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1. General

All substrates and reagents were commercially available and used without further
purification. TLC analysis was performed using pre-coated glass plates. Column
chromatography was performed using silica gel (200-300 mesh). 'H, 13C, '°F spectra
were recorded in CDCl; and DMSO-dg on Bruker 400 MHz NMR (AVANCE III HD
400) spectrometers and chemical shifts of "H NMR are reported in ppm, relative to the
internal standard of tetramethylsilane (TMS, & = 0.00 ppm). Chemical shifts of 13C
NMR were reported in ppm with the solvent as the internal standard (CDCls, 6 = 77.0
ppm, DMSO-4, 6 = 39.5 ppm). Data are reported as follows: chemical shift,
multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet), coupling constants
(Hz) and integration. 3C spectra were recorded in CDCl; on 100 MHz NMR
spectrometers and resonances (8) are given in ppm. '°F spectra were recorded in
CDCIl; on 376 MHz NMR spectrometers and resonances () are given in ppm. HRMS
were obtained on an Agilent LC1290-TOF 6224 equipped with an electrospray
source. The X-ray crystal-structure determinations of 4d were obtained on a DS
Venture diffractometer system. Melting points were determined using XT-4 apparatus
and not corrected. UV/Vis spectra were recorded using an Agilent Cary-60 UV/Vis
spectrophotometer. Fluorescence spectra were recorded using an Ocean Optics QEpro
fluorescence spectrophotometer.
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2. Screening of the reaction conditions”

o + ONHZ . d.k?\"/ I,, DMSO O B O
: o OH ! additive, T°C o™ N
1a 2a 3a 4f
/O
Entry | L (equiv) Additives (equiv) Temp (°C) | Yield (%)?

1 1.0 - 100 42%

2 1.0 AcOH(1.0) 100 37%

3 1.0 HI(1.0) 100 40%

4 1.0 TsOH(1.0) 100 29%

5 1.0 TfOH(1.0) 100 25%

6 1.0 Na,COs(1.0) 100 21%

7 1.0 K3PO, (1.0) 100 15%

8 1.0 DABCO (1.0) 100 17%

9 1.0 FeCl3(1.0) 100 38%

10 1.0 CuCly(1.0) 100 36%

11 1.0 NiCl,(1.0) 100 31%

12 1.0 ZnCly(1.0) 100 28%

13 1.0 TBHP(1.0) 100 37%

14 1.0 DTBP(1.0) 100 35%

15 1.0 KHS,05(1.0) 100 40%

16 1.0 K>S,05(1.0) 100 34%

17 0.5 - 100 21%

18 1.5 - 100 54%

19 2.0 - 100 51%
20¢ 1.5 - 100 49%
214 1.5 - 100 70%
22¢ 1.5 - 100 43%

23/ 1.5 - 100 52%
242 1.5 - 100 45%
25k 1.5 - 100 48%

26/ 1.5 - 100 66%
274 1.5 - 90 65%
284 1.5 - 110 63%
294 1.5 - 120 57%

“Reaction conditions: 1a (0.5 mmol), 2a (0.5 mmol), 3a (0.5 mmol), I, (equiv), additive (equiv), indicated
temperature, DMSO 2.5 mL, 4 h. ’Isolated yields. 1a: 2a: 3a=2: 1: 1.91a: 2a: 3a=1: 2: 1. °1a: 2a: 3a=1:
1:2.11a:2a:3a=2:2:1.¢1a: 2a:3a=2:1:2."a: 2a: 3a=1:2:2.'1a: 2a: 3a=1: 3: 1
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3. Operation methods for synthesis compounds

Synthetic method of o-hydroxyphenyl enaminone
o] | o]

O N =
+ 7YY 1100 Ng
/O Toluene |
OH OH
DMF-DMA 3

To a stirred solution of o-hydroxy aryl methyl ketone (5.0 mmol, 1.0 eq.) in
toluene (5.0 mL), 1,1-dimethoxy-N, N-dimethylmethanamine (7.0 mmol, 1.4 eq.) was
added and stirred at 110 °C (metal heating block). After completion of the reaction
(monitored by TLC), use ethyl acetate to transfer the reaction solution to the eggplant
shaped bottle, rotate and evaporate under vacuum and pressure at 60 °C to obtain the
product, which turns into yellow solid after cooling. Wash the solid with petroleum
ether with the aid of ultrasound and discard the supernatant. In this way, pure yellow
solid 3 can be obtained after three times of washing.!

General procedure for the synthesis of 4 and 5 (4f as example)

o (0]
(o} NH
O oy e G0
_——
N + | o) N
0 OH 100 °C
1a 2a 3a 4f

O~

1.0 mmol scale: The reactions did not require the protection of inert gases. In a
35 mL sealed tube were added acetophenone (1a) (120 mg, 1.0 mmol), iodine (381
mg, 1.5 mmol) and dimethyl sulfoxide (5 mL) and the resulting mixture was stirred at
100 °C (metal heating block), the reaction tube was removed after about 1 hour. Then
add (2a) (246 mg, 2.0 mmol), (3a) (191 mg, 1.0 mmol). The resulting mixture was
stirred at 100 °C (metal heating block), the reaction tube was removed after about 4
hour until substrate conversion was almost complete by TLC analysis. The reaction
mixture was quenched with saturated Na,S,05 solution (50 mL) and NaCl solution
(150 mL), then the mixture was extracted with EtOAc (150 mL x 2), the organic
layers were separated and combined, dried over anhydrous Na,SO,4 and concentrated
under reduced pressure. The crude product was purified by column chromatography
on silica gel (eluent: petroleum ether/EtOAc = 8:1) to afford the product 4f (257 mg,
70% yield).

10.0 mmol scale: The reactions did not require the protection of inert gases. In a
100 mL round flask were added acetophenone (1a) (1200 mg, 10 mmol), iodine (3810
mg, 15 mmol) and dimethyl sulfoxide (50 mL) and the resulting mixture was stirred at
100 °C (metal heating block), the reaction tube was removed after about 1 hour. Then
add (2a) (2460 mg, 20.0 mmol), (3a) (1910 mg, 10.0 mmol), and the resulting mixture
was stirred at 100 °C (metal heating block), the reaction tube was removed after about
4 hour until substrate conversion was almost complete by TLC analysis. The reaction
mixture was quenched with saturated Na,S,0; solution (150 mL) and NaCl solution
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(300 mL), then the mixture was extracted with EtOAc (300 mL x 2), the organic
layers were separated and combined, dried over anhydrous Na,SO,4 and concentrated
under reduced pressure. The crude product was purified by column chromatography

on silica gel (eluent: petroleum ether/EtOAc = 8:1) to afford the product 4f (2060 mg,
56% yield).

1. (a) Wang, F.; Sun, W.; Wang, Y.; Jiang, Y.; Loh, T. P. Org. Lett. 2018, 20,

1256-1260. (b) Ni, M.; Zhang, J.; Liang, X.; Jiang, Y.; Loh, T. P. Chem. Commun.
2017, 53, 12286-12289.
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2. Mechanistic studies
Isotope labeling experiment

In a 35 mL sealed tube were added CDs-labeled acetophenone (1a-D, 123 mg, 1.0 mmol),
iodine (381 mg, 1.5 mmol) and dimethyl sulfoxide (5 mL) and the resulting mixture
was stirred at 100 °C (metal heating block), the reaction tube was removed after about
1 hour. Then add (2a) (246mg, 2.0 mmol), (3a) (191 mg, 1.0 mmol). The resulting
mixture was stirred at 100 °C (metal heating block), the reaction tube was removed
after about 4 hour until substrate conversion was almost complete by TLC analysis.
The reaction mixture was quenched with saturated Na,S,0; solution (50 mL) and
NaCl solution (150 mL), then the mixture was extracted with EtOAc (150 mL x 2),
the organic layers were separated and combined, dried over anhydrous Na,SO, and
concentrated under reduced pressure. The crude product was purified by column
chromatography on silica gel (eluent: petroleum ether/EtOAc = 8:1) to afford the
product (254 mg, 69% yield).

o NH o} Q Hp QD)
2 Ny~ |, DMSO OH -HOD or H,0 Q
o (P . ST el SR | 2% SO
o OH 100 °C 0" N 0" N
PMP PMP
faD 2a sa G 41, 69%
4f-D:4fH =13:7
Confirmed by "H NMR and HRMS
M—ONOONOOWMD®© T ~ o
TTOQOUTTOANNN— DD «Q o
WWMNMNNMNNMNMNNMNNNKNGOGO O ™ o
R - e e e | |
0 B 0 i
l 0 N i ‘ 0 N i
65%
(1}
35%
/O /O

_ 6.98
~6.96
“6.94

12.00+
0.35

P e e e
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x10 4 |+EST 4434 (0.347 43%h) Frag=175.0V 20230707-SG-D. d
3 o 369. 1341 o p

CLI-O

0
368. 1279 4
14 [M+H]*: Cp4H1gNOg" 37@4‘]";@*) Ca4H17DNO3*
Exact Mass: 368.1281 3TEshd Rhass: 369.1344
0.5 found: 368.1279 foynd: 369.1341
367. 2322
0 —* — - — T \l — — + ?I" - T T —L
362 363 364 365 366 367 368 369 370 371 372 373 374 375

W5 AT (n/z)

The synthesis of C-1

0 (0]
. Z ,i,/ l,, DMSO
OH 100 °C
1a 3a C-172%

In a 35 mL sealed tube were added acetophenone (1a) (120 mg, 1.0 mmol),
iodine (381 mg, 1.5 mmol) and dimethyl sulfoxide (5 mL) and the resulting mixture
was stirred at 100 °C (metal heating block), the reaction tube was removed after about
1 hour. Then add (3a) (191 mg, 1.0 mmol), the resulting mixture was stirred at 100 °C
(metal heating block), the reaction tube was removed after about 3 hour until substrate
conversion was almost complete by TLC analysis. The reaction mixture was
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quenched with saturated Na,S,0; solution (50 mL) and NaCl solution (150 mL), then
the mixture was extracted with EtOAc (150 mL x 2), the organic layers were
separated and combined, dried over anhydrous Na,SO, and concentrated under
reduced pressure. The crude product was purified by column chromatography on
silica gel (eluent: petroleum ether/EtOAc = 15:1) to afford the product (200mg, 72%
yield).

The HRMS date of mechanistic studies

o (0]
(o} NH
O oy e TR0
LN + | o) N
0 OH 100 °C
1a 2a 3a 4f

O~

In a 35 mL sealed tube were added acetophenone (1a) (120 mg, 1.0 mmol),
iodine (381 mg, 1.5 mmol) and dimethyl sulfoxide (5 mL) and the resulting mixture
was stirred at 100 °C (heating block), the reaction tube was removed after about 1
hour. Then add (2a) (246mg, 2.0 mmol), (3a) (191 mg, 1.0 mmol), and the resulting
mixture was stirred at 100 °C, the reaction tube was removed after about 4 hour. Then,
the 1 mL of the reaction solution was quenched with 4 mL of saturation Na,S,03
solution, and then extracted with 3 mL of EtOAc. Then 1.0 mL of the extraction
solution was added into the test bottle and diluted with 0.5 mL of EtOAc. Take
samples every 15 minutes, 30 minutes and 45 minutes, the samples were immediately
monitored by HRMS.
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H
0 NH.
e e QOO
N * o~ N
o oH’ 100 °C a PMP
1a 2a 3a
+lp, -HI
[o}
|
intramolecular
cyclization
0% NH
F  PmP
[M+H]*: 386.1387
found: 386.1387
oSO
(o} e
OH
[M+Na]*: 348.1206 O -H0
2a
found: 348.1199 ) I}IH
D PMP

[M+H]*: 404.1492
found: 404.1500

[M+H]*: 281.0808
found: 281.0804

HRMS:

x10 2 |+EST 2434 (0.510 434) Frag=175.0V 20230530-SG-15. d
4 347. 1725
347. 0243

348. 1199

o
L

o
o
.

1 [M+H]*: C4gH1gNO4Na*
Exact Mass: 348.1206
found: 348.1199

346.8 347 347.2 3474 3476  347.8 348 348.2 3484 3486 3488 349 349.2 3494
i 5 BTt (n/z)

x10 3 |#EST 2434 (0.458 434$) Frag=175.0V 20230420-SG-15MIN. d

1.84 281. 0804

61 [M+H]*: C17H1304"
44 Exact Mass: 281.0808
2 found: 281.0804

S e e e

280.3 280.4 280.5 280.6 280.7 280.8 280.9 281 281.1 281.2 281.3 281.4 281.5 281.6 281.7 281.8 281.9 282
i 5 Fffte (n/z)
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x10 2 [+EST 4434 (0.543 434h) Frag=175.0V 20230530-SG-15. d
77 104. 1500

24 o~
.5 [M+H]*: Cp4HoNOs*
14 Exact Mass: 404.1492
0.5 found: 404.1500

o

403.2 403.3 405.4 403.5 403.6 405.7 403.8 403.9 404 401 404.2 404.3 404.4 401.5 404.6 401.7 404.8 404.9
i 5 BTt (n/z)

x10 3 |#EST 4434 (0.381 434$) Frag=175.0V 20230420-SG-30MIN. d

386. 1387

=

5N
1 ‘ [MAH]*: C24H20NO4*

S e e e
> =

‘ Exgct Mas; '386.12{87
‘ ‘ found: 38 ﬂStN
T T T T

377 378 379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394
i 5 Fffte (n/z)
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3. Photophysical Properties

Solvatochromic effect of 4p-PXZ:The test solution of 4p-PXZ is diluted with stock
solution (2.0 x 10 mol/L), and the solution of equal concentration (103 mol/L) is
prepared by eight different polarity solvents. The excitation wavelength of the
fluorescence test is 328 nm and is tested with a quartz cuvette.

0.8
CGH‘M-

0.6 D.CM
5 Dioxane
& — EtOAC
5 —— EtOH
E_ 0.4 —— MeCN
2 —— THF
o]
<

0.2 4

0.0 S

300 400

Wavelength (nm)

40000 L CGHM

——DCM
Dioxane
—— EtOAc
——— EtOH
—— MeCN
—— THF

30000

20000

PL Intensity (au)

10000

400 600 800
Wavelength (nm)

Fluorescence emission spectrum of AIE:

The test solution of 4p-PXZ and 5d-PXZ are diluted with stock solution (2.0 x 10
mol/L), and the solution of equal concentration (10~ mol/L) with different water
fractions is prepared by MeCN/H,0O mixed solvent system. The excitation wavelength
of the fluorescence test is 328 nm, and the AIE solution is tested with a quartz cuvette.
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4. Crystallographic data and molecular structure of 4d

Figure 1. Molecular structure of 4d with 50% probability ellipsoids

Crystal Data for Compound 4d: CCDC 2265550 contains the supplementary
crystallographic data for this paper. These data can be obtained free of charge from
The Cambridge Crystallographic.

Sample preparation: In a 10 mL glass bottle, 15 mg of pure 4d was completely
dissolved in the mixed solvent of 3 mL CHCIs, and then 2 mL of n-hexane was added
slowly. After a week of solvent evaporation, some white transparent crystals were
obtained. The crystals were mounted on a glass fiber for diffraction experiments.
Intensity data were collected on a D8 Venture diffractometer with Ga Ka radiation
(1.34139 A) at room temperature.
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Bond precision:
Cell:

Temperature:

Volume
Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm-3

Z

Mu (mm-1)
FOO00

FOOO*

h,k, lmax
Nref

Tmin, Tmax
Tmin”

C=C = 0.0020 &

a=5.5560(3)
alpha=390
100 K

Calculated
22B87.3(2)

P 2l/c

=P 2vyhc

C25 H13 N 03, C H C13
C26 H20 C1l3 N 03
500.78

1.454

4

2.566

1032.0

1037.84

T,28,26

5701

0.831,0.902
0.735

b=21.2465(12)
beta=96.515(2)

Wavelength=1.34139

c=19.5024 (11}
gamma=350

Reported
228T7.3(2)
P 21/c
=P 2ybc

?

C26 H20 C13 N O3
500.78
1.454

4

2.566
1032.0

T,28,26
5657
0.748,0.904

Correction method= # Reported T Limits: Tmin=0.74E Tmax=0,%04
AbsCorr = MULTI=-SCAN

Data completeness= (0.992

R(reflections)= 0.0401{ 4584)

5 =1.058

Npar= 300
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6. Characterization data for compounds

2-phenyl-1-(p-tolyl)chromeno[2,3-b]pyrrol-4(1H)-one (4a):

Yield 65%; 228 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 208-
210 °C. '"H NMR (400 MHz, CDCl;) ¢ 8.42 (d, J= 7.6 Hz, 1H), 7.60 (t, J = 7.6 Hz, 1H), 7.41
(t, /= 8.0 Hz, 2H), 7.28-7.19 (m, 9H), 6.94 (s, 1H), 2.44 (s, 3H). 3C NMR (100 MHz, CDCl;)
0 173.3, 154.0, 150.6, 138.6, 132.4, 132.1, 131.9, 131.1, 130.0, 128.3, 128.2, 127.4, 127.3,
126.7, 124.4, 123.5, 117.5, 107.0, 102.4, 21.2. HRMS (ESI): m/z [M+H]* caled for
CyH sN,0,%: 352.1332; found: 352.1335.

0

(L]

VY

W,

Z

1,2-di-p-tolylchromeno[2,3-b]pyrrol-4(1 H)-one (4b):

Yield 63%; 238 mg; white solid column chromatography, silica gel (PE:EA, 8:1); mp 210-
212 °C. '"H NMR (400 MHz, CDCl;) ¢ 8.42 (d, J= 8.0 Hz, 1H), 7.60 (t, J = 7.6 Hz, 1H), 7.40
(t, J=8.8 Hz, 2H), 7.27 (d, /= 7.6 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 7.05 (t, J = 8.8 Hz, 4H),
6.90 (s, 1H), 2.44 (s, 3H), 2.31 (s, 3H). 3C NMR (100 MHz, CDCl;) ¢ 173.3, 154.1, 150.5,
138.5, 137.3, 132.3, 132.2, 132.1, 130.0, 129.1, 128.3, 128.2, 127.4, 126.7, 124.4, 123.6,
117.5, 107.0, 101.9, 21.3, 21.2. HRMS (ESI): m/z [M+H]* caled for CysH,0NO,":366.1489;
found: 366.1487.

(0]

O Ir:CI

2-(4-chlorophenyl)-1-(p-tolyl)chromeno|2,3-b]pyrrol-4(1 H)-one (4¢):

Yield 68%; 262 mg; yellowish white solid; column chromatography, silica gel (PE:EA, 8:1);
mp 216-218 °C. '"H NMR (400 MHz, CDCl;) 6 8.40 (d, J= 7.6 Hz, 1H), 7.59 (t, /= 7.6 Hz,
1H), 7.39 (t, J = 8.0 Hz, 2H), 7.28 (d, J = 7.6 Hz, 2H), 7.19 (t, J = 7.2 Hz, 4H), 7.08 (d, J =
8.0 Hz, 2H), 6.92 (s, 1H), 2.44 (s, 3H). 3C NMR (100 MHz, CDCl;) 6§ 173.2, 154.0, 150.6,
138.8, 133.3, 132.4, 131.8, 130.6, 130.1, 129.6, 129.3, 128.6, 127.3, 126.6, 124.4, 123.4,
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117.4, 106.9, 102.7, 21.2. HRMS (ESI): m/z [M+H]* caled for C,yH;CINO,": 386.0942;
found: 386.0941.

2-(4-methoxyphenyl)-1-(p-tolyl)chromeno[2,3-b]pyrrol-4(1 H)-one (4d):

Yield 66%; 251 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 220-
222 °C. '"H NMR (400 MHz, CDCl;) ¢ 8.41 (d, J= 8.0 Hz, 1H), 7.59 (t, J = 7.6 Hz, 1H), 7.40
(t,J=8.0 Hz, 2H), 7.26 (d, J= 7.6 Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H),
6.86 (s, 1H), 6.77 (d, J = 8.4 Hz, 2H), 3.77 (s, 3H), 2.43 (s, 3H). *C NMR (100 MHz, CDCl;)
0 173.2, 159.0, 154.0, 150.4, 138.5, 132.3, 132.1, 131.9, 130.0, 129.6, 127.4, 126.7, 124.3,
123.6, 123.5, 117.4, 113.8, 106.9, 101.3, 55.2, 21.2. HRMS (ESI): m/z [M+H]" calcd for
C,sH,0NO5*: 382.1438; found: 382.1439.

:

methyl 4-(4-oxo0-1-(p-tolyl)-1,4-dihydrochromeno[2,3-b]pyrrol-2-yl)benzoate (4e):

Yield 64%; 262 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 222-
224 °C. '"H NMR (400 MHz, CDCls) ¢ 8.41 (d, J= 7.6 Hz, 1H), 7.90 (d, J = 8.0 Hz, 2H), 7.61
(t, J=17.6 Hz, 1H), 7.41 (t, J = 8.4 Hz, 2H), 7.30-7.28 (m, 2H), 7.24-7.19 (m, 4H), 7.05 (s,
1H), 3.89 (s, 3H), 2.45 (s, 3H). 3*C NMR (100 MHz, CDCl;) ¢ 173.5, 166.7, 154.1, 151.0,
138.9, 135.5, 132.6, 131.9, 130.7, 130.2, 129.6, 128.6, 127.7, 127.3, 126.7, 124.5, 117.5,
103.9, 52.1, 21.3. HRMS (ESI): m/z [M+H]* caled for C,sH,oNO,*: 410.1387; found:
410.1385.

(o)

O

(0]
/
1-(4-methoxyphenyl)-2-phenylchromeno[2,3-b]pyrrol-4(I H)-one (4f):
Yield 70%; 257 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 256-
258 °C. '"H NMR (400 MHz, CDCl;) ¢ 8.42 (d, J= 7.6 Hz, 1H), 7.60 (t, J= 7.6 Hz, 1H), 7.40
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(t, J= 8.0 Hz, 2H), 7.24-7.15 (m, 7H), 6.97 (t, J = 8.0 Hz, 2H), 8.64 (s, 1H), 3.87 (s, 3H). 13C
NMR (100 MHz, CDCly) § 173.3, 159.4, 154.0, 150.7, 132.4, 132.0, 131.1, 128.8, 128.3,
128.2, 127.39, 127.36, 126.7, 124.4, 123.5, 117.4, 114.5, 106.9, 102.1, 55.5. HRMS (ESI):
m/z [M+H]* caled for CoH sNO;*:368.1281; found: 368.1282.

(o)

POV,

O
/7

1-(4-methoxyphenyl)-2-(p-tolyl)chromeno|2,3-b]pyrrol-4(1 H)-one (4g):

Yield 69%; 263 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 236-
238 °C. 'H NMR (400 MHz, CDCl;) ¢ 8.41 (d, J= 7.6 Hz, 1H), 7.58 (t,J = 7.6 Hz, 1H), 7.39
(t, /J=8.0 Hz, 2H), 7.24 (t, J = 8.0 Hz, 2H), 7.08-7.03 (m, 4H), 6.97 (d, J = 8.4 Hz, 2H), 6.89
(s, 1H), 3.87 (s, 3H), 2.30 (s, 3H). 3*C NMR (100 MHz, CDCl;) § 173.2, 159.4, 154.0, 150.6,
137.2, 132.3, 132.1, 129.1, 128.8, 128.2, 128.1, 127.5, 126.6, 124.3, 123.5, 117.4, 114.5,
106.8, 101.5, 55.5, 21.1. HRMS (ESI): m/z [M+H]* calcd for C,sHNOs*: 382.1438; found:
382.1439.

0

SOV,

/O

2-(4-ethylphenyl)-1-(4-methoxyphenyl)chromeno[2,3-b]pyrrol-4(/ H)-one (4h):

Yield 67%; 265 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 192-
194 °C. '"H NMR (400 MHz, CDCl;) 6 8.41 (d, J= 7.6 Hz, 1H), 7.58 (t, J= 7.6 Hz, 1H), 7.39
(t,J=7.6 Hz, 2H), 7.24 (t, J = 7.6 Hz, 2H), 7.10-7.05 (m, 4H), 6.97 (d, J= 7.6 Hz, 2H), 6.89
(s, 1H), 3.87 (s, 3H), 2.60 (q, J = 7.2 Hz, 2H), 1.21 (t, J = 7.6 Hz, 3H). *C NMR (100 MHz,
CDCly) 6 173.2, 159.4, 154.0, 150.6, 143.5, 132.3, 132.2, 128.8, 128.4, 128.1, 127.8, 127.5,
126.6, 124.3, 123.5, 117.4, 114.5, 106.8, 101.6, 55.5, 28.4, 15.2. HRMS (ESI): m/z [M+H]*
calcd for C,sH,,NOs™: 396.1594; found: 396.1595.
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2-(4-isopropylphenyl)-1-(4-methoxyphenyl)chromeno[2,3-b|pyrrol-4(1 H)-one (4i):

Yield 72%; 294 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 170-
172 °C. 'H NMR (400 MHz, CDCl3) 6 8.33 (d, J= 7.6 Hz, 1H), 7.50 (t, /= 7.6 Hz, 1H), 7.31
(t, J = 8.4 Hz, 2H), 7.16 (d, J = 8.8 Hz, 2H), 7.02 (s, 4H), 6.90 (d, J = 8.8 Hz, 2H), 6.82 (s,
1H), 3.80 (s, 3H), 2.81-2.74 (m, 1H), 1.14 (d, J = 6.8 Hz, 6H). 3C NMR (100 MHz, CDCl;) &
173.2, 159.4, 154.0, 150.6, 148.1, 132.3, 132.2, 128.8, 128.5, 128.1, 127.5, 126.7, 126.4,
124.3, 123.6, 117.4, 114.5, 106.9, 101.6, 55.5, 33.7, 23.8. HRMS (ESI): m/z [M+H]" calcd for
C,7HuNO;™: 410.1751; found: 410.1749.

2-(4-(tert-butyl)phenyl)-1-(4-methoxyphenyl)chromeno[2,3-b]pyrrol-4(1 H)-one (4j):

Yield 68%; 288 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 198-
200 °C. '"H NMR (400 MHz, CDCl;) ¢ 8.42 (d, J= 5.2 Hz, 1H), 7.59 (t, J = 7.6 Hz, 1H), 7.40
(t, J=17.6 Hz, 1H), 7.29-7.23 (m, 2H), 7.16-7.09 (m, 2H), 7.02-6.97 (m, 2H), 6.91 (s, 1H),
3.89 (s, 3H), 1.29 (s, 9H). 13C NMR (100 MHz, CDCls) 6 173.2, 159.4, 154.0, 150.7, 150.4,
132.3,132.1, 128.8, 128.1, 127.7, 126.7, 125.3, 124.3, 123.5, 117.4, 114.5, 106.9, 101.6, 55.5,
34.5,31.2. HRMS (ESI): m/z [M+H]" calcd for C,sH,sNO;*: 424.1907; found: 424.1908.

o) %
LTI
(o) N
[0}
/
/0

2-(3,5-dimethoxyphenyl)-1-(4-methoxyphenyl)chromeno[2,3-b]pyrrol-4(1H)-one (4k):
Yield 67%; 286 mg; white solid; column chromatography, silica gel (PE:EA, 3:1); mp 161-
163 °C. 'H NMR (400 MHz, CDCl;) ¢ 8.42 (s, 1H), 7.60 (d, J = 5.6 Hz, 1H), 7.41 (d, /= 6.0
Hz, 2H), 7.28-7.23 (m, 2H), 7.02-6.97 (m, 2H), 6.91-6.88 (m, 1H), 6.80-6.75 (m, 2H), 6.64 (s,
1H), 3.86 (s, 6H), 3.65 (s, 3H). 1*C NMR (100 MHz, CDCl;) ¢ 173.2, 159.5, 154.0, 150.5,
148.4, 132.3, 132.0, 128.9, 127.5, 126.7, 124.4, 123.7, 120.9, 117.4, 114.5, 111.4, 110.9,
106.8, 101.1, 55.8, 55.5. HRMS (ESI): m/z [M+H]* calcd for C;sH2,NOs™: 428.1492; found:
428.1492.
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2-(4-ethoxyphenyl)-1-(4-methoxyphenyl)chromeno[2,3-b|pyrrol-4( H)-one (41):

Yield 65%; 267 mg; white solid; column chromatography, silica gel (PE:EA, 6:1); mp 185-
187 °C. '"H NMR (400 MHz, CDCl;) ¢ 8.42 (d, J= 8.0 Hz, 1H), 7.59 (t, J= 7.6 Hz, 1H), 7.40
(t,J=8.8 Hz, 2H), 7.23 (d, J = 8.8 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 6.97 (d, J = 8.8 Hz, 2H),
6.85 (s, 1H), 6.77 (d, J = 8.4 Hz, 2H), 4.00 (q, J = 6.8 Hz, 2H), 3.87 (s, 3H), 1.39 (t, /= 6.8
Hz, 3H). 3C NMR (100 MHz, CDCls) 6 173.2, 159.4, 158.4, 154.0, 150.5, 132.3, 132.1,
129.6, 128.8, 127.5, 126.7, 124.3, 123.6, 123.4, 117.4, 114.5, 114.3, 106.8, 101.0, 63.4, 55.5,
14.8. HRMS (ESI): m/z [M+H]* calcd for C,cH,,NO,4*: 412.1543; found: 412.1542.

(o)

olr: F

/O

2-(4-fluorophenyl)-1-(4-methoxyphenyl)chromeno|2,3-b|pyrrol-4(1 H)-one (4m):

Yield 70%; 270 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 248-
250 °C. '"H NMR (400 MHz, CDCl;) ¢ 8.42 (d, J= 8.0 Hz ,1H), 7.60 (t, J = 7.6 Hz, 1H), 7.40
(t, J = 8.8 Hz, 2H), 7.22 (d, J = 6.0 Hz, 2H), 7.17-7.11 (m, 2H), 6.99-6.95 (m, 4H), 6.88 (s,
1H), 3.88 (s, 3H). 3C NMR (100 MHz, CDCl5) ¢ 173.2, 162.0 (d, Jcr= 247.0 Hz, 'Jr), 159.5,
154.0, 150.6, 132.4, 131.0, 130.0 (d, Jor =8.0 Hz, 3Jcr), 128.8, 127.2, 127.1, 126.7, 124.4,
123.5, 117.4, 115.4 (d, Jor = 21.0 Hz, 2J¢p), 114.6, 106.8, 102.0, 99.9, 55.5. F NMR (376
MHz, CDCl;) 0 -113.90. HRMS (ESI): m/z [M+H]" caled for CoyH;;N;OsF*: 386.1187;
found: 386.1185.

2-(3,4-difluorophenyl)-1-(4-methoxyphenyl)chromeno(2,3-b|pyrrol-4(1 H)-one (4n):
Yield 74%; 298 mg; yellowish white solid; column chromatography, silica gel (PE:EA, 8:1);
mp 214-216 °C. '"H NMR (400 MHz, CDCl;) 6 8.38 (d, J= 7.6 Hz, 1H), 7.59 (t, /= 7.2 Hz,
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1H), 7.39 (t, J = 8.0 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.07-7.00 (m, 3H), 6.97-6.89 (m, 3H),
3.89 (s, 3H). *C NMR (100 MHz, CDCLy) 6 173.2, 159.7, 154.0, 149.9 (dd, Jor=247.0, 13.0
Hz), 150.7, 149.6 (dd, Jor=249.0, 12.0 Hz), 132.5, 129.7, 128.7, 128.1 (dd, Jc»=6.0, 4.0 Hz),
126.8, 126.6, 124.5, 124.3 (dd, Jor =6.0, 4.0 Hz), 124.2, 123.4, 117.4, 117.2 (dd, Jer =31.0,
18.0 Hz), 116.9, 114.7, 106.7, 102.7, 55.5. 19F NMR (376 MHz, CDCl;) & -136.96, -138.59.
HRMS (ESI): m/z [M+H]" calcd for CoyH,¢NO5F,*: 404.1093; found: 404.1090.

0 cl

olf: CI

/O

2-(2,4-dichlorophenyl)-1-(4-methoxyphenyl)chromeno|[2,3-b|pyrrol-4(1 H)-one (40):
Yield 71%; 309 mg; yellowih solid; column chromatography, silica gel (PE:EA, 8:1); mp
204-206 °C. '"H NMR (400 MHz, CDCl3) 6 8.41 (d, J= 6.4 Hz, 1H), 7.61 (t,J= 7.2 Hz, 1H),
7.40 (d, J= 7.2 Hz, 2H), 7.35 (s, 1H), 7.21-7.14 (m, 4H), 6.91 (s, 3H), 3.84 (s, 3H). 13C NMR
(100 MHz, CDCl;) ¢ 173.3, 159.3, 154.0, 150.0, 135.3, 134.9, 133.5, 132.5, 129.6, 128.9,
128.2, 127.4, 126.9, 126.8, 126.7, 124.4, 123.4, 117.4, 114.3, 106.6, 104.6, 55.4. HRMS
(ESI): m/z [M+H]" calcd for C,4H sNO;ClL,*: 436.0502; found: 436.0501.

olr: § )Fr

/O

2-(4-bromophenyl)-1-(4-methoxyphenyl)chromeno[2,3-b]|pyrrol-4(1 H)-one (4p):

Yield 72%; 320 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 260-
262 °C. 'H NMR (400 MHz, CDCl;) ¢ 8.40 (d, J= 7.6 Hz, 1H), 7.60 (t, /= 7.6 Hz, 1H), 7.42-
7.36 (m, 4H), 7.23 (d, J = 8.4 Hz, 2H), 7.01 (dd, J = 16.4, 8.4 Hz, 4H), 6.93 (s, 1H), 3.88 (s,
3H). 3C NMR (100 MHz, CDCls) ¢ 173.2, 159.6, 154.1, 150.8, 132.5, 131.6, 130.8, 130.0,
129.6, 128.7, 127.1, 126.7, 124.5, 123.5, 121.5, 117.5, 114.7, 106.9, 102.5, 55.5. HRMS
(ESI): m/z [M+H]" calcd for C,4H{;NO;Br": 446.0386; found: 446.0387.
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1-(4-methoxyphenyl)-2-(3-(trifluoromethoxy)phenyl)chromeno|2,3-b]pyrrol-4(1 H)-one
(49):

Yield 75%; 338 mg; yellowish white solid; column chromatography, silica gel (PE:EA, 8:1);
mp 151-153 °C. 'H NMR (400 MHz, CDCl;) 6 8.40 (d, J= 7.6 Hz, 1H), 7.60 (t, /= 7.6 Hz,
1H), 7.40 (t, J = 8.0 Hz, 2H), 7.31-7.23 (m, 3H), 7.17 (d, J = 7.6 Hz, 1H), 7.06 (d, J = 8.0 Hz,
1H), 7.02-6.98 (m, 3H), 6.95 (s, 1H), 3.88 (s, 3H). 3C NMR (100 MHz, CDCl;) ¢ 173.2,
159.8, 154.1, 150.9, 149.0, 133.0, 132.6, 130.3, 129.8, 128.7, 126.9, 126.7, 126.3, 124.5,
123.5,121.5 (q, Jop= 256.0 Hz, 'JcE), 120.3, 119.7, 117.5, 114.8, 106.9, 103.1, 55.5, 29.7. '9F
NMR (376 MHz, CDCls) 6 -57.87 HRMS (ESI): m/z [M+H]" caled for C,sH;;NO,F;":
452.1104; found: 452.1103.

4-(1-(4-methoxyphenyl)-4-0x0-1,4-dihydrochromeno[2,3-b]pyrrol-2-yl)benzonitrile (4r):
Yield 69%; 270 mg; white solid; column chromatography, silica gel (PE:EA, 5:1); mp > 300
°C; '"H NMR (400 MHz, CDCls) 6 8.48 (d, J= 5.6 Hz, 1H), 7.87 (t, J=7.6 Hz, 1H), 7.63 (d, J
= 4.4 Hz, 4H), 7.35 (d, J = 5.6 Hz, 2H), 7.30-7.24 (m, 3H), 7.09 (s, 2H), 3.94 (s, 3H). 13C
NMR (100 MHz, CDCl3) ¢ 173.7, 160.4, 153.9, 153.6, 135.3, 134.7, 133.8, 132.7, 128.8,
128.6, 126.7, 126.3, 125.6, 118.7, 117.5, 115.9, 1154, 110.8, 105.8, 104.2, 55.7. HRMS
(ESI): m/z [M+H]* caled for C,sH7N,O5™: 393.1234; found: 393.1233.

(o)

CLI~Oe
o~ N

/O

1-(4-methoxyphenyl)-2-(4-nitrophenyl)chromeno|2,3-b]pyrrol-4(1 H)-one (4s):

Yield 66%; 272 mg; yellow solid; column chromatography, silica gel (PE:EA, 5:1); mp 233-
235 °C; '"H NMR (400 MHz, CDCl;) 6 8.41 (d, J= 8.0 Hz, 1H), 8.10 (d, J= 8.8 Hz, 2H), 7.64
(t,J=17.6 Hz, 1H), 7.43 (dd, J = 14.0, 8.0 Hz, 2H), 7.32 (d, /= 8.8 Hz, 2H), 7.27 (d, /= 2.8
Hz, 2H), 7.13 (s, 1H), 7.03 (d, J = 8.8 Hz, 2H), 3.90 (s, 3H). *C NMR (100 MHz, CDCl;) ¢
173.3, 159.9, 154.2, 151.5, 146.3, 137.5, 132.9, 129.4, 128.7, 128.0, 126.8, 124.8, 123.8,
123.4, 117.5, 115.0, 107.2, 105.1, 55.6. HRMS (ESI): m/z [M+H]+ calcd for C,4H{7;N,O5":
413.1132; found: 413.1133.
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2-([1,1'-biphenyl]-4-yl)-1-(4-methoxyphenyl)chromeno|2,3-b]pyrrol-4(1 H)-one (4t):
Yield 57%; 253 mg; yellowish brown solid; column chromatography, silica gel (PE:EA, 8:1);
mp 205-207 °C; 'H NMR (400 MHz, CDCl;) ¢ 8.43 (d, J = 7.6 Hz, 1H), 7.62 (d, J = 7.6 Hz,
1H), 7.56 (t, J=7.6 Hz, 2H), 7.48 (d, J = 8.0 Hz, 2H), 7.43-7.40 (m, 4H), 7.34 (d, J = 7.2 Hz,
1H), 7.29 (s, 1H), 7.29-7.23 (t, J = 6.8 Hz, 3H), 7.03-6.97 (m, 3H), 3.88 (s, 3H). 3*C NMR
(100 MHz, CDCl;) ¢ 173.2, 159.5, 154.0, 150.8, 140.2, 139.9, 132.4, 131.7, 130.0, 128.82,
128.77, 128.4, 127.4, 127.0, 126.8, 126.7, 124.4, 123.5, 117.5, 114.6, 107.0, 102.2, 55.5.
HRMS (ESI): m/z [M+H]* calcd for C30H,,NO;*: 444.1594; found: 444.1593.

1-(4-methoxyphenyl)-2-(naphthalen-1-yl)chromeno[2,3-b]pyrrol-4(1 H)-one (4u):

Yield 62%; 259 mg; yellowish white solid; column chromatography, silica gel (PE:EA, 8:1);
mp 124-126 °C; '"H NMR (400 MHz, CDCl;) ¢ 8.46 (d, J = 8.0 Hz, 1H), 8.03 (d, J = 8.0 Hz,
1H), 7.79 (dd, J = 13.2, 8.0 Hz, 2H), 7.63-7.60 (m, 1H), 7.47-7.41 (m, 4H), 7.34 (t, J = 7.6
Hz, 1H), 7.28 (s, 1H), 7.11 (d, J = 8.8 Hz, 2H), 6.98 (s, 1H), 6.74 (d, J = 8.8 Hz, 2H), 3.72 (s,
3H). *C NMR (100 MHz, CDCls) ¢ 173.3, 159.0, 154.1, 150.1, 133.5, 132.6, 132.4, 129.7,
129.4, 128.7, 128.6, 128.2, 128.1, 127.2, 126.8, 126.5, 126.0, 125.7, 124.8, 124.4, 123.7,
117.4, 114.2, 106.8, 104.5, 55.3. HRMS (ESI): m/z [M+H]" calcd for C,sH,0NOs*: 418.1438;
found: 418.1435.

1-(4-methoxyphenyl)-2-(naphthalen-2-yl)chromeno[2,3-b|pyrrol-4({ H)-one (4v):
Yield 60%; 250 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 206-
208 °C; '"H NMR (400 MHz, CDCls) 6 8.43 (d, J= 7.6 Hz, 1H), 7.76 (t, J= 7.6 Hz, 1H), 7.70-
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7.66 (m, 3H), 7.61 (t, J= 7.6 Hz, 1H), 7.44 (dd, ] = 9.2, 4.0 Hz, 3H), 7.40 (s, 1H), 7.29-7.26
(m, 2H), 7.23 (s, 1H), 7.06 (s, 1H), 6.96 (d, J = 8.8 Hz, 2H), 3.85 (s, 3H). *C NMR (100
MHz, CDCl;) 8 173.2, 159.5, 154.1, 150.8, 133.1, 132.4, 132.3, 132.0, 128.8, 128.5, 128.1,
127.9, 127.5, 127.4, 127.2, 126.7, 126.3, 126.2, 126.0, 124.4, 123.5, 117.5, 114.6, 107.0,
102.7, 55.5. HRMS (ESI): m/z [M+H]* calcd for CpgH,oNO;*: 418.1438; found: 418.1439.

o}

LIS

o)
/

2-(benzo[b]thiophen-2-yl)-1-(4-methoxyphenyl)chromeno|2,3-b|pyrrol-4(1 H)-one (4w):
Yield 67%; 283 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 240-
242 °C; '"H NMR (400 MHz, CDCl;) ¢ 8.40 (d, /= 7.6 Hz, 1H), 7.70 (d, J= 6.8 Hz, 1H), 7.59
(t, J= 8.0 Hz, 2H), 7.41-7.36 (m, 4H), 7.26 (t, J = 3.2 Hz, 2H), 7.10 (s, 1H), 7.06 (d, J = 8.8
Hz, 2H), 6.79 (s, 1H), 3.92 (s, 3H). *C NMR (100 MHz, CDCl;) 6 173.1, 160.3, 154.1, 151.2,
139.7, 139.2, 133.1, 132.5, 129.6, 126.7, 126.6, 126.0, 124.5, 124.4, 123.5, 123.4, 121.8,
121.4, 117.5, 114.8, 106.9, 103.4, 55.6. HRMS (ESI): m/z [M+H]" calcd for CysH;sNO;S™:
424.1002; found: 424.1001.

(o)

ol': Br

2-(4-bromophenyl)-1-(3,5-dimethylphenyl)chromeno|2,3-b]pyrrol-4(1 H)-one (4x):

Yield 56%; 248 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 239-
241 °C; 'H NMR (400 MHz, CDCl3) 6 8.41 (s, 1H), 7.60 (d, J = 5.2 Hz, 1H), 7.44-7.34 (m,
4H), 7.11 (s, 1H), 7.06-7.02 (m, 2H), 6.95-6.90 (m, 3H), 2.36 (s, 6H). *C NMR (100 MHz,
CDCl;) 6'3C NMR (100 MHz, CDCls) 8 173.2, 154.1, 150.8, 139.4, 134.3, 132.5, 131.5,
130.7, 130.6, 130.1, 129.4, 126.7, 125.3, 124.5, 123.5, 121.5, 117.5, 107.0, 102.7, 21.3.
HRMS (ESI): m/z [M+H]" calcd for C,sH;gNO,Br*: 444.0594; found: 444.0593.

(o)

ol; Br

2-(4-bromophenyl)-1-(4-ethylphenyl)chromeno[2,3-b]pyrrol-4(1 H)-one (4y):
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Yield 59%; 261 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 193-
195 °C. '"H NMR (400 MHz, CDCl;) 6 8.41 (d, J= 7.2 Hz, 1H), 7.61 (t, J = 7.2 Hz, 1H), 7.41
(t,J=17.2 Hz, 2H), 7.36 (d, /= 8.4 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.21 (d, /= 8.0 Hz, 2H),
7.03 (d, J = 8.4 Hz, 2H), 6.95 (s, 1H), 2.75 (q, J = 7.6 Hz, 2H), 1.32 (t, J = 7.6 Hz, 3H). '3C
NMR (100 MHz, CDCl;) & 173.3, 154.1, 150.7, 145.0, 132.5, 132.0, 131.5, 130.7, 130.1,
129.6, 128.9, 127.3, 126.7, 124.5, 123.5, 121.5, 117.5, 107.0, 102.8, 28.5, 15.2. HRMS (ESI):
m/z [M+H]" calcd for C,sH oNO,Br": 444.0594; found: 444.0592.

1-([1,1'-biphenyl]-4-yl)-2-(4-bromophenyl)chromeno|2,3-b|pyrrol-4(1 H)-one (4z):
Yield 57%; 280 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 223-
225°C. 'H NMR (400 MHz, CDCl3) 0 8.42 (d, J = 8.0 Hz, 1H), 7.71 (d, J = 8.0 Hz, 2H), 7.66
(d,J=7.6 Hz, 2H), 7.60 (d, J = 8.0 Hz, 1H), 7.49 (t, J= 7.6 Hz, 2H), 7.43-7.37 (m, 7H), 7.07
(d, /= 8.4 Hz, 2H), 6.96 (s, 1H). *C NMR (100 MHz, CDCls) J§ 173.2, 154.1, 150.7, 141.5,
139.5, 139.0, 133.5, 132.6, 131.6, 130.6, 130.0, 129.7, 129.0, 128.1, 127.8, 127.1, 126.7,
124.6, 123.5, 121.7, 117.5, 107.2, 103.1. HRMS (ESI): m/z [M+H]" calcd for C,oH,,NO,Br":
492.0594; found: 492.0595.
(0]
CL-O
(o) N
Q;\
1-(4-ethoxyphenyl)-2-(4-methoxyphenyl)chromeno|2,3-b|pyrrol-4(1 H)-one (5a):
Yield 61%; 251 mg; yellow solid; column chromatography, silica gel (PE:EA, 6:1); mp 194-
196 °C. 'H NMR (400 MHz, CDCl;) ¢ 8.41 (d, J = 8.0 Hz, 1H), 7.61-7.56 (m, 1H), 7.39 (t, J
= 8.0 Hz, 2H), 7.21 (d, J = 8.8 Hz, 2H), 7.10 (d, J = 8.8 Hz, 2H), 6.96 (d, J = 8.8 Hz, 2H),
6.84 (s, 1H), 6.77 (d, J = 8.8 Hz, 2H), 4.09 (q, J = 8.0 Hz, 2H), 3.77 (s, 3H), 1.46 (t, J= 7.2
Hz, 3H). 3C NMR (100 MHz, CDCl;) ¢ 173.2, 158.9, 158.8, 154.0, 150.5, 132.2, 132.0,

129.6, 128.8, 127.2, 126.6, 124.3, 123.5, 117.4, 114.9, 113.8, 106.8, 101.0, 63.7, 55.1, 14.8.
HRMS (ESI): m/z [M+H]* calcd for C,cH,,NO4*: 412.1543; found: 412.1545.
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1-(4-(benzyloxy)phenyl)-2-(4-methoxyphenyl)chromeno[2,3-b]pyrrol-4(1 H)-one (Sb):
Yield 58%; 274 mg; yellowish white solid; column chromatography, silica gel (PE:EA, 5:1);
mp 125-127 °C. 'H NMR (400 MHz, CDCl;) 6 8.42 (d, J= 7.6 Hz, 1H), 7.59 (t, /= 7.6 Hz,
1H), 7.47-7.44 (m, 2H), 7.39 (dd, J = 15.6, 7.2 Hz, 5H), 7.24 (d, /= 6.8 Hz, 2H), 7.10 (d, J =
8.4 Hz, 2H), 7.05 (d, J = 8.8 Hz, 2H), 6.85 (s, 1H), 6.78 (d, J = 8.4 Hz, 2H), 5.11 (s, 2H), 3.78
(s, 3H). 3C NMR (100 MHz, CDCl;) 6 173.2, 159.0, 158.6, 154.0, 150.5, 136.3, 132.3, 132.0,
129.7, 128.8, 128.7, 128.2, 127.7, 127.6, 126.7, 124.3, 123.6, 117.4, 115.4, 113.8, 106.8,
101.1, 70.3, 55.2. HRMS (ESI): m/z [M+H]* caled for C;H,sNO,*: 474.1700; found:
474.1697.

(o)

LI

S—
2-(4-methoxyphenyl)-1-(4-(methylthio)phenyl)chromeno|2,3-b]pyrrol-4(1 H)-one (5¢):
Yield 53%; 219 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 202-
204 °C. 'H NMR (400 MHz, CDCl) ¢ 8.41 (d, J = 8.0 Hz, 1H), 7.62-7.57 (m, 1H), 7.40 (d, J
= 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H), 7.10 (d, J = 8.8 Hz, 2H),
6.85 (s, 1H), 6.79 (d, J = 8.8 Hz, 2H), 3.79 (s, 3H), 2.54 (s, 3H). 3*C NMR (100 MHz, CDCl;)
0 173.2, 159.1, 154.0, 150.3, 139.5, 132.4, 131.8, 131.5, 129.7, 127.9, 126.7, 126.5, 124.4,
123.6, 123.4, 117.4, 113.9, 107.0, 101.5, 55.2, 15.4. HRMS (ESI): m/z [M+H]" calcd for
C,sH,0NO;S*: 414.1158; found: 414.1155.

o

L0

Br
1-(4-bromophenyl)-2-(4-methoxyphenyl)chromeno|2,3-b]|pyrrol-4(1 H)-one (5d):
Yield 50%; 223 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 221-
223 °C. '"H NMR (400 MHz, CDCl;) ¢ 8.41 (d, J= 7.6 Hz, 1H), 7.60 (d, J= 7.6 Hz, 3H), 7.42
(t,J/=10.0 Hz, 2H), 7.20 (d, J= 7.6 Hz, 2H), 7.09 (d, J = 7.6 Hz, 2H), 6.86 (s, 1H), 6.81 (d, J
= 7.6 Hz, 2H), 3.80 (s, 3H). *C NMR (100 MHz, CDCl;) 6 173.2, 159.2, 153.9, 150.2, 133.8,
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132.6, 132.5, 131.7, 129.8, 129.1, 126.8, 124.6, 123.1, 122.3, 117.4, 114.0, 107.1, 101.9, 55.2.
HRMS (ESI): m/z [M+H]* caled for CoyH,;NO;Br*: 446.0386; found: 446.0384.

0

F o~ N \

o]
/

7-fluoro-1,2-bis(4-methoxyphenyl)chromeno|2,3-b]pyrrol-4(1 H)-one (Se):

Yield 63%; 261 mg; white solid; column chromatography, silica gel (PE:EA, 6:1); mp 191-
193 °C. '"H NMR (400 MHz, CDCl;) ¢ 8.04 (dd, J = 8.8, 2.8 Hz, 1H), 7.38 (dd, J=9.2, 4.0
Hz, 1H), 7.33-7.27 (m, 1H), 7.22 (d, /= 8.8 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 6.98 (d, J= 8.8
Hz, 2H), 6.82 (s, 1H), 6.78 (d, J = 8.4 Hz, 2H), 3.87 (s, 3H), 3.78 (s, 3H). *C NMR (100
MHz, CDCl3) 6 172.2, 159.5, 159.1 (d, Jop= 244.0 Hz, 'Jcp), 150.7, 150.0, 132.4, 129.7,
128.8, 127.3,124.9 (d, Jcp= 8.0 Hz, 3JcF), 123.4, 120.0 (d, Jop= 26.0 Hz, 2Jcp), 119.2 (d,
Jor= 8.0 Hz, 3Jcp), 114.6, 114.2, 113.9, 111.8 (d, Jcp= 24 Hz, %Jcr), 106.4, 100.8, 55.5,
55.2. F NMR (376 MHz, CDCl;) 0 -116.91. HRMS (ESI): m/z [M+H]" caled for
C,sH gNO4F*: 416.1293; found: 416.1292.

7-bromo-1,2-bis(4-methoxyphenyl)chromeno[2,3-b]pyrrol-4(1 H)-one (5f):

Yield 57%; 271 mg; yellowish white solid; column chromatography, silica gel (PE:EA, 6:1);
mp 176-178 °C. '"H NMR (400 MHz, CDCl;) ¢ 8.52 (s, 1H), 7.66 (d, J = 8.8 Hz, 1H), 7.29 (s,
1H), 7.21 (d, J=17.2 Hz, 2H), 7.08 (d, /= 7.2 Hz, 2H), 6.97 (d, J = 7.2 Hz, 2H), 6.82 (s, 1H),
6.78 (d, J = 7.2 Hz, 2H), 3.87 (s, 3H), 3.78 (s, 3H). *C NMR (100 MHz, CDCl;) ¢ 171.7,
159.5, 159.1, 152.7, 150.4, 135.1, 132.5, 129.7, 129.3, 128.8, 127.2, 125.1, 123.3, 119.3,
117.6, 114.6, 113.9, 106.8, 101.0, 55.5, 55.2. HRMS (ESI): m/z [M+H]" calcd for
C,sH 1 gNO4Br*: 476.0492; found: 476.0490.

©/\ |EQ o
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7-(benzyloxy)-1,2-bis(4-methoxyphenyl)chromeno[2,3-b]pyrrol-4(1 H)-one (5g):

Yield 51%; 257 mg; white solid; column chromatography, silica gel (PE:EA, 5:1); mp 114-
116 °C. '"H NMR (400 MHz, CDCls) ¢ 8.32 (d, J = 8.8 Hz, 1H), 7.43-7.38 (m, 5H), 7.22 (d, J
= 8.4 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 7.05 (d, J = 9.2 Hz, 1H), 6.97 (d, J = 8.4 Hz, 2H),
6.91 (s, 1H), 6.82 (s, 1H), 6.77 (d, J = 8.4 Hz, 2H), 5.11 (s, 2H), 3.87 (s, 3H), 3.78 (s, 3H). 13C
NMR (100 MHz, CDCl;) ¢ 173.0, 164.3, 162.2, 159.4, 159.0, 155.6, 150.5, 135.9, 131.6,
131.5, 129.7, 128.9, 128.7, 128.3, 128.0, 127.5, 123.8, 117.6, 114.5, 113.8, 113.5, 101.6,
101.2, 70.4, 55.5, 55.2. HRMS (ESI): m/z [M+H]* calcd for C3;,H,NOs*: 504.1805; found:
504.1802.

(o)

O
/

1,2-bis(4-methoxyphenyl)benzo[6,7]chromeno[2,3-b|pyrrol-4(1 H)-one (Sh):

Yield 53%; 237 mg; white solid; column chromatography, silica gel (PE:EA, 6:1); mp 120-
122 °C. '"H NMR (400 MHz, CDCls) ¢ 8.38 (d, J = 8.8 Hz, 1H), 8.20 (d, /= 8.4 Hz, 1H), 7.92
(d,J=8.0 Hz, 1H), 7.78 (d, J = 8.8 Hz, 1H), 7.64 (t, J= 7.6 Hz, 1H), 7.57 (t, J= 7.6 Hz, 1H),
7.33 (d, J= 8.8 Hz, 2H), 7.15 (d, J = 8.8 Hz, 2H), 7.05 (d, J = 8.8 Hz, 2H), 6.91 (s, 1H), 6.81
(d, J = 8.8 Hz, 2H), 3.92 (s, 3H), 3.80 (s, 3H). '3C NMR (100 MHz, CDCls) § 173.3, 159.4,
159.0, 150.7, 150.1, 135.5, 132.2, 129.7, 128.6, 128.5, 128.0, 127.6, 126.8, 124.2, 123.9,
123.6, 122.0, 121.9, 119.3, 114.6, 113.9, 107.5, 101.1, 55.5, 55.2. HRMS (ESI): m/z [M+H]*
calcd for C,oH,,NO,: 448.1543; found:448.1540.

1-(4-0x0-4H-chromen-3-yl)-2-phenylethane-1,2-dione (C-I):

Yield 72%; 200 mg; white solid; column chromatography, silica gel (PE:EA, 15:1); mp 186-
188 °C. '"H NMR (400 MHz, CDCl,) J 8.77 (s, 1H), 8.16 (d, J = 7.6 Hz, 1H), 7.99 (d, J = 7.6
Hz, 2H), 7.76 (t, J = 7.6 Hz, 1H), 7.65 (t, J = 7.2 Hz, 1H), 7.58-7.51 (m, 3H), 7.47 (t, J= 7.6
Hz, 1H). 3C NMR (100 MHz, CDCl;) ¢ 192.7, 192.1, 174.9, 162.0, 156.2, 135.0, 134.3,
132.3, 129.7, 128.9, 126.8, 126.3, 124.7, 121.3, 118.5. HRMS (ESI): m/z [M+H]"* calcd for
C7H;1NO,4™: 279.0652; found:279.0651.
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(o)

1-(4-(10H-phenoxazin-10-yl)phenyl)-2-(4-methoxyphenyl)chromeno|2,3-b]pyrrol-4(1 H)-
one (5d-PXZ):

Yield 86%; 471 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 292-
294 °C. 'H NMR (400 MHz, CDCls) o 8.45 (s, d, J = 7.6 Hz, 1H), 7.65 (t, J = 7.6 Hz, 1H),
7.49 (m, 6H), 7.18-7.10 (m, 2H), 6.91 (s, 1H), 6.86-6.80(m, 2H), 6.72 (s, 6H), 5.97 (s, 2H),
3.81 (s, 3H). 3C NMR (100 MHz, CDCl;) ¢ 173.3, 159.3, 154.0, 144.0, 139.0, 134.8, 133.9,
132.5, 132.0, 131.8, 130.4, 129.9, 126.8, 124.6, 123.6, 123.31, 123.25, 121.8, 117.5, 115.7,
113.9, 113.1, 107.2, 102.0, 55.3. HRMS (ESI): m/z [M+H]* caled for C34H,5N,0,": 549.1809;
found:549.1809.

veravie
8 &

/O
2-(4-(10H-phenoxazin-10-yl)phenyl)-1-(4-methoxyphenyl)chromeno[2,3-b]pyrrol-4(1 H)-
one (4p-PXZ):

Yield 95%; 521 mg; white solid; column chromatography, silica gel (PE:EA, 8:1); mp 280-
282 °C.  'H NMR (400 MHz, CDCls) ¢ 8.42 (d, J = 7.6 Hz, 1H), 7.60 (t, J = 7.6 Hz, 1H),
7.39 (dd, J=15.6, 7.6 Hz, 4H), 7.29 (d, J = 8.8 Hz, 2H), 7.19 (d, /= 8.0 Hz, 2H), 7.01 (d, J =
6.0 Hz, 3H), 6.69-6.55 (m, 6H), 5.89 (s, 2H), 3.88 (s, 3H). 1*C NMR (100 MHz, CDCl;) ¢
173.2, 159.6, 154.0, 150.8, 143.8, 137.8, 134.0, 132.5, 131.3, 130.8, 130.5, 128.8, 127.2,

126.7, 124.4,123.5,123.1, 121.3,117.4,115.4, 114.6, 113.1, 106.9, 102.8, 95.5, 55.5. HRMS
(ESI): m/z [M+H]" calcd for C36H,5sN,O4": 549.1809; found:549.1799.
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5. 'H, 13C and ’F NMR spectra of compounds

'"H NMR (400 MHz, CDCls) of compound 4a

. o
000-— e
L2 AR -
o
o
- meo.m
-
o
[ o 8991
< 00'LL
| Ll
o
s)
oo - = r 98201~ o S
612 20 5E [ o B <529
lzL (=N © 8E YTl + A -
€CL Q AO.. ok_u.,.um:.d,_,r o m
9z'. I e 121y -
8c'L LEITL
BE'L vz'sel-T
VYL zeszL
ey~ 66621
8gLT Lezel
09'2{

09081~
PO'PGL— O
i
(8]
A
0SELL—

o]
o]
10.0
BC{'H} NMR (100 MHz, CDCls) of compound 4a

90 80 70 60 50 40 30 20 10
S29

110

130

150

170

190



'"H NMR (400 MHz, CDCls) of compound 4b
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'"H NMR (400 MHz, CDCls) of compound 4¢
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'"H NMR (400 MHz, CDCls) of compound 4d
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'"H NMR (400 MHz, CDCl;) of 4e
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'H NMR (400 MHz, CDCl;) of 4f
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'"H NMR (400 MHz, CDCls) of 4g
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'"H NMR (400 MHz, CDCls) of compound 4h
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'"H NMR (400 MHz, CDCls) of compound 4i
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'"H NMR (400 MHz, CDCls) of compound 4;j
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'"H NMR (400 MHz, CDCls) of compound 4k
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'"H NMR (400 MHz, CDCls) of compound 41
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'H NMR (400 MHz, CDCls) of compound 4m
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9F NMR (376 MHz, CDCl;)of compound 4m
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BC {'H}NMR (100 MHz, CDCls) of 4n
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'"H NMR (400 MHz, CDCls) of compound 40
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'"H NMR (400 MHz, CDCls) of compound 4p
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'"H NMR (400 MHz, CDCls) of compound 4q
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9F NMR (376 MHz, CDCl;)of compound 4q
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BC {'H}NMR (100 MHz, CDCls) of 4r
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BC {'"H}NMR (100 MHz, CDCl;) of 4s
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13C {'H}NMR (100 MHz, CDCL;) of 4t
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BC {'"H}NMR (100 MHz, CDCl;) of 4u
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BC {'H}NMR (100 MHz, CDCl;) of 4v
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BC {'H}NMR (100 MHz, CDCl;) of 4w
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BC {'H}NMR (100 MHz, CDCls) of 4x
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'"H NMR (400 MHz, CDCls) of compound 4y
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BC {'H}NMR (100 MHz, CDCls) of 4y
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BC {'H}NMR (100 MHz, CDCls) of 4z
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13C {'H}NMR (100 MHz, CDCl;) of 5a
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'"H NMR (400 MHz, CDCls) of compound 5b
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13C {'H}NMR (100 MHz, CDCl;) of 5b
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13C {'H}NMR (100 MHz, CDCL;) of 5¢
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13C {'H}NMR (100 MHz, CDCl5) of 5d
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'"H NMR (400 MHz, CDCls) of compound 5e
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13C {'H}NMR (100 MHz, CDCL) of 5¢
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'"H NMR (400 MHz, CDCls) of compound 5f
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'"H NMR (400 MHz, CDCls) of compound 5g
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'"H NMR (400 MHz, CDCls) of compound 5h
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'H NMR (400 MHz, CDCls) of compound C-1
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'"H NMR (400 MHz, CDCls) of compound 5d-PXZ
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'"H NMR (400 MHz, CDCl;) of compound 4p-PXZ
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13C {'H}NMR (100 MHz, CDCl;) of 4p-PXZ
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