz), 139.8 (d, /=9.0 Hz), 132.8 (d,
J=5.0 Hz), 131.0 (d, J=6.0 Hz), 129.0, 125.7 (d, J=10.0
Hz), 120.1 (d, J=3.0 Hz), 119.5 (d, /=6.0 Hz), 119.0 (d,
J=6.0 Hz), 116.0 (d, J=3.0 Hz), 115.6 (d, J=1.0 Hz),
115.5 (d, J=20.0 Hz), 107.5 (d, J/=18.0 Hz), 65.8, 38.5 (d,
J=2.0 Hz), 36.7 (d, J/=28.0 Hz), 35.8 (d, /=5.0 Hz).
HRMS (ESI) calcd for CisHi7FaNa [M+H] ' : 299.1354,
found 299.1351.
7-Chloro-3-(7-chloro-1-methylindolin-2-yl)- 1-methyl-
1H-indole (2v): 28 mg, 68% yield. White solid, m.p.
118.3~118.6 ‘C; 'H NMR (CDCl;, 400 MHz) J: 7.55 (dd,
J=8.0, 0.8 Hz, 1H), 7.16 (dd, J=7.5, 0.7 Hz, 1H), 7.08 (d,
J=38.1 Hz, 1H), 7.05 (s, 1H), 6.98~6.94 (m, 2H), 6.66 (t,
J=7.7Hz, 1H), 4.64~4.59 (m, 1H), 4.14 (s, 3H), 3.37 (dd,
J=15.8,9.3 Hz, 1H), 3.08 (dd, /=15.8, 11.3 Hz, 1H), 3.03
(s, 3H); 3C NMR (CDCl;, 100 MHz) §: 148.4, 133.0, 132.3,
131.6, 130.3, 130.0, 129.9, 123.5, 122.8, 120.1, 119.6,
118.8, 117.3, 115.3, 65.4, 37.7, 37.2, 36.8. HRMS (ESI)
caled for C;sHi7CLN, [M + H] " : 331.0763, found
331.0766.
7-Bromo-3-(7-bromo-1-methylindolin-2-yl)-1-methyl-1
H-indole (2w): 41 mg, 77% yield. White solid, m.p. 107.9~
108.5 °C; '"H NMR (CDCls, 400 MHz) &: 7.59 (dd, J=7.9,
0.8 Hz, 1H), 7.36 (dd, J=17.6, 0.8 Hz, 1H), 7.28 (d, J=8.1
Hz, 1H), 7.05 (s, 1H), 7.01 (dd, J=7.2, 1.0 Hz, 1H), 6.90 (t,
J=7.8 Hz, 1H), 6.60 (t, J/=7.6 Hz, 1H), 4.62 (t, /=9.8 Hz,
1H), 4.16 (s, 3H), 3.38 (dd, /=15.8, 9.2 Hz, 1H), 3.10-3.06
(m, 1H), 3.04 (s, 3H); '3C NMR (CDCl;, 100 MHz) &:
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149.8, 134.0, 133.3, 132.6, 130.5, 129.8, 127.0, 123.3,
120.4, 120.0, 119.4, 115.3, 104.3, 102.7, 65.4, 37.6, 37.5,
37.0. HRMS (ESI) caled for C;sH;7BrN, [M + H] ' :
418.9753, found 418.9753.

3-(1,7-Dimethylindolin-2-yl)-1,7-dimethyl- 1 H-indole
(2x): 35 mg, 97% yield. White solid, m.p. 131.3~131.6 C;
'"H NMR (CDCls, 400 MHz) 6: 7.55 (dd, J=7.4, 1.9 Hz,
1H), 7.01~6.93 (m, 5H), 6.69 (t, /=7.4 Hz, 1H), 4.50 (dd,
J=11.6, 9.0 Hz, 1H), 4.06 (s, 3H), 3.35 (dd, J=15.6, 9.0
Hz, 1H), 3.08 (dd, /=15.5, 11.7 Hz, 1H), 2.89 (s, 3H), 2.78
(s, 3H), 2.43 (s, 3H); *C NMR (CDCl;, 100 MHz) J: 151.6,
136.4, 131.1, 129.9, 129.0, 128.2, 124.5, 122.2, 121.5,
119.9, 119.3, 119.0, 118.2, 115.7, 65.7, 38.4, 38.0, 36.9,
20.0, 19.9. HRMS (ESI) calcd for CaHxsN, [M+H]':
291.1856, found 291.1856.

7-Methoxy-3-(7-methoxy-1-methylindolin-2-yl)-1-meth-
yl-1H-indole (2y): 38.8 mg, 97% yield. White solid, m.p.
130.5~131.1 ‘C; '"H NMR (CDCls, 400 MHz) &: 7.29 (d,
J=17.9 Hz, 1H), 7.00 (s, 1H), 6.96 (t,/=7.8 Hz 1H), 6.80~
6.72 (m, 3H), 6.62 (d, J=7.7 Hz, 1H), 4.48 (dd, J=12.0,
9.4 Hz, 1H), 4.04 (s, 3H), 3.93 (s, 3H), 3.83 (s, 3H), 3.36
(dd, J=15.6,9.1 Hz, 1H), 3.09 (dd, /=15.2, 12.0 Hz, 1H),
2.93 (s, 3H); *C NMR (CDCl;, 100 MHz) &: 148.0, 146.5,
141.8, 131.2, 129.5, 128.4, 127.2, 119.5X2, 117.5, 115.6,
112.8, 111.8, 102.5, 66.0, 56.0, 55.5, 38.6, 38.0, 36.6.
HRMS (ESI) caled for CaH»N,O, [M+H]": 323.1754,
found 323.1752.

Supporting Information 'H NMR and '*C NMR spectra
of all products; HRMS of new products; X-Ray crystal-
lography data of 2a. The Supporting Information is availa-
ble free of charge via the Internet at http://sioc-journal.cn/.
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