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1. General information

Unless otherwise noted, materials were purchased from commercial suppliers
(including Shanghai Titan Scientific Co., Ltd., Bide Pharmatech Ltd., and Sinopharm
Chemical Reagent Co. Ltd.) and used without further purification. Column
chromatography was performed on silica gel (200~300 mesh). Diastereoisomeric ratios
(dr) were determined by 'H NMR (500 MHz). Enantiomeric excesses (ee) were
determined by HPLC using corresponding commercial chiral columns as stated at 25 °C
with UV detector at 254 nm. Optical rotations were reported as follows: [a]] = (c
g/100 mL, solvent). All 'H NMR and °F NMR spectra were recorded on a Bruker
Avancell 500 MHz and Bruker Avance III 376 MHz respectively, *C NMR spectra
were recorded on a Bruker Avance III 126 MHz with chemical shifts reported as ppm
(in CDCl3, TMS as internal standard). Data for 'H NMR are recorded as follows:
chemical shift (6, ppm), multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet,
br = broad singlet, dd = doublet doublet, coupling constants in Hz, integration). HRMS
(ESI) was obtained with a HRMS/MS instrument (LTQ Orbitrap XL TM). The absolute
configuration of 3ga was assigned by the X-ray analysis. DMEM cell culture medium,
penicillin/streptomycin stock solutions, fetal bovine serum (FBS) and trypsin were all
purchased from Gibco BRL (Gaithersburg, MD, USA). MCF-7 cells were all obtained
from the China Center for Type Culture Collection (Wuhan, China). All of the cells
were cultured in DMEM containing 10% FBS and 1% antibiotics
(Penicillin/Streptomycin).

7-hydroxyquinoline series la-i were prepared from 2-bromoquinolin-7-ol
according to the literature.! 1j-n were purchased from commercial suppliers (including
Shanghai Titan Scientific Co., Ltd., Bide Pharmatech Ltd., and Sinopharm Chemical
Reagent Co. Ltd.) and used without further purification. Chloronitrostyrene 2a-k were
prepared from benzodehydes and bromonitromethanes according to the literature.
Catalyst C1-8 were prepared from quinine and squaramides according to the
literature.>> And the racemic products were synthesized using racemic squaramide C7
as catalyst.
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2. Optimization of the reaction conditions

Table S1 Catalyst screening for the product 3aa

Cat (10 mol%), P

m + mNOZ K2HPO4:3H,0 (1.0 eq.) o) N™ Cl
P > .,
HO NT cl -

1a 2a

solvent, rt

FsC,
)ag
-
HN
C5 C6 c7 c8
.. ) Yield (9
Entry ¢ Catalyst Additive Time (h) e b (%) ee (%) ©
1 C1 KoHPO4¢3H20 48 37 24
2 C2 K2HPO4+3H,0 48 9 11
3 C3 K2HPO4+3H,0 48 46 57
4 C4 K2HPO4+3H,0 48 18 97
5 C5 K>HPO43H,0 48 37 94
6 Cé6 K>HPO43H,0 48 32 53
7 Cc7 K>HPO43H,0 48 39 96
84 C7 KoHPO43H,0 72 51 95
9e c7 K>HPO4+3H20 7 1 93
(2eq.)
10 C8 K2HPO43H,0 48 40 24

¢ Unless otherwise noted, reactions were conducted with 1a (0.2mmol, 1.0 equiv.), 2a
(0.24mmol, 1.2 equiv.), Cat. (10 mmol %), and additive (0.2mmol, 1.0 equiv.) in CHCl;
(2 mL, 0.1 M). The mixture was stirred for 48 h at rt. ® Isolated yield. ¢ Determined by
chiral HPLC analysis. ¢ Stirred for 72 h . ¢ KxHPO4¢3H,0 (0.4 mmol, 2 equiv.) was
used.
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Table S2 Additive screening for the product 3aa
QN
CF,4
Y N
G H HN—Q
O CFs Pz
m N NO, C7 (10 mol%) _ o N Cl
HO N cl g

g g T o
3aa
Entry ¢ Additive Yield (%) ? ee (%) ©
1 KoHPO4¢3H,O 51 95
2 KoHPOq4 32 94
3 K>COs 44 95
4 K3POg4 60 51
5 Cs2CO3 50 67
6 Na;COs3 41 94
7 NaHCO;3 47 95
8 DABCO 44 96
9 DBU trace trace
10 TEA 63 80
11 DIPEA 47 81

“ Reactions were conducted with 1a (0.2 mmol, 1.0 equiv.), 2a (0.24 mmol, 1.2 equiv.),
C7 (10 mmol %), and additive (0.2 mmol, 1.0 equiv.) in CHCI; (2 mL, 0.1 M). The
mixture was stirred for 72 h at rt. ® Isolated yield. ¢ Determined by chiral HPLC analysis.

Table S3 Solvent screening for the product 3aa
O o} 0 CF3
=
S
H o H CFs
m N0 C7 (10 mol%) o}g\;\m
HO N Cl

\

- - e I
3aa
Entry Solvent Yield (%) ? ee (%) ©
1 CHCI; 51 95
2 DCM 38 94
3 DCE 44 94
4 THF 41 30
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5 CH3;CN 38 45
6 Ethyl Acetate 41 32
7 Acetone 47 13
8 Toluene 57 87
9 Dry toluene 56 89
10 Chlorobenzene 63 95
11 Dry chlorobenzene 52 91
1,3-
12 Dichlorobenzene 59 20
1,2-
13 Difluorobenzene 30 o1
14 Nitrobenzene 38 95
154 Chlorobenzene 9 92
16¢ Chlorobenzene 38 88
17/ Chlorobenzene trace
188 Chlorobenzene 58 87

“The reaction was performed with 0.2 mmol of 1a, 0.24 mmol of 2a, 10 mmol% of C7,
and 1 equiv. of KoxHPO43H>0 in 2 mL Solvent at rt for 72 h. © Determined by chiral
HPLC analysis. ¢ C7 (5 mmol%). ¢ C7 (20 mmol%).” Stirred at 0 °C. ¢ Stirred at 40 °C.

2. Experimental procedures and characterization of products 3, 5, 7 -

9

General procedure A: Synthesis of compound 3
0
0
[ ] CF4
N

ﬁ . EZHNQ
@ er,

C7 (10 mol%)
B NO
N7 R Cl

1 KoHPO, *3H,0 (1.0 eq.)
PhCI (2 mL), rt

Y

02N Ar

-
N
w

To a Schlenk tube equipped with a magnetic stir bar was charged with 2-
Substituted hydroxyquinoline-one 1 (0.2 mmol), nitroolefins 2 (0.24 mmol),
K>2HPO43H,0 (45.6 mg, 0.2 mmol), C7 (9.8 mg, 10 mol%) and PhCIl (2 mL). The
reaction was detected by TLC and stirred at rt for 72 h. After 1 was consumed or the
reaction was no longer proceeding, the reaction mixture was purified by column
chromatography on silica gel directly to give the product 3.
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(8S,9S)-2-chloro-9-(4-fluorophenyl)-8-nitro-8,9-dihydrofuro[2,3-h]quinoline (3aa)
N White solid; m.p.: 182 - 183 °C; Yield: 41 mg, 63% yield; >20:1 dr;

o v*~a petroleum ether/EtOAc = 5:1; [a]2® = 6 (¢ 0.10, CH.Cly); 'TH NMR
(500 MHz, Chloroform-d) ¢ 8.05 (d, J = 8.6 Hz, 1H), 7.86 (d, J = 8.8
Hz, 1H), 7.50 (d, J= 8.8 Hz, 1H), 7.34 - 7.26 (m, 3H), 7.25 - 7.20 (m,
3aa 3H), 6.21 (d,J=1.5Hz, 1H), 5.52 (s, 1H); 3C NMR (126 MHz, CDCl5)

0 159.7, 152.3, 144.5, 139.2, 137.9, 130.9, 129.1, 128.2, 127.4, 124.1,

121.2, 120.6, 112.8, 112.4, 54.4; HRMS (ESI) calcd for Ci7H;2CIN,Os" [M+H]":
327.0531, found: 327.0535; HPLC Data 94% ece (Daicel Chiralpak IC column,
hexane/isopropanol = 95/5, 4 =254 nm, 25 °C, 1 mL/min, ¢ ngjor = 8.7 min, ¢ minor = 9.5

min).

U444 QL-2CHRAC-IC-0510.Icd

‘@ EEACh2 254NN

9587

8668

RetTime Height Area

1 8.668 593621 8725605 49.726

2 9.587 574281 8821858 50.274

Total 1167902 17547462 100.000

B 442:QL-2C-CD3-IC-0510.lcd
“~ 4 -—

Peak RetTime Height Area Area%

1 8.704 40432 627204 3.145

2 9.575 1131451 19316783 96.855

Total 1171883 19943987 100.000

(8S,95)-2-bromo-8-nitro-9-phenyl-8,9-dihydrofuro[2,3-h]quinoline (3ba)
N Green solid; m.p.: 169 - 171 °C; Yield: 27 mg, 36%; >20:1 dr;
o e petroleum ether/EtOAc =2:1; [a]3> =118 (¢ 0.10, CH,Cl); 'H NMR

O,N @

3ba

(500 MHz, Chloroform-d) ¢ 7.94 (d, J = 8.6 Hz, 1H), 7.85 (d, J = 8.8
Hz, 1H), 7.52 (d, /= 8.8 Hz, 1H), 7.38 (d, /= 8.5 Hz, 1H), 7.36 - 7.20
(m, 5H), 6.22 (d, J= 1.5 Hz, 1H), 5.52 (s, 1H); 13C NMR (126 MHz,

CDCls) 6 159.5, 145.1, 143.7, 138.6, 137.9, 131.0, 129.1, 128.2, 127 .4,

124.6, 124.3, 120.7, 113.0, 112.3, 54.4; HRMS (ESI) calcd for Ci7H1iBrCIN,O3"
[M+H]": 404.9636, found: 404.9644; HPLC Data 85% ee (Daicel Chiralpak IC
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column, hexane/isopropanol = 95/5, A = 254 nm, 25 °C, 1 mL/min, ¢ ngjor = 9.6 min, ¢

minor — 8.5 l’nll’l)

\

HUESTH2:2Br-RAC-IC-0510.Icd

Iy

er02

—
2.0

——
3.0

—
4.0

—
5.0

—
7.0

——
8.0

Peak RetTime Height Area Area%
1 8.587 209791 2981538 49.490
2 9.702 195107 3042941 50.510
Total 404897 6024479 100.000
Peak RetTime Height Area Area%
1 8.584 57321 754651 7.922
2 9.661 553262 8771098 92.078
Total 610583 9525749 100.000

(8S,95)-8-nitro-9-phenyl-8,9-dihydrofuro[2,3-h|quinoline-2-carbonitrile (3ca)
Green solid; m.p.: 174 - 176 °C; Yield: 40 mg, 64%; >20:1 dr;

X
o \~en  petroleum ether/EtOAc = 2:1; [a]3° =8 (¢ 0.10, CH.Cl,); "TH NMR
o ] (500 MHz, Chloroform-d) ¢ 8.30 (d, /= 8.4 Hz, 1H), 7.97 (d, J=8.9
@7 Hz, 1H), 7.67 (d,J=8.9 Hz, 1H), 7.57 (d, J= 8.4 Hz, 1H), 7.37 - 7.25
3ca (m, 3H), 7.25 - 7.19 (m, 2H), 6.26 (d, J = 1.6 Hz, 1H), 5.53 (s, 1H);

13C NMR (126 MHz, CDCl3) J 160.0, 144.8, 138.1, 137.6, 134.7,
131.3,129.2,128.4,127.3,126.0, 122.3,121.7,117.2, 115.8, 112.3, 54.5; HRMS (ESI)
calcd for C1sH11N3sNaOs" [M+Na]*: 340.0693, found: 340.0695; HPLC Data 90% ece
(Daicel Chiralpak IC column, hexane/isopropanol = 80/20, 4 = 254 nm, 25 °C, 1
mL/min, ¢ mgjor = 16.4 min, ¢ minor = 13.7 min).

EUESLH42:2CN-RAC-IC-2010.Icd
2

13767
16632




Peak RetTime Height Area Area%
1 13.767 232527 5547127 49.316
2 16.632 187878 5701037 50.684
Total 420405 11248164 100.000
Peak RetTime Height Area Area%
1 13.795 55965 1320975 5.160

2 16.495 742012 24280243 94.840
Total 797977 25601219 100.000

(8S,95)-2-methyl-8-nitro-9-phenyl-8,9-dihydrofuro[2,3-h]quinoline (3da)
Purple solid; m.p.: 135 - 137 °C; Yield: 22 mg, 36%; >20:1 dr;

A
o N>~ petroleum ether/EtOAc = 5:1; [a]3° = 32 (¢ 0.10, CH.Cl); '"H NMR
o (500 MHz, Chloroform-d) ¢ 8.00 (d, /= 8.4 Hz, 1H), 7.81 (d, J= 8.8 Hz,
@ 1H), 7.43 (d, J = 8.7 Hz, 1H), 7.34 - 7.23 (m, 5H), 7.14 (d, J= 8.4 Hz,
3da 1H), 6.19 (d, J= 1.5 Hz, 1H), 5.55 (s, 1H), 2.56 (s, 3H); '*C NMR (126

MHz, CDCls) 0 160.6, 158.7, 144.5, 138.6, 136.4, 130.7, 128.9, 127.9,
127.5, 123.8, 120.7, 120.1, 112.6, 111.4, 54.6, 25.4; HRMS (ESI) calcd for
CisHisN2Os™ [M+H]": 307.1077, found: 307.1075; HPLC Data 95% ee (Daicel
Chiralpak IC column, hexane/isopropanol = 95/5, A = 254 nm, 25 °C, 1 mL/min, ¢ mgjor
=9.7 min, ¢ minor = 8.0 min).

Hi
¥R HC-240407-HCH-13-AR-80-20-0.7 lod
mvV.

8,
)

Peak RetTime Height Area Area%
1 8.128 61242 821991 49.881
2 9.918 55644 825926 50.119
Total 116885 1647917 100.000
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HUEST{43:2Me-CD4-IC-0510.Icd

Peak RetTime Height Area Area%
1 8.005 6369 76640 2.223

2 9.733 229489 3371420 97.777
Total 235858 3448060 100.000

(8S,95)-8-nitro-2,9-diphenyl-8,9-dihydrofuro[2,3-h]quinoline (3ea)
O X Purple solid; m.p.: 129 - 131 °C; Yield: 33 mg, 45%; >20:1 dr;
o)’:u)\‘ petroleum ether/EtOAc = 5:1; [a]3® = -63 (c 0.10, CH.CL); 'H
O @ NMR (500 MHz, Chloroform-d) ¢ 8.18 (d, J = 8.6 Hz, 1H), 7.98 -
7.93 (m, 2H), 7.86 (d, J=8.8 Hz, 1H), 7.76 (d, J = 8.6 Hz, 1H), 7.47
3ea (d, J = 8.8 Hz, 1H), 7.46 - 7.40 (m, 3H), 7.34 (d, J = 4.4 Hz, 4H),
7.28 (q,J = 4.2 Hz, 1H), 6.27 (d, J = 1.7 Hz, 1H), 5.61 (s, 1H); BC
NMR (126 MHz, CDCI3) ¢ 158.9, 157.9, 144.7, 139.0, 138.8, 137.3, 130.7, 129.7,
129.0, 128.7, 128.0, 127.6, 127.5, 124.5, 121.3, 117.3, 112.6, 112.2, 55.0; HRMS (ESI)
calcd for Ca3H17N203" [M+H]": 369.1234, found: 369.1236; HPLC Data 94% ee

(Daicel Chiralpak IC column, hexane/isopropanol =95/5, A =254 nm, 25 °C, 1 mL/min,
tmajor = 10.5 min, tminor = 8.2 mln)

HUEY{42:2Ph-RAC-IC-0510.Icd
HEEN

Peak RetTime Height Area Area%

1 8.276 1130853 14911231 49.970

2 10.556 903370 14929209 50.030

Total 2034223 29840439 100.000
‘g:géﬁa:zmmr\oosmlcd

Peak RetTime Height Area Area%




1 8.297 127290 1546733 2.946
2 10.553 3062573 50963965 97.054
Total 3189863 52510698 100.000

(8S,95)-2-(naphthalen-2-yl)-8-nitro-9-phenyl-8,9-dihydrofuro[2,3-h]|quinoline
(3fa)
O X Yellow solid; m.p.: 156 - 158 °C; Yield: 37 mg, 44%; >20:1dr;
petroleum ether/EtOAc = 5:1; [a]2® =-140 (¢ 0.10, CH.CL); 'H
O @ NMR (500 MHz, Chloroform-d) ¢ 8.37 (s, 1H), 8.16 (d, J = 8.6
Hz, 1H), 8.09 (dd, /= 8.6, 1.8 Hz, 1H), 7.89 - 7.82 (m, 5H), 7.53
3a - 7.44 (m, 3H), 7.40 - 7.32 (m, 4H), 7.32 - 7.26 (m, 1H), 6.30 (d,
J = 1.8 Hz, 1H), 5.64 (s, 1H); BC NMR (126 MHz, CDCl3) ¢
158.9, 157.7, 144.7, 138.9, 137.2, 136.3, 134.0, 133.3, 130.7, 129.0, 128.8, 128.4, 128.0,
127.69, 127.67, 127.3, 126.9, 126.4, 124.8, 124.5, 121.4, 117.5, 112.6, 112.2, 55.1;
HRMS (ESI) caled for C27H19N203" [M+H]": 419.1390, found: 419.1379; HPLC Data
94% ee (Daicel Chiralpak IC column, hexane/isopropanol = 95/5, 2 =254 nm, 25 °C, 1
mL/min, ¢ mgor = 14.0 min, ¢ minor = 11.1 min).

HUE{Z 2NAFRA C-IC-0510.Icd
ER&:NBoc-cuihuaj

Peak RetTime Height Area Area%
1 11.154 239578 4612379 50.331
2 14.121 183662 4551751 49.669
Total 423240 9164129 100.000
Peak RetTime Height Area Area%
1 11.155 105859 1854575 3.086

2 14.037 2371459 58235702 96.914
Total 2477319 60090277 100.000

(8S,9S)-8-nitro-9-phenyl-2-(thiophen-2-yl)-8,9-dihydrofuro[2,3-h]quinoline (3ga)
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X White solid; m.p.: 163 - 165 °C; Yield: 46 mg, 61%; >20:1 dr;

NSy petroleum ether/EtOAc = 5:1; [a]3® = -142 (¢ 0.10, CH.ChL); 'H

NMR (500 MHz, Chloroform-d) ¢ 7.99 (d, J = 8.6 Hz, 1H), 7.73 (d,

J=8.8 Hz, 1H), 7.58 - 7.52 (m, 2H), 7.42 - 7.36 (m, 4H), 7.32 (dd, J

3ga =8.5,6.9Hz,2H),7.27-7.21 (m, 1H), 7.05 (dd, J=5.1, 3.7 Hz, 1H),

6.30 (d, J= 1.7 Hz, 1H), 5.52 (s, 1H); 3C NMR (126 MHz, CDCl3)

0 158.7, 153.0, 145.3, 144.4, 138.8, 137.0, 130.6, 129.4, 128.9, 128.0, 127.9, 127.6,

126.1, 124.4, 121.3, 116.0, 112.5, 111.8, 54.9; HRMS (ESI) calcd for C21H;sN>OsS™

[M+H]": 375.0798, found: 375.0803; HPLC Data 97% ee (Daicel Chiralpak IC

column, hexane/isopropanol = 95/5, 4 = 254 nm, 25 °C, 1 mL/min, ¢ ngjor = 12.7 min, ¢
minor = 9.4 min).

HUET{42: 2SF-RAC-IC-0510.Icd
R

i

e

Peak RetTime Height Area Area%
1 9.480 105901 1613841 50.353
2 12.689 78481 1591190 49.647
Total 184382 3205031 100.000
Peak RetTime Height Area Area%
1 9.498 39953 617660 1.507

2 12.708 1992222 40362400 98.493
Total 2032175 40980060 100.000

(8S,95)-8-nitro-9-phenyl-2-((E)-styryl)-8,9-dihydrofuro[2,3-h]quinoline (3ha)

A

ONA S

0O

3ha

Green solid; m.p.: 165 - 167 °C; Yield: 51 mg, 65%; >20:1 dr;

petroleum ether/EtOAc = 5:1; [a]3® =-167 (¢ 0.10, CH.CL); 'H
NMR (500 MHz, Chloroform-d) ¢ 8.04 (d, J= 8.5 Hz, 1H), 7.79

(d, J=8.7 Hz, 1H), 7.58 - 7.50 (m, 3H), 7.41 (t, J = 8.2 Hz, 2H),
7.38 - 7.30 (m, 7H), 7.29 - 7.26 (m, 1H), 7.14 (d, J = 16.3 Hz,
1H), 6.24 (d, J= 1.7 Hz, 1H), 5.59 (s, IH); *C NMR (126 MHz,

CDCl;) 0 158.9, 156.7, 144.8, 138.8, 136.8, 136.4, 135.2, 130.7, 129.0, 128.8, 128.4,
128.0, 127.6, 127.4, 124.6, 120.7, 118.7, 112.6, 111.9, 54.9, 1.0; HRMS (ESI) calcd
S10



for CasHioN>O3" [M+H]": 395.1390, found: 395.1387, HPLC Data 95% ee (Daicel
Chiralpak IC column, hexane/isopropanol = 95/5, A =254 nm, 25 °C, 1 mL/min, ¢ n4jor

SRS 2X-RAC-IC-0510.Icd
FRE

v

Peak RetTime Height Area Area%
1 10.267 80049 2288589 49.255
2 12.115 74929 2357831 50.745
Total 154977 4646421 100.000
Peak RetTime Height Area Area%
1 10.289 27170 528342 2.367

2 12.066 1041675 21794663 97.633
Total 1068845 22323005 100.000

(8S,9S)-8-nitro-9-phenyl-2-(phenylethynyl)-8,9-dihydrofuro[2,3-h]quinoline (3ia)

White solid; m.p.: 180 - 182 °C; Yield: 43 mg, 55%; >20:1 dr;
petroleum ether/EtOAc = 5:1; [a]3® =-182 (¢ 0.10, CH,CL); 'H
NMR (500 MHz, Chloroform-d) ¢ 8.10 (d, J= 8.5 Hz, 1H), 7.85
(d, J=8.8 Hz, 1H), 7.61 - 7.53 (m, 2H), 7.48 (dd, J=17.1, 8.6

Hz, 2H), 7.38 - 7.29 (m, 5H), 7.29 - 7.23 (m, 3H), 6.18 (d, /= 1.4
Hz, 1H), 5.66 (s, 1H); 3C NMR (126 MHz, CDCl3) ¢ 159.4,

145.0,144.9,138.2,136.6, 132.2,130.9, 129.3, 129.1, 128.4, 128.0, 127.5, 124.4, 123.5,
122.0, 120.4, 113.0, 112.5, 90.7, 89.5, 54.4; HRMS (ESI) calcd for CasH;7N>03"
[M+H]": 393.1234, found: 393.1226; HPLC Data 94% ee (Daicel Chiralpak IC
column, hexane/isopropanol = 95/5, 4 = 254 nm, 25 °C, 1 mL/min, ¢ yugjor = 14.7 min, ¢
minor = 23.1 min).
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SRS 2QUE-RAC-IC-0510.lcd
FRE

0+ k
Peak RetTime Height Area Area%
1 14.914 131810 4325641 50.178
2 22.792 70655 4294966 49.822
Total 202464 8620607 100.000
Peak RetTime Height Area Area%
1 14.743 697157 23370665 97.059
2 23.186 11368 708242 2.941
Total 708525 24078907 100.000

(8S,9S)-8-nitro-9-phenyl-8,9-dihydrofuro[2,3-h|quinoline (3ja)
N Green solid; m.p.: 115 - 117 °C; Yield: 31 mg, 54%; >20:1 dr; petroleum
05:(“) ether/EtOAc = 5:1; [a]3° = 63 (c 0.10, CH,Cly); "TH NMR (500 MHz,
o @ Chloroform-d) § 8.77 (dd, J= 4.3, 1.7 Hz, 1H), 8.16 (dd, J = 8.3, 1.7 Hz,
o 1H), 7.90 (d, J = 8.8 Hz, 1H), 7.53 (d, J = 8.8 Hz, 1H), 7.35 - 7.23 (m,
4H), 7.23 - 7.18 (m, 2H), 6.17 (d, J= 1.6 Hz, 1H), 5.58 (s, 1H); 3C NMR
(126 MHz, CDCls) ¢ 159.1, 151.6, 144.8, 138.1, 136.7, 131.3, 129.1, 128.1, 127.4,
125.7, 120.3, 119.9, 112.7, 112.6, 54.7; HRMS (ESI) calcd for C;7H13N>03" [M+H]":
293.0921, found: 293.0919; HPLC Data 94% ee (Daicel Chiralpak TA column,
hexane/isopropanol = 80/20, A =254 nm, 25 °C, 1 mL/min, ¢ mgjor = 8.1 min, ¢ minor = 6.3

min).

SYEI4HE:TOH-QL-RAC-1A-2010.kd
\'4

3507

3004

250

2004

150

1004

6308
_sa4

504

Peak RetTime Height Area Area%
1 6.308 119228 1199479 50.963
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2 8.149 97879 1154147 49.037

Total 217108 2353626 100.000
o e —

Peak RetTime Height Area Area%

1 6.312 10468 104371 2.958

2 8.114 291371 3424357 97.042

Total 301839 3528728 100.000

(1R,2R)-2-nitro-1-phenyl-1,2-dihydrofuro|[3,2-flquinoline (3ka)
White solid; m.p.: 165 - 167 °C; Yield: 33 mg, 57%; > 20:1 dr;
petroleum ether/EtOAc = 2:1; [a]3® = 116 (c 0.10, CH2Cl); '"H NMR
(500 MHz, Chloroform-d) ¢ 8.81 (dd, J = 4.2, 1.7 Hz, 1H), 8.19 (d, J =
9.1 Hz, 1H), 7.71 (ddd, /= 8.4, 1.8, 0.8 Hz, 1H), 7.67 (d, /= 9.1 Hz, 1H),
3ka 7.37 -7.29 (m, 3H), 7.28 (dd, J = 8.4, 4.2 Hz, 1H), 7.21 - 7.14 (m, 2H),
6.15 (d, J=1.9 Hz, 1H), 5.32 (d, J = 1.9 Hz, 1H); 3C NMR (126 MHz,
CDCI3) 0 156.3, 148.9, 145.9, 137.5, 133.0, 131.1, 129.6, 128.7, 127.4, 124.9, 122.2,
118.4, 115.1, 112.6, 55.1; HRMS (ESI) calcd for C17H13N205" [M+H]™: 293.0921,
found: 293.0917; HPLC Data 95% ee (Daicel Chiralpak IA column,
hexane/isopropanol = 80/20, A = 254 nm, 25 °C, 1 mL/min, ¢ mgjor = 7.4 min, ¢ minor = 9.9

min).

myv

HUEST{45:60H-QL-RAC-1A-2010.kcd

7501

Py

= ——————— -
Peak RetTime Height Area Area%
1 7.501 164525 2186210 50.668
2 9.924 134520 2128556 49.332
Total 299044 4314765 100.000
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HUESIH42:60H-OL-CD4-1A-2010.kcd

0] I\
Peak RetTime Height Area Area%
1 7.462 365925 4995398 97.260
2 9.974 9556 140733 2.740
Total 375481 5136131 100.000

(2S,3S)-2-nitro-3-phenyl-2,3-dihydrofuro[2,3-f|quinoline (31a)
White solid; m.p.: 159 - 161 °C; Yield: 20 mg, 35%; >20:1 dr;
] petroleum ether/EtOAc = 2:1; [a]3® = 178 (¢ 0.10, CH.CL); 'H
] NMR (500 MHz, Chloroform-d) ¢ 9.00 (dd, J= 4.3, 1.8 Hz, 1H), 8.50
(dd,J=8.4, 1.0 Hz, 1H), 7.88 (d, J= 8.5 Hz, 1H), 7.55 - 7.46 (m, 2H),
7.41-7.31 (m,3H), 7.22 -7.14 (m, 2H), 6.23 (d, /J=2.0 Hz, 1H), 5.14
(d, J=2.0 Hz, 1H); 3C NMR (126 MHz, CDCl3) ¢ 153.2, 151.3, 149.1, 138.2, 129.9,
1294, 128.6, 127.5,125.4, 125.1, 121.5, 120.8, 115.8, 112.4, 56.3; HRMS (ESI) calcd
for C17Hi3sN205" [M+H]": 293.0921, found: 293.0922; HPLC Data 91% ee (Daicel
Chiralpak IA column, hexane/isopropanol = 70/30, 4 =254 nm, 25 °C, 1 mL/min, ¢ najor
= 6.7 min, ¢ minor = 9.1 min).

N
3la

BUR{442:50H-QL-RAC-1A-3010.cd
RSN

Peak RetTime Height Area Area%

1 6.783 46274 586462 50.688

2 9.158 35038 570532 49.312

Total 81312 1156994 100.000
o -~ s

Peak RetTime Height Area Area%

1 6.745 399324 4930673 95.357
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16933
416257

240096
5170770

4.643
100.000

2 9.169
Total

(1R,2R)-2-nitro-1-phenyl-1,2-dihydrofuro|3,2-flisoquinoline (3ma)
@ White solid; m.p.: 182 - 184 °C; Yield: 40 mg, 69%; > 20:1 dr;
ON \

petroleum ether/EtOAc = 2:1; [a]2® = 93 (c 0.10, CH.CL); "TH NMR
O%@ (500 MHz, Chloroform-d) ¢ 9.24 (s, 1H), 8.38 (d, /= 5.9 Hz, 1H), 8.07
N
3ma

(d, J=8.9 Hz, 1H), 7.56 (d, J=8.9 Hz, 1H), 7.38 - 7.32 (m, 3H), 7.20 -

7.12 (m, 3H), 6.17 (d, J=2.0 Hz, 1H), 5.29 (d, J=2.0 Hz, 1H); 3C NMR
(126 MHz, CDCl3) ¢ 159.4, 153.0, 144.4, 137.2, 132.6, 131.8, 129.6, 128.8, 127.4,
126.2, 117.7, 116.0, 113.4, 112.3, 54.7; HRMS (ESI) calcd for C17H13N203" [M+H]":
293.0921, found: 293.0925; HPLC Data 93% ee (Daicel Chiralpak IA column,
hexane/isopropanol = 70/30, A = 254 nm, 25 °C, 1 mL/min, ¢ mgjor = 6.6 min, ¢ pinor = 8.1
min).

{445:60H-YQL-RAC-A-3010.Icd
R WIL-0423-NBoc-R

6807

aoe2

Peak RetTime Height Area Area%
1 6.807 56891 1054227 50.762
2 8.062 43733 1022571 49.238
Total 100624 2076798 100.000
Peak RetTime Height Area Area%
1 6.688 289258 4555523 96.122
2 8.141 6879 183779 3.878
Total 296137 4739302 100.000

(8S,95)-8-nitro-9-phenyl-8,9-dihydrofuro[2,3-h]isoquinoline (3na)

S15




White solid; m.p.: 158 - 160 °C; Yield: 42 mg, 72%; > 20:1 dr;
petroleum ether/EtOAc = 2:1; [a]3° = 116 (c 0.10, CH,CL); '"H NMR
(500 MHz, Chloroform-d) ¢ 8.88 (s, 1H), 8.46 (d, J= 5.7 Hz, 1H), 7.92
(d, J=8.9 Hz, 1H), 7.71 - 7.64 (m, 2H), 7.39 - 7.29 (m, 3H), 7.23 - 7.15
(m, 2H), 6.18 (d, J = 1.9 Hz, 1H), 5.42 (s, 1H); 3C NMR (126 MHz,
CDCl3) 0 157.0, 147.9, 142.1, 137.5, 133.3, 130.2, 129.6, 128.8, 127.4, 124.6, 121.2,
119.0, 116.6, 112.3, 54.9; HRMS (ESI) calcd for C17H;3N203" [M+H]™: 293.0921,
found: 293.0925; HPLC Data 91% ee (Daicel Chiralpak IA column,
hexane/isopropanol = 70/30, A = 254 nm, 25 °C, 1 mL/min, ¢ mgjor = 9.8 min, ¢ minor =
13.1 min).

HUESI#H:70H-YQL-RAC-A-3010cd
RS

i

)

Peak RetTime Height Area Area%
1 9.925 152582 2710161 50.104
2 13.088 108886 2698947 49.896
Total 261468 5409109 100.000
Peak RetTime Height Area Area%

1 9.846 790612 13186212 95.321
2 13.192 28768 647299 4.679
Total 819380 13833511 100.000

(8S,95)-2-chloro-9-(4-fluorophenyl)-8-nitro-8,9-dihydrofuro[2,3-h]quinoline (3ab)
X White solid; m.p.: 183 - 185 °C; Yield: 32 mg, 47% yield; >20:1 dr;
petroleum ether/EtOAc = 5:1; [a]3® = 57 (c 0.10, CH2Cl); '"H NMR
(500 MHz, Chloroform-d) ¢ 8.08 (d, J = 8.6 Hz, 1H), 7.88 (d, J = 8.8
Hz, 1H), 7.51 (d, J= 8.8 Hz, 1H), 7.26 (d, /= 8.6 Hz, 1H), 7.24 - 7.15
3ab (m, 2H), 7.05 - 6.97 (m, 2H), 6.17 (d, J= 1.5 Hz, 1H), 5.50 (s, 1H); 13C
NMR (126 MHz, Chloroform-d) ¢ 162.48 (d, J = 247.3 Hz), 159.59,
152.41, 144.42, 139.24, 133.67 (d, J= 3.4 Hz), 131.10, 129.09 (d, /= 8.2 Hz), 124.15,
121.28,120.34, 116.15, 115.97, 112.87, 112.17, 53.65; 'F NMR (376 MHz, CDCl3) ¢
-113.71; HRMS (ESI) calcd for C17HoCIFN2O3™ [M-H]: 343.0291, found: 343.0295;
S16



HPLC Data 93% ee (Daicel Chiralpak IC column, hexane/isopropanol = 95/5, 4 = 254
Ill’l’l, 25 OC, 1 mL/mln, tmajor = 11.1 mll’l, tminor = 87 1’1111’1)

HUEI42:4F-RAC-IC-0510.Icd
FER45:HC-240331-HC-H-9-A12-80-20-0.7 lcd

Peak RetTime Height Area Area%
1 8.688 27146 374408 50.181
2 11.125 21814 371713 49.819
Total 48961 746120 100.000
Peak RetTime Height Area Area%
1 8.710 13087 171213 3.780

2 11.105 255783 4358557 96.220
Total 268871 4529770 100.000

(8S,95)-2-chloro-9-(4-chlorophenyl)-8-nitro-8,9-dihydrofuro[2,3-h]quinoline (3ac)
White solid; m.p.: 203 - 205 °C; Yield: 35 mg, 49% yield; >20:1 dr;
o petroleum ether/EtOAc = 5:1; [a]2®
(500 MHz, Chloroform-d) ¢ 8.08 (d, J= 8.6 Hz, 1H), 7.89 (d, /= 8.8 Hz,

X

O,N Q

3ac

min).

Cl

= -62

(c 0.10, CH2Cly); "TH NMR

1H), 7.51 (d, /= 8.8 Hz, 1H), 7.28 (dd, /= 12.7, 8.5 Hz, 3H), 7.16 (d, J
=8.5Hz,2H),6.17 (d,J=1.6 Hz, 1H), 5.49 (s, 1H); 3C NMR (126 MHz,
CDCl3) 6 159.6, 152.5, 144.4, 139.2, 136.3, 134.2, 131.2, 129.3, 128.8,
124.1,121.3,120.1, 112.9, 112.0, 53.7; HRMS (ESI) calcd for C17HoC12N203" [M-H]":
358.9996, found: 358.9996; HPLC Data 95% ee (Daicel Chiralpak IC column,
hexane/isopropanol = 95/5, 1 =254 nm, 25 °C, 1 mL/min, ¢ major = 12.7 min, ¢ minor = 8.8

HUESI{442:4C1-RAC-IC-0510.lcd
FERE HC-240331-HC-H-9-A12-80-20-0.7.Icd

a8




Peak RetTime Height Area Area%
1 8.818 53994 770672 49.732
2 12.723 38743 778982 50.268
Total 92737 1549654 100.000
Peak RetTime Height Area Area%

1 8.853 8585 110218 2.894

2 12.728 180242 3698636 97.106
Total 188827 3808854 100.000

(8S,95)-9-(4-bromophenyl)-2-chloro-8-nitro-8,9-dihydrofuro[2,3-h]quinoline (3ad)
X White solid; m.p.: 211 - 213 °C; Yield: 38 mg, 47%; >20:1 dr;

o N ~a  petroleum ether/EtOAc = 5:1; [a]3° =-54 (¢ 0.10, CH2Cl2); '"H NMR
o (500 MHz, Chloroform-d) ¢ 8.08 (d, J= 8.6 Hz, 1H), 7.89 (d, J = 8.8
er Hz, 1H), 7.51 (d, J= 8.8 Hz, 1H), 7.45 (d, /= 8.4 Hz, 2H), 7.27 (d, J =

3ad 8.6 Hz, 1H), 7.10 (d, J= 8.5 Hz, 2H), 6.16 (d, J= 1.6 Hz, 1H), 5.47 (s,

1H); ¥C NMR (126 MHz, CDCl3) 6 159.6, 152.5, 144.4, 139.7, 136.9,
132.3,131.2,129.1, 124.1, 122.9, 121.3, 120.0, 112.9, 111.9, 53.8; HRMS (ESI) calcd
for C17HoBrCIN,O3™ [M-H]: 402.9491, found: 402.9478; HPLC Data 93% ee (Daicel
Chiralpak IC column, hexane/isopropanol = 95/5, 4 =254 nm, 25 °C, 1 mL/min, ¢ najor

= 13.9 min, ¢ minor = 9.2 min).

HUEST{442:4Br-RAC-IC-0510.Ilcd
FERE:HC-240331-HC-H-9-A12-80-20-0.7 lod

25 fv\ “““““ ) SN
Peak RetTime Height Area Area%
1 9.257 30626 488446 50.807
2 13.988 20512 472932 49.193
Total 51139 961378 100.000
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PRS2 4Br-CD4-IC-0510.Icd
FEEEHC-240331-HC-H-9-A12-80-20-0.7.Icd

Peak RetTime Height Area Area%
1 9.293 8691 118385 3.221

2 13.941 163301 3557380 96.779
Total 171991 3675765 100.000

(8S,95)-2-chloro-8-nitro-9-(4-nitrophenyl)-8,9-dihydrofuro[2,3-h]|quinoline (3ae)

SN White solid; m.p.: 211 - 213 °C; Yield: 34 mg, 46%; >20:1 dr;

o N“>c petroleum ether/EtOAc = 5:1; [a]3® =-60 (c 0.10, CH>Cl); '"H NMR
o 7 (500 MHz, Chloroform-d) ¢ 8.20 (d, J = 8.8 Hz, 2H), 8.11 (d, J = 8.6
QN02 Hz, 1H), 7.94 (d, /= 8.8 Hz, 1H), 7.55 (d, /= 8.9 Hz, 1H), 7.44 (d, J =

3ae 8.8 Hz, 2H), 7.30 (d, J = 8.6 Hz, 1H), 6.21 (d, J= 1.7 Hz, 1H), 5.61 (s,

1H); 3C NMR (126 MHz, CDCl3) 6 159.7, 152.7, 147.8, 144.7, 144.3,
139.3,131.6, 128.5, 124.4, 124.2,121.6, 119.3, 112.9, 111.2, 53.9; HRMS (ESI) calcd
for C17H11CIN3Os" [M+H]": 372.0382, found: 372.0389; HPLC Data 95% ee (Daicel
Chiralpak IC column, hexane/isopropanol = 70/30, 4 =254 nm, 25 °C, 1 mL/min, # najor
= 18.7 min, ¢ minor = 12.2 min).

BEESH42:4NO2-RAC-IC-3010.Icd
A5 HC-240331-HC-H-9-A2-80-20-0.7.Icd

o] h L N

Peak RetTime Height Area Area%

1 12.218 118469 2696398 49.442

2 18.923 78825 2757260 50.558

Total 197294 5453658 100.000

B RSN 200 7100
Peak RetTime Height Area Area%
1 12.229 17793 389896 2.366




2

18.779

436840

16089608

97.634

Total

454633

16479503

100.000

methyl 4-((8S,9S)-2-chloro-8-nitro-8,9-dihydrofuro|2,3-h]quinolin-9-yl)benzoate

(3af)
A
Z
o N” ~Cl
)
COOMe

White solid; m.p.: 211 - 213 °C; Yield: 38 mg, 47%; >20:1 dr;

petroleum ether/EtOAc = 5:1; [a]%

= -54 (c 0.10, CH:CL); 'H

NMR (500 MHz, Chloroform-d) ¢ 8.08 (d, J = 8.6 Hz, 1H), 7.99 (d,
J=8.4 Hz, 2H), 7.90 (d, J = 8.8 Hz, 1H), 7.53 (d, J = 8.8 Hz, 1H),
7.31(d,J=8.3 Hz, 2H), 7.26 (d, J= 8.6 Hz, 1H), 6.21 (d, /= 1.6 Hz,
1H), 5.57 (s, 1H), 3.89 (s, 3H); 13C NMR (126 MHz, CDCl3) 6 166.5,
159.7,152.5,144.4,142.6,139.2, 131.3,130.4, 130.1, 127.5, 124.1, 121.3, 119.9, 112.9,
111.8, 54.2, 52.2; HRMS (ESI) calcd for Ci9H14CIN2Os" [M+H]": 385.0586, found:
385.0591; HPLC Data 93% ee (Daicel Chiralpak IC column, hexane/isopropanol =
70/30, A =254 nm, 25 °C, 1 mL/min, ¢ najor = 16.0 min, ¢ minor = 12.8 min).

HUES{442:4COOMe-RAC-IC-3010.Icd

H¥RRAE:HC-240331-HC-H-9-A2-80-20-0.7.Icd

2

Peak RetTime Height Area Area%

1 12.937 24415 637429 50.094

2 16.264 19257 635033 49.906

Total 43671 1272462 100.000
e ——— é_,_/ “““““““““““

Peak RetTime Height Area Area%

1 12.819 10084 224801 2.545

2 16.069 266609 8609065 97.455

Total 276692 8833866 100.000

(8S,95)-2-chloro-8-nitro-9-(p-tolyl)-8,9-dihydrofuro[2,3-h]quinoline (3ag)
White solid; m.p.: 185 - 187 °C; Yield: 38 mg, 56%; >20:1 dr;

AN
P

o) N7 ~cl
'Q

petroleum ether/EtOAc = 5:1; [a]%’

=28 (¢ 0.10, CH>CL,); 'TH NMR

(500 MHz, Chloroform-d) ¢ 8.05 (d, J = 8.6 Hz, 1H), 7.85 (d, J = 8.8
Hz, 1H), 7.50 (d, J= 8.8 Hz, 1H), 7.23 (d, /= 8.6 Hz, 1H), 7.11 (s, 4H),
6.18 (d,J=1.5Hz, 1H), 5.48 (s, 1H), 2.30 (s, 3H); ¥*C NMR (126 MHz,
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CDCl) 0 159.6, 152.3, 144.5, 139.2, 137.9, 135.0, 130.8, 129.8, 127.2, 124.1, 121.1,
120.8, 112.8, 112.5, 54.1, 21.1; HRMS (ESI) calcd for CisHi2CIN2O3™ [M-HJ:
339.0542, found: 339.0556; HPLC Data 92% ee (Daicel Chiralpak IC column,
hexane/isopropanol = 95/5, 1 =254 nm, 25 °C, 1 mL/min, ¢ mgjor = 9.8 min, ¢ minor = 8.7
min).

HUETI42:4Me-RAC-IC-0510.Icd
FER45:HC-240331-HC-H-9-A12-80-20-0.7 lcd

Y

Peak RetTime Height Area Area%

1 8.722 235322 3369438 50.839

2 9.894 217660 3258279 49.161

Total 452982 6627717 100.000
Peak RetTime Height Area Area%

1 8.763 16520 234930 3.913

2 9.890 357283 5769208 96.087

Total 373803 6004138 100.000

(8S,9S)-2-chloro-9-(4-methoxyphenyl)-8-nitro-8,9-dihydrofuro([2,3-h]quinoline
(3ah)
X White solid; m.p.: 205 - 207 °C; Yield: 39 mg, 55%; >20:1 dr;
o?frwlm petroleum ether/EtOAc = 5:1; [a]3® =-23 (¢ 0.10, CH.Cl,); '"H NMR
oN 7 (500 MHz, Chloroform-d) ¢ 8.06 (d, J = 8.6 Hz, 1H), 7.86 (d, J = 8.8
QOMe Hz, 1H), 7.50 (d, J= 8.8 Hz, 1H), 7.24 (d, /= 8.6 Hz, 1H), 7.16 - 7.09
3ah (m, 2H), 6.86 - 6.80 (m, 2H), 6.17 (d,J=1.5 Hz, 1H), 5.47 (s, 1H), 3.76
(s, 3H); BC NMR (126 MHz, CDCls) ¢ 159.5, 159.4, 152.3, 144.5,
139.2,130.8,130.0, 128.5, 124.1, 121.1, 120.8, 114.4, 112.8, 112.5, 55.3, 53.7; HRMS
(ESI) calcd for CisH12CIN2O4” [M-H]: 355.0491, found: 355.0505; HPLC Data 89%
ee (Daicel Chiralpak IC column, hexane/isopropanol = 95/5, 4 = 254 nm, 25 °C, 1
mL/min, ¢ mgjor = 18.9 min, ¢ minor = 15.1 min).
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HUR{442:4MeO-RAC-IC-0510.Icd
BESHC-240405-HC-H- 14-AR-80-20-0.7 lod

Peak RetTime Height Area Area%

1 15.125 39232 1022607 50.582

2 19.078 27968 999083 49.418

Total 67200 2021691 100.000

S S E/\%P

Peak RetTime Height Area Area%

1 15.153 10312 255616 5.521

2 18.980 111472 4373905 94.479

Total 121784 4629521 100.000

(8S,9S)-2-chloro-9-(3-chlorophenyl)-8-nitro-8,9-dihydrofuro[2,3-h]|quinoline (3ai)
X White solid; m.p.: 158 - 160 °C; Yield: 33 mg, 46%; >20:1 dr;
petroleum ether/EtOAc = 5:1; [a]%® =-18 (¢ 0.10, CH>Cl,); "H NMR
(500 MHz, Chloroform-d) ¢ 8.08 (d, J = 8.6 Hz, 1H), 7.89 (d, J = 8.8
Hz, 1H), 7.52 (d, J = 8.8 Hz, 1H), 7.32 - 7.22 (m, 3H), 7.18 - 7.12 (m,
3ai 2H), 6.17 (d,J= 1.6 Hz, 1H), 5.49 (s, 1H); ¥C NMR (126 MHz, CDCl3)

0 159.7,152.5, 144.4, 139.7, 139.3, 135.0, 131.3, 130.4, 128.5, 1274,

125.8, 124.2, 121.4, 119.8, 112.9, 111.9, 53.9; HRMS (ESI) calcd for C17HoCI12N20O3
[M-H]: 358.9996, found: 358.9982; HPLC Data 94% ee (Daicel Chiralpak IC column,
hexane/isopropanol = 95/5, 2 =254 nm, 25 °C, 1 mL/min, ¢ major = 10.9 min, ¢ minor = 9.0

min).

YUESIH:3C-RAC-IC-0510.lcd
¥ 5345:HC-240405-HC-H- 14-AR-80-20-0.7.Icd

Peak RetTime Height Area Area%
1 9.055 33925 509137 49.889
2 11.003 29069 511409 50.111
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Total 62994 1020546 100.000
Peak RetTime Height Area Area%
1 9.055 9206 115198 2.928

2 10.971 218000 3819626 97.072
Total 227206 3934823 100.000

(8S,95)-9-(3-bromophenyl)-2-chloro-8-nitro-8,9-dihydrofuro[2,3-h|quinoline (3aj)
X White solid; m.p.: 173 - 175 °C; Yield: 43 mg, 53%; >20:1 dr;
o "o petroleum ether/EtOAc = 5:1; [a]3® =-27 (c 0.10, CH>Cl,); "H NMR
o “@/Br (500 MHz, Chloroform-d) ¢ 8.08 (d, J = 8.6 Hz, 1H), 7.89 (d, J = 8.7
Hz, 1H), 7.52 (d, J = 8.8 Hz, 1H), 7.45 - 7.39 (m, 1H), 7.37 - 7.32 (m,
3aj 1H), 7.27 (d, J= 8.7 Hz, 1H), 7.24 - 7.16 (m, 2H), 6.18 (d, J = 1.5 Hz,
1H), 5.48 (s, 1H); 13C NMR (126 MHz, CDCls) 6 159.7, 152.5, 144 .4,
140.0,139.2,131.5,131.3,130.7,130.3, 126.3, 124.2,123.2,121.4,119.8, 112.9, 111.8,
53.9; HRMS (ESI) calcd for C17H;1BrCIN,O3" [M+H]": 404.9636, found: 404.9628;
HPLC Data 94% ee (Daicel Chiralpak IC column, hexane/isopropanol = 95/5, A =254
nm, 25 °C, 1 mL/min, ¢ mgjor = 11.0 min, ¢ minor = 9.0 min).

BUR{442:3Br-RAC-IC-0510.Icd
H$58#%:HC-240407-HC-H-13-AR-80-20-0.7 led

Peak RetTime Height Area Area%
1 9.087 77544 1177976 49.383
2 11.088 66570 1207389 50.617
Total 144114 2385365 100.000
Peak RetTime Height Area Area%
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1 9.063 11088 151379 3.089
2 11.002 264884 4749783 96.911
Total 275972 4901162 100.000

(8S,95)-9-(3-bromophenyl)-2-chloro-8-nitro-8,9-dihydrofuro[2,3-h]quinoline (3ak)
White solid; m.p.: 102 - 104 °C; Yield: 37 mg, 52%; >20:1 dr;
petroleum ether/EtOAc = 5:1; [a]3® =-5 (¢ 0.10, CH2Cly); '"H NMR
(500 MHz, Chloroform-d) ¢ 8.06 (d, J = 8.6 Hz, 1H), 7.86 (d, J = 8.8
Hz, 1H), 7.50 (d, /= 8.8 Hz, 1H), 7.27 - 7.20 (m, 2H), 6.84 - 6.77 (m,
3H), 6.22 (d, J = 1.5 Hz, 1H), 5.49 (s, 1H), 3.78 (s, 3H); 3C NMR
(126 MHz, CDCIl3) 6 160.0, 159.6, 152.3, 144.5, 139.4, 139.2, 130.9,
130.1, 124.1, 121.2, 120.5, 119.3, 113.5, 112.9, 112.2, 55.3, 54.3; HRMS (ESI) calcd
for C1sH14CIN204" [M+H]": 357.0637, found: 357.0641; HPLC Data 93% ec (Daicel
Chiralpak IC column, hexane/isopropanol = 95/5, 4 =254 nm, 25 °C, 1 mL/min, ¢ najor

= 14.1 l’l’lln, tmin()r = 11.7 mln).

HUEN{442:3MeO-RAC-IC-0510.Icd

F#5245:HC-240407-HC-H-13-AR-80-20-0.7.lcd

tie

14,197

Peak RetTime Height Area Area%
1 11.626 367517 7459635 49.563
2 14.197 323941 7591167 50.437
Total 691457 15050802 100.000
Peak RetTime Height Area Area%

1 11.704 18792 315528 3.353

2 14.196 396637 9094106 96.647
Total 415429 9409634 100.000

(8S,9R)-2-chloro-9-(2-chlorophenyl)-8-nitro-8,9-dihydrofuro[2,3-h]quinoline (3al)
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N Green solid; m.p.: 206 - 208 °C; Yield: 32 mg, 45%; >20:1 dr;
q N" ¢ petroleum ether/EtOAc = 5:1; [a]3° =70 (¢ 0.10, CH,CL); "TH NMR
(500 MHz, Chloroform-d) ¢ 8.10 (d, J = 8.6 Hz, 1H), 7.91 (d, J = 8.8
Hz, 1H), 7.53 - 7.47 (m, 2H), 7.30 - 7.20 (m, 2H), 7.06 (td, /= 7.6, 1.3
3al Hz, 1H), 6.55 (dd, J=7.9, 1.6 Hz, 1H), 6.20 (d, J = 1.6 Hz, 1H), 5.96
(s, IH); BC NMR (126 MHz, CDCIl3) § 160.5, 152.5, 144.6, 139.2,
134.9,133.9,131.2,130.3, 129.6, 128.9, 127.2, 124.1, 121.3, 119.6, 112.8, 111.9, 51.1;
HRMS (ESI) caled for Ci7H10CIN2NaO3™ [M+Na]™: 382.9961, found: 382.9962;
HPLC Data 95% ee (Chiral NX(2) 5u column, hexane/isopropanol = 95/5, 4 =254 nm,
25 °C, 0.7 mL/min, ¢ major = 25.3 min, ¢ minor = 24.2 min).

SRS 2C-RAC-NX2-0507 lcd
RS

\

s

28 2 5 88 3 3
TP AV ...

Vo]

Peak RetTime Height Area Area%
1 24.237 30375 1062326 49.837
2 25.506 27405 1069275 50.163
Total 57780 2131601 100.000

s;t rg*/ \
Peak RetTime Height Area Area%
1 24.210 4076 112238 2.550
2 25.300 110143 4289864 97.450
Total 114219 4402102 100.000

(8S,9R)-9-(2-bromophenyl)-2-chloro-8-nitro-8,9-dihydrofuro[2,3-h]quinoline
(3am)
X White solid; m.p.: 199 - 201 °C; Yield: 22 mg, 27%; >20:1 dr;
“>ci petroleum ether/EtOAc = 5:1; [a]%® =120 (c 0.10, CH2Cl); '"H NMR
(500 MHz, Chloroform-d) ¢ 8.09 (d, J = 8.6 Hz, 1H), 7.91 (d, J= 8.8
Hz, 1H), 7.70 (dd, J= 7.9, 1.4 Hz, 1H), 7.50 (d, J = 8.8 Hz, 1H), 7.27
3am (d,/=8.8 Hz, 1H), 7.15 (td, J= 7.6, 1.8 Hz, 1H), 7.10 (td, J=7.5, 1.4
Hz, 1H), 6.52 (d, J="7.5 Hz, 1H), 6.18 (d, J= 1.5 Hz, 1H), 5.99 (s, 1H);
I3C NMR (126 MHz, CDCl3) § 160.4, 152.5, 144.5, 139.1, 136.6, 133.7, 131.2, 129.8,
128.9, 127.9, 124.2, 124.1, 121.3, 120.1, 112.8, 112.0, 53.2; HRMS (ESI) calcd for
$25

N Cl
Q B



C17HoBrCIN>O3™ [M-H]: 402.9491, found: 402.9485; HPLC Data 96% ee (Daicel
Chiralpak IA column, hexane/isopropanol = 97/3, A =254 nm, 25 °C, 1 mL/min, ¢ n4jor

PEREE:HC-240331-HC-H-9-AI2-80-20-0.7.Icd
v

Peak RetTime Height Area Area%
1 15.492 10682 263349 49.449
2 16.573 7951 269220 50.551
Total 18633 532569 100.000

HEES{442:2Br-CD4-1A-0310.Icd
AR HC-240331-HC-H-9-A2-80-20-0.7.lcd

bl
—rr

Peak RetTime Height Area Area%
1 15.390 64416 1476670 98.172
2 16.588 1187 27494 1.828
Total 65602 1504164 100.000

(8S,95)-2-chloro-8-nitro-9-(o-tolyl)-8,9-dihydrofuro[2,3-h]quinoline (3an)
N Green solid; m.p.: 167 - 169 °C; Yield: 45 mg, 67%; >20:1 dr;
o P~ petroleum ether/EtOAc = 5:1; [a]?® =94 (¢ 0.10, CH.CL); "TH NMR
o é (500 MHz, Chloroform-d) ¢ 8.02 (d, J = 8.6 Hz, 1H), 7.84 (d, J = 8.8
Hz, 1H), 7.51 (d, /= 8.8 Hz, 1H), 7.28 (d, /=7.6 Hz, 1H), 7.20 (d, J =
3an 8.6 Hz, 1H), 7.17 - 7.14 (m, 1H), 7.02 - 6.96 (m, 1H), 6.59 (dd, J= 7.8,
1.4 Hz, 1H), 6.15 (d, J= 1.4 Hz, 1H), 5.67 (s, 1H), 2.82 (s, 3H); *C NMR (126 MHz,
CDCl3) 6 159.7, 152.2, 144.3, 139.1, 136.5, 131.1, 130.7, 128.0, 126.6, 126.3, 124.1,
121.9, 121.2, 112.8, 112.4, 50.6, 20.2; HRMS (ESI) calcd for CigHi3CIN2NaO3"
[M+Na]": 363.0507, found: 363.0509; HPLC Data 93% ce (Chiral NX(2) 5u column,
hexane/isopropanol = 98/2, 1 = 254 nm, 25 °C, 1 mL/min, ¢ ngjor = 15.0 min, ¢ minor =

16.1 min).
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HUESTIHZ:2Me-RAC-NX2-0210.Icd
RS

__ie0te

Peak RetTime Height Area Area%
1 14.966 112515 2746952 49.926
2 16.019 104120 2755090 50.074
Total 216635 5502042 100.000
Peak RetTime Height Area Area%
1 15.007 449618 11125244 96.181
2 16.151 16597 441800 3.819
Total 466215 11567044 100.000

(8S,95)-2-chloro-9-(2-methoxy-5,6,7,8-tetrahydronaphthalen-1-yl)-8-nitro-8,9-
dihydrofuro[2,3-h]quinoline (3a0)
N Brown solid; m.p.: 174 - 176 °C; Yield: 37 mg, 45%; >20:1 dr;

o “~c petroleum ether/EtOAc = 5:1; [a]3® =297 (¢ 0.10, CH,Cl); "H NMR
(500 MHz, Chloroform-d) 0 7.93 (d, J = 8.6 Hz, 1H), 7.71 (d, J = 8.7
Hz, 1H), 7.38 (d, /= 8.8 Hz, 1H), 7.09 (d, /= 8.6 Hz, 1H), 6.98 (d, J =
8.4 Hz, 1H), 6.55 (d, J= 8.4 Hz, 1H), 6.43 (d, /= 3.0 Hz, 1H), 5.65 (d,
J=3.0 Hz, 1H), 3.87 (dt, J = 16.6, 6.5 Hz, 1H), 3.45 (s, 3H), 2.97 (dt,
J=16.5, 6.5 Hz, 1H), 2.79 (t, J = 6.3 Hz, 2H), 2.08 - 2.01 (m, 1H), 2.00 - 1.93 (m,
1H),1.90 - 1.81 (m, 2H); '3C NMR (126 MHz, CDCIl3) 6 160.1, 155.6, 151.5, 144.3,
138.9,137.9,130.5, 129.9, 129.5, 124.7, 123.5, 120.6, 120.2, 112.6, 112.1, 108.9, 55.2,
48.1,30.0,27.3, 23.5, 22.8; HRMS (ESI) calcd for C2oH20CIN2O4" [M+H]": 411.1106,
found: 411.1105; HPLC Data 81% ee (Daicel Chiralpak IA column,
hexane/isopropanol = 95/5, 1 =254 nm, 25 °C, 1 mL/min, ¢ ngjor = 7.9 min, ¢ minor = 7.2
min).
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HEE{4E:2MeO-JINA-RAC-IA-0510.Icd

©
3
2
N

Peak RetTime Height Area Area%
1 7.298 534031 6605554 49.465
2 7.944 505412 6748345 50.535
Total 1039443 13353899 100.000
25: W/E’\ b

Peak RetTime Height Area Area%
1 7.298 636022 7680086 90.343
2 7.953 62425 820987 9.657
Total 698446 8501074 100.000

(8S,9R)-2-chloro-9-(furan-2-yl)-8-nitro-8,9-dihydrofuro(2,3-h]quinoline (3ap)
N Yellow solid; m.p.: 178 - 180 °C; Yield: 31 mg, 50%; >20:1 dr;
9 Nl petroleum ether/EtOAc = 5:1; [a]%® =-34 (c 0.10, CH>Cl); "H NMR
0N 0/3 (500 MHz, Chloroform-d) ¢ 8.09 (d, J = 8.6 Hz, 1H), 7.87 (d, J = 8.8
Hz, 1H), 7.48 (d, /= 8.8 Hz, 1H), 7.37 (dd, J= 1.8, 0.9 Hz, 1H), 7.29
. (d, J= 8.6 Hz, 1H), 6.40 (d, J= 1.6 Hz, 1H), 6.31 (dd, J=3.3, 1.9 Hz,
1H), 6.12 (d, J=3.2 Hz, 1H), 5.63 (s, I1H); ¥C NMR (126 MHz, CDCl3) § 159.8, 152.5,
149.3, 144.5,142.8,139.3,131.2, 124.1, 121.2, 117.8, 112.9, 110.9, 109.5, 108.6, 48.1;
HRMS (ESI) caled for CisHjoCIN2O4" [M+H]": 317.0324, found: 317.0325; HPLC
Data 85% ee (Daicel Chiralpak IC column, hexane/isopropanol = 95/5, 4 = 254 nm,

25 °C, 1 mL/min, ¢ mgjor = 9.3 min, ¢ minor = 10.5 min).

HUEST{442: 2FN-RAC-IC-0510.Icd
FERE:HC-240331-HC-H-9-A12-80-20-0.7 lcd
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2 10.545 242892 4008030 49.617
Total 520388 8077865 100.000

BUES{H4Z:2FN-CD4-1C-0510.Icd
A5 HC-240331-HC-H-9-A2-80-20-0.7.Icd

Peak RetTime Height Area Area%
1 9.370 378599 5606464 92.542
2 10.549 27906 451814 7.458
Total 406505 6058278 100.000

(8S,95)-2-chloro-8-nitro-9-(thiophen-2-yl)-8,9-dihydrofuro[2,3-h]quinoline (3aq)
X White solid; m.p.: 166 - 168 °C; Yield: 39 mg, 59%; >20:1 dr;
g N“>o  petroleum ether/EtOAc = 5:1; [a]3® =-29 (c 0.10, CH>Cl); '"H NMR
ON ,j (500 MHz, Chloroform-d) ¢ 8.09 (d, J = 8.5 Hz, 1H), 7.89 (d, J = 8.8
7 Hz, 1H), 7.50 (d, /= 8.8 Hz, 1H), 7.28 (d, J = 8.6 Hz, 1H), 7.22 (dd, J
3aq =4.5, 1.8 Hz, 1H), 6.98 - 6.93 (m, 2H), 6.27 (d, /= 1.4 Hz, 1H), 5.81
(s, 1H); 3C NMR (126 MHz, CDCls) 6 159.4, 152.5, 144.4, 140.4,
139.3,131.3,126.9,125.9, 125.6, 124.2,121.3, 120.1, 112.9, 112.0, 49.5; HRMS (ESI)
caled for CisHsCIN2O3S™ [M-H]: 330.9950, found: 330.9964; HPLC Data 87% ee
(Daicel Chiralpak IA column, hexane/isopropanol =95/5, A =254 nm, 25 °C, 1 mL/min,

t major = 13.9 min, ¢ minor = 12.7 min).

BUR(442:2-SF-RAC-IA-0510.lcd
F58#5:HC-240331-HC-H-9-A12-80-20-0.7 led

Peak RetTime Height Area Area%

1 12.693 138022 2458067 50.943

2 13.908 128754 2367060 49.057

Total 266776 4825128 100.000
o] 2



Peak RetTime Height Area Area%
1 12.717 35201 588666 6.360

2 13.904 447495 8667557 93.640
Total 482696 9256222 100.000

(8S,9R)-9-(benzo[b]thiophen-3-yl)-2-chloro-8-nitro-8,9-dihydrofuro[2,3-
h]quinoline (3ar)
X White solid; m.p.: 183 - 185 °C; Yield: 26 mg, 34%; >20:1 dr;
o}gj\/wj\cl petroleum ether/EtOAc = 5:1; [a]%® =-93 (¢ 0.10, CH,Cl); "TH NMR
ON [Q (500 MHz, Chloroform-d) ¢ 8.35 (d, /= 8.1 Hz, 1H), 8.13 (d, /= 8.6
s Hz, 1H), 7.94 (d, /= 8.8 Hz, 1H), 7.89 (d, J= 8.1 Hz, 1H), 7.60 - 7.52
(m, 2H), 7.49 - 7.42 (m, 1H), 7.30 (d, /= 8.6 Hz, 1H), 6.57 (s, 1H), 6.26
(d,J=1.2 Hz, 1H), 5.89 (s, 1H); 13C NMR (126 MHz, CDCl3) 6 160.0,
152.6,144.7,141.0,139.3,137.1, 131.5, 131.2, 125.3, 125.0, 124.9, 124.2, 123.2, 122.0,
121.4, 119.0, 113.0, 110.5, 48.9; HRMS (ESI) calcd for Ci9HioCIN,O3S™ [M-H]:
381.0106, found: 381.0090; HPLC Data 85% ee (Daicel Chiralpak IA column,
hexane/isopropanol = 95/5, 1 = 254 nm, 25 °C, 1 mL/min, ¢ najor = 16.3 min, ¢ minor =
12.8 min).

3ar

BRI (442:3BSF-RAC-IA-0510.Icd
HFERE:HC-240331-HC-H-9-A12-80-20-0.7.Icd

mv
2257

2004
1753
1503
1259

1009

— s

759 | 8
[ o
504

10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 190 200 210 22,0

Peak RetTime Height Area Area%
1 12.692 92209 1594070 50.117
2 16.381 59257 1586620 49.883
Total 151466 3180690 100.000
o] . |

Peak RetTime Height Area Area%

1 12.854 10535 251932 7.180

2 16.396 122286 3257041 92.820
Total 132821 3508973 100.000

(1S,2S,8S)-8-ethyl-8-hydroxy-2-nitro-1-phenyl-1,8,11,14-tetrahydro-12H-
furo[3,2-f|]pyrano|[3',4':6,7]indolizino[1,2-b]quinoline-9,12(2H)-dione (5)
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White solid; m.p.: 204 - 206 °C; Yield: 37 mg, 32%; >20:1 dr;
petroleum ether/EtOAc = 5:1; [a]3® =1 (¢ 0.10, CH.ChL); 'H
NMR (500 MHz, Chloroform-d) ¢ 8.33 (d, /=9.2 Hz, 1H), 7.90
(s, 1H), 7.78 (d, J = 9.1 Hz, 1H), 7.65 (s, 1H), 7.44 — 7.34 (m,

W 3H), 7.23 — 7.18 (m, 2H), 6.19 (d, J= 1.8 Hz, 1H), 5.70 (d, J =
5 [° 164 Hz, 1H), 5.37 (d,J= 1.8 Hz, 1H), 5.32 — 5.24 (m, 1H), 5.19
(dd, /=19.2, 1.3 Hz, 1H), 5.12 (dd, J=19.2, 1.3 Hz, 1H), 3.93 (s, 1H), 1.89 (dp, J =
21.4, 7.2 Hz, 2H), 1.03 (t, J = 7.4 Hz, 3H).; *C NMR (126 MHz, CDCl3) J 173.8,
157.5,157.4,151.3,150.1, 146.6, 146.0, 137.1, 133.5, 129.9, 129.8, 129.1, 127.4, 125.9,
124.8, 118.9, 118.7, 116.3, 112.4, 98.0, 72.8, 66.3, 55.1, 50.0, 31.6, 7.8; HRMS (ESI)
calcd for C2sH2oN307" [M+H]": 512.1453, found: 512.1436.

Synthesis of compound 7

m _Na, EOM-CL m K2CO3, Pd(OAc),, isopropanol
_ >
HO N">er  THF, THF, 8% yield yield " So"No DMF, 120°C, 22 h

1b 73% yield

S NO,

Cl
2a

C7, 3H,0-K,HPO,
——
PhCI rt.

conc. HCI
MeOH, 65 °C

O,N

Step 1: To a solution of 2-bromoquinolin-7-o0l (1b) (2.23 g, 10 mmol, 1 equiv.) in
dry THF (50 mL) was added 60% NaH (480 mg, 12 mmol, 1.2 equiv.) in portions at 0
°C, the reaction mixture was allowed to stir for 1 hour. Chloromethyl ethyl ether (1.11
mL, 12 mmol, 1.2 equiv.) was added dropwise. The reaction mixture was stirred at 0 °C
for 30 minutes and then kept at room temperature overnight. The progress of the
reaction was monitored by TLC. After completion, the reaction was quenched with
saturated aqueous ammonium chloride solution (50 mL) and extracted with ethyl
acetate (3 x 100 mL). The combined organic layers were washed with brine and dried
over Na;SOs. The crude product was purified by silica gel chromatography(eluent:
petroleum ether/ethyl acetate = 5:1) to give product S6-1 (1.9 g, 68% yield) as white
solid. m.p.: 156 - 158 °C. 'TH NMR (500 MHz, Chloroform-d) 6 7.90 (d, J = 8.4 Hz,
1H), 7.70 (d, J = 8.9 Hz, 1H), 7.62 (d, J = 2.5 Hz, 1H), 7.38 (d, /= 8.5 Hz, 1H), 7.28
(dd, J = 8.8, 2.6 Hz, 1H), 5.35 (s, 2H), 3.76 (q, J = 7.1 Hz, 2H), 1.23 (t, /= 7.1 Hz,
3H).; 13C NMR (126 MHz, CDCl3) 6 159.0, 150.1, 142.3, 137.9, 128.7, 123.6, 122.6,
120.2, 110.8, 93.2, 64.7, 15.1; HRMS (ESI) calcd for Ci2Hi3BrNO>" [M+H]":
282.0125, found: 282.0125.

Step 2: Dissolved S6-1 (1.9 g, 6.7 mmol), KoCO3 (1.0 g, 6.7 mmol) and Pd(OAc)>

S31



(150 mg, 0.67 mmol) in dry DMF (4 mL), the reaction mixture was heated to 120 °C
under argon for several minutes. The reaction mixture was added isopropanol (800 pL)
and kept at same temperature for 22 hours. The progress of the reaction was monitored
by TLC. After cooling, the reaction mixture was quenched with water and extracted
with ethyl acetate (3 x 50 mL). The combined organic layers were washed with brine
and dried over NaxSO4. The crude product was purified by silica gel chromatography
(petroleum ether/ethyl acetate = 5:1) to give product S6-2 (983 mg, 73% yield) as light
yellow solid. m.p.: 132 - 134 °C. "TH NMR (500 MHz, Chloroform-d) J 8.68 (d, J=8.5
Hz, 2H), 8.23 (d, J = 8.5 Hz, 2H), 7.80 - 7.74 (m, 4H), 7.28 (dd, J = 8.8, 2.5 Hz, 2H),
5.42 (s, 4H), 3.81 (q, J = 7.1 Hz, 4H), 1.27 (t,J = 7.1 Hz, 6H).; 13C NMR (126 MHz,
CDCl3) 6 158.3,156.6, 149.4, 136.3, 128.6, 124.1,120.2, 117.7, 111.7,93.2, 64.7, 15.2;
HRMS (ESI) calcd for C24H2sN2O4" [M+H]': 405.1809, found: 405.1801.

Step 3: This experiment was performed under air. To a solution of S6-2 (983 mg,
2.4 mmol) in MeOH (10 mL) was added conc. HCI (294 pL, 9.6 mmol). The reaction
mixture was stirred at 65 °C for 5 hours. The precipitate was collected and dried in
vacuum to afford an orange solid 6 (2.4 mmol, quant) without further purification.

Step 4: To a Schlenk tube equipped with a magnetic stir bar was charged with 6
(2.4 mmol), nitroolefins 2a (1.06 g, 5.76 mmol), K;HPO43H>0 (5.47 g, 24 mmol), C7
(117 mg, 0.24 mmol) and PhCl (24 mL). The solution was stirred at rt for 72 h. The
reaction mixture was purified by column chromatography on silica gel directly to give
the product 7.

(8S,8'S,9S,9'S)-8,8'-dinitro-9,9'-diphenyl-8,8',9,9'-tetrahydro-2,2'-bifuro[2,3-
h]quinoline (7)
Light yellow solid; m.p.: 126 - 128 °C; Yield: 37 mg, 32%;
petroleum ether/EtOAc = 5:1; [a]3° =-136 (c 0.10, CH,Cl); '"H
NMR(500 MHz, Chloroform-d) ¢ 8.26 (dd, J = 8.6, 1.3 Hz, 2H),
8.16 (dd, /=38.7, 1.4 Hz, 2H), 7.86 (d, J = 8.7 Hz, 2H), 7.50 (dd, J
= 8.8, 1.4 Hz, 2H), 7.35 - 7.20 (m, 10H), 6.26 (t, J = 1.6 Hz, 2H),
7 5.60 (s, 2H); 3C NMR (126 MHz, CDCl3) J 158.8, 156.3, 144.1,
138.7, 137.1, 130.8, 129.0, 128.0, 127.5, 125.7, 121.4, 117.9, 112.9, 112.5, 55.1;
HRMS (ESI) caled for C34H23N4O6" [M+H]": 583.1612, found: 583.1631; HPLC Data
93% ee (Daicel Chiralpak OD column, hexane/isopropanol = 70/30, 4 = 254 nm, 25 °C,
1 mL/min, ¢ mgjor = 11.3 min, ¢ minor = 29.1 min).

BB 1445 :2L-rac-0D-3010.Icd
H BB hazimycin

Peak RetTime Height Area Area%
1 11.476 44132 1701467 50.594
2 27.794 13266 1661521 49.406




Total 57397 3362988 100.000

BB AF45:2L-0D-3010.cd
# A hazimycin

Peak RetTime Height Area Area%
1 11.358 561730 20603358 96.545
2 29.170 6262 737301 3.455
Total 567992 21340659 100.000

General procedure C: Synthesis of compound 8

S S
_ BusSnH, V601 _
o N ————— N cl
Tol., 100 °C
8

Tributyltin hydride (0.9 mmol, 3 equiv.) was added to a solution of the 3aa (0.3
mmol, 1 equiv.) in dry deoxygenated toluene (2 mL) under argon, and after the mixture
was heated to 80 °C, V601 (0.15 mmol, 0.5 equiv.) was added and the mixture
continued to be heated under 100 °C for 30 min, and reaction completion was confirmed
by TLC. After cooling, the toluene was removed under reduced pressure. The crude
product was purified by flash column chromatography on silica gel to give the product
8 in 28% yield.

(S)-2-chloro-9-phenyl-8,9-dihydrofuro[2,3-h]quinoline (8)
N White solid; m.p.: 81 - 82 °C; Yield: 24 mg, 28%; petroleum ether/EtOAc
o = 10:1; [@]3® = -174 (c 0.10, CH:CL); '"H NMR (500 MHz,
Chloroform-d) 6 7.94 (d, J= 8.5 Hz, 1H), 7.66 (d, J = 8.7 Hz, 1H), 7.30
@ - 7.23 (m, 5H), 7.21 - 7.15 (m, 1H), 7.10 (d, /= 8.5 Hz, 1H), 5.14 (dd, J
8 =9.3,3.5Hz, 1H),5.05 (t,J=9.1 Hz, 1H), 4.79 (dd, /= 8.9, 3.5 Hz, 1H);
I3C NMR (126 MHz, CDCl3) § 161.7, 151.3, 145.4, 143.4, 138.9, 129.5,
128.5, 127.4, 126.7, 123.7, 122.7, 119.4, 113.1, 80.8, 46.6; HRMS (ESI) calcd for
Ci7Hi3CINO™ [M+H]": 282.0680, found: 282.0684; HPLC Data 91% ee (Daicel
Chiralpak IC column, hexane/isopropanol = 98/2, 4 =254 nm, 25 °C, 1 mL/min, ¢ n4jor

= 5.4 min, ¢ minor = 6.9 min).
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mV.

HURHE:QXI-RAC-IC-0210 lod

50004

4000+

30004

20004

10004

‘@ EEACh2 254NN

5.379
—6.854

Peak RetTime Height Area Area%
1 5.379 1473238 16214104 49.033
2 6.854 1277645 16853364 50.967
Total 2750882 33067468 100.000
HUE{44:QXJ-CD3-IC-0210.Icd
Peak RetTime Height Area Area%
1 5.400 2249683 29599466 95.353
2 6.949 115515 1442431 4.647
Total 2365198 31041898 100.000
Synthesis of compound 9
A A
o ‘ rgr/ Cl MnO, o rgr/ Cl
ON @ Toluene, -5 °C ON O
3am 9

MnO:> (20 equiv.) was added in a clear solution of 3am in dry toluene at -5 °C and
reaction mass stirred for 16 h at same temperature. The progress of the reaction was
monitored by TLC. The reaction mixture was purified by column chromatography on
silica gel directly to give the product 9 in 95% yield (85% ee).

9-(2-bromophenyl)-2-chloro-8-nitrofuro[2,3-h]quinoline (9)
N White solid; m.p.: 172 - 173 °C; Yield: 77 mg, 95%; petroleum
o O P~ ether/EtOAc = 5:1; [a]3® =11 (c 0.10, CH>Cl,); '"H NMR (500 MHz,
— Br
B

Chloroform-d) 5 8.18 (d, J= 8.5 Hz, 1H), 8.01 (d, J=9.0 Hz, 1H), 7.85
(d, J=9.0 Hz, 1H), 7.83 - 7.67 (m, 1H), 7.49 (d, J = 4.5 Hz, 2H), 7.43
o (dd, J= 8.2, 4.6 Hz, 2H); 3C NMR (126 MHz, CDCl3) § 152.3, 151.8,
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144.1,139.1,132.4,131.0, 130.7, 130.5, 130.4, 127.1, 124.5, 123.7, 122.8, 122.6, 122.2,
113.4; HRMS (ESI) calcd for C;7HsBrCIN,NaO3" [M+Na]": 424.9299, found:
424.9314; HPLC Data 85% ee (Daicel Chiralpak IC column, hexane/isopropanol =
98/2, A =254 nm, 25 °C, 1 mL/min, ¢ mgjor = 17.2 min, ¢ minor = 21.9 min).

HURSIH43:2Br-0-RAC-IC-0210.Icd

mV.
o

——17.131

Y

Peak RetTime Height Area Area%
1 17.131 35845 895081 50.178
2 21.791 29498 888744 49.822
Total 65342 1783825 100.000
HUR{443:2Br-37-0h-CD3-IC-02101cd
|
|
= |
150] \ g
\ N
Peak RetTime Height Area Area%
1 17.262 128687 3678735 92.238
2 21.964 10444 309590 7.762
Total 139131 3988324 100.000

3. X-ray crystallographic data

Single Crystal X-Ray Data of 3ga

Single crystals of C21H14N20sS [3ga] were obtained in a dichloromethane : hexane
(1:5) solution. A suitable crystal was selected and mounted on a Bruker D8 VENTURE
dual wavelength Mo/Cu diffractometer. The crystal was kept at 193.00 K during data

collection. OLEX2 and SHELXTL were used for Data collection and integration.

Table S1 Crystal data and structure refinement for 3ga.

Identification code 3ga
Empirical formula C21H14N205S
Formula weight 374.40
Temperature/K 193.00
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Crystal system monoclinic
Space group P2,

a/A 9.8111(3)
b/A 7.4763(2)
c/A 12.2064(4)
o/° 90

pB/e 96.8020(10)
y/° 90
Volume/A® 889.05(5)
V4 2
Pealcg/cm’ 1.399
p/mm’! 1.828
F(000) 388.0

Crystal size/mm?

0.12 x 0.1 x0.08

Radiation

CuKoa (A = 1.54178)

20 range for data collection/°

7.294 to 149.204

Index ranges

-12<h<12,-8<k<9,-14<1<15

Reflections collected

15778

Independent reflections

3523 [Rint = 0.0399, Rsigma = 0.0370]

Data/restraints/parameters

3523/1/245

Goodness-of-fit on F?

1.031

Final R indexes [[>=2c (I)]

R1=0.0278, wR> = 0.0734

Final R indexes [all data]

R =0.0286, wR> =0.0737

Largest diff. peak/hole / e A

0.22/-0.20

Flack parameter

0.061(5)
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Figure S1. X-ray crystal structure of the product 3ga (50% ellipsoid contour probability
level, CCDC:2527373).

4. In vitro anti-tumor assay

In vitro cytotoxic activity of 3 on MCF-7.

MCF-7 cell (2.5 x 10 in 100 uL) were seeded in a 96-well plate in triplicate.
Following a 24 h culture at 37 °C, the suspension was replaced with fresh medium
containing the different doses of compounds 3 (1, 10, 25, 50, 75 and 100 puM). The
drug-free medium negative control well and the solvent control well were set with the
same volume of DMSO. Cell was respectively incubated at 37 °C for 48 h. After 48
hours of incubation with the compounds, the culture medium was aspirated and
replaced with a fresh mixture of culture medium and CCK-8 solution (90 pL:10 pL per
well). The plates were then returned to the incubator for 1 hour. Subsequently, the
optical density (OD) at 450 nm was measured using a multi-mode microplate reader.

Cell inhibition rate = [A450 (negative control well) - A450 (dosing well)]/A450
(negative control well) x 100%

Anti-tumor data

Table S5 Experimental results of anti-tumor activity

Entry ¢ Compound Inhibition rate (%)
1 3aa 83.85+0.46
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2 3ab 38.88+3.65
3 3ac 14.40+1.34
4 3ad 64.45+1.68
5 3ae 44.92+4 .80
6 3af 42.86+0.49
7 3ag 35.27£2.96
8 3ah 39.82+1.80
9 3ai 71.37£2.13
10 3aj 62.37+1.56
11 3ak 29.15+4.08
12 3al 37.64+0.20
13 3am 50.35+0.85
14 3an 21.95+0.57
15 3ao 38.47+0.17
16 3ap 78.48+0.04
17 3aq 72.58+0.51
18 3ar 37.80+1.13
19 3ba 30.60+0.43
20 3ca 20.29+1.68
21 3da 28.45+1.98
22 3ea 18.58+2.39
23 3fa 63.76+2.29
24 3ga 21.33+2.98
25 3ha 35.14+2.60
26 3ia 42.67+0.22
27 3ja 60.55+0.43
28 3ka 76.67+0.41
29 3la 85.58+0.20
30 3ma 69.83+0.94
31 3na 63.76+2.29
32° DOX 81.11£0.68

“ This antitumor activity assay was carried out at a compound concentration of 100

. . b . .
uM. All experiments were conducted in three parallel groups. Doxorubicin was used
as a positive control.

Table S6 Experimental results of anti-tumor activity

Entry ¢ Compound ICso (UM)
1 3aa 32.94+0.20
2 3ai 38.92+0.20

3 3ap 1.52+0.06
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4 3aq 11.23+0.17

5 3ka 20.45+0.24
6 3la 9.78+0.08
7°b DOX 0.21+0.14

“ This antitumor activity assay was carried out at a compound concentration of 100

. . b . .
uM. All experiments were conducted in three parallel groups. Doxorubicin was used
as a positive control.
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6. NMR spectra for compounds
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