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1. Introduction aminobenzaldehyde/2-amino aryl ketones, tosylhydeaz and

The 2,3-disubstituted indole skeleton is widely &dsin
natural products (e.g., Cephalandole B, Cephalandd) and
biologically active compounds possessing a wide tspec of
properties such as antimycobacterial, antibacteaiad anticancer.
5-HTs and GPRCG6A have been used as several G protein-couple
receptors (Scheme 1I§. In addition, 2,3-disubstituted indole
scaffolds also serves as an important intermediatgynthetic
organic chemistry.Consequently, the development of efficient
synthetic approaches to 2,3-disubstituted indolas &ttracted
much attention from chemists.

To date, several methods have been establishedthior
synthesis of 2,3-disubstituted indole derivativéenong these,
the most general method is probably the Fischeslénglynthesis,
in which 2,3-disubstituted indoles are prepared from
phenylhydrazines and ketones or aldehydes in theepce of
protic acid or Lewis acid catalyst (Scheme Th)jn addition,
Hupperts and co-workers reported the first titanivaalyzed
carbonyl coupling reactions for the preparation 8f3-
disubstituted indoles (Scheme fbin recent years, transition-
metal-catalyzed cyclization has been developegmnthssize the
2,3-disubstituted indoles from arylamines and adls/iiScheme
1c)!%*? Despite these achievements, there is still a need t
develop more powerful and straightforward procedutes
synthesize 2,3-disubstituted indole and its relatedvatives in
mild conditions. Herein, we developed a base-promdtadino
reaction to synthesize the 2,3-disubstituted inglolom 2-

aromatic aldehydes (Scheme 1d).
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Scheme 1Natural products and pharmacological biological
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2. Results and Discussion

To test the feasibility of the proposed strategy commenced
our study by choosing 1-(2-aminophenyl)ethanoni@),( 4-
methylbenzaldehyde 2f) and tosylhydrazine as model
substrates, as shown in Table 1. Initially, 1-(2+zophenyl)

moderate to good yieldS8d@a3ac 53-55%;3aj-3ak; 62-68%).
Moderate yields were obtained for halo-substitutedstates
(3ad-3ai; 53-65%). Furthermore, 2-naphthaldehyde also
provided the expected produ@al in 50% yield. Fortunately, the
structure of3aawas further confirmed by X-ray crystallographic
analysis (see Supporting Information (SI)).

ethanone Xa) and tosylhydrazine were conducted in 1,4-dioxanergp|e 2.Scope of aromatic aldehyd®s

at 110 °C.**® Following, 4-methylbenzaldehyde was added to

optimize the reaction conditions. The reaction ol with 1.0
equiv of CsCQO; in 1,4-dioxane at 118C for 24 hours to afford
3-methyl-2-p-tolyl)-1H-indole @ab) in 10% yield (Table 1,
entry 1). When the dosage of ,C€&; was increased to 4.0
equivalents, the vyield increased to 55% (Table dirye3).
However, further increase in the amount 0f@3; did not lead
to significant difference in the yield (Table 1, tgn 4).
Subsequently, screening a variety of solvents tedethat the
solvent had great influence on the reaction (entbie 1), which
suggested that 1,4-dioxane was the most effectikersbso far

for the formation of3ab. Later, different bases were also tested,

including K,CO;, NaCO,;, NaOH, KOH, t-BuOK, NaOEt,
DABCO, DBU, and NEf (entries 12-20), and g380; was
proven to be the optimal base.

Table 1.Optimization of the reaction conditichs

o i) TSNHNH,
dioxane, 110 °C @\/g /_—>_M
e
CHO L\/ N/
NH, Q/ H
.\ Me 3ab

1a ii) 2
conditions

Base Tem Yield®
Entry Solvent (equiv) e C)p (%)
1 1,4-dioxane Cs,CO;(1.0) 110 10
2 1,4-dioxane Cs,C0O;(3.0) 110 20
3 1,4-dioxane Cs,C0Os;(4.0) 110 55
4 1,4-dioxane Cs,CO;(5.0) 110 50
5 toluene CsCO;(4.0) 110 0
6 DCE CsCO;(4.0) 110 0
7 DMSO CsCO;(4.0) 110 0
8 DMF CsC0O5(4.0) 110 0
9 H,O CsC0O5(4.0) 110 5
10 glycol CsC0O5(4.0) 110 10
11 pyrrolidone  Cs,CO;(4.0) 110 0
12 1,4-dioxane K,CO;(4.0) 110 35
13 1,4-dioxane NaCO;(4.0) 110 40
14 1,4-dioxane NaOH (4.0) 110 10
15 1,4-dioxane  KOH (4.0) 110 30
16 1,4-dioxane t-BuOK (4.0) 110 0
17 1,4-dioxane NaOEt (4.0) 110 20
18 1,4-dioxane DABCO (4.0) 110 22
19 1,4-dioxane  DBU (4.0) 110 0
20 1,4-dioxane  NEt;(4.0) 110 50

#Reaction conditionsla (0.1 mmol, 1.0 equiv), tosylhydrazine (1.0 mmol,
1.0 equiv),2b (0.12 mmol, 1.2 equiv), base (0.4 mmol, 4.0 equand
solvent (3 mL) in a sealed vessel for 24 hotisolated yields.

With the optimized conditions in hand, the geng¢yahnd
scope of the aromatic aldehydes was next investigate our
delight, the reaction demonstrated wide scope fersthucture of
aromatic aldehydes which proceeded smoothly to dfftire
corresponding products in moderate to good yieki3-68%;
Table 2), regardless of their electronic or stgrigperties. Aryl
aldehydes bearing electron-neutral (H), electronatiog (4-Me,
4-OMe) and electron-withdrawing (4-NCB-NO,) substituents
could be transformed into the corresponding prauit
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1a AT H 3
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#Reaction conditions: 1-(2-aminophenyl)ethandag1.0 mmol, 1.0 equiv),
tosylhydrazine (1.0 mmol, 1.0 equiv) and aromaliehydes2 (1.2 mmol,

1.2 equiv) and GEO; (4.0 mmol, 4.0 equiv) was stirred in 1,4-dioxaf8 (
mL) at 110°C for 24 hours® Isolated yields.

The scope of this reaction was further extendedifferent
substituted 2-aminobenzaldehydes/2-amino aryl letbr{Table
3). Pleasingly, 2-aminobenzaldehytle was well tolerated in the
reaction, leading to desired prod@tta in 70% yield. When R=
Me, and R were a bromo or iodo substituent, the reaction
delivered the corresponding produ@sa and 3da in 67% and
71% yields respectively. Moreover, moderate yieldse gained
with aryl substituents in the,osition Bea3ga 64%—68%).

Table 3. Scope of 2-aminobenzaldehyde/2-amino aryl ketdhes
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3fa, 64% 3ga, 65%

#Reaction conditionst (1.0 mmol, 1.0 equiv), tosylhydrazine (1.0 mmoQ 1
equiv) and benzaldehyd#a (1.2 mmol, 1.2 equiv) and €30; (4.0 mmol,
4.0 equiv) was stirred in 1,4-dioxane (10 mL) aD PC for 24 hours’
Isolated yields.

Next, our attention turned to the exploration of aren
efficient approach to synthesize 2,3-disubstituitedoles from
commercial available starting materials. A one-pab-step
protocol was trialed for the synthesis of aromatimé&hyl-1H-
indoles 3 using 2-aminobenzaldehydes/2-amino aryl ketdhes
tosylhydrazine, and aromatic aldehyd2sin 1,4-dioxane with
CsCO; at 110 °C for 25 hours. Various substituted 2-
aminobenzaldehydes/2-amino aryl ketofgesosylhydrazineand
aromatic aldehyde? were found compatible with the reaction, as
shown in Scheme 3.
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R = Ry . A 2 R o /\K—Ar
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1 3
Ri=H,R;=CHj Ar=Ph Ri =H, Ry = CHg, Ar= Ph, 3aa, 45%

Ri=H,R;=CH3 Ar=4-Me-Ph Ry =H, Ry = CHj3, Ar = 4-Me-Ph, 3ab, 50%

Ri=H, Ry =CHjs Ar=4-NO,-Ph R; =H, R, = CHjs, Ar= 4-NO,-Ph, 3aj, 60%
Ri=H,R,=H Ar=Ph Ry, Ry = H, Ar = Ph, 3ba, 70%
R1=5-Br, R =CHs Ar=Ph Ry = 5-Br, Ry = CH3, Ar = Ph, 3ca, 64%

R1=5-Ph, Ry =CHj Ar=Ph Ry = 5Ph, Ry = CHg, Ar = Ph, 3ea, 65%
®Reaction conditions: (i) 2-aminobenzaldehyde/2-amanyl ketonesl (1.0
mmol, 1.0 equiv), tosylhydrazine (1.0 mmol, 1.0 igjjwvas stirred in 1,4-
dioxane (10 mL) at 116C for 5 h. (ii) aromatic aldehydezs(1.2 mmol, 1.2
equiv) and C£O; (4.0 mmol, 4.0 equiv) was stirred in 1,4-dioxabéx0°C
for 20 hoursPlsolated yields.

Scheme 3.Thesynthesis of aromatic-3-methyHiindoles in

one pot®

On the basis of the aforementioned results, a plbusi
mechanism was proposed as outlined in Schem&a& &s
example). Initially, the condensation of 1-(2-
aminophenyl)ethanonela and tosylhydrazine afforded the
corresponding  tosylhydrazone intermediatda'® which
subsequently generated diazo intermedist&°(determined by
MS : see the SI) in situ in the presence of,Gtx. The
nucleophilic carbon of its resonance structiitan turn attached
the electrophilic carbonyl carbon ofRa providing the
intermediate B,"* which formed intermediateC through an
elimination process. Then intermediateC underwent
intramolecular cyclization via dehydration to fughiintermediate

3
relative to tetramethylsilane'C spectra were recorded in
CDCl; or DMSO+ds on 100/150 MHz NMR spectrometers and
resonancesdj are given in ppm. HRMS were obtained on an
apex-Ultra MS equipped with APCI. MS was recorded using
ESI. Melting points were determined using an eléotomal
capillary melting point apparatus and not correctéithe
structures oBaaand4awere confirmed by X-ray diffraction.

4.2. General procedure for synthesis of 3 (3aa as axample)

2-amino aryl ketonela (135.1 mg, 1.0 mmol) with
tosylhydrazine (186.0 mg, 1.0 mmol) was stirred i#-dioxane
(15 mL) at 110°C for 5 h till almost completed conversion of the
substrates by TLC analysis. Then benzalde3al¢127.2 mg,
1.2 mmol) and GE£0; (1.3 g, 4.0 mmol) were also stirred in 1,4-
dioxane (15 mL) at 1PC for 24 hours almost completed
conversion of the substrates by TLC analysis. Tlwdure was
extracted with EtOAc three times (3 x 50 mL), andadbmbined
organic extracts were then washed with brine. Aftgmdr over
Na&SQO, and evaporation, The crude product was purified by
column chromatography on silica gel (eluent: peuot
ether/EtOAc = 25/1) to afford the prodiBaa

4.3. Characterization data

4.3.1 3-methyl-2-phenyl-1H-indoléaa). Yield 53%, 109.8 mg;
white solid; mp 103-104C; IR (KBr): 3418, 1639, 1602, 1485,
1458, 1425, 1384, 1331, 1304, 1183, 1151, 11193,10014,

D. Finally, intermediat® was converted into the desired product816, 757, 745, 720, 699, 580, 528, 495, 468, 488" ¢H NMR

3aavia tautomerization.
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Scheme 4.A plausible mechanism

3. Conclusion

(400 MHz, CDC}J): 6 (ppm) 8.01 (s, 1H), 7.67-7.61 (m, 2H), 7.59
(s, 1H), 7.52-7.48 (m, 2H), 7.40-7.37 (m, 2H), 7.2677(m, 2H),
2.50 (s, 3H);*C NMR (100 MHz, CDG)) 6 (ppm) 136.5, 134.7,
134.0, 130.7, 129.5, 128.4, 128.0, 123.0, 120.8.611111.3,
109.3, 10.4; HRMS (ESI): m/z [M+H]calcd for GsHiN:
208.1121; found: 208.1118.

4.3.2 3-methyl-2-(p-tolyl)-1H-indole(3ab). Yield 55%, 121.6
mg; white solid; mp 110-111C; IR (KBr): 3377, 1640, 1509,
1486, 1317, 1302, 1186, 1151, 997, 845, 825, 753, 727, 688,
746, 525, 514 ci, '"H NMR (600 MHz, CDCJ): § (ppm) 7.98
(s, 1H), 7.62 (dJ = 7.8 Hz, 1H), 7.49 (dJ = 7.8 Hz, 2H), 7.37
(d,J =8.4 Hz, 1H), 7.31 (dJ = 7.8 Hz, 2H), 7.22 (t) = 7.8 Hz,
1H), 7.17 (t,J = 7.8 Hz, 1H), 2.47 (s, 3H), 2.44 (s, 3HJC
NMR (150 MHz, CDC)) § (ppm) 137.1, 135.6, 134.1, 130.4,
130.0, 129.5, 127.6, 122.1, 119.4, 118.8, 110.8,2,(®1.2, 9.6;

In summary, we have established a base-promoted ndomi yrms (ESI): m/z [M+Na] calcd for GgHisNNa: 244.1097:

reaction strategy to directly synthesize 2,3-distlted indoles
from 2-aminobenzaldehyde/2-amino aryl
tosylhydrazine, and aromatic aldehydes. This is igectly
beneficial strategy for constructing 2,3-disubsétlu indole
compounds from readily available starting materiatsler mild

conditions, which operates via sequential condénsat
nucleophilic  addition, elimination, and intramoléu
cyclization. Further investigations into the medkan and

applications of this reaction are currently ongoing

4. Experimental

4.1. General

All substrates and reagents were commercially aveailahd
used without further purification. TLC analysis wasrfprmed
using pre-coated glass plates. Flash column chamregthy was
performed on silica gel (200-300 mesh). IR spedctrare
recorded as KBr pellets with absorption in"&nH spectra were
recorded in CDGl or DMSO4d; on 400/600 MHz NMR
spectrometers and resonancésare given in parts per million

found: 244.1100.

ketones,

4.3.32-(4-methoxyphenyl)-3-methyl-1H-indg¢Rac). Yield 54%,
128.0 mg; white solid; mp 95-9€; IR (KBr): 3422, 1668, 1644,
1606, 1587, 1510, 1453, 1385, 1314, 1156, 11884,11028,
847, 762, 686, 640, 524 ¢n'H NMR (600 MHz, CDC)): ¢
(ppm) 9.45 (s, 1H), 8.21 (d,= 7.8 Hz, 2H), 7.51 (d) = 7.8 Hz,
1H), 7.40 (dJ = 7.2 Hz, 1H), 7.34 (t) = 7.8 Hz, 1H), 7.18 (t)

= 7.8 Hz, 1H), 6.93 (dJ = 8.4 Hz, 2H), 3.85 (s, 3H), 1.62 (s,
3H); **C NMR (150 MHz, CDGJ) § (ppm) 176.9, 162.2, 138.3,
130.2, 130.0, 126.0, 124.2, 124.1, 121.7, 120.8,11D4.6, 55.6,
21.9; HRMS (ESI): m/z [M] calcd for gH1sNO: 237.1148;
found: 237.1133.

4.3.4 2-(2-chlorophenyl)-3-methyl-1H-indolg8ad). Yield 64%,
154.3 mg; white solid; mp 132-13€; IR (KBr): 3387, 1478,
1454, 1432, 1383, 1362, 1322, 810, 770, 748, 786,682, 579,
533, 521, 492, 467, 439 ¢n*H NMR (600 MHz, CDC)): ¢
(ppm) 8.09 (s, 1H), 7.70 (d,= 8.4 Hz, 1H), 7.59-7.58 (m, 1H),
7.52-7.51 (m, 1H), 7.42-7.38 (m, 3H), 7.30Jt= 7.8 Hz, 1H),
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7.24 (t,J = 7.8 Hz, 1H), 2.38 (s, 3H)*C NMR (150 MHz,
CDCly) 6 (ppm) 136.3, 134.2, 133.1, 132.4, 132.1, 130.8.a,3
129.4, 127.3, 123.1, 120.0, 119.7, 111.4, 11122;1BIRMS
(ESI): m/z [M+H] calcd for GsHisCIN: 242.0731; found:
242.0737.

4.3.5 2-(4-chlorophenyl)-3-methyl-1H-indolEae). Yield 60%,
144.6 mg;white solid; mp 126-127C; IR (KBr): 3418, 1648,
1591, 1405, 1385, 1220, 1185, 1151, 1130, 10953,10015,
996, 848, 751, 688, 573, 513 ¢mH NMR (600 MHz, CDCJ):

d (ppm) 8.02 (s, 1H), 7.60 (d,= 7.8 Hz, 1H), 7.50 (d] = 8.4 Hz,
2H), 7.44 (dJ = 8.4 Hz, 2H), 7.36 (d] = 7.8 Hz, 1H), 7.22 (1)

= 7.2 Hz, 1H), 7.16 (t) = 7.2 Hz, 1H), 2.45 (s, 3H}’C NMR
(150 MHz, CDC}) § (ppm) 135.9, 132.2, 131.9, 131.8, 130.0,
129.1, 122.6, 121.3, 119.7, 119.0, 110.7, 1093,18RMS (ESI):
m/z [M] calcd for GsH1,CIN: 241.0653; found: 241.0653.

4.3.6 2-(2,4-dichlorophenyl)-3-methyl-1H-indol€3af). Yield
58%, 159.5 mgwhite solid; oil; IR (KBr): 3414, 1639, 1585,
1523, 1452, 1384, 1306, 1184, 1151, 1130, 10435,1988, 867,
821, 774, 688 cit, '"H NMR (600 MHz, CDCJ): 5 (ppm) 8.10 (s,
1H), 7.63 (dJ = 8.4 Hz, 1H), 7.55 (d) = 1.8 Hz, 1H), 7.40 (d
=7.8 Hz, 1H), 7.38 (dJ = 8.4 Hz, 1H), 7.36-7.34 (m, 1H), 7.26
(t, J = 7.8 Hz, 1H), 7.18 (tJ = 7.8 Hz, 1H), 2.30 (s, 3H)C
NMR (150 MHz, CDC)) § (ppm) 135.7, 134.5, 134.3, 133.1,
130.4, 130.2, 130.0, 128.7, 127.1, 122.7, 119.9.111111.0,
110.8, 9.5; HRMS (ESI): m/z [M+H]calcd for GgH;.CI,N:
276.0341; found: 276.0327.

4.3.7 2-(2-bromophenyl)-3-methyl-1H-indol@ag). Yield 64%,

182.4 mg; white solid; mp 126-12T; IR (KBr): 3383, 1479,
1454, 1428, 1383, 1328, 1307, 1234, 1185, 1151, 839, 949,
748, 733, 712, 681, 580, 52' NMR (600 MHz, CDC)): ¢

(ppm) 7.98 (s, 1H), 7.69 (d,= 7.8 Hz, 1H), 7.61 (d) = 7.8 Hz,

1H), 7.41 (dJ =7.2 Hz, 1H), 7.37 (1) = 7.8 Hz, 1H), 7.33 (dJ

= 8.4 Hz, 1H), 7.25(7)-7.23 (m, 1H), 7.21 @= 8.4 Hz, 1H),
7.15 (t,J = 7.8 Hz, 1H), 2.27 (s, 3H)**C NMR (150 MHz,
CDCly) 6 (ppm) 136.1, 134.6, 133.9, 133.6, 133.4, 130.9.4,2
127.9, 124.5, 123.1, 120.1, 119.8, 111.4, 111.02;1BRMS

(ESI): m/z [M+H] calcd for GsH.sBrN: 286.0226; found:
286.0222.

4.3.8 2-(4-bromophenyl)-3-methyl-1H-indo[@ah). Yield 65%,
185.3 mg; white solid; mp 142-14€; IR (KBr): 3418, 1639,
1546, 1484, 1460, 1436, 1330, 1308, 1184, 11520,11470,
1043, 1014, 1002, 827, 756, 745, 500, 464" chid NMR (600
MHz, CDCk): 6 (ppm) 8.00 (s, 1H), 7.61-7.59 (m, 3H), 7.44Jd,
= 8.4 Hz, 2H), 7.36 (d) = 7.8 Hz, 1H), 7.22 (t) = 7.2 Hz, 1H),
7.16 (t,J = 7.2 Hz, 1H), 2.44 (s, 3H)*C NMR (150 MHz,
CDCly) 6 (ppm) 135.9, 132.2, 131.9, 131.8, 129.9, 129.2.4,2
121.3, 119.7, 119.0, 110.7, 109.3, 9.7; HRMS (B8l [M+H]"
calcd for GsH13BrN: 286.0226; found: 286.0223.

4.3.9 2-(4-fluorophenyl)-3-methyl-1H-indol€3ai). Yield 53%,
119.3 mg; white solid; mp 135-13€; IR (KBr): 3423, 1639,
1602, 1505, 1459, 1437, 1384, 1306, 1218, 1186411530,
1014, 947, 838, 814, 786, 747, 688, 578, 523, 868,cm"; 'H
NMR (600 MHz, CDCY)): ¢ (ppm) 7.91 (s, 1H), 7.58 (d,= 7.8
Hz, 1H), 7.51-7.49 (m, 2H), 7.33 (d,= 8.4 Hz, 1H), 7.22-7.19
(m, 1H), 7.16 (dJ = 3.0 Hz, 1H), 7.14 (d] = 9.0 Hz, 2H), 2.41
(s, 3H); °C NMR (150 MHz, CDG)) ¢ (ppm) 162.9, 161.2,
135.7, 133.1, 129.8, 129.4(1), 129.3(6), 122.3,.8,1918.9,
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115.8, 115.7, 110.6, 108.6, 9.5; HRMS (ESI): m/z fM*+calcd
for C;sH15FN: 226.1027; found: 226.1032.

4.3.10 3-methyl-2-(4-nitrophenyl)-1H-indol¢3aj). Yield 68%,
171.4 mg; white solid; mp 180-18C; IR (KBr): 3433, 1592,
1549, 1506, 1450, 1385, 1338, 1287, 1252, 11873,11%509,
1043, 1014, 863, 757, 747, 724, 697 ¢trtH NMR (600 MHz,
CDCly): 6 (ppm) 8.32 (dJ = 7.8 Hz, 2H), 8.16 (s, 1H), 7.73 @,
= 7.8 Hz, 2H), 7.65 (d] = 7.8 Hz, 1H), 7.41 (d] = 7.8 Hz, 1H),
7.29 (t,J = 7.2 Hz, 1H), 7.19 (t] = 7.2 Hz, 1H), 2.53 (s, 3H)’C
NMR (150 MHz, CDC}) § (ppm) 146.9, 140.3, 137.2, 132.1,
130.5, 128.3, 124.9, 124.5, 120.8, 120.2, 112.9,.7,110.8;
HRMS (ESI): m/z [M+H] caled for GsH;aN,O,: 253.0972;
found: 253.0972.

4.3.11 3-methyl-2-(3-nitrophenyl)-1H-indol¢3ak). Yield 68%,
171.4 mg; white solid; mp 158-15€; IR (KBr): 3379, 1615,
1575, 1551, 1520, 1347, 897, 881, 844, 800, 751, 725, 717,
686, 666, 652, 586, 560, 529 ¢mH NMR (600 MHz, CDCJ)):

J (ppm) 8.43 (s, 1H), 8.19 (d,= 8.4 Hz, 1H), 8.14 (s, 1H), 7.91
(d,J=7.8 Hz, 1H), 7.67 - 7.63 (m, 2H), 7.41 {d= 7.8 Hz, 1H),
7.28 (d,J = 7.8 Hz, 1H), 7.19 (1) = 7.2 Hz, 1H), 2.51 (s, 3H);
*C NMR (150 MHz, CDG)) 5 (ppm) 148.6, 136.2, 134.9, 133.3,
131.3, 129.8, 129.7, 123.3, 122.0, 121.7, 120.®.4,1111.0,
110.8, 9.8; HRMS (ESI): m/z [M+N&kalcd for GsH;.-N,NaO,:
275.0791; found: 275.0786.

4.3.123-methyl-2-(naphthalen-2-yl)-1H-indo{&al). Yield 50%,
128.6 mg; white solid; mp 137-13€; IR (KBr): 3395, 1628,
1600, 1488, 1456, 1424, 1385, 1330, 1303, 12399,12184,
1151, 1130, 1043, 1014, 894, 857, 818, 750, 688, 878 cr";
'"H NMR (600 MHz, CDCJ): ¢ (ppm) 8.15 (s, 1H), 8.02 (s, 1H),
7.94 (d,J = 8.4 Hz, 1H), 7.91-7.88 (m, 2H), 7.74 (U= 8.4 Hz,
1H), 7.64 (dJ = 7.8 Hz, 1H), 7.55-7.50 (m, 2H), 7.41 (b= 8.4
Hz, 1H), 7.23 (dJ = 8.4 Hz, 1H), 7.18 () = 7.2 Hz, 1H), 2.55 (s,
3H); °C NMR (150 MHz, CDCJ) 6 (ppm)136.0, 134.0, 133.5,
132.4, 130.7, 130.0, 128.4, 128.0, 127.8, 126.%.4,2126.2,
125.7, 122.4, 120.0, 119.0, 110.7, 109.2, 9.8; HRESI): m/z
[M+H] " calcd for GgHyeN: 258.1277; found: 258.1256.

4.3.13 2-phenyl-1H-indole(3ba). Yield 70%, 135.2 mg; white
solid; mp 185-186C; IR (KBr): 3425, 1638, 1618, 1457, 1447,
1403, 1300, 1186, 1151, 1130, 1043, 1016, 798, 788, 689,
620, 507 crt; *H NMR (600 MHz, CDCJ): 6 (ppm) 8.35 (s, 1H),
7.68 (d,J = 7.8 Hz, 2H), 7.65 (d] = 7.8 Hz, 1H), 7.46 (§ = 7.8
Hz, 2H), 7.41 (dJ = 8.4 Hz, 1H), 7.34 () = 7.2 Hz, 1H), 7.21 (t,
J=7.2 Hz, 1H), 7.14 () = 7.2 Hz, 1H), 6.85 (s, 1H}*C NMR
(150 MHz, CDC}) 6 (ppm) 137.8, 136.7, 132.3, 129.2, 129.0,
127.7,125.1, 122.3, 120.6, 120.2, 110.9, 99.9; HRESI): m/z
[M+H] " calcd for G,H;,N: 194.0964; found: 194.0966.

4.3.145-bromo-3-methyl-2-phenyl-1H-indol8cg). Yield 67%,
190.9 mg; white solid; mp 133-13€; IR (KBr): 3408, 1639,
1527, 1497, 1465, 1449, 1426, 1385, 1319, 13077,12221,
1183, 1152, 1129, 1075, 1045, 1015, 817, 791, 788, 700,
585, 575, 504, 479 c¢th ‘*H NMR (600 MHz, CDCJ): § (ppm)
8.04 (s, 1H), 7.71 (s, 1H), 7.54 @= 7.2 Hz, 2H), 7.48 (1) =
7.8 Hz, 2H), 7.37 (t) = 7.2 Hz, 1H), 7.28-7.25 (m, 1H), 7.21 (d,
J = 8.4 Hz, 1H), 2.40 (s, 3HJ’C NMR (150 MHz, CDG))
(ppm) 135.2, 134.3, 132.7, 131.8, 128.9, 127.7 (@7.6(7),
124.9,121.6, 112.6, 112.1, 108.2, 9.5; HRMS (B8l [M+H]"
calcd for GsH45BrN: 286.0226; found: 286.0210.



4.3.15 5-iodo-3-methyl-2-phenyl-1H-indol¢3da). Yield 71%,
236.4 mg; white solid; mp 82-8€; IR (KBr): 3417, 1655, 1604,
1575, 1510, 1494, 1445, 1422, 1385, 1354, 13203,12285,
1151, 1130, 1097, 1056, 1044, 1015, 958, 892, 898, 777,
760, 701, 622, 564, 504 cm'H NMR (600 MHz, CDC)): §
(ppm)8.04 (s, 1H), 7.93 (s, 1H), 7.55 @= 7.8 Hz, 2H), 7.49 (t,
J=17.8 Hz, 2H), 7.45 (d] = 8.4 Hz, 1H), 7.38 (] = 7.8 Hz, 1H),
7.14 (d,J = 8.4 Hz, 1H), 2.41 (s, 3H)"C NMR (150 MHz,
CDCly) 6 (ppm) 135.5, 135.4(5), 133.3, 133.2(6), 131.1,.629
128.6, 128.4, 128.3(5), 113.3, 108.6, 83.5, 10.2M3RESI):
m/z [M+H]" calcd for GsH4IN: 334.0087; found: 334.0080.

4.3.163-methyl-2,5-diphenyl-1H-indol8ea). Yield 68%, 192.5
mg; white solid; mp 197-198C; IR (KBr): 3384, 1641, 1602,
1470, 1453, 1426, 1385, 1322, 1301, 1183, 11520,11843,
1015, 949, 877, 815, 761, 750, 697, 576, 515-citH NMR (400
MHz, CDCk): é (ppm) 8.05 (s, 1H), 7.81 (s, 1H), 7.70 Jcs 2.4
Hz, 1H), 7.68 (dJ = 1.8 Hz, 1H), 7.62 (d] = 2.4 Hz, 1H), 7.60
(d,J=1.8 Hz, 1H), 7.51 (d] = 10.4 Hz, 2H), 7.48 (dl = 6.6 Hz,
2H), 7.46 (s, 1H), 7.44 (s, 1H), 7.39t= 10.8 Hz, 1H), 7.33 (t,
J = 10.8 Hz, 1H), 2.53 (s, 3H}’C NMR (100 MHz, CDCJ) &
(ppm) 142.5, 135.2, 134.6, 133.7, 133.1, 133.0,.4,3028.7,
128.5, 127.6, 127.3, 127.2, 126.1, 122.0, 117.4.8,19.9;
HRMS (ESI): m/z [M+HT calcd for G;H;gN: 284.1434; found:
284.1428.

4.3.17 3-methyl-5-(naphthalen-2-yl)-2-phenyl-1H-indolEfa).
Yield 64%, 213.2 mg; white solid; mp 150-15C; IR (KBr):
3380, 1634, 1600, 1557, 1505, 1482, 1451, 14264,188196,
1184, 1151, 1129, 1015, 950, 807, 770, 742, 708, 685, 477
cm’; '"H NMR (400 MHz, CDCJ)): § (ppm) 8.13 (s, 1H), 8.06 (s,
1H), 7.96-7.93 (m, 3H), 7.89 (d,= 12.6 Hz, 2H), 7.64-7.60 (m,
3H), 7.54-7.49 (m, 3H), 7.47 (d,= 12.0 Hz, 2H), 7.39 (t) =
10.8 Hz, 1H), 2.58 (s, 3H}°C NMR (100 MHz, CDGCJ) 6 (ppm)
139.8, 135.2, 134.6, 133.7, 133.0, 132.8, 132.@.5,3128.7,
128.0, 127.9, 127.6, 127.5, 127.3, 126.1, 125.95.3(3),
125.2(7), 122.2, 117.6, 110.9, 109.0, 9.9; HRMS JESi/z
[M+H] " calcd for GsH,oN: 334.1590; found: 334.1582.

4.3.185-(4-bromophenyl)-3-methyl-2-phenyl-1H-ind¢8ga).
Yield 65%, 234.7 mg; white solid; mp 226-227; IR (KBr):
3378, 1468, 1450, 1394, 1320, 1308, 1293, 11832 11B30,
1076, 1043, 1007, 835, 824, 804, 769, 702, 515;¢M NMR
(600 MHz, CDC}): 6 (ppm) 12.71 (s, 1H), 9.07 (d= 8.4 Hz,
1H), 8.10 (s, 1H), 8.09 (d,= 7.2 Hz, 2H), 7.82 (dd), ,=1.8,J; 5
=8.4 Hz, 1H), 7.61 (d] = 8.4 Hz, 2H), 7.57 (d] = 6.6 Hz, 1H),
7.54 (t,J = 7.8 Hz, 2H), 7.47 (d] = 8.4 Hz, 2H), 2.79 (s, 3H);
¥C NMR (150 MHz, DMSO-g) J (ppm) 141.1, 135.8, 134.8,
132.9, 131.6, 130.0, 129.7, 128.8, 128.7, 127.3,21220.8,
119.5, 116.6, 111.6, 107.5, 9.9; HRMS (ESI): m/z fiJ+calcd
for C,H,BrN: 362.0538; found: 362.0533.
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