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1. General Information

All reagents were commercially available and used without further purification,
unless otherwise indicated. 2-lsocyanobenzonitriles! and diarylphosphine oxides?
were prepared following the literature procedures. Thin layer chromatography (TLC)
employed glass 0.25 mm silica gel plates. Chromatography was carried out on flash
silica gel (300—400 mesh). All new compounds were fully characterized. 'H, $3C, 1°F,
3P NMR data were recorded on Bruker Avance 400 MHz or 500 MHz spectrometer at
room temperature. All chemical shifts (6) were given in ppm and coupling constants
(J) were provided in Hz. Multiplicities are abbreviated as follows: singlet (s), doublet
(d), triplet (t), quartet (q), broad (br), doublet of doublet (dd), doublet of triplet (dt),
triplet of doublet (td), and multiplet (m). Calibrated to CDCl3 as the internal reference
(7.26 and 77.16 ppm for *H and *C NMR spectra, respectively), DMSO-ds (2.50 and
39.52 ppm for H and C NMR spectra, respectively). Melting points were
determined with X-4 micro melting point apparatus and uncorrected. High-resolution
mass spectra (HRMS) were recorded on Agilent 6200 LC/MS TOF using ESI in
positive mode. Data for X-ray crystal structure determinations were obtained with a

Bruker SMART Bruker Platon 1l area detector diffractometer.

S2



2. Preparation of Substrates

2.1 General procedure for the preparation of 2-isocyanobenzonitriles

N CN (1) HCOOH, Ac,0 (2) EtsN, POCl, N CN
R RT
ZSNH, THF CH,Cl, ZSNG
s1 1

2-Isocyanobenzonitriles were prepared following the literature procedures.! To an
oven-dried flask equipped with a dropping funnel, S1 (5 mmol) and THF (15 mL)
were cooled to 0 <C. Acetic formic anhydride, which was prepared from the reaction
of acetic anhydride (1.2 mL) with formic acid (0.6 mL) at 55 <C for 2 h, was
transferred to the dropping funnel and dropped to the solution of S1 at 0 <C. After the
addition was complete, the mixture was warmed to room temperature and stirred for 2
h. Then, the mixture was quenched by sat. aqueous solution of NaHCO3 and extracted
with EA three times. The extract was dried over Na,SO4 and concentrated under
reduced pressure to give formamide. This formamide was used for the subsequent
dehydration without further purification. To an oven-dried flask equipped with a
dropping funnel, CH>Cl> (20 mL), EtsN (5 mL, 30 mmol) and the whole amount of
formamide obtained above were added under Ar atmosphere and cooled to 0 <C.
POCIs (0.6 mL, 6 mmol) was added dropwise, and the mixture was stirred for 2 h at
0 <C after the addition was complete. Then, the mixture was quenched by sat. aqueous
solution of Na2COs and stirred for 0.5 h. The mixture was extracted with CH2Cl> three
times, dried over Na>SO4 and evaporated under reduced pressure. The compound was

purified by column chromatography (PE/EA = 6:1) to give the desired substrates 1.

2.2 General procedure for the preparation of diarylphosphine oxides

(0] M Q
X - MgBr THF B
/P\ + R_: | \ | \
Et0” ) "OEt _ 0°C Ry AL R
S2 2

Diarylphosphine oxides were prepared following the literature procedures.? A 100 mL

dry bottom flask equipped with a magnetic stir bar was charged with aryl magnesium
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bromide S2 (32.6 mmol) in tetrahydrofuran under Ar atmosphere followed by the
addition of diethylphosphite (1.29 mL, 10.0 mmol) dropwisely at 0 °C. This mixture
was stirred at 0 °C for 15 minutes and at room temperature for another 2 h. After
reaction was finished, the system was quenched by aqueous NH4Cl solution slowly at
0 °C which was further extracted by chloroform. Organic phase was washed with
brine, dried over Na>SO4. After the solvent had been removed under reduced pressure,
the residue was purified by column chromatography (PE/EA = 1:1) to give the target
diarylphosphine oxide 2.
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3. Detailed Screening Experiments
Table S1: Optimization of reaction conditions?

NH, NH,
CN % base A
* Ph—P-H —————= P(O)Phy  + N—p(0)Ph,
| t N
NC Ph solven \ H
P(O)

Ph,
1a 2a 3aa 4aa

_ . . Yield® (%)
Entry Base (equiv.) Solvent 2a (equiv.) Time (h) Temp. (°C) (3aa/daa)
1 DBU (2.0) DCE 2.0 5 RT 76/trace
2 DBU (2.0) DMSO 2.0 5 RT 63/12
3 DBU (2.0) Toluene 2.0 5 RT 60/11
4 DBU (2.0) MeOH 2.0 5 RT 46/trace
5 DBU (2.0) 1,4-Dioxane 2.0 5 RT 58/16
6 DBU (2.0) DCM 2.0 5 RT 67/ trace
7 DBU (2.0) CHsCN 2.0 5 RT 59/21
8 DBU (2.0) EA 2.0 5 RT 56/14
9 DBU (2.0) Acetone 2.0 5 RT 57/trace
10 EtsN (2.0) DCE 2.0 5 RT 23/trace
11 Py (2.0) DCE 2.0 5 RT NR
12 DIPEA (2.0) DCE 2.0 5 RT 28l/trace
13 DABCO (2.0) DCE 2.0 5 RT NR
14 Cs2C0s3 (2.0) DCE 2.0 5 RT 38/10
15 t-BuONa (2.0) DCE 2.0 5 RT 43/trace
16 DBU (2.0) DCE 1.0 5 RT 42/trace
17 DBU (1.0) DCE 2.0 5 RT 48/trace
18 - DCE 2.0 5 RT 0
19 DBU (2.5) DCE 25 5 RT 81/12
20 DBU (2.5) DCE 25 5 50 65/20
21 DBU (2.5) DCE 2.5 3 RT 67/trace
22 DBU (2.5) DCE 2.5 8 RT 69/23
23° DBU (2.5) DCE 2.5 5 RT 0
24 DBU (2.5) CHsCN 25 5 50 54/34
25 DBU (2.5) CHsCN 25 5 80 48/31
26 DBU (2.5) CHsCN 25 12 50 33/53
27 DBU (2.5) CHsCN 2.5 18 50 14/71
28 DBU (2.5) CHsCN 2.5 24 50 trace/82

& Reaction conditions: 1a (0.1 mmol), 2a, Base, Solvent (1.0 mL) under an argon atmosphere.
® Isolated yield. ¢ Air atmosphere.
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4. General Procedures
4.1 General procedure for the diphosphorylation cyclization of

2-isocyanobenzonitriles with diarylphosphine oxides (Conditions A)

An oven-dried Schlenk tube (10 mL) was equipped with a magnetic stir bar was
charged with 1 (0.1 mmol, 1.0 equiv.), 2 (0.25 mmol, 2.5 equiv.), and DBU (0.25
mmol, 2.5 equiv.), and then DCE (1.0 mL) was added into the mixture under argon
atmosphere. Later, the reaction system was kept stirring at room temperature for 5 h.
After the reaction was finished, the organic solvent was removed under the reduced
pressure. The residue was purified by column chromatography (PE/EA = 1:3) to
afford the desired products 3.

4.2 General procedure for the monophosphorylation cyclization of

2-isocyanobenzonitriles with diarylphosphine oxides (Conditions B)

An oven-dried Schlenk tube (10 mL) was equipped with a magnetic stir bar was
charged with 1 (0.1 mmol, 1.0 equiv.), 2 (0.25 mmol, 2.5 equiv.), and DBU (0.25
mmol, 2.5 equiv.), and then CH3CN (1.0 mL) was added into the mixture under argon
atmosphere. Later, the reaction system was kept stirring at 50 <C for 24 h. After the
reaction was finished, the organic solvent was removed under the reduced pressure.
The residue was purified by column chromatography (PE/EA = 1:3) to afford the

desired products 4.

4.3 ""Two-step-one-pot™* process

NH,

O
S NH
CN Q &3 conditions A mpﬂ conditions B 2 0 o
H-P\
O "0 (A N
NC ’) solvent S R same-pot H S
1 2
evaporation ) /S
\§
1a 2k L ~ J 4ak, 57%

(crude)

An oven-dried Schlenk tube (10 mL) was equipped with a magnetic stir bar was
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charged with 1a (0.1 mmol, 1.0 equiv.), 2k (0.25 mmol, 2.5 equiv.), and DBU (0.25
mmol, 2.5 equiv.), and then DCE (1.0 mL) was added into the mixture under argon
atmosphere. After stirring for 5 h under argon at room temperature, the solvent was
removed in vacuum. Without further purification, DBU (0.25 mmol, 2.5 equiv.) was
added to a solution of the crude product in CH3CN (1.0 mL) and stirred at 50 <C for
24 h. After the reaction was finished, the organic solvent was removed under the
reduced pressure. The residue was purified by column chromatography (PE/EA = 1:3)

to afford the desired product 4ak (19.7 mg, 57%) for the two steps.

4.4 Unsuccessful substrates

5. Gram-Scale Synthesis and Further Transformations

5.1 Gram-scale synthesis

NH,

DCE
- ©j\S—P(O)Ph2
RT, 10h N

.

P(O)Ph,

CN 0 DBU, Ar
@ v PhpoH 4@> 3aa, 1.83g, 69%

NC Ph NH,

MeCN A
1a 2a P(O)Ph,
5.0 mmol 12.5 mmol 50 °C, 48 h N

H
4aa, 1.28g, 77%

An oven-dried Schlenk tube (100 mL) was equipped with a magnetic stir bar was
charged with 1a (5.0 mmol), 2a (12.5 mmol), and DBU (12.5 mmol), and then DCE
(50 mL) was added into the mixture under argon atmosphere. Later, the reaction
system was kept stirring at room temperature for 10 h. After the reaction was finished,
the organic solvent was removed under the reduced pressure. The residue was purified
by column chromatography (PE/EA = 1:3) to afford the desired product 3aa (1.83g,

69%).
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An oven-dried Schlenk tube (100 mL) was equipped with a magnetic stir bar was
charged with 1a (5.0 mmol), 2a (12.5 mmol), and DBU (12.5 mmol), and then
CH3CN (50 mL) was added into the mixture under argon atmosphere. Later, the
reaction system was kept stirring at 50 <C for 48 h. After the reaction was finished,
the organic solvent was removed under the reduced pressure. The residue was purified

by column chromatography (PE/EA = 1:3) to afford the desired product 4aa (1.28g,
77%).

5.2 Further transformations

P(O)Ph,
QO IS .

H, 12, 88%

O

O

from Carprofen NH

N—p(s)Ph, {
N P(O)Ph,
H N

6, 84% L H

st .. 11, 83%

NHCHzCHzCl 't' NH2 “‘ from 2,4-D
\ ," ‘i‘
N POPh . . N—p(0)Ph,

] N I
H . x

LY H v
34% \

PN 4aa .

0
7, / cl
2 (O)th

(0]
10 7%
from Dicamba

H
&&P(O )Ph, w O)Ph,
8, 87% 9, 89%
from Gemfibrozil from Ibuprofen
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5.2.1 Procedure for synthesis of derivative 6 3

A Schlenk tube was dried under vacuum and allowed to cool. The tube was then
placed under  argon atmosphere. To a  stirred solution of
(3-amino-1H-indol-2-yl)diphenylphosphine oxide (4aa, 0.2 mmol, 1.0 equiv.) in dry
THF (2.0 mL) , triethylamine (1.0 mmol, 5.0 equiv.) was added. Trichlorosilane (1.0
mmol, 5.0 equiv.) was then added dropwise to the mixture at room temperature. The
mixture was stirred at 80 °C for 5 h. Upon confirmation of reaction completion by 3!P
NMR, Sg (0.6 mmol, 3.0 equiv.) was added, and the mixture was stirred overnight.
Upon confirmation of reaction completion by TLC, the mixture was cooled to 0 <C
and quenched with NaOH. It was then heated to 60 <C for 30 minutes, cooled to room
temperature, and extracted with DCM (3 times). The combined organic layers were
dried over sodium sulfate, concentrated, and purified by silica gel column

chromatography to afford compound 6 (58.4 mg, 84%).

5.2.2 Procedure for synthesis of derivative 7

An oven-dried Schlenk tube (10 mL) was equipped with a magnetic stir bar was
charged with 4aa (0.2 mmol, 1.0 equiv.), DBU (0.4 mmol, 2.0 equiv.), and then DCE
(2.0 mL) was added into the mixture under argon atmosphere. Later, the reaction
system was kept stirring at 50 °C for 24 h. After the reaction was finished, the organic
solvent was removed under the reduced pressure. The residue was purified by column

chromatography to afford the desired product 7 (26.8 mg, 34%).

5.2.3 Procedure for synthesis of derivatives 8-12 *

Carboxylic acids (0.24 mmol, 1.2 equiv.), (3-amino-1H-indol-2-yl)diphenylphosphine
oxide (4aa, 0.2 mmol, 1.0 equiv.) and DMAP (0.3 mmol, 1.5 equiv.) were dissolved in
anhydrous DCM (1.0 mL) in a 10 mL Schlenk tube, followed by dropwise addition of
EDCI (0.3 mmol, 1.5 equiv.) in DCM (1.0 mL) through dropping funnel at 0 <C under
argon atmosphere. The mixture was gradually warmed to room temperature, then
stirred overnight. After the reaction was finished, the organic solvent was removed
under the reduced pressure. The residue was purified by column chromatography to

afford the desired products 8-12.
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6. Control Experiments

6.1 Reaction with radical scavenger

NH,
CN O DBU, MeCN
+  Ph—P-H - N—Pp(0)Ph,
NC Ph 50 °C, 24 h, Ar N
. H
1a 2a BHT (2.0 equiv.) 4aa, 78%

An oven-dried Schlenk tube (10 mL) was equipped with a magnetic stir bar was
charged with l1la (0.1 mmol, 1.0 equiv.), 2a (0.25 mmol, 2.5 equiv.),
2,6-di-tert-butyl-4-methylphenol (BHT, 0.2 mmol, 2.0 equiv.), and DBU (0.25 mmol,
2.5 equiv.), and then CH3CN (1.0 mL) was added into the mixture under argon
atmosphere. Later, the reaction system was kept stirring at 50 <C for 24 h. After the
reaction was finished, the organic solvent was removed under the reduced pressure.
The residue was purified by column chromatography (PE/EA = 1:3) to afford the
corresponding product 4aa (25.8 mg, 78%).

6.2 Identifying possible reaction intermediate

DBU, DCE P(O)Ph,
1 + 2a > N)\POPh + 3aa + 4aa
RT, 0.5 h, Ar oy H (O)Ph;

5, 64% 22% trace
Detected by NMR & HRMS

An oven-dried Schlenk tube (10 mL) was equipped with a magnetic stir bar was
charged with 1a (0.1 mmol, 1.0 equiv.), 2a (0.25 mmol, 2.5 equiv.), and DBU (0.25
mmol, 2.5 equiv.), and then DCE (1.0 mL) was added into the mixture under argon
atmosphere. The reaction system was kept stirring at room temperature under argon
for 0.5 h. After the reaction was finished, the organic solvent was removed under the
reduced pressure. The residue was purified by column chromatography (PE/EA = 1:3)
to afford the corresponding products 5 (34.4 mg, 65%) and 3aa (11.8 mg, 22%),
respectively.
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6.3 Further reactions involving intermediate 5

NH,
DBU, DCE

. N—p(0)Ph,

RT, 5 h, Ar T\{

P(O)Ph, P(O)Ph,
/'\ ) 3aa, 81%
N~ “P(O)Ph,
cn M NH,
DBU, MeCN
5 - ©j\$—P(O)Ph2
50°C, 24 h, Ar H
4aa, 83%

An oven-dried Schlenk tube (10 mL) was equipped with a magnetic stir bar was
charged with 5 (0.1 mmol, 1.0 equiv.), DBU (0.25 mmol, 2.5 equiv.), and then DCE
(1.0 mL) was added into the mixture under argon atmosphere. Later, the reaction
system was kept stirring at room temperature for 5 h. After the reaction was finished,
the organic solvent was removed under the reduced pressure. The residue was purified
by column chromatography (PE/EA = 1:3) to afford the desired product 3aa (43.2 mg,
81%).

An oven-dried Schlenk tube (10 mL) was equipped with a magnetic stir bar was
charged with 5 (0.1 mmol, 1.0 equiv.), DBU (0.25 mmol, 2.5 equiv.), and then
CH3CN (1.0 mL) was added into the mixture under argon atmosphere. Later, the
reaction system was kept stirring at 50 <C for 24 h. After the reaction was finished,
the organic solvent was removed under the reduced pressure. The residue was purified
by column chromatography (PE/EA = 1:3) to afford the desired product 4aa (27.5 mg,
83%).

6.4 lIdentifying key reaction intermediates

NH,

NH,
N DBU, MeCN O
©:>—P(O)th - ©j\$—P(O)Ph2 +  Ph,P—OH
' 50 °C, 24 h, Ar N
P(O)Ph, H Detected by
3aa 4aa, 84% 3P NMR

An oven-dried Schlenk tube (10 mL) was equipped with a magnetic stir bar was
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charged with 3aa (0.1 mmol, 1.0 equiv.), DBU (0.25 mmol, 2.5 equiv.), and then
CH3CN (1.0 mL) was added into the mixture under argon atmosphere. Later, the
reaction system was kept stirring at 50 < for 24 h. After the reaction was finished,
the organic solvent was removed under the reduced pressure. The residue was purified
by column chromatography (PE/EA = 1:3) to afford the desired product 4aa (28.0 mg,
84%). Meanwhile, the formation of Ph,P(O)OH was observed and monitored by 3P
NMR spectroscopy. Chemical shifts for 3P are reported relative to an internal PhsP(O)
standard.

29.25 23.53 16.51

~ q A mixture of 3aa under conditions B
iy ! Pl
16.90
?
<— Ph,P—-OH + DBU

22.83

}<— 4aa

29.25

N Ph3;P(O)

; , ; , , ; ; T T ; ; , ; T T . : . ; ; ; ; T T . .
B0 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0 -5 -10 -15 -20 -25 -30 -35 -40 -45
1 (ppm)

NH, NH2

O DBU, DCE A
©f\$—P(O)Ph2 + Ph=P—H P(O)Ph,
N Ph RT, 5 h, Ar N‘
H P(0)Ph,
4aa 2a 3aa, ND

An oven-dried Schlenk tube (10 mL) was equipped with a magnetic stir bar was
charged with 4aa (0.1 mmol, 1.0 equiv.), 2a (0.25 mmol, 2.5 equiv.), DBU (0.25
mmol, 2.5 equiv.), and then DCE (1.0 mL) was added into the mixture under argon
atmosphere. Later, the reaction system was kept stirring at room temperature for 5 h.

Compound 3aa was not detected.
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6.5 Deuterium labeling experiment

N(H/D),
CN O DBU, MeCN/D,0 ™ 88%-D
+ Ph—P-H H—P(0)Ph;
N Ph ° N
C 50 °C, 24 h, Ar No 94%.D
1a 2a 4aal/[D;]-4aa, 82%

An oven-dried Schlenk tube (10 mL) was equipped with a magnetic stir bar was
charged with 1a (0.1 mmol, 1.0 equiv.), 2a (0.25 mmol, 2.5 equiv.), and DBU (0.25
mmol, 2.5 equiv.), and then CH3CN (1.0 mL)/D»0 (20 pL) was added into the mixture
under argon atmosphere. Later, the reaction system was kept stirring at 50 <C for 24 h.
After the reaction was finished, the organic solvent was removed under the reduced
pressure. The residue was purified by column chromatography (PE/EA = 1:3) to
afford the desired product 4aa/Ds]-4aa (27.1 mg, 82%).'H NMR (500 MHz, CDCls):
& 7.85 — 7.65 (m, 4.06 H), 7.60 — 7.51 (m, 3H), 7.51 — 7.36 (m, 4H), 7.29 — 7.17 (m,
2H), 7.11 — 7.02 (m, 1H), 4.84 (br, 0.24H).

0.000

H/D
4aal[Ds]-4aa

T T T T T T T T T T
4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
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7. X-ray Crystallography Data of 3ja and 4ja

7.1 X-ray Crystallography Data of 3ja

p frob 2,88
ccov

b ‘@ET@
a b 7N
& 3ja
E CCDC: 2387065
Z -121 1 P12l/c1 R =10.05 RES=0 83 X

Identification code 1

Empirical formula Ci52H120NsOgPs

Formula weight 2434.31

Temperature/K 293.15

Crystal system monoclinic

Space group P2i/c

alA 15.300(8)

b/A 17.905(10)

c/A 12.534(7)

a/° 90

B/° 112.995(6)

v/° 90

Volume/A3 3161(3)

VA 1

Pealcg/cm?® 1.279

w/mm'? 0.175

F(000) 1272.0

Crystal size/mm? 0.22 %0.21 x0.2

Radiation MoKa (A= 0.71073)

20 range for data collection/° 2.892 to 57.208

Index ranges -18<h<20,-23<k<23,-1651<15
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Reflections collected 28000

Independent reflections 7775 [Rint = 0.0577, Rsigma = 0.0676]
Data/restraints/parameters 7775/0/398

Goodness-of-fit on F? 1.038

Final R indexes [[>=2c (I)] R: =0.0492, wR, = 0.1161

Final R indexes [all data] R1=0.0917, wR, = 0.1338

Largest diff. peak/hole / e A3 0.23/-0.43

7.2 X-ray Crystallography Data of 4ja

=30 Y

4ja
CCDC: 2387066

PLATON-Sep 26 12:26:01 2024 - (220824)

Z -101 mo_20220925c_0Om_of -1 R = 0.06 RES= 0 -63 X
Identification code mo_20220925¢_ Om_a
Empirical formula C27H25N202P
Formula weight 440.46
Temperature/K 297.15
Crystal system triclinic
Space group P-1
alA 8.3695(12)
b/A 10.144(2)
c/A 14.956(3)
0/° 72.992(7)

/e 78.674(6)
v/° 80.115(6)
Volume/A3 1181.8(4)
VA 2
Pealcg/cm?® 1.238

S15



wmm'!

F(000)

Crystal size/mm3

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

0.142
464.0

0.22 %0.21 x0.2

MoKa (A = 0.71073)

5.722 t0 54.96
-10<h<10,-13<k<13,-19<1<19
46840

5408 [Rin = 0.0520, Rsigma = 0.0293]
5408/0/292

1.078

R: = 0.0621, WR; = 0.1422

R1 = 0.0853, WR; = 0.1649

0.30/-0.45
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8. Characterization Data of Products
(3-amino-1H-indole-1,2-diyl)bis(diphenylphosphine oxide) (3aa)

3aa

According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 43.1 mg, 81% vyield; m.p. = 250
— 252 . 'H NMR (500 MHz, CDCls): § 7.95 — 7.71 (m, 4H), 7.61 (d, J = 8.0 Hz,
1H), 7.46 (td, J = 7.5, 1.5 Hz, 2H), 7.34 (td, J = 7.5, 1.5 Hz, 2H), 7.30 — 7.24 (m, 8H),
7.22 — 7.12 (m, 5H), 7.06 — 6.95 (m, 1H), 6.34 (d, J = 8.5 Hz, 1H), 5.85 (br, 2H). 13C
NMR (125 MHz, CDCls): & 147.1 (dd, J = 10.0 Hz, 7.5 Hz), 140.0 — 139.9 (m), 134.9
(d, J = 116.3 Hz), 132.6 (d, J = 2.5 Hz), 132.0 (dd, J = 93.8 Hz, 11.3 Hz), 131.4
-130.3 (m), 128.1 (dd, J = 142.5 Hz, 13.8 Hz), 126.7, 125.7 (dd, J = 11.3 Hz, 5.0 Hz),
121.4, 119.0, 114.4, 105.6 (d, J = 125.0 Hz). 3'P NMR (202 MHz, CDCls): & 35.8,
26.8. HRMS (ESI): Calcd for C32H26N202P2 [M+H]* 533.1542, found 533.1544.

(3-amino-7-methyl-1H-indole-1,2-diyl)bis(diphenylphosphine oxide) (3ba)

3ba

According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 36.7 mg, 67% vyield; m.p. = 219
— 221 <C. 'H NMR (500 MHz, CDCls): 8 7.59 (dd, J = 12.5, 7.0 Hz, 4H), 7.49 (dd, J

=125, 7.5 Hz, 4H), 7.38 — 7.27 (m, 5H), 7.26 — 7.21 (m, 4H), 7.18 (td, J = 7.5, 3.5
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Hz, 4H), 7.11 (t, J = 7.5 Hz, 1H), 6.98 (d, J = 7.0 Hz, 1H), 4.74 (br, 2H), 1.96 (s, 3H).
13C NMR (125 MHz, CDCls): & 145.6 (dd, J = 11.3 Hz, 6.3 Hz), 143.6 (d, J = 7.5 Hz),
134.6 — 131.2 (m), 130.6, 127.9 (dd, J = 12.5 Hz, 5.0 Hz), 127.2 (dd, J = 10.0 Hz, 3.8
Hz), 126.5, 122.8, 116.0, 110.2 (d, J = 130.0 Hz), 22.0. 3P NMR (202 MHz, CDCls):
5 29.9, 28.6. HRMS (ESI): Calcd for CasHasN2O:P2 [M+H]* 547.1699, found
547.1701.

(3-amino-6-methyl-1H-indole-1,2-diyl)bis(diphenylphosphine oxide) (3ca)

)@:\f@
O@

According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 44.6 mg, 82% vyield; m.p. = 227
— 229 <T. H NMR (500 MHz, CDCls): & 7.89 (dd, J = 13.0, 7.0 Hz, 4H), 7.49 — 7.41
(m, 3H), 7.36 — 7.29 (m, 2H), 7.28 — 7.22 (m, 8H), 7.20 — 7.14 (m, 4H), 6.95 (d, J =
9.0 Hz, 1H), 6.04 (s, 1H), 5.80 (br, 2H), 2.07 (s, 3H). 13C NMR (125 MHz, CDCl3): &
147.3 (dd, J = 11.3 Hz, 7.5 Hz), 140.4 (dd, J = 7.5 Hz, 3.8 Hz), 136.8, 134.9 (d, J =
115.0 Hz), 132.5 — 130.4 (m), 128.0 (dd, J = 143.8 Hz, 12.5 Hz), 123.4 (dd, J = 11.3
Hz, 6.3 Hz), 123.0, 118.5, 114.5, 104.4 (dd, J = 125.0 Hz, 5.0 Hz), 22.0. 3P NMR
(202 MHz, CDCls): § 35.6, 26.8. HRMS (ESI): Calcd for CasHasN202P2 [M+H]*
547.1699, found 547.1695.
(3-amino-6-methoxy-1H-indole-1,2-diyl)bis(diphenylphosphine oxide) (3da)
\ 7

g

MeO
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According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 47.0 mg, 84% yield; m.p. = 224
— 226 <T. 'H NMR (500 MHz, CDCls): & 7.88 (dd, J = 13.0, 7.0 Hz, 4H), 7.48 — 7.44
(m, 3H), 7.35 — 7.16 (m, 14H), 6.76 (dd, J = 9.0, 2.0 Hz, 1H), 5.76 (s, 3H), 3.26 (s,
3H). 13C NMR (125 MHz, CDCls): 6 159.3, 147.5 (dd, J = 11.3 Hz, 7.5 Hz), 141.1
(dd, J = 6.3 Hz, 2.5 Hz), 135.0 (d, J = 115.0 Hz), 132.6 — 130.4 (m), 128.0 (dd, J =
162.5 Hz, 11.3 Hz), 119.6, 119.4 (dd, J = 11.3 Hz, 6.3 Hz), 111.5, 103.5 (d, J = 122.5
Hz), 97.7, 55.1. 3P NMR (202 MHz, CDCls): & 35.4, 26.5. HRMS (ESI): Calcd for
Cs3H2sN203P2 [M+H]* 563.1648, found 563.1653.

(3-amino-6-fluoro-1H-indole-1,2-diyl)bis(diphenylphosphine oxide) (3ea)

3ea

According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 37.8 mg, 69% yield; m.p. = 202
— 204 <T. 'H NMR (500 MHz, CDCls): & 7.88 (dd, J = 13.0, 7.0 Hz, 4H), 7.57 — 7.46
(m, 3H), 7.38 — 7.24 (m, 10H), 7.17 (dd, J = 13.0, 7.5 Hz, 4H), 6.89 (td, J = 8.5, 2.5
Hz, 1H), 5.96 (dd, J = 11.0, 2.5 Hz, 1H), 5.80 (br, 2H). 3C NMR (125 MHz, CDCly):
§ 162.0 (d, J = 242.5 Hz), 146.8 (dd, J = 10.0 Hz, 7.5 Hz), 140.3, 134.7 (d, J = 116.3
Hz), 133.0 — 131.0 (m), 130.4 (d, J = 123.8 Hz), 128.2 (dd, J = 160.0 Hz, 12.5 Hz),
122.1 (dd, J = 11.3 Hz, 6.3 Hz), 120.1 (d, J = 10.0 Hz), 110.2 (d, J = 25.0 Hz), 105.7
(d, J = 125.0 Hz), 101.2 (d, J = 28.8 Hz). 3P NMR (202 MHz, CDCl5): & 35.4, 27.0.
F NMR (376 MHz, CDCls): § -112.8. HRMS (ESI): Calcd for CsaH25FN20O2P2
[M+H]* 551.1448, found 551.1447.
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(3-amino-6-chloro-1H-indole-1,2-diyl)bis(diphenylphosphine oxide) (3fa)

3fa

According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 40.9 mg, 72% vyield; m.p. = 206
— 208 <T. 'H NMR (500 MHz, CDCl3): 5 7.86 (dd, J = 13.0, 7.5 Hz, 4H), 7.51 (t, J =
7.0 Hz, 3H), 7.37 — 7.23 (m, 10H), 7.22 — 7.08 (m, 5H), 6.21 (s, 1H), 5.65 (br, 2H).
13C NMR (125 MHz, CDCls): & 146.6 (dd, J = 10.0 Hz, 7.5 Hz), 140.3, 134.5 (d, J =
116.3 Hz), 133.0 — 131.1 (m), 130.4 (d, J = 123.8 Hz), 128.2 (dd, J = 160.0 Hz, 13.8
Hz), 124.1 (dd, J = 11.3 Hz, 6.3 Hz), 122.2, 119.8, 114.5, 106.3 (d, J = 127.5 Hz). 3'P
NMR (202 MHz, CDCls): & 35.5, 27.1. HRMS (ESI): Calcd for Cs2HasCIN20P;
[M+H]* 567.1153, found 567.1149.

(3-amino-6-bromo-1H-indole-1,2-diyl)bis(diphenylphosphine oxide) (3ga)

3ga

According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 44.7 mg, 73% vyield; m.p. = 210
— 212 T. 'H NMR (500 MHz, CDCls):  7.86 (dd, J = 13.0, 7.5 Hz, 4H), 7.55 - 7.41
(m, 3H), 7.39 — 7.21 (m, 11H), 7.15 (dd, J = 13.0, 7.5 Hz, 4H), 6.35 (s, 1H), 5.72 (br,
2H). 8C NMR (125 MHz, CDCls): § 146.7 (dd, J = 11.3 Hz, 7.5 Hz), 140.6 (dd, J =

6.3 Hz, 3.8 Hz), 134.5 (d, J = 116.3 Hz), 133.0 — 131.1 (m), 130.3 (d, J = 123.8 Hz),
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128.2 (dd, J = 161.3 Hz, 13.8 Hz), 124.7, 124.4 (dd, J = 11.3 Hz, 6.3 Hz), 120.6,
120.1, 117.4, 106.1 (dd, J = 123.8 Hz, 6.3 Hz). 3P NMR (202 MHz, CDCls): § 35.5,
27.1. HRMS (ESI): Calcd for CaoHasBrN202P, [M+H]* 611.0647, found 611.0644.

(3-amino-5-bromo-1H-indole-1,2-diyl)bis(diphenylphosphine oxide) (3ha)

3ha

According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 42.3 mg, 69% vyield; m.p. = 219
— 221 €. 'H NMR (500 MHz, CDCls): & 7.87 (dd, J = 13.0, 7.0 Hz, 4H), 7.75 (s, 1H),
7.49 (t, J = 7.5 Hz, 2H), 7.34 (dt, J = 7.5, 2.0 Hz, 2H), 7.32 — 7.26 (m, 8H), 7.16 (dd,
J =135, 7.5 Hz, 4H), 7.07 (dd, J = 9.0, 2.0 Hz, 1H), 6.18 (d, J = 9.0 Hz, 1H). 13C
NMR (125 MHz, CDCls): § 146.0, 138.5, 134.5 (d, J = 116.3 Hz), 132.9 — 131.1 (m),
130.5 (d, J = 122.5 Hz), 129.5, 128.2 (dd, J = 151.3 Hz, 12.5 Hz), 127.3 (dd, J = 11.3
Hz, 5.0 Hz), 121.8, 115.7, 114.6, 107.1 (d, J = 127.5 Hz). 3P NMR (202 MHz,
CDCl3): § 35.6, 27.0. HRMS (ESI): Calcd for CaaH2sBrN202P2 [M+H]* 611.0647,
found 611.0644.

(3-amino-4-methyl-1H-indole-1,2-diyl)bis(diphenylphosphine oxide) (3ia)

Me NH, o
COHO
N
\
P%Q
3ia
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According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 42.4 mg, 78% yield; m.p. = 243
— 245 . 'H NMR (500 MHz, CDCls): § 7.91 (dd, J = 12.5, 7.5 Hz, 4H), 7.44 (dt, J
= 7.5, 1.5 Hz, 2H), 7.36 — 7.30 (m, 2H), 7.28 — 7.23 (m, 8H), 7.18 (dd, J = 13.0, 7.5
Hz, 4H), 6.92 — 6.72 (m, 2H), 6.28 — 6.22 (m, 1H), 6.05 (br, 2H), 2.81 (s, 3H). 3C
NMR (125 MHz, CDCls): 6 149.5, 140.4 (dd, J = 10.0 Hz, 5.0 Hz), 135.1 (d, J =
116.3 Hz), 132.6 — 130.3 (m), 128.0 (dd, J = 137.5 Hz, 12.5 Hz), 126.2, 124.2 (dd, J =
10.0 Hz, 5.0 Hz), 123.4, 112.5, 104.7 (d, J = 128.8 Hz), 20.3. 3P NMR (202 MHz,
CDCl3): & 36.4, 27.1. HRMS (ESI): Calcd for CasHzsN20,P2 [M+H]* 547.1699,
found 547.1697.

(3-amino-4-phenyl-1H-indole-1,2-diyl)bis(diphenylphosphine oxide) (3ja)

@j%—@
@

According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 50.4 mg, 83% yield; m.p. = 236
— 238 T. 'H NMR (500 MHz, CDCls): § 7.90 (dd, J = 13.0, 7.5 Hz, 4H), 7.58 — 7.40
(m, 7H), 7.36 — 7.18 (m, 14H), 7.00 — 6.88 (m, 2H), 6.45 (d, J = 8.0 Hz, 1H), 5.38 (br,
2H). C NMR (125 MHz, CDCls): § 148.2 (dd, J = 11.3 Hz, 7.5 Hz), 140.5 (dd, J =
6.3 Hz, 3.8 Hz), 139.3, 137.0, 135.6, 134.7, 132.7 — 127.4 (m), 125.7, 123.5, 122.0
(dd, J = 11.3 Hz, 6.3 Hz), 113.7, 104.4 (dd, J = 125.0 Hz, 5.0 Hz). 3P NMR (162
MHz, CDCla): § 35.9, 27.2. HRMS (ESI): Calcd for CagH3oN202P2 [M+H]* 609.1855,
found 609.1857.
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(3-amino-5,6-dimethoxy-1H-indole-1,2-diyl)bis(diphenylphosphine oxide) (3ka)

3ka

According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 45.6 mg, 77% vyield; m.p. = 234
— 236 <. 'H NMR (500 MHz, CDCls): & 7.86 (dd, J = 12.5, 7.5 Hz, 4H), 7.47 (dt, J
= 7.5, 1.5 Hz, 2H), 7.45 — 7.23 (m, 10H), 7.15 (dd, J = 13.0, 7.5 Hz, 4H), 6.97 (s, 1H),
5.73 (s, 3H), 3.90 (s, 3H), 3.21 (s, 3H). 13C NMR (125 MHz, CDCls): § 149.5, 147.6,
145.7, 134.9 (d, J = 115.0 Hz), 134.7, 132.6 — 130.6 (m), 128.0 (dd, J = 166.3 Hz,
13.8 Hz), 118.1 (dd, J = 11.3 Hz, 6.3 Hz), 103.7 (d, J = 127.5 Hz), 99.6, 97.4, 56.1,
55.5. 1P NMR (202 MHz, CDCls): & 35.2, 26.2. HRMS (ESI): Calcd for
Ca4HaoN204P2 [M+H]* 593.1754, found 593.1752.

(3-amino-1H-indole-1,2-diyl)bis(di-m-tolylphosphine oxide) (3ab)
0] Me

O

N Q

o
Me
Me
3ab

According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 42.7 mg, 73% vyield; m.p. = 221
— 223 <C. 'H NMR (500 MHz, CDCl3): § 7.74 — 7.66 (m, 4H), 7.61 (d, J = 8.0 Hz,
1H), 7.29 — 7.24 (m, 2H), 7.20 (td, J = 7.5, 3.5 Hz, 2H), 7.17 — 7.13 (m, 5H), 7.06 —
6.99 (m, 3H), 6.95 (dd, J = 13.0, 7.5 Hz, 2H), 6.44 (d, J = 8.5 Hz, 1H), 2.22 (s, 12H).
13C NMR (125 MHz, CDCls): 6 146.8 (dd, J = 11.3 Hz, 7.5 Hz), 139.9, 137.7 (dd, J =

57.5 Hz, 12.5 Hz), 134.9 (d, J = 115.0 Hz), 133.4 (d, J = 3.8 Hz), 132.4 (dd, J = 81.3
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Hz, 11.3 Hz), 131.7 (d, J = 2.5 Hz), 130.9 (d, J = 122.5 Hz), 129.1 (dd, J = 133.8 Hz,
11.3 Hz), 1277.8 (dd, J = 125.0 Hz, 15.0 Hz), 126.5, 125.6 (dd, J = 11.3 Hz, 5.0 Hz),
121.2,118.8, 114.5, 105.8 (d, J = 120.0 Hz), 21.5, 21.5. 3P NMR (202 MHz, CDCl3):
8 36.5, 27.1. HRMS (ESI): Calcd for CasHaaN2O2P, [M+H]* 589.2168, found
589.2172.

(3-amino-1H-indole-1,2-diyl)bis(di-p-tolylphosphine oxide) (3ac)

Me
Me

3ac

According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 44.6 mg, 76% yield; m.p. = 228
—230 €. 'H NMR (400 MHz, CDClz): 6 7.74 (dd, J = 12.8, 8.0 Hz, 4H), 7.59 (d, J =
8.0 Hz, 1H), 7.13 (t, J = 7.6 Hz, 1H), 7.09 — 6.94 (m, 13H), 6.36 (d, J = 8.4 Hz, 1H),
5.71 (br, 2H), 2.35 (s, 6H), 2.29 (s, 6H). *C NMR (100 MHz, CDCls): § 146.4 (dd, J
=10.0 Hz, 8.0 Hz), 142.9 (d, J = 2.0 Hz), 141.0 (d, J = 3.0 Hz), 139.9 (dd, J = 7.0 Hz,
4.0 Hz), 132.5 - 131.0 (m), 129.2 — 127.3 (m), 126.3, 125.4 (dd, J = 11.0 Hz, 6.0 Hz),
121.0, 118.7, 114.4, 106.6 (dd, J = 124.0 Hz, 5.0 Hz), 21.7, 21.6. 3P NMR (202 MHz,
CDCl3): & 35.8, 27.2. HRMS (ESI): Calcd for CszsH3sN20-P> [M+H]* 589.2168,
found 589.2173.

(3-amino-1H-indole-1,2-diyl)bis(bis(4-methoxyphenyl)phosphine oxide) (3ad)

3ad
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According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 53.9 mg, 83% yield; m.p. = 215
— 217 <T. 'H NMR (500 MHz, CDCls): § 7.78 (dd, J = 12.5, 9.0 Hz, 4H), 7.58 (d, J =
8.0 Hz, 1H), 7.20 — 7.06 (m, 5H), 7.01 — 6.95 (m, 1H), 6.80 — 6.73 (m, 8H), 6.35 (d, J
= 8.5 Hz, 1H), 3.80 (s, 6H), 3.77 (s, 6H). 3C NMR (125 MHz, CDCls): 5 162.7 (dd, J
= 12,5 Hz, 2.5 Hz), 146.1, 140.0, 133.9 (dd, J = 105.0 Hz, 12.5 Hz), 127.0 — 125.9
(m), 125.5 (d, J = 6.3 Hz), 122.8 (d, J = 131.3 Hz), 121.1, 118.7, 114.4, 113.5 (dd, J =
140.0 Hz, 15.0 Hz), 107.1 (d, J = 120.0 Hz), 55.4, 55.2. 31P NMR (202 MHz, CDCls):
5 34.7, 26.5. HRMS (ESI): Calcd for CssHauN20eP; [M+H]* 653.1965, found
653.1961.

(3-amino-1H-indole-1,2-diyl)bis(bis(4-fluorophenyl)phosphine oxide) (3ae)

0O
!/

o

According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 38.1 mg, 63% yield; m.p. = 208
— 210 <. 'H NMR (400 MHz, CDCls): § 7.87 — 7.80 (m, 4H), 7.64 (d, J = 8.0 Hz,
1H), 7.23 — 7.12 (m, 5H), 7.08 — 6.93 (m, 9H), 6.26 (d, J = 8.4 Hz, 1H), 6.00 (br, 2H).
13C NMR (125 MHz, CDCl3): § 166.1 (dd, J = 116.3 Hz, 3.8 Hz), 164.1 (dd, J =
112.5 Hz, 3.8 Hz), 147.5 (d, J = 18.8 Hz), 139.9 (d, J = 18.8 Hz), 134.9 (dd, J = 12.5
Hz, 11.3 Hz), 134.1 (dd, J = 12.5 Hz, 8.8 Hz), 130.5 (dd, J = 120.0 Hz, 2.5 Hz), 127.3,
126.6 (dd, J = 127.5 Hz, 2.5 Hz), 125.5 (dd, J = 11.3 Hz, 6.3 Hz), 121.9, 119.3, 115.7
(ddd, J = 192.5, 21.3 Hz, 13.8 Hz), 114.1, 104.7 (d, J = 123.8 Hz). 3P NMR (202
MHz, CDCls): § 33.4, 25.2. 1%F NMR (471 MHz, CDCls): & -103.9, -107.9. HRMS
(ESI): Calcd for C32H22FsN202P> [M+H]* 605.1165, found 605.1162.
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(3-amino-1H-indole-1,2-diyl)bis(bis(4-chlorophenyl)phosphine oxide) (3af)

Cl

Cl
Cl

3af

According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 46.9 mg, 70% vyield; m.p. = 204
— 206 <T. 'H NMR (400 MHz, CDCls): § 7.76 (dd, J = 12.4, 8.0 Hz, 4H), 7.62 (d, J =
8.0 Hz, 1H), 7.32 (dd, J = 8.4, 2.8 Hz, 4H), 7.27 — 7.17 (m, 5H), 7.11 — 7.06 (m, 5H),
6.29 (d, J = 8.8 Hz, 1H), 5.80 (br, 2H). 3C NMR (100 MHz, CDCla): & 147.8 (dd, J =
11.0 Hz, 8.0 Hz), 139.9 (d, J = 4.0 Hz), 139.7 (dd, J = 6.0 Hz, 4.0 Hz), 138.0 (d, J =
4.0 Hz), 133.8 — 132.2 (m), 129.4 — 127.5 (m), 125.3 (dd, J = 11.0 Hz, 6.0 Hz), 122.0,
119.3, 114.0, 103.8 (dd, J = 128.0 Hz, 6.0 Hz). 3!P NMR (202 MHz, CDCl3): § 33.7,
25.5. HRMS (ESI): Calcd for Cs2H22CI4N202P2 [M+H]* 668.9983, found 668.9985.

(3-amino-1H-indole-1,2-diyl)bis(bis(4-(trifluoromethyl)phenyl)phosphine oxide)
(3ag)
NH,

0
mﬁ/—@CFs

N\
p=0
C ‘S CF,4
F,C
° CF,4

According to the general procedure (Conditions A), the product was purified by flash

3ag

column chromatography (PE/EA = 1:3). White solid; 47.5 mg, 59% yield; m.p. = 217
— 219 <T. 'H NMR (400 MHz, CDCls): 6 7.99 (dd, J = 12.8, 8.0 Hz, 4H), 7.73 - 7.51
(m, 9H), 7.36 — 7.20 (m, 5H), 7.12 (t, J = 8.0 Hz, 1H), 6.26 (d, J = 8.4 Hz, 1H), 5.94
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(br, 2H). 3C NMR (100 MHz, CDCls):  149.0 (dd, J = 11.0 Hz, 8.0 Hz), 139.7 (dd, J
= 6.0 Hz, 4.0 Hz), 139.0, 137.9, 135.2 (qd, J = 33.0 Hz, 4.0 Hz), 134.5, 133.2 (qd, J =
33.0 Hz, 4.0 Hz), 133.3, 132.3 (dd, J = 90.0 Hz, 10.0 Hz), 128.1, 126.0 (dg, J = 14.0
Hz, 4.0 Hz), 1255 (dd, J = 11.0 Hz, 6.0 Hz), 124.6 (dg, J = 13.0 Hz, 4.0 Hz),
123.4 (qd, J = 271.0 Hz, 46.0 Hz), 122.5, 119.7, 113.8, 102.0 (dd, J = 129.0 Hz, 6.0
Hz).3!P NMR (162 MHz, CDCl3):  33.2, 24.6.1°F NMR (376 MHz, CDCl): § -63.2,
-63.6. HRMS (ESI): Calcd for CasH2z2F12N202P, [M+H]* 805.1038, found 805.1042.

(3-amino-1-((R)-phenyl(m-tolyl)phosphoryl)-1H-indol-2-yl)(phenyl)(m-tolyl)phos
phine oxide (3ah)

oo

3ah

According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 37.7 mg, 67% vyield; m.p. = 215
— 217 <T. *H NMR (500 MHz, CDCls): & 7.96 — 7.80 (m, 2H), 7.73 — 7.64 (m, 2H),
7.61 (d, J = 8.0 Hz, 1H), 7.49 — 7.44 (m, 1H), 7.38 — 7.34 (m, 1H), 7.33 — 7.25 (m,
5H), 7.22 — 7.12 (m, 6H), 7.07 — 6.92 (m, 3H), 6.39 (dd, J = 8.5, 4.5 Hz, 1H), 2.21 (s,
6H). 13C NMR (125 MHz, CDCls): § 147.0, 139.9, 138.6, 137.1, 135.6 — 134.1 (m),
132.8 - 132.1 (m), 131.8, 131.6 (d, J = 10.0 Hz), 131.3, 130.9, 130.5 (d, J = 35.0 Hz),
129.7 (d, J = 10.0 Hz), 128.7 — 128.3 (m), 127.6 — 127.4 (m), 126.6, 125.7, 121.4,
118.9, 114.5, 105.7 (d, J =108.8 Hz), 21.5. 3P NMR (202 MHz, CDCls): 6 36.1, 27.0.
HRMS (ESI): Calcd for CasH3oN202P2 [M+H]* 561.1855, found 561.1851.

(3-amino-1H-indole-1,2-diyl)bis(bis(3,5-dimethylphenyl)phosphine oxide) (3ai)
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0) Me
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/0 & Me
Me
Me Me Me

3ai

According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 50.7 mg, 79% yield; m.p. = 226
— 228 <T. 'H NMR (500 MHz, CDCl3): & 7.60 (d, J = 8.0 Hz, 1H), 7.51 (d, J = 13.5
Hz, 4H), 7.13 (t, J = 7.5 Hz, 1H), 7.07 — 7.02 (m, 3H), 6.96 (s, 2H), 6.80 (d, J = 13.0
Hz, 4H), 6.55 (d, J = 8.5 Hz, 1H), 5.58 (br, 2H), 2.21 (s, 12H), 2.17 (s, 12H). 13C
NMR (125 MHz, CDClz3): 6 149.5, 147.6 (d, J = 10.0 Hz), 145.7, 135.4 — 134.4 (m),
132.6 — 130.6 (m), 128.0 (dd, J = 166.3 Hz, 13.8 Hz), 118.1, 103.7 (d, J = 130.0 Hz),
99.6, 97.4, 56.1, 55.5. 3P NMR (202 MHz, CDCls): § 37.2, 27.4. HRMS (ESI):
Calcd for CsoH42N202P2 [M+H]* 645.2794, found 645.2797.
(3-amino-1H-indole-1,2-diyl)bis(di(naphthalen-2-yl)phosphine oxide) (3aj)
NH2

\

According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 51.5 mg, 70% yield; m.p. = 249
— 251 T. 'H NMR (500 MHz, CDCls): 8 8.50 (d, J = 14.5 Hz, 2H), 8.10 — 7.95 (m,
2H), 7.74 — 7.60 (m, 9H), 7.60 — 7.50 (m, 6H), 7.44 — 7.36 (m, 6H), 7.35 — 7.26 (m,
4H), 7.17 (t, J = 7.5 Hz, 1H), 7.00 — 6.90 (m, 1H), 6.49 (d, J = 8.5 Hz, 1H). *C NMR
(125 MHz, CDClz): 6 147.0, 140.1, 134.8 — 133.6 (m), 132.6 — 131.6 (m),129.1 —
126.8 (m), 126.1, 125.7 (d, J = 11.3 Hz), 121.5, 119.0, 114.4, 106.1 (d, J = 125.0 Hz).
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3P NMR (202 MHz, CDCls): § 35.9, 27.4. HRMS (ESI): Calcd for CagHasN20:P2
[M+H]* 733.2168, found 733.2168.

tetraethyl (3-amino-1H-indole-1,2-diyl)bis(phosphonate) (3ak)
NH
2 /9
@\S‘—P\—OE
N OFt

R=0
EtO OEt

3ak

According to the general procedure (Conditions A), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 35.4 mg, 88% yield; m.p. = 158
— 160 <C. 'H NMR (500 MHz, CDCls): 6 8.07 (d, J = 8.5 Hz, 1H), 7.52 (d, J = 8.0 Hz,
1H), 7.41 (t, J = 8.0 Hz, 1H), 7.22 (t, J = 8.0 Hz, 1H), 4.23 — 4.06 (m, 6H), 4.06 —
3.94 (m, 2H), 1.34 (t, J = 7.0 Hz, 6H), 1.28 (t, J = 7.0 Hz, 6H). 3C NMR (125 MHz,
CDCl3): & 146.0134.3 (dd, J = 17.5 Hz, 10.0 Hz), 140.6 (dd, J = 10.0 Hz, 5.0 Hz),
127.8, 123.3 (dd, J = 12.5 Hz, 10.0 Hz), 121.7, 118.6, 115.9, 102.3 (d, J = 8.8 Hz),
100.6 (d, J = 7.5 Hz), 62.9 (dd, J = 170.0 Hz, 5.0 Hz), 16.1 (dd, J = 35.0 Hz, 7.5 Hz).
3P NMR (202 MHz, CDCls): & 12.7, -2.5. HRMS (ESI): Calcd for C16H26N206P2
[M+H]" 405.1339, found 405. 1337.

(3-amino-1H-indol-2-yl)diphenylphosphine oxide (4aa)
NH,

A\ F’i@
e

H

4aa
According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 27.3 mg, 82% vyield; m.p. = 242
— 244 <T. 'H NMR (500 MHz, CDCls): 5 7.87 (br, 1H), 7.73 (dd, J = 12.5, 7.5 Hz,
4H), 7.56 — 7.53 (m, 3H), 7.47 — 7.43 (m, 4H), 7.26 — 7.20 (m, 2H), 7.06 (t, J = 7.0 Hz,
1H), 4.27 (br, 2H). 13C NMR (125 MHz, CDCls): § 138.2 (d, J = 8.8 Hz), 136.7 (d, J
= 11.3 Hz), 132.8 (d, J = 107.5 Hz), 132.4, 131.8 (d, J = 11.3 Hz), 128.9 (d, J = 11.3
Hz), 125.5, 121.4 (d, J = 11.3 Hz), 119.0 (d, J = 56.3 Hz), 112.0, 105.8 (d, J = 130.0
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Hz). 3P NMR (202 MHz, CDCls): & 22.57. HRMS (ESI): Calcd for CaoHi7N2OP
[M+H]* 333.1151, found 333.1152.

(3-amino-7-methyl-1H-indol-2-yl)diphenylphosphine oxide (4ba)
NH,

Q(\S-iQ
Me H \Q
4ba

According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 25.3 mg, 73% yield; m.p. = 256
— 258 <. 'H NMR (500 MHz, CDCl3): & 7.78 — 7.73 (m, 4H), 7.68 (br, 1H), 7.61 —
7.54 (m, 2H), 7.51 — 7.47 (m, 4H), 7.37 (d, J = 8.0 Hz, 1H), 7.07 (d, J = 7.0 Hz, 1H),
7.01 (t, J = 7.5 Hz, 1H), 3.84 (br, 2H), 2.38 (s, 3H). 13C NMR (125 MHz, CDCl3): &
137.8 (d, J = 10.0 Hz), 136.4 (d, J = 11.3 Hz), 133.1 — 132.2 (m), 131.9 (d, J = 11.3
Hz), 129.0 (d, J = 12.5 Hz), 125.9, 121.4, 120.9 (d, J = 11.3 Hz), 119.5, 116.3, 105.8
(d, J = 130.0 Hz), 16.6. 3P NMR (202 MHz, CDCls): § 22.3. HRMS (ESI): Calcd for
C21H10N2OP [M+H]* 347.1308, found 347.1311.

(3-amino-6-methyl-1H-indol-2-yl)diphenylphosphine oxide (4ca)
NH,

A\ Fé(/@
Mem Q

H

4ca
According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 27.6 mg, 80% yield; m.p. = 248
— 250 <T. H NMR (500 MHz, CDCl3): § 7.70 — 7.62 (m, 5H), 7.57 — 7.50 (m, 2H),
7.48 — 7.35 (m, 5H), 6.98 (s, 1H), 6.89 (d, J = 10.0 Hz, 1H), 4.07 (br, 2H), 2.39 (s,
3H). C NMR (100 MHz, CDCls): & 138.7 (d, J = 11.3 Hz), 137.0, 135.7, 133.5,
132.3 (d, J = 3.8 Hz), 131.8 (d, J = 13.8 Hz), 128.9 (d, J = 15.0 Hz), 121.2, 119.4 (d, J
= 13.8 Hz), 118.4, 111.8 (d, J = 2.5 Hz), 104.8 (d, J = 163.8 Hz), 22.0. 1P NMR (162
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MHz, CDCls): & 22.5. HRMS (ESI): Calcd for Ca1H1oN,OP [M+H]* 347.1308, found
347.1307.

(3-amino-6-methoxy-1H-indol-2-yl)diphenylphosphine oxide (4da)
NH,

O
oo
MeO ” \Q

4da

According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 30.3 mg, 84% yield; m.p. = 227
— 229 €. 'H NMR (500 MHz, CDCls): § 7.78 — 7.68 (m, 4H), 7.65 (br, 1H), 7.57 —
7.51 (m, 2H), 7.45 (td, J = 7.5, 3.0 Hz, 4H), 7.38 (d, J = 8.5 Hz, 1H), 6.71 (dd, J = 8.5,
2.5 Hz, 1H), 6.65 (d, J = 2.0 Hz, 1H), 4.08 (br, 2H), 3.75 (s, 3H). 1*C NMR (125
MHz, CDCla): & 159.1, 139.4 (d, J = 10.0 Hz), 137.4 (d, J = 11.3 Hz), 133.1 (d, J =
107.5 Hz), 132.3 (d, J = 2.5 Hz), 131.8 (d, J = 10.0 Hz), 128.9 (d, J = 12.5 Hz), 119.5,
115.8 (d, J = 10.0 Hz), 110.2, 104.0 (d, J = 132.5 Hz), 94.2, 55.5. 3IP NMR (202
MHz, CDCls): § 22.2. HRMS (ESI): Calcd for C2:H19N202P [M+H]* 363.1257, found
363.1255.

(3-amino-6-fluoro-1H-indol-2-yl)diphenylphosphine oxide (4ea)
NH,

A\ Fﬁ@
el

4ea
According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 20.7 mg, 59% yield; m.p. = 251
— 253 <T. 'H NMR (500 MHz, DMSO-ds): § 10.34 (br, 1H), 7.74 — 7.64 (m, 5H),
7.64 —7.59 (m, 2H), 7.58 — 7.50 (m, 4H), 6.95 (dd, J = 10.0, 2.5 Hz, 1H), 6.80 (td, J =
9.5, 2.5 Hz, 1H), 5.34 (br, 2H). 3C NMR (125 MHz, DMSO-dg): 5 161.0 (d, J =
237.5 Hz), 139.4 (d, J = 11.3 Hz), 138.3 — 138.1 (m), 133.8 (d, J = 105.0 Hz), 132.03
(d, J=2.5Hz),131.1 (d, J = 10.0 Hz), 128.7 (d, J = 12.5 Hz), 121.2 (d, J = 10.0 Hz),

117.0 (d, J = 11.3 Hz), 106.5 (d, J = 25.0 Hz), 102.4 (d, J = 130.0 Hz), 97.3 (d, J =
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25.0 Hz). 1P NMR (202 MHz, DMSO-ds): 5 21.7. 1°F NMR (471 MHz, DMSO-de):
§ -117.4. HRMS (ESI): Caled for CaoH1sFN2OP [M+H]* 351.1057, found 351.1061.

(3-amino-6-chloro-1H-indol-2-yl)diphenylphosphine oxide (4fa)
NH,

\ F’E@
feisX

H

4fa

According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 24.5 mg, 67% vyield; m.p. = 263
— 265 <T. 'H NMR (500 MHz, DMSO-ds): & 10.40 (br, 1H), 7.70 — 7.64 (m, 5H),
7.62 (td, J = 7.5, 1.5 Hz, 2H), 7.56 (td, J = 7.5, 3.0 Hz, 4H), 7.23 (d, J = 1.5 Hz, 1H),
6.95 (dd, J = 8.5, 2.0 Hz, 1H), 5.32 (br, 2H). *C NMR (125 MHz, DMSO-ds): &
139.1 (d, J = 10.0 Hz), 138.3 (d, J = 10.0 Hz), 133.6 (d, J = 106.3 Hz), 132.1 (d, J =
2.5 Hz), 131.1 (d, J = 10.0 Hz), 129.5, 128.8 (d, J = 12.5 Hz), 121.2, 118.7 (d, J =
11.3 Hz), 117.9, 111.2, 103.0 (d, J = 131.3 Hz). 3P NMR (202 MHz, DMSO-ds): 5
21.8. HRMS (ESI): Calcd for C20H16CIN2OP [M+H]* 367.0762, found 367.0765.

(3-amino-6-bromo-1H-indol-2-yl)diphenylphosphine oxide (4ga)
NH,

N\ Fé’o.©
e

H

4ga
According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 29.4 mg, 72% vyield; m.p. = 253
— 255 . 'H NMR (400 MHz, CDCl3): & 8.12 (br, 1H), 7.70 — 7.63 (m, 4H), 7.58 —
7.52 (m, 2H), 7.51 — 7.43 (m, 4H), 7.39 — 7.32 (m, 2H), 7.14 (dd, J = 8.8, 1.6 Hz, 1H),
4.12 (br, 2H). 3C NMR (125 MHz, CDCls): § 138.7 (d, J = 10.0 Hz), 136.3 (d, J =
11.3 Hz), 132.6 (d, J = 3.8 Hz), 132.4 (d, J = 108.8 Hz), 131.8 (d, J = 10.0 Hz), 129.1
(d, J = 125 Hz), 122.6, 120.2 (d, J = 11.3 Hz), 120.0, 119.4, 115.0, 106.6 (d, J =
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128.8 Hz). 3P NMR (162 MHz, CDCls): & 22.3. HRMS (ESI): Calcd for
Ca0H16BIrN,OP [M+H]* 411.0256, found 411.0254.

(3-amino-5-bromo-1H-indol-2-yl)diphenylphosphine oxide (4ha)
NH,

Br /(/3
e
N @
H

4ha

According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 30.0 mg, 73% yield; m.p. = 255
— 257 €. 'H NMR (500 MHz, DMSO-de): & 10.46 (br, 1H), 7.94 (d, J = 2.0 Hz, 1H),
7.75 — 7.65 (m, 4H), 7.64 — 7.60 (m, 2H), 7.58 — 7.53 (m, 4H), 7.26 (dd, J = 8.5, 2.0
Hz, 1H), 7.20 (d, J = 8.5 Hz, 1H), 5.30 (br, 2H). 3C NMR (125 MHz, DMSO-ds): 5
138.4 (d, J = 11.3 Hz), 136.7 (d, J = 10.0 Hz), 133.5 (d, J = 106.3 Hz), 132.2 (d, J =
2.5 Hz), 131.2 (d, J = 11.3 Hz), 128.8 (d, J = 12.5 Hz), 127.1, 122.1, 1215 (d, J =
11.3 Hz), 113.9, 109.7, 103.8 (d, J = 130.0 Hz). 3P NMR (202 MHz, DMSO-ds): &
21.9. HRMS (ESI): Calcd for C2oH16BrN2OP [M+H]" 411.0256, found 411.0253.

(3-amino-4-methyl-1H-indol-2-yl)diphenylphosphine oxide (4ia)

4ia

According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 23.6 mg, 68% yield; m.p. = 271
— 273 <T. 'H NMR (500 MHz, DMSO-ds): & 10.26 (br, 1H), 7.73 — 7.66 (m, 4H),
7.64 — 7.60 (m, 2H), 7.59 — 7.52 (m, 4H), 7.06 — 7.03 (m, 1H), 7.02 — 6.95 (m, 1H),
6.65 — 6.57 (m, 1H), 5.16 (br, 2H), 2.66 (s, 3H). 3C NMR (125 MHz, DMSO-ds): &
141.3 (d, J = 11.3 Hz), 139.5 (d, J = 10.0 Hz), 134.6 (d, J = 105.0 Hz), 132.8, 132.5,
132.0 (d, J = 10.0 Hz), 129.5 (d, J = 12.5 Hz), 125.5, 120.0 (d, J = 10.0 Hz), 119.9,
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110.6, 103.8 (d, J = 131.3 Hz), 20.4. 3P NMR (202 MHz, DMSO-ds): 5 22.9. HRMS
(ESI): Calcd for C21H19N2OP [M+H]" 347.1308, found 347.1306.

(3-amino-4-phenyl-1H-indol-2-yl)diphenylphosphine oxide (4ja)

Ph NH,
b
<
N Q
H
4ja

According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 33.0 mg, 81% yield; m.p. = 225
— 227 <. *H NMR (500 MHz, CDCls): § 8.31 (br, 1H), 7.72 (dd, J = 12.5, 7.5 Hz,
4H), 7.57 — 7.48 (m, 4H), 7.47 — 7.35 (m, 7H), 7.24 — 7.15 (m, 2H), 6.90 (dd, J = 6.0,
2.0 Hz, 1H), 3.87 (br, 2H). 3C NMR (125 MHz, CDCls): & 140.2, 138.7 (d, J = 2.5
Hz), 137.9 (d, J = 10.0 Hz), 136.3, 132.8 (d, J = 107.5 Hz), 132.2 (d, J = 2.5 Hz),
131.8 (d, J = 10.0 Hz), 129.3 — 127.5 (m), 124.8, 120.8, 117.4 (d, J = 10.0 Hz), 111.2,
104.7 (d, J = 132.5 Hz). 3'P NMR (202 MHz, CDCl3): § 22.9. HRMS (ESI): Calcd
for CasH21N20P [M+H]* 409.1464, found 409.1465.

(3-amino-5,6-dimethoxy-1H-indol-2-yl)diphenylphosphine oxide (4ka)
NH,

Meomé@
MeO H \Q
4ka

According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 23.5 mg, 60% vyield; m.p. = 238
— 240 . 'H NMR (500 MHz, CDCls): § 7.71 (dd, J = 12.5, 8.0 Hz, 4H), 7.58 — 7.51
(m, 3H), 7.49 — 7.44 (m, 4H), 6.91 (s, 1H), 6.71 (s, 1H), 4.05 — 3.65 (m, 8H). 13C
NMR (125 MHz, CDCls): 6 150.0, 145.0, 136.9 (d, J = 10.0 Hz), 133.1 (d, J = 107.5
Hz), 132.3 (d, J = 2.5 Hz), 131.8 (d, J = 11.3 Hz), 128.9 (d, J = 12.5 Hz), 114.0 (d, J

= 11.3 Hz), 104.6 (d, J = 133.8 Hz), 99.4, 94.4, 56.2 (d, J = 40.0 Hz). 3P NMR (202
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MHz, CDCls): § 22.2. HRMS (ESI): Calcd for C22H21N203P [M+H]* 393.1363, found
393.1365.

(3-amino-1H-indol-2-yl)di-m-tolylphosphine oxide (4ab)

4ab

According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 26.7 mg, 74% vyield; m.p. = 252
— 254 <C. 'H NMR (500 MHz, CDCl3): & 7.69 (br, 1H), 7.62 (d, J = 13.0 Hz, 2H),
7.53 (d, J = 8.1 Hz, 1H), 7.48 — 7.43 (m, 2H), 7.39 — 7.29 (m, 4H), 7.27 — 7.19 (m,
2H), 7.08 — 7.05 (m, 1H), 4.14 (br, 2H), 2.35 (s, 6H). 3C NMR (125 MHz, CDCls): &
138.9 (d, J =12.5 Hz), 138.1 (d, J = 10.0 Hz), 136.7 (d, J = 11.3 Hz), 133.2 (d, J = 2.5
Hz), 133.1, 132.2 (d, J = 10.0 Hz), 128.9 — 128.7 (m), 125.4, 121.4 (d, J = 10.0 Hz),
118.9 (d, J = 46.3 Hz), 112.0, 106.1 (d, J = 130.0 Hz), 21.6.3P NMR (202 MHz,
CDCl3): & 22.7. HRMS (ESI): Calcd for Cz2H21N2OP [M+H]* 361.1464, found
361.1469.

(3-amino-1H-indol-2-yl)di-p-tolylphosphine oxide (4ac)

@;S-F’f%?m

Me
4ac
According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 28.3 mg, 79% vyield; m.p. = 247
— 249 . 'H NMR (500 MHz, CDCls): § 7.99 (br, 1H), 7.60 (dd, J = 12.5, 8.0 Hz,
4H), 7.51 (d, J = 8.0 Hz, 1H), 7.27 — 7.16 (m, 6H), 7.06 — 7.03 (m, 1H), 4.04 (br, 2H),
2.38 (s, 6H). 13C NMR (125 MHz, CDCls): 5 142.9, 138.0 (d, J = 10.0 Hz), 136.1,
131.8 (d, J = 11.3 Hz), 130.0 — 129.1 (m), 125.3, 121.3 (d, J = 10.0 Hz), 118.8 (d, J =
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46.3 Hz), 112.0, 106.5 (d, J = 130.0 Hz), 21.7.3P NMR (202 MHz, CDCls): § 22.6.
HRMS (ESI): Calcd for C22H21N2OP [M+H]* 361.1464, found 361.1460.

(3-amino-1H-indol-2-yl)bis(4-methoxyphenyl)phosphine oxide (4ad)
NH,

O
O o
N s
H

OMe
4ad

According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 31.8 mg, 81% yield; m.p. = 231
— 233 <T. 'H NMR (500 MHz, CDCls): § 8.27 (br, 1H), 7.61 (dd, J = 12.0, 8.5 Hz,
4H), 7.51 (d, J = 8.0 Hz, 1H), 7.19 (d, J = 3.5 Hz, 2H), 7.04 — 7.00 (m, 1H), 6.89 (dd,
J=8.52.0 Hz, 4H), 4.16 (br, 2H), 3.78 (s, 6H). 3C NMR (125 MHz, CDCla): § 162.7
(d, J = 2.5 Hz), 137.9 (d, J = 8.8 Hz), 135.5, 133.7 (d, J = 12.5 Hz), 125.2, 124.1 (d, J
= 113.8 Hz), 121.3 (d, J = 11.3 Hz), 118.8 (d, J = 45.0 Hz), 114.4 (d, J = 13.8 Hz),
112.0, 107.1 (d, J = 130.0 Hz), 55.4.3P NMR (202 MHz, CDCls): 6 21.8. HRMS
(ESI): Calcd for C22H2:N203P [M+H]" 393.1363, found 393.1360.

(3-amino-1H-indol-2-yl)bis(4-fluorophenyl)phosphine oxide (4ae)
NH,

OO
"X
F
4ae
According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 25.6 mg, 70% vyield; m.p. = 253
— 255 <. 'H NMR (500 MHz, CDCl3): & 8.39 (br, 1H), 7.71 — 7.66 (m, 4H), 7.51 (d,
J = 8.0 Hz, 1H), 7.23 — 7.19 (m, 2H), 7.12 — 7.02 (m, 5H), 4.10 (br, 2H). 3C NMR

(125 MHz, CDCls): § 165.4 (d, J = 2.5 Hz), 138.4 (d, J = 10.0 Hz), 137.0 (d, J = 10.0
Hz), 134.3 (dd, J = 12.5 Hz, 8.8 Hz), 128.6 (d, J = 112.5 Hz), 125.7, 121.1 (d, J =
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10.0 Hz), 118.9 (d, J = 63.8 Hz), 116.4 (dd, J = 21.3 Hz, 13.8 Hz), 112.1, 104.9 (d, J
= 133.8 Hz). 3P NMR (202 MHz, CDCls): § 21.2. 1°F NMR (471 MHz, CDCls): 8
-105.5. HRMS (ESI): Calcd for CaoHisF2aN2OP [M+H]* 369.0963, found 369.0965.

(3-amino-1H-indol-2-yl)bis(4-chlorophenyl)phosphine oxide (4af)
NH,

@?_sg’%?c,

Cl
4af

According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 29.8 mg, 75% vyield; m.p. = 250
— 252 <T. 'H NMR (500 MHz, CDCl3): 6 8.24 (br, 1H), 7.67 — 7.57 (m, 4H), 7.52 (d,
J =8.0 Hz, 1H), 7.40 (dd, J = 8.5, 2.0 Hz, 4H), 7.26 — 7.15 (m, 2H), 7.08 — 7.04 (m,
1H), 4.17 (br, 2H).3C NMR (125 MHz, CDCls): & 139.2 (d, J = 3.8 Hz), 138.5 (d, J
= 8.8 Hz), 137.5 (d, J = 11.3 Hz), 133.1 (d, J = 11.3 Hz), 131.0 (d, J = 110.0 Hz),
129.3 (d, J = 13.8 Hz), 125.9, 121.1 (d, J = 11.3 Hz), 119. 0 (d, J = 68.8 Hz), 112.1,
104.2 (d, J = 133.8 Hz). 3P NMR (162 MHz, CDCls): & 21.2. HRMS (ESI): Calcd
for C20H15CI2N2OP [M+H]*" 401.0372, found 401.0368.

(3-amino-1H-indol-2-yl)bis(4-(trifluoromethyl)phenyl)phosphine oxide (4ag)
NH,

O
\ S
H

CF;
4ag
According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). Yellow solid; 34.5 mg, 74% yield; m.p. = 185
— 187 <T.'H NMR (400 MHz, CDCls):  8.16 (br, 1H), 7.83 (dd, J = 12.4, 8.0 Hz,
4H), 7.70 — 7.68 (m, 4H), 7.54 (d, J = 8.0 Hz, 1H), 7.28 — 7.18 (m, 2H), 7.08 (t, J =
7.2 Hz, 1H), 4.30 (br, 2H). *C NMR (100 MHz, CDCls): 6 138.9 (d, J = 10.0 Hz),
138.5 (d, J = 11.0 Hz), 136.5 (d, J = 106.0 Hz), 134.4 (qd, J = 33.0 Hz, 3.0 Hz), 132.2
(d, J = 11.0 Hz), 126.3, 125.9 (dg, J = 12.0 Hz, 4.0 Hz), 123.5 (q, J = 271.0 Hz),
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121.1 (d, J = 11.0 Hz), 119.2 (d, J = 73.0 Hz), 112.2 (d, J = 1.0 Hz), 103.0 (d, J =
135.0 Hz). 3P NMR (162 MHz, CDCls): § 20.6. °F NMR (376 MHz, CDCls): &
-63.2. HRMS (ESI): Calcd for C22HisFsN20P [M+H]* 469.0899, found 469.0904.

(S)-(3-amino-1H-indol-2-yl)(phenyl)(m-tolyl)phosphine oxide (4ah)

4ah

According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 26.4 mg, 76% yield; m.p. = 252
— 254 <. 'H NMR (500 MHz, CDCl3): & 7.98 (br, 1H), 7.72 (dd, J = 12.5, 7.5 Hz,
2H), 7.62 (d, J = 13.0 Hz, 1H), 7.56 — 7.50 (m, 2H), 7.48 — 7.41 (m, 3H), 7.38 — 7.28
(m, 2H), 7.25 — 7.17 (m, 2H), 7.07 — 7.03 (m, 1H), 4.15 (br, 2H), 2.33 (s, 3H). 3C
NMR (125 MHz, CDCls): 6 138.9 (d, J = 12.5 Hz), 138.1 (d, J = 8.8 Hz), 136.8 (d, J
= 10.0 Hz), 133.4 — 133.0 (m), 132.5 — 132.2 (m), 131.8 (d, J = 10.0 Hz), 128.9 -
128.7 (m), 125.4, 121.3 (d, J = 10.0 Hz), 118.8 (d, J = 43.8 Hz), 112.0, 105.8 (d, J =
130.0 Hz), 21.5. 3P NMR (202 MHz, CDCls): & 22.7. HRMS (ESI): Calcd for
Ca1H19N20P [M+H]* 347.1308, found 347.1304.

(3-amino-1H-indol-2-yl)bis(3,5-dimethylphenyl)phosphine oxide (4ai)

4ai

According to the general procedure (Conditions B), the product was purified by flash

column chromatography (PE/EA = 1:3). White solid; 29.9 mg, 77% vyield; m.p. = 255

— 257 €. 'H NMR (500 MHz, CDCls): § 7.64 (br, 1H), 7.53 (d, J = 8.0 Hz, 1H), 7.34

(dd, J = 13.0, 2.0 Hz, 4H), 7.25 — 7.20 (m, 2H), 7.17 (s, 2H), 7.08 — 7.04 (m, 1H),

4.07 (br, 2H), 2.30 (s, 12H). 3C NMR (125 MHz, CDCls): & 138.7 (d, J = 13.8 Hz),

138.0 (d, J = 8.8 Hz), 136.5 (d, J = 10.0 Hz), 134.2 (d, J = 2.5 Hz), 1326 (d, J =
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106.3 Hz), 129.3 (d, J = 10.0 Hz), 125.3, 121.5 (d, J = 11.3 Hz), 118.9 (d, J = 36.3
Hz), 112.0, 106.4 (d, J = 128.8 Hz), 21.4. 3P NMR (202 MHz, CDCls): & 23.1.
HRMS (ESI): Calcd for Ca4H25NoOP [M+H]* 389.1777, found 389.1772.

(3-amino-1H-indol-2-yl)di(naphthalen-2-yl)phosphine oxide (4aj)

4aj

According to the general procedure (Conditions B), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 29.5 mg, 68% yield; m.p. = 268
— 270 <T. *H NMR (500 MHz, CDCls): § 8.32 (d, J = 14.5 Hz, 2H), 8.01 (br, 1H),
7.93 — 7.82 (m, 4H), 7.80 (d, J = 8.5 Hz, 2H), 7.77 — 7.72 (m, 2H), 7.62 — 7.53 (m,
3H), 7.53 — 7.44 (m, 2H), 7.22 (d, J = 4.0 Hz, 2H), 7.09 — 7.05 (m, 1H), 4.36 (br, 2H).
13C NMR (125 MHz, CDCls): & 138.3 (d, J = 8.8 Hz), 136.7, 135.0, 133.8 (d, J = 10.0
Hz), 132.6 (d, J = 13.8 Hz), 129.8 (d, J = 107.5 Hz), 129.2, 128.9 (d, J = 11.3 Hz),
128.3 (d, J = 65.0 Hz), 127.1, 126.5 (d, J = 11.3 Hz), 125.6, 121.4 (d, J = 10.0 Hz),
119.0 (d, J = 51.3 Hz), 112.1, 106.0 (d, J = 130.0 Hz). 3P NMR (202 MHz, CDCly):
8 22.9. HRMS (ESI): Calcd for C2sH21:N20P [M+H]" 433.1464, found 433.1464.

(3-amino-1H-indol-2-yl)di(thiophen-2-yl)phosphine oxide (4ak)
NH,

P s
-4
N /S

H

4

4ak

According to the general procedure (3.3), the product was purified by flash column
chromatography (PE/EA = 1:3). White solid; 19.7 mg, 57% yield; m.p. = 217 —
219 <. 'H NMR (500 MHz, CDCls): § 7.76 (t, J = 4.5 Hz, 2H), 7.71 (br, 1H), 7.64 —
7.58 (m, 2H), 7.55 (d, J = 8.0 Hz, 1H), 7.30 — 7.22 (m, 2H), 7.21 — 7.18 (m, 2H), 7.10

—7.05 (m, 1H), 4.24 (br, 2H). 3C NMR (125 MHz, CDCls): § 138.2 (d, J = 10.0 Hz),
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137.4 (d, J = 11.3 Hz), 136.8 (d, J = 11.3 Hz), 135.2 — 134.2 (m), 128.7 (d, J = 15.0
Hz), 126.0, 121.1 (d, J = 11.3 Hz), 119.1 (d, J = 36.3 Hz), 112.1, 105.8 (d, J = 145.0
Hz). 3P NMR (202 MHz, CDCls): § 5.4. HRMS (ESI): Calcd for CisHisN;OPS;
[M+H]* 345.0280, found 345.0275.

2-((bis(diphenylphosphoryl)methyl)amino)benzonitrile (5)
P(O)Ph,

N TPO)Ph,
CN

5

According to the control experiment (5.1a), the product was purified by flash column
chromatography (PE/EA = 1:3). White solid; 34.2 mg, 64% yield; m.p. = 189 —
191 <. 'H NMR (400 MHz, CDCls): § 7.89 — 7.78 (m, 8H), 7.47 — 7.27 (m, 12H),
7.15 (t, J = 8.0 Hz, 2H), 6.60 — 6.54 (m, 2H), 5.31 (s, 1H), 5.19 (s, 1H). ¥C NMR
(126 MHz, CDClz): 6 148.0, 133.8, 132.8, 132.3, 131.8 — 131.6 (m), 130.8 — 129.6
(m), 128.7 — 128.5 (m), 118.5, 116.9, 112.2, 97.5, 56.6 (t, J = 61.3 Hz). 3P NMR
(202 MHz, CDCl3): & 28.5. HRMS (ESI): Calcd for Ca2H27N202P2 [M+H]* 533.1542,
found 533.1540.

(3-amino-1H-indol-2-yl)diphenylphosphine sulfide (6)
NH,

@&P(&%
N
H

6

According to the further transformation (4.2.1), the product was purified by flash
column chromatography (PE/EA = 6:1). Colorless oil; 58.4 mg, 84% vyield. 'H NMR
(500 MHz, CDCls): & 7.81 (dd, J = 14.0, 7.5 Hz, 5H), 7.59 — 7.39 (m, 7H), 7.29 —
7.16 (m, 2H), 7.06 (t, J = 7.5 Hz, 1H), 3.84 (br, 2H). 3C NMR (125 MHz, CDCls): &
137.1 (d, J = 10.0 Hz), 134.9 (d, J = 10.0 Hz), 132.6 (d, J = 87.5 Hz), 132.0 (d, J =
2.5 Hz), 131.7 (d, J = 11.3 Hz), 128.9 (d, J = 12.5 Hz), 125.4, 121.7 (d, J = 10.0 Hz),
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119.1, 118.5, 111.8, 103.8 (d, J = 111.3 Hz). 3P NMR (202 MHz, CDCls): & 28.8.
HRMS (ESI): Calcd for C20H17N2PS [M+H]* 349.0923, found 349.0922.

(3-((2-chloroethyl)amino)-1H-indol-2-yl)diphenylphosphine oxide (7)
NHCH,CH,CI

N P(O)Ph,
N
H

7

According to the further transformation (4.2.2), the product was purified by flash
column chromatography (PE/EA = 1:1). White solid; 26.8 mg, 34% yield; m.p. = 187
— 189 <. 'H NMR (500 MHz, CDCl3): & 8.12 (br, 1H), 7.73 — 7.68 (m, 5H), 7.54 (td,
J =175, 15 Hz, 2H), 7.44 (td, J = 7.5, 3.0 Hz, 4H), 7.27 — 7.18 (m, 2H), 7.09 — 7.05
(m, 1H), 4.97 (br, 1H), 3.55 (t, J = 6.5 Hz, 2H), 3.47 (d, J = 6.0 Hz, 2H). *C NMR
(125 MHz, CDCl3): & 138.3 (d, J = 8.8 Hz), 137.8, 133.0 — 132.2 (m), 131.8 (d, J =
11.3 Hz), 128.9 (d, J = 12.5 Hz), 125.2, 121.9 (d, J = 10.0 Hz), 120.6, 119.6, 112.4,
109.8 (d, J = 127.5 Hz), 49.8, 44.1. 3P NMR (202 MHz, CDCls): § 22.6. HRMS
(ESI): Calcd for C22H20CIN2OP [M+H]" 395.1075, found 395.1074.

5-(2,5-dimethylphenoxy)-N-(2-(diphenylphosphoryl)-1H-indol-3-yl)-2,2-dimethyl
pentanamide (8)

Sos

@)

O
NH

\
QNS\P(O)PhZ

H

8

According to the further transformation (4.2.3), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 97.8 mg, 87% vyield; m.p. = 167
— 169 <C. 'H NMR (500 MHz, CDCls): & 8.76 (br, 1H), 8.36 (br, 1H), 7.87 (d, J = 8.5
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Hz, 1H), 7.71 — 7.66 (m, 4H), 7.54 (td, J = 7.5, 1.5 Hz, 2H), 7.44 (td, J = 7.5, 3.0 Hz,
4H), 7.31 — 7.19 (m, 2H), 7.16 — 7.08 (m, 1H), 6.98 (d, J = 7.5 Hz, 1H), 6.64 (dd, J =
7.5, 1.5 Hz, 1H), 6.55 (s, 1H), 3.78 (t, J = 5.5 Hz, 2H), 2.29 (s, 3H), 2.13 (s, 3H), 1.84
—1.53 (m, 4H), 1.20 (s, 6H). 3C NMR (125 MHz, CDCls): 5 176.0, 157.1, 137.7 (d, J
= 10.0 Hz), 136.5, 132.9 (d, J = 3.8 Hz), 131.9 — 129.1 (m), 127.3 (d, J = 8.8 Hz),
125.4, 123.6, 123.0 (d, J = 8.8 Hz), 120.7, 120.6, 115.2 (d, J = 122.5 Hz), 112.0,
111.8, 68.0, 42.5, 37.8, 25.6, 25.3, 21.5, 15.9. 3P NMR (202 MHz, CDCls): § 23.1.
HRMS (ESI): Calcd for C3sH37N203P [M+H]" 565.2615, found 565.2611.

N-(2-(diphenylphosphoryl)-1H-indol-3-yl)-2-(4-isobutylphenyl)propenamide (9)

NH

N—p(0)Ph,

Irz

9

According to the further transformation (4.2.3), the product was purified by flash
column chromatography (PE/EA = 1:1). White solid; 92.2 mg, 89% yield; m.p. = 194
— 196 <T. 'H NMR (500 MHz, CDCl3): & 9.58 (br, 1H), 7.65 — 7.48 (m, 8H), 7.42 —
7.34 (m, 4H), 7.27 — 7.25 (m, 1H), 7.21 — 7.14 (m, 1H), 7.10 — 7.03 (m, 3H), 7.01 —
6.99 (m, 2H), 3.41 (q, J = 7.0 Hz, 1H), 2.42 (d, J = 7.0 Hz, 2H), 1.86 — 1.76 (m, 1H),
1.41 (d, J = 7.0 Hz, 3H), 0.88 (d, J = 6.5 Hz, 6H).3C NMR (125 MHz, CDCla): &
172.9, 140.6, 138.4, 137.5 (d, J = 10.0 Hz), 132.7 — 132.5 (m), 132.0 — 131.7 (m),
131.0 (d, J = 8.8 Hz), 129.6, 129.1 — 128.8 (m), 127.3, 125.0, 124.1 (d, J = 10.0 Hz),
123.5 (d, J = 10.0 Hz), 122.1, 120.5, 117.7 (d, J = 121.3 Hz), 112.2, 46.9, 45.1, 30.3,
22.5, 18.6. P NMR (202 MHz, CDCl3): & 22.0. HRMS (ESI): Calcd for
Ca3H33N202P [M+H]" 521.2352, found 521.2349.
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3,6-dichloro-N-(2-(diphenylphosphoryl)-1H-indol-3-yl)-2-methoxybenzamide

(10)
Cl
0
/ cl
O™ \H
N—p(0)Ph,
N
H
10

According to the further transformation (4.2.3), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 82.4 mg, 77% vyield; m.p. = 233
— 235 . IH NMR (500 MHz, CDCls): & 9.67 (br, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.76
(br, 1H), 7.71 (dd, J = 13.0, 7.0 Hz, 4H), 7.54 — 7.45 (m, 2H), 7.44 — 7.34 (m, 5H),
7.33 - 7.23 (m, 2H), 7.22 — 7.15 (m, 1H), 7.04 (d, J = 8.5 Hz, 1H), 3.79 (s, 3H). 3C
NMR (125 MHz, CDCla): & 162.4, 153.9, 137.5 (d, J = 8.8 Hz), 133.0, 132.7, 132.0
(d, J = 10.0 Hz), 131.7 — 130.8 (m), 130.0, 129.0 (d, J = 12.5 Hz), 126.9, 126.0,
125.29, 123.3 — 123.1 (m), 122.5, 121.0, 118.1 (d, J = 120.0 Hz), 112.4, 62.5. 3P
NMR (202 MHz, CDCls): & 22.1. HRMS (ESI): Calcd for C2sH21ClaN203P [M+H]*
535.0740, found 535.0735.

2-(2,4-dichlorophenoxy)-N-(2-(diphenylphosphoryl)-1H-indol-3-yl)acetamide
(11)
Cl

O
Cl

o]
NH
©f\g—P(0)Ph2
N
H
1

According to the further transformation (4.2.3), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 88.4 mg, 83% yield; m.p. = 184
— 186 C. 'H NMR (500 MHz, CDCl3): 8 10.59 (br, 1H), 8.02 (br, 1H), 7.69 (dd, J =

13.0, 7.0 Hz, 4H), 7.57 (d, J = 8.0 Hz, 1H), 7.50 — 7.42 (m, 3H), 7.42 — 7.33 (m, 5H),
S43



7.30 — 7.26 (m, 1H), 7.19 — 7.12 (m, 2H), 6.70 (d, J = 9.0 Hz, 1H), 4.29 (s, 2H). 3C
NMR (125 MHz, CDCls): & 166.1, 151.4, 137.6 (d, J = 10.0 Hz), 132.6 (d, J = 2.5
Hz), 132.0 (d, J = 11.3 Hz), 131.3 (d, J = 110.0 Hz), 130.3, 128.9 (d, J = 12.5 Hz),
128.0, 1275, 125.1, 123.9 (d, J = 8.8 Hz), 123.9, 121.1, 120.9, 120.4 — 120.1 (m),
114.4, 112.9, 68.1. 3P NMR (202 MHz, CDCls): & 21.1. HRMS (ESI): Calcd for
CasH21C12N203P [M+H]* 535.0740, found 535. 0735.

2-(6-chloro-9H-carbazol-2-yl)-N-(2-(diphenylphosphoryl)-1H-indol-3-yl)propana
mide (12)

H
N
cl o [T\

H

12

According to the further transformation (4.2.3), the product was purified by flash
column chromatography (PE/EA = 1:3). White solid; 103.0 mg, 88% yield; m.p. =
210 — 212 <T. *H NMR (500 MHz, DMSO-de): & 11.53 (s, 1H), 11.46 (s, 1H), 9.38 (s,
1H), 8.23 (d, J = 2.0 Hz, 1H), 8.12 (d, J = 8.0 Hz, 1H), 7.76 — 7.64 (m, 4H), 7.64 —
7.55 (m, 2H), 7.55 — 7.44 (m, 6H), 7.44 — 7.36 (m, 2H), 7.28 (d, J = 8.0 Hz, 1H), 7.21
—7.17 (m, 2H), 6.96 (t, J = 7.5 Hz, 1H), 3.67 (g, J = 7.0 Hz, 1H), 1.32 (d, J = 7.0 Hz,
3H). 23C NMR (125 MHz, DMSO-de): & 173.0, 140.7, 138.5, 137.3 (d, J = 10.0 Hz),
132.8 — 131.5 (m), 128.7 (dd, J = 12.5 Hz, 8.8 Hz), 125.1 — 123.0 (m), 120.8 — 118.9
(m), 112.6, 112.5, 110.0, 45.8, 19.1. 3P NMR (202 MHz, DMSO-ds): 5 18.9. HRMS
(ESI): Calcd for CasH2sCIN3O2P [M+H]* 588.1602, found 588. 1598.
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9. H, BC, 3P, and F NMR Spectra of Compounds
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