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General Information

All reactions were carried out in an oven-dried reaction vessel under N2 atmosphere unless
otherwise stated. Commercial reagents were purchased from Sigma-Aldrich, Alfa Aesar,
Acros, and other commercial suppliers and used as received without further purification.
Anhydrous DCE was purchased from Sigma-Aldrich and used as received. TLC analysis was
performed on Merck 60 Fzs4 silica gel TLC plates. Column chromatography was done using
230-400 mesh silica gel by applying pressure through an air pump. *H and *3C NMR spectra
were recorded in Bruker 300, 600 MHz and JEOL 400 MHz spectrometer, and are reported
as chemical shifts (3) in parts per million (ppm). Internal standards or residual solvent were
used as a reference. HRMS (m/z) were recorded in the Q-TofMicromass spectrometer (LC-
MS, ESI mode) and JOEL-JMS 700 (EI mode). Melting points were determined in a capillary
melting point apparatus and are uncorrected. Single crystal X-ray data was recorded in a
Bruker Kappa APEX2 CCD diffractometer with CuKa/MoKa radiation. The structures were
solved by SHELXT and refined with SHELXL using the Olex2 program. The CIF files were
submitted to CCDC  (2213915-2213920) and can be  obtained at

https://summary.ccdc.cam.ac.uk/structure-summaryform.
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General procedure for the preparation of 1-ethylindoline-2,3-dione (1a):

o To a suspension of isatin (3.5 mmol) in
NaH .
@:‘gi Etl, DMF @f& anhydrous DMF (30 mL), NaH (1.1 equiv.)
N ocem 12h was added in ice-cold condition under an argon
H

atmosphere. The reaction was stirred at 0 °C

for 30 minutes. Then ethyl iodide (1.1 equiv.) was transferred to the reaction mixture and
stirred at room temperature (33 °C) and kept overnight (12 h). After the full conversion was
monitored by TLC, it was quenched with cold 1N HCI solution (200 mL). The organic part
was extracted by EtOAc (3x100 mL) with brine, dried over Na SOa, and concentrated under
reduced pressure. Finally, it was purified by column chromatography on silica gel (230-400
mesh) using petroleum ether/ethyl acetate (6:1) as eluent to obtain the desired 1-
ethylindoline-2,3-dione (1a) in 85% yield (520 mg).The compounds were eluted in 15% of
ethyl acetate—petroleum ether. Several N-alkyl isatins were prepared following this protocol.

Characterization of 1-ethylindoline-2,3-dione (1a):
Red solid (520 mg, 85% yield); column chromatography eluent
petroleumether/EtOAc = 5:1; mp 88-90 °C; ‘H NMR (400 MHz,
@f‘g:o Chloroform-d) 6 7.57 (app t, J = 7.4 Hz, 2H), 7.09 (app t, J = 7.5 Hz, 1H),
N 6.90 (app d, J=8.5 Hz, 1H), 3.76 (9, J = 7.2 Hz, 2H), 1.29 (t, J = 7.2 Hz,
Et 3H); 13C NMR (101 MHz, Chloroform-d) & 183.6, 157.8, 150.6, 138.3,

125.4, 123.6, 117.5, 110.0, 34.9, 12.4; HRMS (ESI, m/z) calcd for
C10H10NO2 [M+H]175.0633, found 175.0630.

General procedure for the preparation of 1-phenylindoline-2,3-dione (1c):

To a suspension of isatin (3 mmol) in anhydrous
@E‘g: PRE(OH), @‘g: DCE (30 mL), anhydrous Cu(OAc). (4.5 mmol),
"Cu(OAC), EtN EGN triethylamine (6 mmol) and the arylboronic acid

DCE, rt, 24 h
(45 mmol) were added under an argon
atmosphere. The reaction was stirred at room
temperature for 16 h. After completion of reaction, the mixture was filtered through a pad of
celite and washed with dichloromethane. The filtrate was concentrated in vacuo to yield the
crude compound, which was subjected to flash chromatography on silica. The compounds

were eluted in 15% of ethyl acetate—petroleum ether. Several N-aryl isatins were prepared
following this procedure.

Characterization of 1-phenylindoline-2,3-dione (1c):

Red solid (555 mg, 83% vyield); column chromatography eluent
petroleumether/EtOAc = 4:1; mp 138-140 °C; 'H NMR (400 MHz,
Chloroform-d) 6 7.71 — 7.66 (m, 1H), 7.59 — 7.50 (m, 3H), 7.48 — 7.39 (m,
3H), 7.17 (td, J = 7.5, 0.6 Hz, 1H), 6.89 (d, J = 8.0 Hz, 1H); 3C NMR (101
MHz, Chloroform-d) 6 182.9, 157.3, 151.6, 138.3, 132.9, 129.9, 128.8, 126.0,
125.6, 124.3, 117.5, 111.3; HRMS (ESI, m/z) calcd for C14H10NO2 [M+H]" 224.0712, found
224.0709.
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Table S1: Screening of the reaction conditions?

o) CO,H
@&O Base, Solvent @
Temperature
N\ time N‘
Et Et
1 2
(0.2 mmol)

Entry base solvent temperature time yield®

(x equiv.) (x mL) (°C) (h) (%)

1 NaH (4) DMSO (2) 60 6 38

2 NaH (4) DMSO (2) 80 2 66

3 NaH (6) DMSO (2) 80 2 82

4 NaH (6) DMSO (2) 90 2 66

5 NaH (6) DMSO (1) 80 2 78

6 LiH (6) DMSO (2) 80 12 nr

7 CaH2 (3) DMSO (1) 80 5 nr
8 KO'Bu (6) DMSO (1) 80 8 trace
9 NaOMe (6) DMSO (2) 80 12 trace
10 NaOH (6) DMSO (2) 80 12 trace
11 NaH (6) DMSO (0.5) + DMF (1) 80 1 trace

12 NaH (6) DMSO (0.2) + THF (0.8) 80 1 47

13  NaH (6) DMSO (0.2) + toluene 80 1 48

(0.8)
14  NaH (6) DMSO (2) rt (33) 24 33¢
15 NaH (6) DMF (2) 88 24 nr

9All reactions were set up on a 0.2 mmol scale in presence of base in anhydrous DMSO
solvent degassed by applying freeze-pump-thaw method. P’lsolated vyield. ©Yield of

anthranilic acid and without removing dissolved oxygen by the freeze-pump-thaw method.

Table S2: Unsuccessful substrate scope

CO,H CO,H CO,H | CO,H
O,N
N
N N N \
CF, Et Et Et
2ac 2ad 2ae
0% 0% 0% 0%
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General procedure for the preparation of 1-ethyl-1H-indole-3-carboxylic acid (2a):
(Milligram scale):

Into a 10 mL two neck round

0 NaH (6 equiv.) CO,H bottom flask'equipped with an

@E‘g:o DMSO (2 mL) @ electromagnetic  stirrer N-ethyl

N 80°C,2h N isatin (1a) (1 equiv., 0.2 mmol, 35

(0.2 mmol) , Et Et (vield: 82%) [ mg) and DMSO solvent (2 mL,
(5.7 mmol) 12 2a (Yield: 75%)

0.1 M) were transferred under an
inert atmosphere. Then, the whole reaction mixture was subjected to degas by the Freeze-
Pump-Thaw method. After degassing, NaH (6 equiv., 1.2 mmol) was added portion-wise
using a solid-additional funnel and stirred at room temperature (30°C) for 10 minutes. After
that, the reaction mixture was warmed slowly to 80 °C and kept for 2 hours. After the full
conversion was monitored by TLC, it was cooled to room temperature and quenched with
cold aqueous 1N HCI solution (20 mL). The organic part was extracted by EtOAc (3x20 mL),
washed with brine, dried over Na>SO4, and concentrated under reduced pressure. Finally, it
was purified by column chromatography on silica gel (230-400 mesh) using petroleum
ether/ethyl acetate (4:1) as eluent to obtain the desired 1-ethyl-1H-indole-3-carboxylic acid
(2a) in 82% vyield (31 mg). To avoid column purification, we also carried out a re-
crystallization technique dissolving crude reaction mixture in hot ethanol and obtained the
same yield.

(Gram scale)

Into a 100 mL two neck round bottom flask equipped with an electromagnetic stirrer N-ethyl
isatin (1 equiv., 5.7 mmol, 1g) and DMSO solvent (57 mL, 0.1 M) were transferred under an
inert atmosphere. Then, the whole reaction mixture was subjected to degas by the Freeze-
Pump-Thaw method. After degassing, NaH (6 equiv., 34.2 mmol) was added portion-wise
using a solid-additional funnel and stirred at room temperature (30 °C) for 10 minutes. After
that, the reaction mixture was warmed slowly to 80 °C and kept for 2 hours. After the full
conversion was monitored by TLC, it was cooled to room temperature and quenched with
cold aqueous 1N HCI solution (200 mL). The organic part was extracted by EtOAc (3x100
mL), washed with brine, dried over Na;SOs, and concentrated under reduced pressure.
Finally, it was purified by column chromatography on silica gel (230-400 mesh) using
petroleum ether/ethyl acetate (4:1) as eluent to obtain the desired 1-ethyl-1H-indole-3-
carboxylic acid (2a) in 75% vyield (808 mg). To avoid column purification, we also carried
out the re-crystallization method dissolving crude reaction mixture in hot ethanol and
obtained the same yield.

We have followed the above procedure for the synthesis of 2b-2ab. In cases of 1e, le’, and
1e'" in-situ deprotection of the N-substitution took place and we obtained indole-3-carboxylic
acid (2ac).
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Characterization of the compounds 2a-2ab:
1-ethyl-1H-indole-3-carboxylic acid (2a):
White solid (31 mg, 82% yield); column chromatography eluent, petroleum
FOM | ether/EtOAC = 4:1; mp 138-139 °C; 'H NMR (400 MHz, Chloroform-d) &
m 8.29 — 8.24 (m, 1H), 7.97 (s, 1H), 7.41 — 7.38 (m, 1H), 7.34 — 7.30 (comp,
Et 2H), 4.23 (q, J = 7.3 Hz, 2H), 1.54 (t, J = 7.3 Hz, 3H); 13C NMR (101 MHz,
2 Chloroform-d) 6 170.7, 136.5, 134.7, 127.0, 122.8, 122.1, 121.9, 109.9, 106.3,
41.7, 15.1; HRMS (ESI, m/z) calcd for C11H12NO2 [M+H]* 190.0868, found 190.0866.

1-methyl-1H-indole-3-carboxylic acid (2b):

White solid (18.2mg, 52% vyield); column chromatography eluent,

Fo petroleumether/EtOAC = 4:1; mp 182-184 °C; (Due to solubility problem, a
N\ few drops of CD3OD was added with CDCl3) 'H NMR (400 MHz,

Me Chloroform-d) ¢ 8.14 — 8.12 (m, 1H), 7.78 (s, 1H), 7.32-7.29 (m, 1H), 7.27 —
7.21 (comp, 2H), 3.78 (s, 3H); *C NMR (101 MHz, Chloroform-d) § 167.6,

137.2, 135.8, 126.7, 122.6, 121.8, 121.4, 109.7, 106.5, 33.2; HRMS (ESI, m/z) calcd for

C10H10NO2 [M+H]* 176.0712, found 176.0719.

Table S3: Crystal Data and Structure of 2b (CCDC No. 2213915)

2b

Identification code AB 03 435 Om_a
Empirical formula C20H18N204
Formula weight 350.377
Temperature/K 100.00

Crystal system monoclinic

Space group P2,

alA 5.0202(4)

b/A 29.187(2)

c/A 5.9119(5)

a/° 90

B/° 100.468(3)

v/° 90

Volume/A3 851.83(12)

Z 2

pcalcg/0m3 1.366

wmm 0.792

F(000) 369.3

Crystal size/mm?3 0.25x0.2x0.1
Radiation CuKa (A=1.54178)
20 range for data collection/® 15.24 to 133.2
Index ranges -5<h<5,-34<k<34,-7<1<7
Reflections collected 25396

Independent reflections 2910 [Rint = 0.0503, Rsigma = 0.0289]
Data/restraints/parameters ~ 2910/1/240

Goodness-of-fit on F2 1.043

Final R indexes [[>=20 (I)] R;=0.0587, wR, = 0.1568

Final R indexes [all data] R: = 0.0587, wR> = 0.1568

Largest diff. peak/hole / e A= 0.35/-0.24

Flack parameter 0.3(3)

1-phenyl-1H-indole-3-carboxylic acid (2c):
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White solid (30.8 mg, 65% vyield); column chromatography eluent,
©02H | petroleumether/EtOAC = 4:1; mp 160-162 °C; 'H NMR (400 MHz,
N\ Chloroform-d) 6 10.00 (br s, 1H), 8.33 (d, J = 7.6 Hz, 1H), 8.14 (s, 1H),
Nph 7.59-7.50 (comp, 5H), 7.48 — 7.44 (m, 1H), 7.38 — 7.34 (m, 1H), 7.33 - 7.29

2c (m, 1H); 3C NMR (101 MHz, Chloroform-d) & 170.7, 138.3, 136.9, 135.4,

129.9, 128.0, 127.1, 124.9, 123.6, 122.8, 122.0, 111.1, 108.5; HRMS (ESI,
m/z) calcd for C1sH12NO2 [M+H]*238.0868, found 238.0870.

1-isopropyl-1H-indole-3-carboxylic acid (2d):

Off-white solid (18.3 mg, 45% vyield); column chromatography eluent,
CO,H | petroleumether/EtOAC = 4:1; mp 183-184 °C; 'H NMR (400 MHz,
N\ Chloroform-d) 6 8.26-8.22 (m,1H), 8.05 (s, 1H), 7.43-7.40 (m, 1H), 7.32-
N 7.27 (comp, 2H), 4.72 (hept, J = 6.7 Hz, 1H), 1.59 (d, J = 6.7 Hz, 6H).13C
pr NMR (101 MHz, Chloroform-d) & 170.7, 136.3, 131.9, 127.0, 122.7,
2d 122.2, 121.9, 110.1, 106.4, 47.9, 22.6; HRMS (ESI, m/z) calcd for

co,H | Ci2H14aNO, [M+H]*204.1025, found 204.1022.

A 1-benzyl-1H-indole-3-carboxylic acid (2e):

N Off-white solid (22.6 mg, 45% vyield); column chromatography eluent,
Bn petroleum ether/EtOAC = 4:1; mp 168-169 °C; 'H NMR (400 MHz,
2e Chloroform-d) & 8.27 — 8.25 (m, 1H), 7.95 (s, 1H), 7.37 — 7.27 (m, 6H),

7.20 — 7.17 (m, 2H), 5.36 (s, 2H); 13C NMR (101 MHz, Chloroform-d) &

170.1, 136.9, 135.8, 135.7, 129.0, 128.2, 127.1, 127.0, 123.1, 122.3, 121.9, 110.4, 106.8,
50.9; HRMS (ESI, m/z) calcd for C16H14aNO, [M+H]"252.1025, found 252.1017.
1-ethyl-5-methyl-1H-indole-3-carboxylic acid (2f):

CO,H
Me
A\
N
\
Et
2f
CO,H
F
A\
N
\
Et
2g

Off-white solid (33.7 mg, 83% yield); column chromatography eluent,
petroleumether/EtOAc = 4:1; mp 212-214 °C; (Due to solubility
problem, a few drops of CDsOD was added with CDCls) *H NMR
(400 MHz, Chloroform-d)s 7.95 — 7.94 (m, 1H), 7.82 (s, 1H), 7.22 (d,
J=8.4Hz, 1H), 7.08 — 7.04 (m, 1H), 4.13 (q, J = 7.3 Hz, 2H), 2.44 (s,
3H), 1.46 (t, J = 7.3 Hz, 3H); *C NMR (101 MHz, Chloroform-d) &
168.2, 134.7, 134.2, 131.4, 127.2, 124.1, 121.3, 109.5, 105.9, 41.5,
21.3, 15.0; HRMS (ESI, m/z) calcd for Ci2H14NO2 [M+H]*
204.1025, found 204.1023.
1-ethyl-5-fluoro-1H-indole-3-carboxylic acid (29):
Off-white solid (27.3 mg, 66% vyield); column chromatography
eluent, petroleum ether/EtOAc = 4:1; mp 182-184 °C; (Due to
solubility problem, a few drops of CD3OD was added with CDClI5)
IH NMR (400 MHz, Chloroform-d) & 7.89 (s, 1H), 7.82 (dd, J =
9.7, 2.5 Hz, 1H), 7.28-7.25 (m, 1H), 6.99 (td, J = 9.0, 2.6 Hz, 1H),

4.16 (g, J = 7.3 Hz, 2H), 1.49 (t, J = 7.3 Hz, 3H); 13C NMR (101 MHz, Chloroform-d) &
167.7, 159.2 (d, YJrc = 237.4 Hz), 135.3, 132.9, 127.7 (d, 3Jrc = 11.4 Hz), 111.1 (d, 2Jrc =
26.5 Hz), 110.6 (d, 2Jrc = 9.9 Hz), 107.0 (d, 2Jr.c= 24.2 Hz), 106.6 (d, “Jr-c = 5.0 Hz), 41.8,

CO,H

F.CO
O
N

\

Et

2h

15.0; HRMS (ESI, m/z) calcd for C11H11FNO2 [M+H]"208.0774,
found 208.0772.
1-ethyl-5-(trifluoromethoxy)-1H-indole-3-carboxylic acid (2h):
Off-white solid (30 mg, 55% yield); column chromatography eluent,
petroleum ether/EtOAC = 4:1; mp 186-189 °C; (Due to solubility
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problem, a few drops of CD3OD was added with CDCl3) H NMR (400 MHz, Chloroform-d)
3 7.97 (apps, 1H), 7.87 (s, 1H), 7.28 (d, J = 8.9 Hz, 1H), 7.07 (d, J = 8.8 Hz, 1H), 4.13 (q, J =
7.3 Hz, 2H), 1.44 (t, J = 7.3 Hz, 3H); 3C NMR (101 MHz, Chloroform-d) & 167.3, 144.5,
135.5, 134.5, 127.3, 120.6 (q, J = 256.7 Hz), 116.5, 114.2, 110.6, 107.1, 41.8, 14.9; HRMS
(ESI, m/z) calcd for C12H11FsNO3 [M+H]* 274.0691, found 274.0688.

COLH 5-chloro-1-ethyl-1H-indole-3-carboxylic acid (2i):
cl Off-white solid (23.7 mg, 53% yield); column chromatography eluent,
m petroleum ether/EtOAc = 4:1; mp 168-170 °C; (Due to solubility
k¢ problem, a few drops of CDsOD was added with CDClz) 'H NMR
2i (400 MHz, Chloroform-d) 6 8.14 (d, J = 2.0 Hz, 1H), 7.86 (s, 1H), 7.24
(d, J=2.3 Hz, 1H), 7.19 (dd, J = 8.7, 2.0 Hz, 1H), 4.15 (q, J = 7.3 Hz,
2H), 1.47 (t, J = 7.3 Hz, 3H); 3C NMR (101 MHz, Chloroform-d) & 167.6, 135.1, 134.7,
128.0, 127.9, 123.0, 121.3, 110.9, 106.4, 41.8, 15.0; HRMS (ESI, m/z) calcd for
C11H11CINO: [M+H]" 224.0478, found 224.0477.
1-ethyl-5-methoxy-1H-indole-3-carboxylic acid (2j):
MeO \COZH Off-white solid (23 mg, 53% vyield); column chromatography eluent,
@EN:

petroleum ether/EtOAc = 4:1; mp 168-170 °C; 'H NMR (400 MHz,
k¢ Chloroform-d) & 7.89 (s, 1H), 7.70 (d, J = 2.4 Hz, 1H), 7.26 (d, J = 9.3
2 Hz, 1H), 6.93 (dd, J = 8.9, 2.5 Hz, 1H), 4.17 (q, J = 7.3 Hz, 2H), 3.91
(s, 3H), 1.52 (t, J = 7.3 Hz, 3H); *C NMR (101 MHz, Chloroform-d) &
170.7, 156.0, 134.6, 131.5, 127.9, 113.4, 110.8, 105.8, 103.1, 55.8, 41.9, 15.1; HRMS (ESI,

m/z) calcd for C12H14aNO3[M+H]" 220.0974 found 220.0978.

1-ethyl-6-methoxy-1H-indole-3-carboxylic acid (2k):
Off-white solid (31 mg, 71% vyield); column chromatography eluent,
co,H | petroleum ether/EtOAC = 4:1; mp 168-170 °C; 'H NMR (400 MHz,
N\ Chloroform-d) 6 8.11 (d, J = 8.7 Hz, 1H), 7.86 (s, 1H), 6.96 (dd, J =
MeO N 8.8, 2.2 Hz, 1H), 6.83 (d, J = 2.1 Hz, 1H), 4.16 (g, J = 7.3 Hz, 2H),
N Bt 3.89 (s, 3H), 153 (t, J = 7.3 Hz, 3H); 3C NMR (101 MHz
Chloroform-d) 6 170.6, 156.9, 137.2, 133.8, 122.6, 121.1, 111.5, 106.4,
93.7, 55.7, 41.6, 14.9; HRMS (ESI, m/z) calcd for C12H14aNO3 [M+H]" 220.0974, found

220.0976.
COzH 1-ethyl-7-fluoro-1H-indole-3-carboxylic acid (21):
A\ Colourless solid (24 mg, 58% yield); column chromatography eluent,
N petroleum ether/EtOAc = 4:1; mp 172-174 °C; (Due to solubility
F Et problem, a few drops of CD30OD was added with CDCls) *H NMR (400
2l MHz, Chloroform-d) & 7.91 (d, J = 8.0 Hz, 1H), 7.80 (s, 1H), 7.11 (td, J

=8.0, 4.6 Hz, 1H), 6.93 — 6.88 (m, 1H), 4.32 (g, J = 7.2 Hz, 2H), 1.47 (t,
J = 7.2 Hz, 3H); 3C NMR (101 MHz, Chloroform-d)s 167.7, 149.9 (d, YJr.c = 245.8 Hz),
135.7, 130.7 (d, 3Jec = 4.7 Hz), 124.2 (d, 2Jkc = 9.9 Hz), 122.2 (d, 3Jkc = 6.6 Hz), 117.4 (d,
“Jec = 3.4 Hz), 108.3 (d, 2Jr.c = 17.9 Hz), 107.3, 44.6 (d, J = 5.3 Hz), 16.3; HRMS (ESI,
m/z) calcd for C11H11:FNO> [M+H]" 208.0774, found 208.0772.
1,5-dimethyl-1H-indole-3-carboxylic acid (2m):
Brown solid (22 mg, 58% yield); column chromatography eluent,
CO,H petroleumether/EtOAc = 4:1; mp 214-216 °C; (Due to solubility

Me\@f\g problem, a few drops of CD3OD was added with CDCl3) 'H NMR
N S8
Me

2m




(400 MHz, Chloroform-d)3 7.80 — 7.75 (m, 1H), 7.62 (s, 1H), 7.09 (d, J = 8.4 Hz, 1H), 6.97 —
6.94 (m, 1H), 3.66 (s, 3H), 2.31 (s, 3H); 3C NMR (101 MHz, Chloroform-d) & 167.4, 135.6,
135.5, 131.1, 126.8, 124.0, 120.8, 109.2, 105.8, 33.0, 21.0; HRMS (ESI, m/z) calcd for
C11H12NO; [M+H]* 190.0868, found 190.0867.

5-methoxy-1-methyl-1H-indole-3-carboxylic acid (2n)
Moo coH| Brown solid (21 mg, 52% yield); column chromatography eluent,
m petroleumether/EtOAC = 4:1; mp 212-214 °C; ‘H NMR (400 MHz,
N'\we DMSO-dg) 6 7.95 (s, 1H), 7.48 (d, J = 2.4 Hz, 1H), 7.42 (d, J = 8.9 Hz,
2n 1H), 6.87 (dd, J = 8.9, 2.5 Hz, 1H), 3.81 (s, 3H), 3.78 (s, 3H); 3C
NMR (101 MHz, DMSO-ds) 6 165.6, 155.1, 136.1, 132.1, 127.2, 112.2, 111.5, 105.7, 102.3,
55.3, 33.1; HRMS (ESI, m/z) calcd for C11H12NO3z [M+H]"206.0817, found 206.08009.
5-fluoro-1-methyl-1H-indole-3-carboxylic acid (20)
con | Brown solid (25 mg, 64% yield); column chromatography eluent,
Fm petroleumether/EtOAC = 4:1; mp 214-216 °C; 'H NMR (400 MHz,
N Methanol-ds) 6 7.95 (s, 1H), 7.72 (dd, J = 9.8, 2.5 Hz, 1H), 7.44 (dd, J
20 Me = 8.9, 4.3 Hz, 1H), 7.04 (td, J = 9.1, 2.6 Hz, 1H), 3.87 (s, 3H); 13C
NMR (101 MHz, Methanol-ds) & 168.4, 159.2 (d, Jrc = 237.4 Hz), 138.6, 135.5, 128.9 (d,
3Jr.c =11.0 Hz), 112.3 (d, 3Jrc = 10.1 Hz), 111.8 (d, Zr.c = 27.3 Hz), 107.8 (d, “Jrc = 4.0
Hz), 107.2 (d, 2Jrc = 25.1 Hz), 33.8; HRMS(ESI, m/z) calcd for CioHoFNO;
[M+H]"194.0617, found 194.0616.
5-chloro-1-methyl-1H-indole-3-carboxylic acid (2p)
Yellow solid (25.2 mg, 60% vyield); column chromatography eluent,
COH | petroleum ether/EtOAC = 4:1; mp 217-218 °C; 'H NMR (400 MHz,

Cl
\ Methanol-ds) 5 8.06 (d, J = 1.9 Hz, 1H), 7.95 (s, 1H), 7.45 (d, J = 8.7
N Hz, 1H), 7.24 (dd, J = 8.7, 2.0 Hz, 1H), 3.87 (s, 3H); 13C NMR (101
p € MHz, Methanol-ds)5 168.4, 138.3, 137.3, 129.3, 128.7, 127.8, 123.8,

121.7, 1125, 33.7; HRMS (ESI, m/z) calcd for CioHeCINO. [M+H]*210.0322, found
210.0325.
5-bromo-1-methyl-1H-indole-3-carboxylic acid (2q)
Off-white solid (19.3 mg, 38% yield); column chromatography eluent,
CO,H| petroleum ether/EtOACc = 4:1; mp 193-196°C; 'H NMR (400 MHz,
Br N DMSO-de) 6 8.12 (d, J = 1.9 Hz, 1H), 8.08 (s, 1H), 7.53 (d, J = 8.7
N Hz, 1H), 7.38 (dd, J = 8.7, 2.0 Hz, 1H), 3.85 (s, 3H); *C NMR (101
Me MHz, DMSO-de) 6 165.2, 137.3, 135.8, 128.1, 124.7, 122.8, 114.3,
112.9, 105.8, 33.2; HRMS (ESI, m/z) calcd for C10H9BrNO, [M+H]*
253.9817, found 253.9806.
6-chloro-1-methyl-1H-indole-3-carboxylic acid (2r)
Off-white solid (21 mg, 51% yield); column chromatography eluent,
CO,H | petroleum ether/EtOAc = 4:1; mp 155-157 °C; (Due to solubility
m problem, a few drops of CD3OD was added with CDCls) *H NMR (400
MeO N MHz, Chloroform-d) 6 8.08 (d, J = 8.7 Hz, 1H), 7.78 (s, 1H), 6.96 (dd, J
ar  Me = 8.7, 2.0 Hz, 1H), 6.81 (d, J = 1.8 Hz, 1H), 3.90 (s, 3H), 3.81 (s, 3H);
13C NMR (101 MHz, Chloroform-d) & 172.7, 156.9, 138.0, 135.1, 122.3, 120.9, 111.46,
106.5, 93.4, 55.7, 33.4; HRMS (ESI, m/z) calcd for C11H12NOs [M+H]* 206.0817, found
206.0816.

2q
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1-(p-tolyl)-1H-indole-3-carboxylic acid (2s)

2s

CO,H

A\
N

Me

Off-white solid (38.2 mg, 76% yield); column chromatography eluent,
petroleum ether/EtOAc = 4:1; mp 162-163 °C; 'H NMR (400 MHz,
Chloroform-d) & 8.32 (d, J = 7.8 Hz, 1H), 8.11 (s, 1H), 7.49 (d, J = 8.1
Hz, 1H), 7.41 (d, J = 8.4 Hz, 2H), 7.38 — 7.28 (complex, 4H), 2.47 (s,
3H); 13C NMR (101 MHz, Chloroform-d) & 170.5, 138.0, 137.0, 135.8,
135.5, 130.4, 127.0, 124.7, 1235, 122.7, 121.9, 111.1, 108.1, 21.1;
HRMS (ESI, m/z) caled for CiH14NO2 [M+H]*252.1025, found
252.1032.

1-(4-(tert-butyl)phenyl)-1H-indole-3-carboxylic acid (2t)

CO,H

Off-white solid (45.6 mg, 76% yield); column chromatography eluent,
petroleum ether/EtOACc = 4:1; mp 194-196 °C; (Due to solubility
problem, a few drops of CD3OD was added with CDCls) *H NMR (400
MHz, Chloroform-d) 6 8.25 — 8.20 (m, 1H), 8.02 (s, 1H), 7.55 — 7.49
(m, 2H), 7.47 (d, J = 7.8 Hz, 1H), 7.41 — 7.37 (complex, 2H), 7.31 —
7.20 (complex, 2H), 1.35 (s, 9H); *C NMR (101 MHz, Chloroform-d)
0 167.9, 151.0, 136.8, 135.7 , 134.9, 127.0, 126.6, 124.3, 123.2, 122.3,
121.6, 111.1, 108.5, 31.2; HRMS (ESI, m/z) calcd for Ci9H20NO>

[M+H]* 294.1494, found 294.1485.
1-(4-chlorophenyl)-1H-indole-3-carboxylic acid (2u)

2u

CO,H

Cry

Off-white solid(58 mg, 51% yield); column chromatography eluent,
petroleum ether/EtOAC = 4:1; mp 193-194 °C; inseparable ICA and AA;
'H NMR (400 MHz, Chloroform-d) & 8.32 (d, J = 7.5 Hz, 1H), 8.09 (s,
1H), 7.58 — 7.53 (m, 2H), 7.51 — 7.45 (m, 2H), 7.40 — 7.30 (m, 2H),
7.23 — 7.15 (m, 1H); 3C NMR (101 MHz, Chloroform-d) & 170.2,
136.8, 136.8, 135.1, 133.8, 130.1, 129.5, 126.1, 124.1, 123.9, 123.0,
122.1, 110.9; HRMS(ESI, m/z) caled for CisH11CINO2
[M+H]"272.0478, found 272.0466.

1-(4-methoxyphenyl)-1H-indole-3-carboxylic acid (2v)

CO,H

A\
N

OMe
2v

Off-white solid (26.7 mg, 50% yield); column chromatography eluent,
petroleum ether/EtOAC = 4:1; mp 164-165 °C; 'H NMR (400 MHz,
Chloroform-d) & 8.35 — 8.28 (m, 1H), 8.08 (s, 1H), 7.47 — 7.40 (m,
3H), 7.32 (comp, 2H), 7.11 — 7.03 (m, 2H), 3.90 (s, 3H); 3C NMR
(101 MHz, Chloroform-d) 6 170.4, 159.3, 137.4, 135.7, 131.2, 126.9,
126.4, 123.4, 122.6, 121.9, 114.9, 111.0, 107.9, 55.6; HRMS(ESI,
m/z) calcd for C16H14aNO3 [M+H]"268.0974, found 268.0974.

1-(m-tolyl)-1H-indole-3-carboxylic acid (2w)

CO,H

A\
N

O

2w

Off-white solid (40.2 mg, 80% yield); column chromatography
eluent, petroleum ether/EtOAc = 4:1; mp 162-163 °C; 'H NMR
(400 MHz, Chloroform-d) & 8.25 (d, J = 7.7 Hz, 1H), 8.05 (s, 1H),
7.44 (d,J =8.0 Hz, 1H), 7.37 (t, J = 7.9 Hz, 1H), 7.23 (comp, 5H),
2.39 (s, 3H); 13C NMR (101 MHz, Chloroform-d)s 170.7, 140.0,
138.3, 136.9, 135.5, 129.6, 128.7, 127.1, 125.4, 123.5, 122.7,
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121.9, 121.9, 111.2, 108.2, 21.4; HRMS (ESI, m/z) calcd for C16H1aNO, [M+H]"252.1025,

found 252.1032.

1-(3-fluorophenyl)-1H-indole-3-carboxylic acid (2x)

CO,H

A\
N

O-

2x

White solid (39.3 mg, 77% vyield); column chromatography eluent,
petroleum ether/EtOAc = 4:1; mp 162-164 °C; *H NMR (400 MHz,
Chloroform-d) & 8.35 — 8.30 (m, 1H), 8.12 (s, 1H), 7.59 — 7.51 (m, 2H),
7.41 —7.32 (m, 3H), 7.29 (app dt, J = 9.3, 2.2 Hz, 1H), 7.22 — 7.16 (m,
1H); 3C NMR (101 MHz, Chloroform-d)é 170.2, 163.3 (d, YJrc =
250.5 Hz), 139.7 (d, 3Jr-c = 9.8 Hz), 136.6, 135.0, 131.2 (d, 3Jr.c = 9.3
Hz), 127.1, 123.9, 123.1, 122.1, 120.4 (d, “Jr-c = 3.0 Hz), 115.0 (d, 2Jrc
=21.0 Hz), 112.3 (d, 2Jrc = 24.0 Hz), 110.9, 109.0; HRMS (ESI, m/z)

calcd for C15H11NO2 [M+H]* 256.0774, found 256.0771.
1-(3-chlorophenyl)-1H-indole-3-carboxylic acid (2y)

CO,H

Co
O

2y

White solid (20.1 mg, 37% vyield); column chromatography eluent,
petroleum ether/EtOAC = 4:1; mp 207-209 °C; 'H NMR (400 MHz,
Chloroform-d) 6 8.22 — 8.13 (m, 1H), 7.96 (s, 1H), 7.51 — 7.38 (m,
3H), 7.37 — 7.31 (m, 2H), 7.24 (comp, 2H); 3C NMR (101 MHz,
Chloroform-d) 6 167.1, 139.4, 136.4, 135.3, 134.2, 130.8, 127.8,
127.0, 124.8, 123.6, 122.7, 122.6, 121.8, 110.6, 109.6; HRMS (ESI,
m/z) calcd for C1sH11CINO, [M+H]" 272.0478, found 272.0468.

1-(3-methoxyphenyl)-1H-indole-3-carboxylic acid (2z)

CO,H

o

White solid (35.3 mg, 66% vyield); column chromatography eluent,
petroleum ether/EtOAc = 4:1; mp 190 °C; (Due to solubility problem,
a few drops of CD30OD was added with CDCls) H NMR (400 MHz,
Chloroform-d) & 8.14 (app dd, J = 6.7, 1.8 Hz, 1H), 7.96 (s, 1H), 7.44
(app dd, J = 6.9, 1.5 Hz, 1H), 7.35 (t, J = 8.1 Hz, 1H), 7.20 (comp,
2H), 7.03 - 6.98 (m, 1H), 6.95 (app t, J = 2.2 Hz, 1H), 6.89 (app dd, J
= 8.1, 2.2 Hz, 1H), 3.77 (s, 3H); 13C NMR (101 MHz, Chloroform-d)

0 167.3, 160.4, 139.3, 136.5, 134.5, 130.4, 126.9, 123.2, 122.3, 121.5, 116.7, 113.2, 110.9,

110.4, 108.8, 55.3;

268.0966.

HRMS (ESI, m/z) calcd for CioH1o0NO2 [M+H]" 268.0974, found

5-methyl-1-(m-tolyl)-1H-indole-3-carboxylic acid (2aa)

Colourless solid (28.1 mg, 53% yield); column chromatography

Me
m
N

2aa

CO,H

O

eluent, petroleum ether/EtOAc = 4:1; mp 202-203 °C; (Due to
solubility problem, a few drops of CDCl; was added with
CD30D) *H NMR (400 MHz, Methanol-ds) & 8.01 — 7.99 (m,
1H), 7.97 (s, 1H), 7.80 (d, J = 1.0 Hz, 1H), 7.43 (t, J = 7.7 Hz,
1H), 7.36 — 7.30 (comp, 2H), 7.29 — 7.24 (m, 1H), 7.07 (d, J =
8.5 Hz, 1H), 2.46 (s, 3H), 2.43 (s, 3H); 3C NMR (101 MHz,

Methanol-ds) 6 168.6, 141.2, 139.7, 136.4, 135.6, 132.8, 130.6, 129.4, 128.6, 126.1, 125.8,
122.6, 122.2, 111.7, 109.5, 21.7, 21.4; HRMS (ESI, m/z) calcd for Ci7H1sNO2 [M+H]*
266.1181, found 266.1183.

CO,H

A\
N

Me

2ab

5-methyl-1-(p-tolyl)-1H-indole-3-carboxylic acid (2ab)

Off-white solid (40.3 mg, 76% yield); column chromatography
eluent, petroleum ether/EtOAc = 4:1; mp 210-212 °C; (Due to
solubility problem, a few drops of CDCl3z was added with CD30D)
1H NMR (400 MHz, Methanol-ds) & 7.97 (d, J = 3.7 Hz, 2H), 7.67
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(s, 1H), 7.38-7.35 (comp, 3H), 7.32 (d, J = 8.4 Hz, 1H), 7.06 (d, J = 8.3 Hz, 1H), 2.46 (s,
3H), 2.42 (s, 3H); 3C NMR (101 MHz, Methanol-ds) & 168.4, 138.6, 136.9, 136.2, 135.4,
132.6, 131.1, 128.2, 125.6, 125.3, 122.0, 111.5, 109.1, 21.7, 21.2; HRMS (ESI, m/z) calcd
for C17H16NO2 [M+H]* 266.1181, found 266.1183.

General procedure for the preparation of 1H-indole-3-carboxylic acid (2ac)

Into a 10 mL two neck round bottom flask equipped with an electromagnetic stirrer N-alkyl
isatins (1 equiv., 0.2 mmol) and DMSO solvent (2 mL, 0.1 M) were taken in an inert
atmosphere. Then the whole reaction mixture was degassed by Freeze-Pump-Thaw method.
After degassing, NaH (6 equiv., 1.2 mmol) was added portionwise using a solid additional
funnel and stirred at room temperature (30 °C) for 10 minutes. After that, the reaction
mixture was warmed slowly to 80 °C and kept for 2 hours. After the full conversion was
monitored by TLC, it was cooled to room temperature and quenched with cold 1N HCI
solution (20 mL). The organic part was extracted by EtOAc (3x20 mL) with brine, dried over
Na>SOs, and concentrated under reduced pressure. Finally, it was purified by column
chromatography on silica gel (230-400 mesh) using petroleum ether/ethyl acetate (4:1) as
eluent to obtain the desired 1H-indole-3-carboxylic acid (2ac) in 40-47% yield.

CO,H o

0 NaH, DMSO NaH, DMSO
©\)g:o 80°C, 2h ©f\g 80°C, 2h ©:‘g=o
N 47% N 46% N
0
N

¢ 2ac 1e"\\\\
NaH, DMSO ‘
80°C,2h
(Lo

\ 40%
1e Bn

1e'

Characterization of the substrate 2ac

1H-indole-3-carboxylic acid (2ac)

White solid (40-47% yield); column chromatography eluent, petroleum
FOH | ether/EtOAC = 4:1; mp 232-234 °C; 'H NMR (400 MHz, Methanol-d*)

\ § 8.11 — 8.03 (m, 1H), 7.94 (s, 1H), 7.46 — 7.39 (m, 1H), 7.24 — 7.12
N (m, 2H); 3C NMR (101 MHz, Methanol-d%) § 169.2, 138.2, 133.4,

127.6, 123.6, 122.4, 122.0, 112.9, 108.7; HRMS (ESI, m/z) calcd for
CoHgNO2 [M+H]" 162.0555, found 162.0556.

2ac

General procedure for the preparation of (2a’)

o CO,H
NaH, DMSO-d
@jlg:o 80°C.2h ©\/\$7D
N ) N
Et 80% Et
1a 2a'

Into a 10 mL two neck round bottom flask equipped with an electromagnetic stirrer, N-ethyl
isatin (1 equiv., 0.2 mmol, 35 mg) and anhydrous DMSO-ds solvent (1 mL, 0.2 M) were
taken under in an inert atmosphere. Then the whole reaction mixture was subjected to degas
by the Freeze-Pump-Thaw method. After degassing, NaH (6 equiv., 1.2 mmol) was added
portionwise through an additional funnel and stirred at room temperature (30 °C) for 5
minutes. After that, the reaction mixture was warmed slowly to 80 °C and kept for 2 hours.
After the full conversion was monitored by TLC, it was cooled to room temperature and
quenched with cold 1IN HCI solution (20 mL). The organic part was extracted by EtOAc
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(3x20 mL) with brine, dried over Na,SO4, and concentrated under reduced pressure. Finally,
it was purified by column chromatography on silica gel (230-400 mesh) using petroleum
ether/ethyl acetate (4:1) as eluent to obtain the desired 2-deuterio-1-ethyl indole-3-carboxylic
acid (2a’) in 80% vyield (30.4 mg). The rest all 2-deuterio indole-3-carboxylic acid derivatives
were prepared following this procedure.

Characterization of the compounds 2a’-2s’

1-ethyl-1H-indole-3-carboxylic-2-d acid (2a’)

Colourless solid (30.4 mg, 80% vyield); column chromatography eluent:
COH | petroleum ether/EtOAC = 4:1; mp 168-170 °C; 'H NMR (400 MHz,
N_p CDCls) 6 8.28-8.24 (m, 1H), 7.41-7.38 (m, 1H), 7.34-7.29 (comp, 2H),
N 4.23 (q, J = 7.2 Hz, 2H), 1.55 (t, J = 7.2 Hz, 3H); 13C NMR (101MHz,

2a'Et CDClIz) 6 170.6, 136.4, 1345 (t, J = 2.8 Hz), 127.0, 122.8, 122.1,

121.9, 109.9, 106.2, 41.7, 15.1; HRMS (ESI, m/z) calcd for
C1:H11DNO2 [M+H]* 191.0931, found 191.0932.
Table S4: Crystal Data and Structure of 2a’ (CCDC No. 2213917)

\

Empirical formula C10HsDNO;
Formula weight 176.19
Temperature/K 150.0

Crystal system monoclinic

Space group P2:/n

alA 5.0244(4)

b/A 29.261(2)

c/A 5.9187(5)

a/® 90

p/° 100.326(5)

y/° 90

Volume/A3 856.08(12)

z 4

pca|cg/cm3 1.367

wmm? 0.788

F(000) 368.0

Crystal size/mm?3 0.15x 0.12 x 0.06
Radiation Cu Ko (A=1.54178)
20 range for data collection/® 6.04 to 133.4
Index ranges -5<h<5,-34<k<34,-7<1<7
Reflections collected 12421

Independent reflections 1498 [Rine = 0.0777, Rsigma = 0.0446]
Data/restraints/parameters ~ 1498/0/121

Goodness-of-fit on F2 1.244

Final R indexes [[>=26 (I)] R;=0.0913, wR; = 0.1625

Final R indexes [all data] R; =0.0962, wR, = 0.1647

1-methyl-1H-indole-3-carboxylic-2-d acid (2b"):

Off white solid (21.7 mg, 62% yield); column chromatography
COOH | eluent:petroleum ether/EtOAc = 4:1; mp 179-181 °C; H NMR (400
N—p | MHz, CDCl:+0.1 mL CD3OD) & 8.15-8.11 (m, 1H), 7.33-7.30 (m,
N 1H), 7.28-7.21 (comp, 2H), 3.80 (s, 3H); 3C NMR (101 MHz,
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CDCls+0.1 mL CDsOD) § 167.6, 137.2, 126.7, 122.6, 121.8, 121.5, 109.7, 106.3, 33.2;
HRMS (ESI, m/z) calcd for C10H9DNO; [M+H]* 177.0774, found 177.0777.

1-phenyl-1H-indole-3-carboxylic-2-d acid (2¢):

Colourless solid (25.6mg, 54% yield); column chromatography eluent:petroleum
ether/EtOAc = 4:1; mp 156-159 °C; 'H NMR (400 MHz, CDCIls) §
8.34 (dd, J = 7.2 Hz, 0.8 Hz, 1H), 7.60 — 7.52 (comp, 5H), 7.48 (tt, J = 7.2
,: D Hz, 2.0 Hz, 1H), 7.40 — 7.36 (m, 1H), 7.34 — 7.30 (m, 1H); C NMR

(101 MHz, CDCls) & 170.6, 138.3, 136.9, 129.9, 128.0, 127.1, 124.8,
@ 123.6, 122.8, 122.0, 111.1, 108.3; HRMS (ESI, m/z) calcd for

2¢' C15H11.DNO; [M+H]" 239.0931, found 239.0932.

COOH

1-ethyl-5-methyl-1H-indole-3-carboxylic-2-d acid (2f"):

Colourless solid (26.5 mg, 65% Yyield); column chromatography
coon | eluent: petroleum ether/EtOAc = 4:1; mp 191-194 °C; 'H NMR

Me N (400 MHz, CDCI3+0.1 mL CD3sOD) 6 7.99 (app s, 1H), 7.25 (app d,
N D J=7.6 Hz,1H), 7.10 (d, J = 8.0 Hz,1H),4.16 (q, J = 7.2 Hz, 2H), 2.48

Et (s, 1H), 1.49 (t, J = 7.2 Hz, 3H); 3C NMR (101 MHz, CDCls+0.1

2f' mL CDsOD) 6 168.5, 134.7, 131.5, 127.2, 124.2, 121.4, 109.5, 105.7,

41.6, 21.4, 15.0; HRMS(El, m/z) calcd for Ci2H12DNO2 [M]*
204.1009, found 204.1007.

1-(4-(tert-butyl)phenyl)-1H-indole-3-carboxylic-2-d acid (2t’):

coon | Off white solid (33.8 mg, 57% yield); column chromatography

eluent:petroleum ether/EtOAC = 4:1; mp 190-192 °C; H NMR (400

N MHz, CDCIls) § 8.33 (dd, J = 7.2 Hz, 0.8 Hz, 1H), 7.60 — 7.56 (comp,

2H), 7.53 (app d, J = 8.0 Hz, 1H), 7.48 — 7.44 (comp, 2H), 7.38 — 7.34

Q (m, 1H), 7.33 — 7.29 (m, 1H), 1.41 (s, 9H); 3C NMR (101 MHz,

- CDCls) 6 170.6, 151.2, 137.0, 135.7, 135.6, 127.0, 126.7, 124.4, 123.4,

2t 122.7, 121.9, 111.2, 108.0, 34.8, 31.3; HRMS (ESI, m/z) calcd for
C19H1sDNO2 [M+H]* 295.1557, found 295.1556.

General procedure for the preparation of (2a) from compound |

Q CO,H
OH
@( NaH, DMSO (2 mL)@\g
O (o]
NH 80°C,2h N

| \
| Et 50% 2a Et

Into a 10 mL two neck round bottom flask equipped with an electromagnetic stirrer, 2-(2-
(ethylamino)phenyl)-2-oxoacetic acid (4) (1 equiv., 0.2 mmol, 39 mg) and DMSO solvent (2
mL, 0.1 M) were taken in an inert atmosphere. Then the whole reaction mixture was
subjected to degas by the Freeze-Pump-Thaw method. After degassing, NaH (6 equiv., 1.2
mmol) was added portionwise through an additional funnel and stirred at room temperature
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(30 °C) for 5 minutes. After that, the reaction mixture was warmed slowly to 80 °C and kept
for 2 hours. After the full conversion was monitored by TLC, it was cooled to room
temperature and quenched with cold 1IN HCI solution (20 mL). The organic part was
extracted by EtOAc (3x20 mL) with brine, dried over Na>SOs, and concentrated under
reduced pressure. Finally, it was purified by column chromatography on silica gel (230-400
mesh) using petroleum ether/ethyl acetate (4:1) as eluent to obtain the desired 1-ethyl-1H-
indole-3-carboxylic acid (2a) in 50% vyield (19 mg).

Indirect experiment of amide bond cleavage:
(0]

CO,H
2 N NaOH OH
0__M12h NaH, DMSO (2 mL)@
Cng: \ NHC 80°C,2h N
1a Et 80% 1o E 50% 2a Et
Proposed Mechanism:
S
u KO amlde lo) Na
O _bond _
NaH cleavage
DMSO k Nazo AR Na,0
1A
1 solvated by DMSO
General procedure for the preparation of (2a’’)
o] CO,H Into a 10 mL two neck round bottom
NaH, DMSO (1 mL) { flask equipped with an
> 13 . . . .
N O 3¢ pmso (0.1 mL) N,C electromagnetic stirrer, N-ethyl isatin
Et 80°C,2h Ly (1 equiv., 0.2 mmol, 35 mg), DMSO
2a 70% 23" (1 mL, 0.2 M) and ¥C DMSO (0.1

mL) solvent were taken under in an

co, inert atmosphere. Then the whole reaction mixture was subjected to
degas by the Freeze-Pump-Thaw method. After degassing, NaH (6

1\3,0 equiv., 1.2 mmol) was added pinch-wise through an additional funnel
N and stirred at room temperature (30 °C) for 5 minutes. After that, the
Et reaction mixture was warmed slowly to 80 °C and kept for 2 hours.
2a" After the full conversion was monitored by TLC, it was cooled to

room temperature and quenched with cold 1N HCI solution (20 mL). The organic part was
extracted by EtOAc (3x20 mL) with brine, dried over Na>SOs, and concentrated under
reduced pressure. Finally, it was purified by column chromatography on silica gel (230-400
mesh) using petroleum ether/ethyl acetate (4:1) as eluent to obtain the desired 2-deuterio-1-
ethyl-1H-indole-3-carboxylic acid (2a’’) in 70% vyield (26.6 mg).

Characterization data of 2a"’

1-ethyl-1H-indole-3-carboxylic acid (C2-13C) (2a"")

White solid (26.6 mg, 70% yield); column chromatography eluent, petroleum ether/EtOAC =
4:1; mp 168-170 °C; 'H NMR (400 MHz, Chloroform-d) & 8.27 — 8.22 (m, 1H), 7.96 (s,
1H), 7.40 (app dt, J = 7.3, 3.2 Hz, 1H), 7.34 — 7.28 (m, 2H), 4.23 (q, J = 7.3 Hz, 2H), 1.55 (t,
J = 7.3 Hz, 3H); 13C NMR (101MHz, Chloroform-d) & 170.2, 136.5, 134.7(sharp), 127.0,
122.8, 122.1, 121.9, 109.9, 106.3, 41.7, 15.1; HRMS(ESI, m/z) calcd for C11H12NO:>
[M+H]"191.0902, found 191.0898.
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Detection of the intermediate B by ESIMS

The reaction was quenched after 30 minute and crude sample was submitted for ESIMS.
o sles & M o ¥

a / DBE: min=-15 max="500

ated with 1 results within limits (up to 50 best isotopic matches for each mass)

Mass Calc. Mass | mDa | PPM [ DBE [ Formuls [i-Fm [i-ATNom [FitConf% [ C [ H [ N[0 [Na[ 5|
z nfa 2 15 1 0z 1 1

2 t
276.0666 2760670 04 14 55 CIZHISNOINas 4571 nfa

DB_SL

AB-03-47441 65 (0.500) AMZ (Ar22000.0,566.28,0.00 LS 10); ABS M+Na o 1 TOF M8 ES+
276.0666 1.90e+006
1004 I
S.
‘ Me
OH
protonated
O
NH form of B
|
*1 Et
M= 253.0773 g/mol
218.0715 =
174.0916 M+H M+H 2540851 g/mOI 529.1450
258.0560 -
1730842 2540847 277 0698 M+Na= 276.0670 g/mol
180.1024 278.0708
¢ 2239443 r 5301472
158.0606 4231739 /
o 1230591145 kY - uH i | \/ Loy ol oy ‘ W\QBB\‘:TS 3341071 ;53“21 385.0100 IR el T AT 5131522 || | 5420854 5891408

Il
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Table S5: Screening of the reaction conditions?

o
@:‘S: Base, Solvent CO-H
O Temperature @[

N\ time NH

Et £t

(0.1 1mmo|) 3a

entry base solvent  temperature reaction  time yield®

(x equiv.) (xmL) 9 atmosphere  (h) (%)
1° NaH (4) DMSO (1) rt (33) air 48 12
2° NaH (4) DMSO (1) rt (33) O2 balloon 48 18
3° NaH (6) DMSO (1) rt (33) air 48 12
4° NaH (6) DMSO (1) 40 Oz balloon 24 30
5d NaH (6) DMSO (1) 50 Oz balloon 24 73
69 NaH (6) DMSO (1) 50 air 24 85
79 NaH (6) DMSO (1) 60 O balloon 24 61
8¢ NaH (6) DMSO (1) 60 air 24 61
o NaH (4) DMSO (1) 50 air 24 61
10%¢  NaH (6) DMSO (1) 50 N2 balloon 24 12
11"  NaH(6) DMF(1) 50 air 24 67
12 NaH (6) dioxane 50 air 24 37
13 NaH (6) toluene 50 air 24 40

aAll reactions were set up on a 0.1 mmol scale in presence of NaH in DMSO
solvent Plsolated yield. “Conditions: 1 (1 equiv.), NaH (4-6 equiv.) in an a bottle
grade DMSO solvent (1 mL) at rt to 50 °C. “Conditions: 1 (1 equiv.), NaH (4-6
equiv.) in an anhydrous DMSO solvent (1 mL) at 50-60 °C. ®*Applying the
Freeze-Pump-Thaw method. 'Reaction happened in anhydrous DMF solvent.
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General procedure for the preparation of 2-(ethylamino)benzoic acid (3a)

o]
CO,H
o NaH, DMSQO
N 50°C NHEt
: 24 h
1 Et 3a

Into a 10 mL two neck round bottom flask equipped with an electromagnetic stirrer, N-ethyl
isatin (1 equiv., 0.2 mmol, 35 mg) and DMSO solvent (2 mL, 0.1 M) were taken in an inert
atmosphere. Sodium hydride (6 equiv., 1.2 mmol) was added pinch-wise through an
additional funnel and stirred at room temperature (30 °C) for 10 minutes. After that, the
reaction mixture was warmed slowly to 50 °C and kept for 24 hours. After the full conversion
was monitored by TLC, it was cooled to room temperature and quenched with cold 1N HCI
solution (20 mL). The organic part was extracted by EtOAc (3x20 mL) with brine, dried over
Na>SOs, and concentrated under reduced pressure. Finally, it was purified by column
chromatography on silica gel (230-400 mesh) using petroleum ether/ethyl acetate (4:1) as
eluent to obtain the desired 2-(ethylamino)benzoic acid (3a) in 85% yield (30 mg). The rest
all anthranilic acid derivatives were prepared following this procedure.

Characterization of the substrate 3a-3aa:

2-(ethylamino)benzoic acid (3a)

Colourless solid (28 mg, 85% yield); column chromatography eluent,
@(COZH petroleum ether/EtOAc = 4:1; mp 148-152 °C; 'H NMR (400 MHz,

Chloroform-d) 6 7.98 (app dd, J = 8.1, 1.6 Hz, 1H), 7.40 (comp, 1H), 6.71

3aNHEt (app d, J = 8.5 Hz, 1H), 6.64 — 6.60 (m, 1H), 3.27 (q, J = 7.2 Hz, 2H),

1.33 (t, J = 7.2 Hz, 3H); 13C NMR (101MHz, Chloroform-d) & 173.8,

151.6, 135.6, 132.7, 114.6, 111.5, 108.6, 37.5, 14.5; HRMS (ESI, m/z) calcd for CoH12NO>
[M+H]*166.0868, found 166.0869.
2-(methylamino)benzoic acid (3b)

Yellowish solid (27.5 mg, 91% vyield); column chromatography eluent, petroleum

ether/EtOAC = 4:1; mp 176-178 °C; 'H NMR (400 MHz, Chloroform-d)

@ECOZH & 7.99 (app dd, J = 8.0, 1.6 Hz, 1H), 7.44 (comp, 1H), 6.71 (d, J= 8.4 Hz,

1H),6.66-6.62 (m, 1H), 2.94 (s, 3H); 1*C NMR (101MHz, Chloroform-d)
3bNH'V'e §173.9, 152.4, 135.7, 132.6, 114.8, 111.1, 108.8, 29.7; HRMS (ESI, m/z)
calcd for CgH1oNO, [M+H]" 152.0712, found 152.0718.
2-(benzylamino)benzoic acid (3c)
Off-white solid (42.6 mg, 94% vyield); column chromatography eluent, petroleum
ether/EtOAC = 4:1; mp 166-168 °C; (Due to solubility problem, a few
drops of CD3OD was added with CDCl3s) 'H NMR (400 MHz,
COMH | Chioroform-d) & 7.88 (app d, J = 8.0 Hz, 1H), 7.34 — 7.07 (comp, 6H),
@NHB" 6.54 (comp, 2H), 4.35 (d, J = 10.1 Hz, 2H); C NMR (101 MHz,
3c Chloroform-d) 6 170.9, 150.8, 138.6, 134.5, 132.1, 128.4, 126.9, 126.9,
114.9, 111.6, 110.2, 46.8; HRMS (ESI, m/z) calcd for C14H14NO>
[M+H]"228.1025, found 228.1031.
2-(phenylamino)benzoic acid (3d)
Colourless solid (34.1 mg, 80% vyield); column chromatography eluent,
COH petroleum ether/EtOAc = 4:1; mp 184-186 °C; 'H NMR (400 MHz,
©: Chloroform-d) 6 9.32 (br s, 1H), 8.05 (app dd, J = 8.1, 1.5 Hz, 1H), 7.40 —

NHPh S17
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7.33 (comp, 3H), 7.30 — 7.25 (comp, 2H), 7.25 - 7.21 (m, 1H), 7.16 — 7.11 (m, 1H), 6.76 (app

td, J = 7.6, 7.1, 1.0 Hz, 1H); *C NMR (101MHz, Chloroform-d) § 173.3, 148.9, 140.3,

135.2, 132.6, 129.4, 124.1, 123.2, 117.2, 114.0, 110.4; HRMS(ESI, m/z) calcd for

C13H12NO; [M+H]* 214.0868, found 214.0871.

2-((tert-butoxycarbonyl)amino)benzoic acid (3e)

Colourless solid (25.1 mg, 53% yield); column chromatography eluent,
CO,H petroleum ether/EtOAc = 4:1; mp 165-166 °C; 'H NMR (400 MHz,

©i Chloroform-d) 6 10.02 (s, 1H), 8.47 (d, J = 8.5 Hz, 1H), 8.11 (app dd, J =
3:"'"3°° 8.0, 1.6 Hz, 1H), 7.59 — 7.55 (m, 1H), 7.06 — 7.02 (m, 1H), 1.55 (s, 9H);

13C NMR (101MHz, Chloroform-d) § 172.4, 152.8, 142.9, 135.6, 131.9,

121.3, 119.0, 113.2, 80.9, 28.3; HRMS (ESI, m/z) calcd for C12H16NO4 [M+H]* 238.1079,

found 238.1078.

2-(isopropylamino)benzoic acid (3f)

Colourless solid (29.7 mg, 83% yield); column chromatography eluent, petroleum

ether/EtOAC = 4:1; mp 148-150 °C; 'H NMR (400 MHz, Chloroform-d)

CECOZH 6 7.97 (app dd, J = 8.1, 1.7 Hz, 1H), 7.38 (comp, 1H), 6.71 (d, J = 8.6 Hz,

1H), 6.57 (comp, 1H), 3.74 (hept, J = 6.2 Hz, 1H), 1.29 (d, J = 6.3 Hz,
NH'Pr 6H); *C NMR (101MHz, Chloroform-d) & 173.4, 151.0, 135.5, 132.8,
3 114.2, 111.8, 108.3, 43.4, 22.8; HRMS (ESI, m/z) calcd for C10H14NO2
[M+H]*180.1025, found 180.1028.
2-(allylamino)benzoic acid (3g)
Colourless solid (26.9 mg, 76% yield); column chromatography eluent,
CO,H petroleum ether/EtOAc = 4:1; mp 150-151 °C; 'H NMR (400 MHz,
©: Chloroform-d) 6 8.00 (app dd, J = 8.1, 1.7 Hz, 1H), 7.40 (comp, 1H),
NFZ | 6.69 (d,J =85 Hz, 1H), 6.64 (comp, 1H), 5.97 (ddt, J = 17.2, 10.2, 5.0
';g Hz, 1H), 5.31 (dq, J = 17.2, 1.7 Hz, 1H), 5.21 (dqg, J = 10.3, 1.5 Hz,
1H), 3.91 (dt, J = 4.9, 1.7 Hz, 2H); *C NMR (101MHz, Chloroform-d)
5 174.0, 151.5, 135.6, 134.3, 132.6, 116.2, 115.0, 111.8, 108.9, 45.3; HRMS (ESI, m/z) calcd
for C10H12NO, [M+H]" 178.0868, found 178.08721.
2-aminobenzoic acid (3h)
Off-white solid (20 mg, 73% yield); column chromatography eluent,
@ECOZH petroleum ether/EtOAc= 4:1; mp 146-148 °C; (Due to solubility problem,

a few drops of CD3OD was added with CDCl3) *H NMR (400 MHz,

3hNHz Chloroform-d) 6 7.86 (d, J = 8.0 Hz, 1H), 7.32 — 7.14 (m, 1H), 6.75 —
6.51 (m, 2H), 4.84 (s, 2H); *C NMR (101 MHz, Chloroform-d) § 171.3,

150.5, 134.3, 131.8, 116.7, 116.4, 110.5; HRMS (ESI, m/z) calcd for C7HsNO, [M+H]*
138.0555, found 138.0570.
5-fluoro-2-(methylamino)benzoic acid (3i)
Off-white solid (20 mg, 59% vyield); column chromatography eluent,
petroleum ether/EtOAc = 4:1; mp 193-195 °C; (Due to solubility
F CO.H problem, a few drops of CD3;OD was added with CDCls) *H NMR
\©i (400 MHz, Chloroform-d) & 7.57-7.52 (m, 1H),7.10-7.03 (m, 1H),
6.55 (dd, J = 9.2, 4.4 Hz, 1H), 2.82 (s, 3H); *C NMR (101MHz,
Chloroform-d) § 169.9, 153.0(d, *Jr.c = 233.3 Hz), 148.7, 121.6 (d, 2JF-
c=23.2 Hz), 117.2 (d, 2Jrc = 23.2 Hz), 111.8 (d, 3Jrc = 7.1 Hz), 109.9 (d, 3Jrc = 3.8 Hz),
29.7; HRMS (ESI, m/z) calcd for CsHgFNO, [M+H]* 170.0617, found 170.0621.

NHMe

3i
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5-chloro-2-(methylamino)benzoic acid (3j)

CI\@(COZH
NHMe

3j

Colourless solid (24.8 mg, 67% yield); column chromatography
eluent, petroleum ether/EtOAc = 4:1; mp 178-180 °C; (Due to
solubility problem, a few drops of CD3OD was added with CDCls)
'H NMR (400 MHz, Chloroform-d) & 7.81 (app dd, J = 2.6, 1.3 Hz,
1H), 7.23 (comp, 1H), 6.53 (d, J = 9.0 Hz, 1H), 2.81 (s, 3H); 3C
NMR (101MHz, Chloroform-d) 6 170.0, 150.6, 134.4, 131.3, 118.8,

112.0, 110.6, 29.4; HRMS (ESI, m/z) calcd for CgHeCINO, [M+H]" 186.0322, found

186.0330.

5-bromo-2-(methylamino)benzoic acid (3k)

Br\QCOZH
NHMe

3k

231.9796.

Off-white solid (24.8 mg, 54% yield); column chromatography eluent,
petroleum ether/EtOAC = 4:1; mp 172-174 °C; 'H NMR (400 MHz,
Chloroform-d) 6 8.06 (d, J = 2.4 Hz, 1H), 7.47 (app dd, J = 9.0, 2.4
Hz, 1H), 6.59 (d, J = 9.1 Hz, 1H), 2.92 (s, 3H); 3C NMR (101MHz,
Chloroform-d) 6 172.5, 151.3, 138.3, 134.5, 113.0, 110.0, 106.0, 29.8;
HRMS (ESI, m/z) calcd for CsHoBrNO, [M+2+H]* 231.9817, found

4-chloro-2-(methylamino)benzoic acid (3l)

3l

/@COzH
Cl NHMe

186.0320.

Off-white solid (30 mg, 81% yield); column chromatography eluent,
petroleum ether/EtOAcC = 4:1; mp 186-188 °C; 'H NMR (400 MHz,
Chloroform-d) 6 7.88 (d, J = 8.6 Hz, 1H), 6.67 (d, J = 1.9 Hz, 1H),
6.59 (app dd, J = 8.6, 1.9 Hz, 1H), 2.92 (s, 3H); *C NMR (101MHz,
Chloroform-d) & 173.0, 153.1, 142.1, 133.9, 115.1, 110.8, 107.2, 29.6;
HRMS (ESI, m/z) calcd for CgHsCINO, [M+H]* 186.0322, found

2-(ethylamino)-5-methylbenzoic acid (3m)

Me\©:C02H
NHEt

3m

Off-white solid (20 mg, 56% vyield); column chromatography eluent,
petroleum ether/EtOAc = 4:1; mp 155-156 °C; *H NMR (400 MHz,
Chloroform-d) 6 7.82 — 7.75 (m, 1H), 7.24 (app dd, J = 8.6, 2.0 Hz,
1H), 6.66 (d, J = 8.6 Hz, 1H), 3.25 (q, J = 7.2 Hz, 2H), 2.25 (s, 3H),
1.32 (t, J = 7.2 Hz, 3H); 3C NMR (101MHz, Chloroform-d) & 173.7,
1495, 136.7, 132.2, 123.9, 111.9, 108.6, 37.8, 20.1, 14.5; HRMS

(ESI, m/z) calcd for C1o0H14NO2 [M+H]"180.1025, found 180.1025.
2-(ethylamino)-5-fluorobenzoic acid (3n)

Yellow solid (33 mg, 90% yield); column chromatography eluent, petroleum ether/EtOAC =
4:1; mp 143-145 °C; 'H NMR (400 MHz, Chloroform-d) & 7.66 (app dd, J = 9.6, 3.1 Hz,

NHEt

3n

1H), 7.20-7.15 (m, 1H), 6.66 (app dd, J = 9.3, 4.4 Hz, 1H), 3.24 (q, J
= 7.2 Hz, 2H), 1.33 (t, J = 7.2 Hz, 3H); 3C NMR (101MHz,
Chloroform-d) & 172.6, 152.9 (d, Jr.c= 232.3 Hz), 148.4, 123.5 (d,
2Je.c = 23.2 Hz), 117.4 (d, 2Jrc = 23.1 Hz), 112.8 (d, 3Jr.c = 6.8 H2z),
108.3 (d, 3Jrc = 6.0 Hz), 38.0, 14.5; HRMS (ESI, m/z) calcd for
CoH11FNO, [M+H]" 184.0774, found 184.0780.

5-chloro-2-(ethylamino)benzoic acid (30)

C|\©[002H
NHEt

30

Yellow solid (35 mg, 88% yield); column chromatography eluent,
petroleum ether/EtOAc = 4:1; mp 168-170 °C; (Due to solubility
problem, a few drops of CD3;OD was added with CDCls) 'H NMR
(400 MHz, Chloroform-d) 6 7.82 (d, J = 2.8 Hz, 1H), 7.21 (app dd, J =
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9.0, 2.5 Hz, 1H), 6.55 (d, J = 9.0 Hz, 1H), 3.14 (q, J = 7.2 Hz, 2H), 1.23 (t, J = 7.2 Hz, 3H);
13C NMR (101MHz, Chloroform-d) § 170.0, 149.6, 134.4, 131.3, 118.7, 112.5, 110.5, 37.3,
14.1; HRMS (ESI, m/z) calcd for CoH11CINO2 [M+H]" 200.0478, found 200.0481.
5-bromo-2-(ethylamino)benzoic acid (3p)

Off-white solid (41 mg, 84% vyield); column chromatography eluent,
Br\©iCOzH petroleum ether/EtOAC = 4:1; mp 178-180 °C; 'H NMR (400 MHz,

Chloroform-d) 6 8.07 (d, J = 2.5 Hz, 1H), 7.44 (app dd, J = 9.1, 2.5
NHEt |z 1H), 6.60 (d, J = 9.1 Hz, 1H), 3.24 (q, J = 7.2 Hz, 2H), 1.32 (t, J
3p = 7.2 Hz, 3H); 3C NMR (101MHz, Chloroform-d) & 172.3, 150.5,
138.2, 134.6, 113.3, 109.7, 105.8, 37.6, 14.4; HRMS (ESI, m/z)
calcd for CoH11BrNO2 [M+H]* 245.9953, found 245.9964.
2-(ethylamino)-5-iodobenzoic acid (3q)
Off-white solid (44.8 mg, 77% vyield); column chromatography
I\C[C%H eluent, petroleum ether/EtOAc = 4:1; mp 174-176 °C; (Due to

solubility problem, a few drops of CD3OD was added with CDCls)
NHEt | 1 NMR (400 MHz, Chloroform-d) & 8.09 (d, J = 2.2 Hz, 1H), 7.44
3q (app dd, J = 8.9, 2.2 Hz, 1H), 6.37 (d, J = 8.9 Hz, 1H), 3.09 (q, J =
7.2 Hz, 2H), 1.18 (t, J = 7.2 Hz, 3H); ¥C NMR (101MHz,
Chloroform-d) 6 169.7, 150.4, 142.7, 140.3, 113.7, 112.0, 73.9, 37.2, 14.0; HRMS (ESI, m/z)
calcd for CoH11INO2 [M+H]* 291.9834, found 291.9842.
2-(ethylamino)-3-fluorobenzoic acid (3r)
Colourless solid (29.6 mg, 81% vyield); column chromatography eluent, petroleum
ether/EtOAC = 4:1; mp 188-190 °C; 'H NMR (400 MHz, Chloroform-d) &

@[C%H 8.46 (s, 1H), 7.81 (app dt, J = 8.1, 1.1 Hz, 1H), 7.16 (comp, 1H), 6.66 (app

td, J = 8.0, 4.5 Hz, 1H), 3.50 (qd, J = 7.2, 3.7 Hz, 2H), 1.30 — 1.25 (dt, 3H)
NHEt| . 130 NMR (101MHz, Chloroform-d) & 172.3(d, “Jr-coon = 3.5 H2),
3r 152.9(d, k¢ = 243.7 Hz), 140.5 (d, 2Jec = 10.5 Hz), 128.1(d, *Jrc = 2.7
Hz), 121.5(d, 2Jr-c = 20.6 Hz), 116.5(d, 3Jr.c = 7.4 Hz), 114.4(d, 3Jrc = 4.5 Hz), 41.45 (d, *JF-
cHz = 10.9 Hz), 15.9(d, ®Jr.crs = 2.4 Hz); HRMS(ESI, m/z) calcd for CoH1:FNO, [M+H]*
184.0774, found 184.0779.
4-chloro-2-(ethylamino)benzoic acid (3s)
Off-white solid (35 mg, 88% vyield); column chromatography eluent, petroleum ether/EtOAc
= 4:1; mp 200-204 °C; (Due to solubility problem, a few drops of
/@["02” CD:0D was added with CDCls) *H NMR (400 MHz, Chloroform-d)
cl NHEL 8 7.77 (app d, J = 8.5 Hz, 1H), 6.57 (app s, 1H), 6.46 (app dd, J = 8.5,
3s 2.0 Hz, 1H), 3.12 (g, J = 7.2 Hz, 2H), 1.23 (t, J = 7.2 Hz, 3H); 13C
NMR (101MHz, Chloroform-d) 6 170.3, 151.7, 140.7, 133.5, 114.5,
110.7, 108.3, 37.3, 14.0; HRMS (ESI, m/z) calcd for CoH11CINO, [M+H]" 200.0478, found
200.0483.

F
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Table S6: Crystal Data and Structure of 3s (CCDC No. 2213916)

Empirical formula CoH10CINO;
Formula weight 199.63
Temperature/K 113.00

Crystal system monoclinic

Space group P2i/n

alA 7.8685(6)

b/A 7.0616(5)

c/A 16.2493(12)

a/° 90

/e 91.433(2)

v/° 90

Volume/A3 902.60(12)

z 4

pcalcg/Cm3 1.469

w/mm? 3.473

F(000) 416.0

Crystal size/mm? 0.5x0.45x0.4
Radiation Cu Ko (A=1.54178)
20 range for data collection/° 16.634 to 130.178
Index ranges -9<h<9,-8<k<8,-18<1<19
Reflections collected 9965

Independent reflections 1481 [Rint = 0.0541, Rsigma = 0.0394]
Data/restraints/parameters ~ 1481/0/120

Goodness-of-fit on F? 1.520

Final R indexes [I>=20 (I)] R1=0.0522, wR, =0.1272

Final R indexes [all data] R: =0.0523, wR, = 0.1273

Largest diff. peak/hole / e A 0.44/-0.99

4-bromo-2-(ethylamino)benzoic acid (3t)

Off-white solid (38.5 mg, 79% yield); column chromatography
: CO,H eluent, petroleum ether/EtOAc = 4:1; mp 190-192 °C; (Due to

Br

solubility problem, a few drops of CD3sOD was added with CDClIs)
NHEt 'H NMR (400 MHz, Chloroform-d) & 7.67 (d, J = 8.5 Hz, 1H), 6.72
3t (d, J = 1.7 Hz, 1H), 6.59 (dd, J = 8.5, 1.8 Hz, 1H), 3.10 (q, J = 7.2
Hz, 2H), 1.21 (t, J = 7.2 Hz, 3H); 13C NMR (101MHz, Chloroform-
d) 6 170.4, 151.7, 133.5, 129.6, 117.3, 113.6, 108.5, 37.2, 14.0; HRMS (ESI, m/z) calcd for
CoH11BrNO2[M+H+2]" 245.9953, found 245.9961.
2-(m-tolylamino)benzoic acid (3u)
Off-white solid (20 mg, 44% yield); column chromatography eluent, petroleum ether/EtOAc
= 4:1; mp 142-144 °C; *H NMR (400 MHz, Chloroform-d) & 9.27

co-H (br s, 1H), 8.04 (app dd, J = 8.1, 1.5 Hz, 1H), 7.37-7.33 (m, 1H),
C(N Me 7.27 —7.22 (comp, 2H), 7.09 (app d, J = 5.6 Hz, 2H), 6.95 (app d, J
H = 7.5 Hz, 1H), 6.77 — 6.73 (m, 1H), 2.36 (s, 3H); *C NMR

3u (101MHz, Chloroform-d) ¢ 173.0, 149.0, 140.2, 139.4, 135.1,

132.5, 129.2, 124.9, 123.8, 120.1, 117.0, 114.1, 110.2, 21.4;
HRMS(ESI, m/z) calcd for C14H14NO2 [M+H]* 228.1025, found 228.1023.
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2-((3-fluorophenyl)amino)benzoic acid (3v)

Off-white solid (21.3 mg, 46% vyield); column chromatography
CO,H eluent, petroleum ether/EtOAc = 4:1; mp 154-156 °C; *H NMR (400

: V‘N

MHz, Chloroform-d) 6 9.34 (br s, 1H), 8.07 (app dd, J = 8.1, 1.5 Hz,
N F | 1H), 7.41 (comp, 1H), 7.34 — 7.23 (comp, 2H), 7.08 — 6.94 (comp,
3v 2H), 6.91 — 6.72 (comp, 2H); 1*C NMR (101MHz, Chloroform-d) &
173.3, 163.5 (d, YJr.c = 245.7 Hz), 147.8, 142.3 (d, %Jrc = 10.2 H2),
135.3, 132.7, 130.5 (d, 3Jrc = 9.6 Hz), 118.1, 117.8 (d, *Jr.c = 2.5 Hz), 114.5, 111.2, 110.4
(d, 2Jec = 21.2 Hz), 109.1 (d, 2Jec = 23.6 Hz); HRMS (ESI, m/z) calcd for C13H1:FNO>
[M+H]" 232.0774, found 232.0771.
2-((3-chlorophenyl)amino)benzoic acid (3w)

oM Colourless solid (25.3 mg, 51% vyield); column chromatography
@N o eluent, petroleum ether/EtOAc = 4:1; mp 170-171 °C; 'H NMR
H (400 MHz, Chloroform-d) & 9.30 (s, 1H), 8.06 (app dd, J =8.1, 1.5

3w Hz, 1H), 7.40 (comp, 1H), 7.27 (app t, J = 7.8 Hz, 3H), 7.19 - 7.11

(m, 1H), 7.11 — 7.04 (m, 1H), 6.86 — 6.75 (M, 1H); 3C NMR (101
MHz, Chloroform-d) & 173.3, 147.9, 141.9, 135.3, 135.0, 132.7, 130.4, 123.7, 122.3, 120.4,
118.1, 114.4, 111.2; HRMS(ESI, m/z) calcd for CisH11CINO, [M+H]* 248.0478, found
248.0482.

2-((3-methoxyphenyl)amino)benzoic acid (3x)
White solid (27.2 mg, 56% yield); column chromatography eluent, petroleum ether/EtOAC =
CoH 4:1; mp 148-149 °C; 'H NMR (400 MHz, Chloroform-d) & 9.29
2 (br s, 1H), 8.05 (app dd, J = 8.1, 1.5 Hz, 1H), 7.38-7.34 (m, 1H),
@( O\ 7.29-7.24 (comp, 2H), 6.88 — 6.85 (m, 1H), 6.82 (app t, J = 2.2
N OMe | 1z 1H), 6.79 — 6.74 (m, 1H), 6.68 (app dd, J = 8.2, 2.4 Hz, 1H),
3x 3.81 (s, 3H); *C NMR (101MHz, Chloroform-d) & 173.5, 160.6,
148.7, 141.6, 135.2, 132.6, 130.1, 117.3, 115.2, 114.5, 110.6,
109.6, 108.6, 55.3; HRMS(ESI, m/z) calcd for Ci14sH14aNOs [M+H]" 244.0974, found
244.0977.
2-(p-tolylamino)benzoic acid (3y)
White solid (18.2 mg, 40% vyield); column chromatography eluent,

CO,H Me petroleum ether/EtOAc = 4:1; mp 186-188 °C; 'H NMR (400
MHz, Chloroform-d) & 9.23 (br s, 1H), 8.03 (app dd, J = 8.1, 1.5

N Hz, 1H), 7.34-7.30 (m, 1H), 7.20 — 7.11 (comp, 5H), 6.74 — 6.70
H (m, 1H), 2.36 (s, 3H); *C NMR (101MHz, Chloroform-d) §
3y 173.0, 149.6, 137.6, 135.1, 134.1, 132.5, 130.0, 123.8, 116.7,

113.8, 109.8, 20.9; HRMS(ESI, m/z) calcd for C1sH14aNO2 [M+H]" 228.1025, found
228.1024.

2-((4-chlorophenyl)amino)benzoic acid (3z)

White solid (27.2 mg, 55% yield); column chromatography eluent,

CO,H cl petroleum ether/EtOAc = 4:1; mp 150-152 °C; 'H NMR (400

MHz, Chloroform-d) & 9.26 (br s, 1H), 8.04 (app dd, J = 8.1, 1.6
N Hz, 1H), 7.36 (comp, 1H), 7.33 — 7.29 (comp, 2H), 7.21 — 7.14
H3z (comp, 3H), 6.81 — 6.74 (m, 1H); 3C NMR (101MHz,

Chloroform-d) & 173.2, 148.5, 139.0, 135.3, 132.7, 129.5, 129.0,
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124.2, 117.6, 114.0, 110.7; HRMS (ESI, m/z) calcd for C13H11CINO, [M+H]* 248.0478,
found 248.0482.
2-((4-methoxyphenyl)amino)benzoic acid (3aa)
Off-white solid (30.1 mg, 62% yield); column chromatography

coH eluent, petroleum ether/EtOAC = 4:1: mp 170-172 °C; 'H NMR
C( /©/ (400 MHz, Chloroform-d) & 9.13 (s, 1H), 8.02 (app dd, J = 8.0,
1.3 Hz, 1H), 7.32 — 7.28 (m, 1H), 7.19 (app d, J = 8.8 Hz, 2H),
6.96-6.92 (comp, 3H), 6.69 (app t, J = 7.5 Hz, 1H), 3.84 (s, 3H);
13C NMR (101MHz, Chloroform-d) & 173.4, 157.0, 150.5, 135.2,
133.0, 132.5, 126.4, 116.3, 114.7, 113.5, 109.4, 55.5; HRMS (ESI, m/z) calcd for C14H14NO3
[M+H]*244.0974, found 244.0977.
General procedure (dehomologation process) for the preparation of benzoic acid (3af)
and phthalic acid (3ag)

(o) oxidation/two carbon

degradation O
™ condltlon cond|t|on
Ph OH condition a OH
6° 75% 82% 73% OH

0O one carbon B V. /decarbo double B.V.

Ph\n)J\OH c((j)er%ail’?izt;?; )0]\ xylation uble B- I
——... > Ph OH 3ag
07 74% 3af

OH condition b T condltlond )j\n/
Ph/\"/ 73% 45%

oxidation/one
carbon degradation

Reaction condition a:

Into a 10 mL two neck round bottom flask equipped with an electromagnetic stirrer,
compound 6 or 7 or 9 (1 equiv., 0.2 mmol) and DMF solvent (2 mL, 0.1 M) were taken under
an inert atmosphere at ice cold condition. NaH (6 equiv., 1.2 mmol) was added portionwise
through an additional funnel and stirred at room temperature (33 °C) for 10 h. After the full
conversion was monitored by TLC, it was quenched with cold 1N HCI solution (20 mL). The
organic part was extracted by EtOAc (3x20 mL) with brine, dried over Na;SOs, and
concentrated under reduced pressure. Finally, it was purified by column chromatography on
silica gel (230-400 mesh) using petroleum ether/ethyl acetate (4:1) as eluent to obtain the
desired benzoic acid (3af) or phthalic acid (3ag) in 73-75% yield.

Condition b: Into a 10 mL two neck round bottom flask equipped with an electromagnetic
stirrer, compound 8 (1 equiv., 0.2 mmol) and DMF solvent (2 mL, 0.1 M) were taken under
in an inert atmosphere at ice cold condition. NaH (6 equiv., 1.2 mmol) was added portionwise
through an additional funnel and initially stirred at room temperature (33 °C). Then the whole
reaction mixture was warmed to 80 °C and stirred for 24 h. After the full conversion was
monitored by TLC, it was quenched with cold 1IN HCI solution (20 mL). The organic part
was extracted by EtOAc (3x20 mL) with brine, dried over Na>SOs, and concentrated under
reduced pressure. Finally, it was purified by column chromatography on silica gel (230-400
mesh) using petroleum ether/ethyl acetate (4:1) as eluent to obtain the desired benzoic acid
(3af) in 73% yield.

Condition c: Into a 10 mL two neck round bottom flask equipped with an electromagnetic
stirrer, compound 8 (1 equiv., 0.2 mmol) and DMF solvent (2 mL, 0.1 M) were taken under
in an inert atmosphere at ice cold condition. NaH (6 equiv., 1.2 mmol) was added portionwise
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through an additional funnel and initially stirred at room temperature (33 °C). Then the whole
reaction mixture was warmed to 80 °C and stirred for 2 h. After the full conversion was
monitored by TLC, it was quenched with cold 1IN HCI solution (20 mL). The organic part
was extracted by EtOAc (3x20 mL) with brine, dried over Na>SOs, and concentrated under
reduced pressure. Finally, it was purified by column chromatography on silica gel (230-400
mesh) using petroleum ether/ethyl acetate (4:1) as eluent to obtain the desired benzoic acid
(3af) in 82% vyield.
Condition d: Into a 10 mL two neck round bottom flask equipped with an electromagnetic
stirrer, compound 6 or 7 or 9 (1 equiv., 0.2 mmol) and DMF solvent (2 mL, 0.1 M) were
taken under in an inert atmosphere at ice cold condition. NaH (4 equiv., 0.8 mmol) was added
portionwise through an additional funnel and stirred at room temperature (33 °C) for 6 hour.
After the full conversion was monitored by TLC, it was quenched with cold 1N HCI solution
(20 mL). The organic part was extracted by EtOAc (3x20 mL) with brine, dried over Na;SOg,
and concentrated under reduced pressure. Finally, it was purified by column chromatography
on silica gel (230-400 mesh) using petroleum ether/ethyl acetate (4:1) as eluent to obtain the
desired benzoic acid (3af) in 45% yield.
Characterization data of 3af
benzoic acid (3af)
White solid (45-82% vyield); column chromatography eluent, petroleum
CO,H ether/EtOAc = 4:1; mp 168-170 °C; *H NMR (400 MHz, Chloroform-d)
0 11.84 (s, 1H), 8.15 - 8.13 (comp, 2H), 7.63 (app t, J = 7.6, 1H), 7.51 —
7.47 (comp, 2H); C NMR (101 MHz, Chloroform-d) & 172.5, 133.8,
130.2, 129.3, 128.5; HRMS (ESI, m/z) calcd for CsH;O2 [M+H]"
123.0446, found 123.0444.
Characterization data of 3ag
phthalic acid (3ag)
White solid (24.2 mg, 73% vyield); column chromatography eluent,
CO,H petroleum ether/EtOAc = 4:1; mp 168-170 °C; 'H NMR (400 MHz,
©: Chloroform-d) & 7.86-7.82 (comp, 2H), 7.64-7.60 (comp, 2H); 3C
COzH NMR (101MHz, Chloroform-d) & 171.8, 134.6, 132.3, 130.6; HRMS
(ESI, m/z) calcd for CgH704 [M+H]* 167.0344, found 167.0346.

3af

3ag

General procedure for the preparation of 4a:

H
M WOH 0
COH @ o, H
A\ H . A\ Q/
N DCC, DMAP H Me
H DMF, rt, 24 h
2ac 4a

500 mg (3.1 mmol, 1 equiv.) indole-3-carboxylic acid 2ac was charged in an oven-dried
clean 25 mL two neck round bottom flask containing magnetic stir bar in N2> atmosphere. 4
mL DCM and 0.2 mL (0.4 equiv.) trifluoroacetic acid (TFA) was added respectively at rt (33
°C). After stirring for 5 minutes 1 mL (CF3CO)20 (7.2 mmol, 2.3 equiv.) was added dropwise
in the reaction mixture at 0 °C. Then it was warmed at rt and stirred for 2h for activating the
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acid group. After that, it was transferred to -5 °C and 4 mL tropine solution (450 mg, 1
equiv.) (making previously by 4 mL DCM at the inert condition) added dropwise for 30
minutes, and kept for 4h. After full conversion checking by TLC, the whole reaction mixture
was quenched by 100 mL ice-cooled 1N NaOH solution followed by worked up with EtOAc
and brine. Then the organic layer was passed through Na>SOs, keeping for some time, and
concentrated in the rotary evaporator. Then it was dissolved in EtOAc for crystallization, 710
mg (81%) desired tropisetron 4a was obtained.
Characterization data of 4a
8-methyl-8-azabicyclo[3.2.1]octan-3-yl 1H-indole-3-carboxylate (4a)
White solid (710 mg, 81% yield); column chromatography eluent: petroleum ether/EtOAc =
5:1; mp 202-204 °C; *H NMR (400 MHz, CDCls) § 9.88 (s, 1H),
. 4 | 8.26-8.22 (m, 1H), 7.84 (s, 1H), 7.43 — 7.38 (m, 1H), 7.29 — 7.23
{ Q/ (comp, 2H), 5.28 (app t, J = 5.2 Hz, 1H), 3.22 — 3.20 (M, 2H),
N M 2.35 (s, 3H), 2.31-2.25 (m, 2H), 2.15-2.07 (comp, 4H), 1.93 (app
H H d, J = 14.8 Hz, 2H); 3C NMR (101 MHz, CDCls) § 164.6,
4a 136.3, 131.0, 126.0, 123.1, 121.9, 121.1, 111.6, 108.9, 66.4,
59.8, 40.1, 36.4, 25.9; HRMS (ESI, m/z) calcd for C17H21N20>
[M+H]*285.1603, found 285.1595.

Table S7: Crystal Data and Structure of 4a (CCDC No. 2213920)

Empirical formula C3aH4oN4O4
Formula weight 568.70
Temperature/K 100.0

Crystal system triclinic

Space group P-1

alA 10.1881(4)

b/A 11.1979(4)

c/A 13.8192(5)

o/° 81.9570(10)

p/e 78.9680(10)

v/° 70.0130(10)
Volume/A3 1449.48(9)

Z 2

Pcalcg/Cm3 1.303

wmm? 0.689

F(000) 608.0

Crystal size/mm? 0.65 x 0.405 x 0.25
Radiation Cu Ko (A=1.54178)
20 range for data collection/°12.218 to 130.018
Index ranges -11<h<11,-13<k<13,-16<1<16
Reflections collected 49799

Independent reflections 4716 [Rint = 0.0616, Rsigma = 0.0351]
Data/restraints/parameters  4716/0/382

Goodness-of-fit on F? 1.101

Final R indexes [I>=2c (I)] R1=0.0490, wR> =0.1308

Final R indexes [all data] R1=10.0493, wR> =0.1312

Largest diff. peak/hole / e A 0.27/-0.25
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General procedure for the preparation of (4b)

0 O
COH £ Hel DvaP NA
N\ DCM, 0°C-rt, 12 h N\ N
N N\
] 72% N
2ac 0 7N (0]
4b

Into a 10 mL two neck round bottom flask equipped with an electromagnetic stirrer,
transferred indole-3-carboxylic acid (2) (1 equiv., 0.4 mmol, 64.5 mg) and DCM solvent (4
mL, 0.1 M) in an inert atmosphere. The whole reaction mixture was subjected to cool down
at 0 °C using crushed ice. After that EDC.HCI (2.5 equiv.) and DMAP (0.1 equiv.) was added
slowly to the reaction mixture. Then it was warmed at room temperature (33 °C) and stirred
for 12 h. After the full conversion was monitored by TLC, it was quenched with aqueous
NaHCOs. The organic part was extracted by EtOAc (3x20 mL) with brine, dried over
Na>SO4, and concentrated under reduced pressure. Finally, it was purified by column
chromatography on silica gel (230-400 mesh) using petroleum ether/ethyl acetate (4:1) as
eluent to obtain the desired N-confused porphyrin ring 4b in 72% yield (40 mg).
Characterization data of 4b
N-confused porphyrin ring: (1°E,3°E,5°E,7%E)-1'H,3'H,5'H,7*H-1(1,3),3,5,7(3,1)-
tetraindolacyclooctaphane-2,4,6,8-tetraone (4b)
8 | White solid (40 mg, 72% vyield); column chromatography eluent:
Nz o

petroleum ether/EtOAc = 5:1; mp above 260 °C; 'H NMR (400
9 MHz, DMSO-ds) 6 9.46 (s, 4H), 8.42-8.30 (comp, 4H), 8.19-8.17
ij@ (comp, 4H), 7.58-7.50 (comp, 8H); 13C NMR (101 MHz, DMSO-

A, de) 8 163.1, 137.7, 135.8, 128.2, 125.9, 125.0, 120.9, 115.5, 112.6;
0)6 HRMS (ESI, m/z) calcd for CasH21N4O4 [M+H]* 573.1563, found
573.1553.
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Table S8: Crystal Data and Structure of 4b (CCDC No. 2213919)

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o/°

p/e

y/°

Volume/A®

Z

pcalcg/ cm?®
w/mm?

F(000)

Crystal size/mm?®
Radiation

C3zgH26N40sS
650.69

100.0
monoclinic
P21/c
15.3315(10)
7.6770(5)
25.9418(17)
90

96.515(3)

90

3033.6(3)

4

1.425

1.400

1352.0
0.35x0.2x0.18
Cu Ka (A =1.54178)

20 range for data collection/°11.618 to 130.352

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (1)]
Final R indexes [all data]

-18<h<17,-8<k<9,-27<1<30
44102

5057 [Rint = 0.0520, Reigma = 0.0301]
5057/0/435

1.077

R1 = 0.0491, wR, = 0.1390

R1 = 0.0498, WR; = 0.1397

Largest diff. peak/hole / e A0.44/-0.38

General procedure for the preparation of (4c)

N 0
CO,H z

N C;/\ j/l “NH
N\ NH, - . N

- ! N
N EDC.HCI, DMAP Et P
5 Et DCM,0°C-rt, 12 h
a
72% 4c

Into a 10 mL two neck round bottom flask equipped with an electromagnetic stirrer,
transferred N-ethyl indole-3-carboxylic acid (2a) (1 equiv., 0.4 mmol, 76 mg) and DCM
solvent (4 mL, 0.1 M) followed by 8-aminoquinoline (1.1 equiv., 64 mg) in an inert
atmosphere. The whole reaction mixture was subjected to cool down at 0 °C using crushed
ice. After that EDC.HCI (2.5 equiv.) and DMAP (2 equiv.) was added slowly to the reaction
mixture. Then it was warmed at room temperature (33 °C) and stirred for 12 h. After the full
conversion was monitored by TLC, it was quenched with aqueous NaHCOs. The organic part
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was extracted by EtOAc (3x20 mL) with brine, dried over Na>SOs, and concentrated under
reduced pressure. Finally, it was purified by column chromatography on silica gel (230-400
mesh) using petroleum ether/ethyl acetate (2.3:1) as eluent to obtain the desired amide
compound 4c in 72% yield (91 mg).

Characterization data of 4c

1-ethyl-N-(quinolin-8-yl)-1H-indole-3-carboxamide (4c)

White solid (91 mg, 72% yield); column chromatography eluent:

0 petroleum ether/EtOAC = 5:1; mp 120-122 °C; 'H NMR (400
Qj)LNH MHz, CDCl3) & 10.57 (s, 1H), 8.98 (d, J = 8.0 Hz, 1H), 8.91-
N ’ N

8.89 (m, 1H), 8.50 — 8.48 (m, 1H), 8.21-8.17 (m, 1H), 8.01-8.00

S (m, 1H), 7.60 (td, J = 8.0 Hz, 2.0 Hz, 1H), 7.52-7.43 (comp,

Z | 3H), 7.41-7.33 (comp, 2H), 4.26 (q, J = 7.2 Hz, 2H), 1.56 (t, J =

4c 7.2 Hz, 3H); ¥C NMR (101 MHz, CDCls) & 163.4, 148.1,

138.6, 136.5, 136.4, 135.3, 131.6, 128.1, 127.6, 125.6, 122.5,

121.8, 121.5, 120.8, 120.8, 116.3, 111.9, 110.2, 41.6, 15.2; HRMS (ESI, m/z) calcd for
C20H1sN30 [M+H]* 316.1450, found 316.1440.

/
Et

General procedure for the preparation of (4d)

s ON-N
\ N \ NP
N, EDC.HCI, DMAP N
Et DCM,0°C-rt, 12 h Et
2a 77% 4d

Into a 10 mL two neck round bottom flask equipped with an electromagnetic stirrer,
transferred N-ethyl indole-3-carboxylic acid (2a) (1 equiv., 0.4 mmol, 76 mg) and DCM
solvent (4 mL, 0.1 M) followed by thiazol-2-amine (1.1 equiv., 44 mg) in an inert
atmosphere. The whole reaction mixture was subjected to cool down at 0 °C using crushed
ice. After that EDC.HCI (2.5 equiv.) and DMAP (2 equiv.) was added slowly to the reaction
mixture. Then it was warmed at room temperature (33 °C) and stirred for 12 h. After the full
conversion was monitored by TLC, it was quenched with aqueous NaHCOs. The organic part
was extracted by EtOAc (3x20 mL) with brine, dried over Na;SOs, and concentrated under
reduced pressure. Finally, it was purified by column chromatography on silica gel (230-400
mesh) using petroleum ether/ethyl acetate (2.3:1) as eluent to obtain the desired amide
compound 4d in 77% yield (83 mg).

Characterization data of 4d

1-ethyl-N-(thiazol-2-yl)-1H-indole-3-carboxamide (4d)

White solid (83 mg, 77% yield); column chromatography eluent:
petroleum ether/EtOAc = 5:1; mp 210-212 °C; *H NMR (400 MHz,

o. H
NTs CDCls) 5 8.38 — 8.34 (m, 1H), 7.89 (s, 1H), 7.42 (dd, J = 6.4 Hz, 2.4
\ N2 | Hz 1H),7.36 - 7.30 (comp, 2H), 7.26 (d, J = 3.6 Hz, 1H), 6.95 (d, J
N
Et

= 3.6 Hz, 1H), 4.20 (g, J = 7.2 Hz, 2H), 1.50 (t, J = 7.2 Hz, 3H); 3C
NMR (101 MHz, CDCls) 8 162.4, 160.6, 136.4, 136.3, 131.0, 126.7,
4d 123.2, 122.2, 121.7, 113.0, 110.0, 108.7, 41.7, 15.1; HRMS (ESI,
m/z) calcd for C1aH14N3OS [M+H]" 272.0858, found 272.0860.
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Table S9: Crystal Data and Structure of 4d (CCDC No. 2213918)

Empirical formula C14H13N30S
Formula weight 271.33
Temperature/K 100.00

Crystal system monoclinic
Space group P2i/n

alA 11.6575(11)

b/A 7.8732(7)

c/A 13.6308(13)

a/° 90

/e 92.216(3)

v/° 90

Volume/A3 1250.1(2)

YA 4

Pearcg/cm? 1.442

w/mm? 2.259

F(000) 568.0

Crystal size/mm?3 0.28 x 0.25 x 0.2
Radiation CuKo (A =1.54178)
20 range for data collection/° 10.18 to 136.308
Index ranges -13<h<13,-9<k<9,-16<1<16
Reflections collected 25825

Independent reflections 2258 [Rint = 0.0607, Rsigma = 0.0280]
Data/restraints/parameters ~ 2258/0/173

Goodness-of-fit on F2 1.085

Final R indexes [[>=25 (I)] R: =0.0435, wR> =0.1136

Final R indexes [all data] R: =0.0442, wR, = 0.1143

Largest diff. peak/hole / e A2 0.36/-0.47

General procedure for the preparation of 4e:

COM  pec (3 equiv.) 0 N; H
N\ DMAP (0.1 equiv) )],N
N H,O (1.5 equiv.) N O O
Et DMF (4 mL) N
2a ) : de
0°C-rt, 36 h Et
68%

Into a 10 mL two neck round bottom flask equipped with an electromagnetic stirrer,
transferred N-ethyl indole-3-carboxylic acid (2a) (1 equiv., 0.3 mmol, 57 mg) and DMF
solvent (4 mL, 0.075 M) in an inert atmosphere. The whole reaction mixture was subjected to
cool down at 0 °C using crushed ice. After that DCC (3.0 equiv.), DMAP (0.1 equiv.), and
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H20 (1.5 equiv.) was added slowly to the reaction mixture. Then it was warmed at room
temperature (33 °C) and stirred for 36 h. After the full conversion was monitored by TLC, it
was quenched with H2O. The organic part was extracted by EtOAc (3x20 mL) with brine,
dried over NaxSOs, and concentrated under reduced pressure. Finally, it was purified by
column chromatography on silica gel (230-400 mesh) using petroleum ether/ethyl acetate
(4:1) as eluent to obtain the desired imide compound 4e in 68% vyield (81 mg).

Characterization data of 4e

N-cyclohexyl-N-(cyclohexylcarbamoyl)-1-ethyl-1H-indole-3-carboxamide (4e)

P

\
Et

4e

N H
N
2RO

N

White solid (81 mg, 68% yield); column chromatography
eluent: petroleum ether/EtOAc = 5:1; mp 148-150 °C; 'H
NMR (400 MHz, CDCls) 6 8.06 — 8.04 (m, 1H), 7.59 (s,
1H), 7.35 (dd, J = 7.0, 1.4 Hz, 1H), 7.30 — 7.22 (comp, 2H),
5.90 (d, J = 8.0 Hz, 1H), 4.40-4.33 (m, 1H), 4.18 (g, J = 7.2
Hz, 2H), 3.58 — 3.49 (m, 1H), 2.10-2.00 (m, 2H), 1.93-1.86
(comp, 3H), 1.83-1.79 (m, 2H), 1.63 — 1.59 (comp, 3H),
1.47 (t, J=7.2 Hz, 3H), 1.36 — 1.17 (comp, 6H), 1.12 — 1.00
(m, 2H), 0.89 — 0.89 (m, 2H); 13C NMR (101MHz,CDCls) &
166.7, 155.5, 135.9, 130.4, 127.3, 122.9, 121.7, 121.6,

1112, 109.7, 56.8, 49.7, 49.2, 41.5, 33.8, 32.4, 31.2, 26.3, 25.6, 25.4, 25.3, 24.9, 24.5, 15.3;
HRMS (ESI, m/z) calcd for CasHasN3O2 [M+H]* 396.2651, found 396.2659.
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IH and ¥C NMR Spectra of Compounds
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'H NMR of 1c (400 MHz, Chloroform-d)
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'H NMR of 2a (400 MHz, Chloroform-d)
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'H NMR of 2b (400 MHz, Chloroform-d)

et
( )
CO,H
A\
N
\
Me
2b
. J

3.781

&
—
™
T T T T T T T T T T T T T T T T T T
9.5 2.0 8.5 8.0 7.5 7.0 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
13
C NMR of 2b (100 MHz, CDCls)
o T EORT ©o«% o N
N NI OAN-— OO Q N
© MM NNNN o o ~ [}
- e e ~ ]
NSNS Vo
4 N\
CDCl,
CO,H
N
\
Me
2b
. J
CD,;0D
1 L
”.“"mmj“ " :.1.": o ” " " N ! AMMML“ATA Y A” " " n _'m” ’ WW‘LW. ‘"A“n‘w MF“.J " i - ol
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0o -0 -20
f1 (ppm)

S34



'H NMR of 2¢ (400 MHz, Chloroform-d)
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!H NMR of 2d (400 MHz, Chloroform-d)
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'H NMR of 2e (400 MHz, Chloroform-d)
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'H NMR of 2f (400 MHz, Chloroform-d)
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'H NMR of 2g (400 MHz, Chloroform-d)
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'H NMR of 2h (400 MHz, Chloroform-d)
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'H NMR of 2i (400 MHz, Chloroform-d)
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'H NMR of 2j (400 MHz, Chloroform-d)
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Chloroform-d)
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'H NMR of 2l (400 M
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'H NMR of 2m (400 MHz, Chloroform-d)
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IH NMR of 2n (400 MHz, DMSO-ds)
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'H NMR of 20 (400 MHz, Methanol-d*)
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'H NMR of 2p (400 MHz, Methanol-d*)
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'H NMR of 2q (400 MHz, Methanol-d*)
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'H NMR of 2r (400 MHz, Chloroform-d)
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'H NMR of 2s (400 MHz, Chloroform-d)
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'H NMR of 2t (400 MHz, Chloroform-d)

TSET —

112
Y12
€L
6vT'L
€sTL
8s¢'L
097°Z 1
Lz
6LT°L1
S62°L 1
L6211
6.5, 1
€8€°/
S6€°L 1
0%
65bL 1
8LbL
£05° A
11§
€25
825,
8108
mHN.wW
eees
veT's

CO,H

t‘Bu

2t

M

11’6

S'e
w\moo.w
£S0'T

T'c

=00'T
0T

f1 (ppm)

5.5

8.0

8.5

9.0

9.5

13C NMR of 2t (100 MHz, CDCls)

9T'1E —

00°4L—

98°L9T —

CD;0D

100
f1 (ppm)
S52

110

120

130

140

CO,H
Bu
2t
160 150

170

180

190

200



'H NMR of 2u (400 MHz, Chloroform-d)
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!H NMR of 2v (400 MHz, Chloroform-d)
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'H NMR of 2w (400 MHz, Chloroform-d)
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'H NMR of 2x (400 MHz, Chloroform-d)
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'H NMR of 2y (400 MHz, Chloroform-d)
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'H NMR of 2z (400 MHz, Chloroform-d)
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'H NMR of 2aa (400 MHz, Methanol-d*)
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'H NMR of 2ab (400 MHz, Methanol-d*)
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H NMR of 2ac (400 MHz, Methanol-d*)
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'H NMR of 2a’ (400 MHz, Chloroform-d)
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!H NMR of 2b’ (400 MHz, Chloroform-d)
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!H NMR of 2¢’ (400 MHz, Chloroform-d)
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!H NMR of 2f" (400 MHz, Chloroform-d)
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!H NMR of 2t’ (400 MHz, Chloroform-d)
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'H NMR of 2a" (400 MHz, Chloroform-d)

19Z°L Y
162°L 1
10€°L ]
10€°L
5LE7LT
328741
3€€°L7
78€°L 1
16€°L Y
36€°L
01 L
30v°L /W
S
sTvrL /
3962
522’8
3628
we's
762’8
;528
L9z'8
VA

=1ee

SLT'T
“80'T

F06'0
=00°'T

0.5

1.0

1.5

5.0 4.5 4.0

f1 (ppm)

T
5.5

8.0

8.5

9.5

13C NMR of 2a" (100 MHz, CDCls)

LL'GL—

LW —

00°LL—

1€°90L —
6601 —

ICHT1 Y
rveet 7
,m.NN_.W
0'L2)
9veEL

woeL

7C0LL—

N

50

T T
110 100 90
f1 (ppm)

T
120

210

S67



'H NMR of 3a (400 MHz, Chloroform-d)

e
i€e’

~

-

659
36679
199
7€9'9
€99 P
369'9
L9 \
)9T°L
-8€°L
i8€L V.
36€°L
0v'L
0V'L
zvL
7evL
3L6°L
L6'L
266°L
66°L

CO,H

NHEt

3a

F66'1

¥10°T

5660

Fzo'1

F00°'T

4.5

T
5.5

f1 (ppm)

13C NMR of 3a (100 MHz, CDCls)

6v' vl —

cs’Le — - =

00°LL— 2

iS'801L —
VLLLE—
OvLL T

i9°¢CEL — -
GGEL T

3G7LGE =

CO,H
NHEt

SLELL— ™ —

T

L)

T T
110 100

T
120

T
190

T
200

210

f1 (ppm)

568



'H NMR of 3b (400 MHz, Chloroform-d)
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'H NMR of 3¢ (400 MHz, Chloroform-d)
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'H NMR of 3d (400 MHz, Chloroform-d)
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'H NMR of 3e (400 MHz, Chloroform-d)
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'H NMR of 3f (400 MHz, Chloroform-d)
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'H NMR of 3g (400 MHz, Chloroform-d)
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'H NMR of 3h (400 MHz, Chloroform-d)
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'H NMR of 3i (400 MHz, Chloroform-d)
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'H NMR of 3j (400 MHz, Chloroform-d)
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'H NMR of 3k (400 MHz, Chloroform-d)
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'H NMR of 31 (400 MHz, Chloroform-d)
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'H NMR of 3m (400 MHz, Chloroform-d)
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'H NMR of 3n (400 MHz, Chloroform-d)
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'H NMR of 30 (400 MHz, Chloroform-d)
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'H NMR of 3p (400 MHz, Chloroform-d)
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'H NMR of 3q (400 MHz, Chloroform-d)

o < 0 MOVOoMmM m o
Q nwmmm 0 O
Qe ¥Y¥YYdA MM
0 NNNNN O o
N SN N
I CO,H
NHEt
3q
A\ J

0o N T PR
- O ® O & o ©
oo m -
N ~—

CD,0OD

1.00=
1.03¢
1.081

©
]
©
o
®
n
®
o
~
]
~
o
o
]
o
o
vl
]

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
1 (ppm)
13C NMR of 3¢ (100 MHz, CDCls)
n T+ 9© ot
n o~ T N n o o < ()} -
a o oo o Qn - <
© n T - N N <
— i — ~— - NN (4] ~—
| N N4 Vo | |
e N
[ CO,H
CD;0D
NHEt
3q /
(. J
| |
Pyl R b AN o A A 1 u i e A Wb v R
260 1lso 1‘80 1‘70 1‘60 fso 1‘40 150 1‘20 110 160 50 z;o 7‘0 éo 5‘0 z;o 3‘0 2‘0 1‘0 E
f1 (ppm)

S84



'H NMR of 3r (400 MHz, Chloroform-d)
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'H NMR of 3s (400 MHz, Chloroform-d)
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'H NMR of 3t (400 MHz, Chloroform-d)
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'H NMR of 3u (400 MHz, Chloroform-d)
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'H NMR of 3v (400 MHz, Chloroform-d)
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'H NMR of 3w (400 MHz, Chloroform-d)
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'H NMR of 3x (400 MHz, Chloroform-d)

®
n
0
N
2
\—

987°6 —

OMe

CO,H
3x

=10°€

Jeos

vI€?

250'T

60

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

10.5

13C NMR of 3x (100 MHz, CDCls)

€€°5G —

0044 —

SS°80T
B.moﬁ%
65°0TT —
SEPIT 7
Nw.m:%
pELTT

mo.omﬁw
85'2€1
6T'SET

£9'THT 7
S9°8bT

29091 —

€G°E€LT —

CO,H

OMe

3x

T T T
110 100 90 80 70 60 50 40
f1 (ppm)

T
120

T
190

T
200

210

S91



'H NMR of 3y (400 MHz, Chloroform-d)
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'H NMR of 3z (400 MHz, Chloroform-d)
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'H NMR of 3aa (400 MHz, Chloroform-d)
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'H NMR of 3af (400 MHz, Chloroform-d)
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'H NMR of 3ag (400 MHz, Chloroform-d)
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'H NMR of 4a (400 MHz, Chloroform-d)
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IH NMR of 4b (400 MHz, DMSO-ds)
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'H NMR of 4c¢ (400 MHz, Chloroform-d)
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'H NMR of 4d (400 MHz, Chloroform-d)
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'H NMR of 4e (400 MHz, Chloroform-d)
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