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1. General information

Unless otherwise stated, all regents were purchased from commercial suppliers and used without
purifications. Indanone carboxylate 1 were synthesized according to the known method'. Flash column
chromatography was performed on silica-gel. 'H and '*C NMR were recorded in CDCl; on Bruker
AVANCE III. TMS served as internal standard (d= 0 ppm) for 'H NMR and CDCl; was used as internal
standard (d= 77.0 ppm) for 3C NMR; Chiral HPLC analyses were performed using JASCO LC-2000
Plus. Chiralpak AD-H, OB-H, OD-H, OJ-H and IC columns were purchased from Daicel Chemical
Industries (Shanghai, China). The continuous synthesis was conducted using a commercially available
continuous-flow system (syrris Asia), comprising (1) a corrosion-resistant dual pair syringe pump (one
pair consists of a 50 pL and a 100 pL syringe), (2) a heater module, (3) a 250 pL internal volume

borosilicate microreactor.

asia HHEB

The microreactor system The structure of the microreactor
2. Typical experimental procedure for the enantioselective fluorination under
continuous-flow conditions

THF Solution A:
0
X
R2(p COOR!
S~ o
Cu(OTf }Illc 1 mol% 10.5min, 50°C_ i S\ «COOR!
u(OTH),flle (1 mof%) microreactor A"

[THF Solution B: NFSI }7 2

The fluorination reaction was conducted in a microreactor consisting of a 250 uL heated (50 °C)

retention unit and two inlets. The solution A containing copper complex IIle-Cu(OTf), (0.01M),
indanone carboxylate 1 (1.0 M) in THF and the solution B containing NFSI (1.2 M) in THF were
prepared using standard volumetric techniques, and preheated to 50 °C. The two solutions were
introduced seperately from the two inlet at the same flow rate of 250 puL min~!. Total output was 500
pL min~! (0.5 min of residence time). Typically, the reaction sample was collected for 2 mL. The reaction
mixture was concentrated under reduced pressure. The crude product was purified by flash column
chromatography eluting with ethyl acetate (EtOAc) and petroleum ether (PE) to afford the resulting
product. The enantiomeric excess was determined by HPLC using a Chiralpak AD-H, OB-H, OD-H, OJ-
H or IC columns.

3. Characterization and NMR spectra of resulting products

methyl (S)-2-fluoro-1-0x0-2,3-dihydro-1H-indene-2-carboxylate (2a)
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Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/30 (v/v)
as white solid. (99% yield, 206.0 mg) 'H NMR (500 MHz, CDCl;) 6 7.77 (d, J= 7.7 Hz, 1H), 7.64 (td,
J=1.5,1.2 Hz, 1H), 7.48 — 7.36 (m, 2H), 3.74 (s, 4H), 3.79 — 3.67 (m, 1H), 3.37 (dd, J=23.3, 17.6 Hz,
1H).*C NMR (126 MHz, CDCl;) 6 195.08 (d, /= 18.4 Hz), 167.72 (d, J=27.8 Hz), 150.82 (d, /= 3.8
Hz), 136.76, 133.23, 128.67, 6 126.64 — 126.55 (m) 125.68, 94.61 (d, J = 201.6 Hz), 53.24, 38.26 (d, J
= 23.8 Hz). The enantiomers were analyzed by HPLC using Daicel Chiralpak OB-H column at 254 nm
(n-hexane/i-PrOH = 70/30), 1.0 mL/min; Major enantiomer: tx = 41.05 min, minor enantiomer: tg =36.23

min. 98% ee.
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# MHame | Start [Min] | Time [tin] | End [Min] | Ret. time foset| Cluantity [% Aree| Height [mall] |Alea [mAU.Min]| Area % [] |
Bl 1 [UNEMOWMN 34.682 38.971 41.961 0.000 47.29 0.4 0.7 47.291
2 |UMENDWM 42.041 44.863 52112 0.000 52.71 0.3 0.8 52.709
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# MName | Start[Min] | Time[Min] | End[Min] [Ret time Offset | Quantity [ Ared Height [maU] [ Area [maU Min]]  AreaZ[%] |
P 1 |UNKNOWN 34.732 36.227 37.285 0.000 0.90 0.0 0.0 0.902
2 | UNENDWN 37.649 41.052 A7 677 0.000 939.10 0.5 1.2 59.035

Tatal 100.00 ns Tl 100.000
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isopropyl (5)-2-fluoro-1-0xo0-2,3-dihydro-1H-indene-2-carboxylate (2b)

0
\COOiPr
F

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/30 (v/v)
as white solid (97% yield, 229.0 mg). 'H NMR (500 MHz, CDCl;) 8 7.74 (d, J= 7.7 Hz, 1H), 7.65 — 7.58
(m, 1H), 7.43 (d, J="7.7 Hz, 1H), 7.37 (t, J= 7.5 Hz, 1H), 5.05 (h, J= 6.2 Hz, 1H), 3.69 (dd, J = 17.6,
11.8 Hz, 1H), 3.33 (dd, J = 23.3, 17.6 Hz, 1H), 1.15 (ddd, J = 13.6, 6.3, 1.0 Hz, 6H). 13C NMR (126
MHz, CDCl;) 6 195.27 (d, J= 18.4 Hz), 166.74 (d, J=27.6 Hz), 150.86 (d, J= 3.5 Hz), 136.54, 133.20,
128.45, 126.49, 125.37, 94.32 (d, J = 201.1 Hz), 70.55, 38.13 (d, J = 24.1 Hz), 21.37 (d, J = 13.8 Hz).
The enantiomers were analyzed by HPLC using Daicel Chiralpak OB-H column at 254 nm (n-hexane/i-
PrOH = 90/10), 1.0 mL/min; Major enantiomer: tr = 30.12 min, minor enantiomer: tg = 26.28 min. 99%

ee.
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# Mame | Stat[Min] | Time[Min] |  End[Min] [Ret time Offset| Quantity [ Ared Height [maAU] [Area [mdU Min]|  Area2[%] |
P 1 |UMKMOWHN 23016 26138 28046 0.000 5263 03 04 52634
2 |UMENOWN 23.148 30.358 33584 0.000 4737 0z 0.3 47366

Tatal 100.00 05 07 100,000

S3



mAL

0035
on2i=
0ol
= -
i RT [min]

0 2 4 5 g 10 12 14 16 18 20 22 24 26 28 30 32 34

# Mame | Stat[Min] | Time[Min] | End[Min] [Fet time Offset| Quantit [% Ared Height [mal] [Area [mal Min)|  Area® [%] |
Bl 1 [UMENOWN 24,356 26,278 27.002 0.000 0.55 0.0 0.0 0.546
2 | UNENDWN 2710 30118 33.765 0.000 93.45 0.2 0.4 99.454

Total 100.00 02 0.4 100.000
benzyl (S)-2-fluoro-1-0x0-2,3-dihydro-1H-indene-2-carboxylate (2¢)

O

.COOBn
F

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/30 (v/v)
as white solid (94% yield, 267.0 mg).'H NMR (600 MHz, CDCl;) 6 7.95 (dd, J = 8.3, 1.5 Hz, 1H), 7.79
(d, J=17.7 Hz, 1H), 7.66 (td, J = 7.5, 1.3 Hz, 1H), 7.54 (t, /= 8.0 Hz, 1H), 7.48 — 7.39 (m, 2H), 7.32 —
7.25 (m, 3H), 5.30 - 5.15 (m, 2H), 3.79 — 3.73 (m, 1H), 3.45 —3.35 (m, 1H)..*C NMR (151 MHz, CDCl;)
5195.15(d,/=18.2 Hz), 167.16 (d,J=28.2 Hz), 150.88 (d, /=3.7 Hz), 136.85, 135.97, 134.72, 133.22,
129.75, 129.54, 128.70, 128.64, 128.55, 126.71 (d, J = 1.2 Hz), 125.54, 94.69 (d, J = 201.4 Hz), 67.79,
38.23 (d, J=24.1 Hz). The enantiomers were analyzed by HPLC using Daicel Chiralpak AD-H column
at 254 nm (n-hexane/i-PrOH = 97/3), 1.0 mL/min; Major enantiomer: tg = 54.25 min, minor enantiomer:
tg = 50.45 min. 97% ee.
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# Mame | Start[Min] | Time [Min] | End[Min] [Ret time Offset| Quantity [ Ared Height [mAU] | Area [mal Min]l - Area % [%] |
P 1 [UNKNDWN 46.212 47.343 49.824 0.000 50.12 0.2 0.4 50.120
2 |UNKNOWwWN 49916 51.452 55.288 0.000 49,88 0.2 0.4 49,550
Tatal 100.00 04 0.7 100.000
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i] 5 10 15 20 25 30 35 40 45 50 55 60 65
# Hame | Stat[Min] | Time[Min] | End[Min] [Fiet time Offsst| Quantity [% Ared Height [maU] [Area [mal Min]|  Area%[Z] |
B[ 1 [UMKNOWN 43.217 50.443 51.7E5 0.000 1.69 0.0 0.0 1.687
2 [UNKENDOwH 52.220 54.247 58.406 0.000 98.31 0.3 06 98.313
Total 100,00 0.3 07 100,000

tert-butyl (S)-2-fluoro-1-oxo0-2,3-dihydro-1H-indene-2-carboxylate (2d)

0
.COOtBu
F

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/30 (v/v)
as white solid (97% yield, 242.6 mg).'H NMR (500 MHz, CDCl;) 6 7.75 (dd, J = 7.8, 0.6 Hz, 1H), 7.61
(td, J=7.5, 1.2 Hz, 1H), 7.42 (dt, J= 7.8, 0.9 Hz, 1H), 7.38 (ddd, J = 8.0, 7.2, 0.9 Hz, 1H), 3.71 — 3.58
(m, 1H), 3.32 (ddd, J=22.9, 17.4, 1.0 Hz, 1H), 1.36 (s, 9H). *C NMR (126 MHz, CDCl;) 8 195.97 (d,
J=18.5 Hz), 166.44 (d, J = 27.7 Hz), 151.16 (d, J = 3.9 Hz), 136.64, 133.78, 128.66, 126.68, 125.61,
94.58 (d, J=201.7 Hz), 84.31, 38.54 (d, J = 24.2 Hz). 28.02. The enantiomers were analyzed by HPLC
using Daicel Chiralpak OB-H column at 254 nm (n-hexane/i-PrOH = 70/30), 1.0 mL/min; Major
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enantiomer: tg = 11.55 min, minor enantiomer: tg = 15.68 min. 97% ee.
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# Mame | Stat[Min] [ Time[Min] | End[Min] |[Ret time Offset| Quantit [% Ared Height [mal] [Area [mal Min)|  Area % [%]
Bl 1 [UMENOWN 11.136 12518 15,380 0.000 50.18 0.9 1.2 50,178
2 | UNENDWN 15.530 17.239 19.675 0.000 43.82 1.1 1.2 49,822
Total 100.00 20 24 100.000
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1] 2 4 E g 10 12 14 16 18 20 22 24 26 28
# MHame | Start[Min] | Time[Min] | End[Min] [Fet time Offsst| Quantit [% Ared Height [mdl] [Area [mal Min)]  Aea % [%] |
Pl 1 [UNEMOWN 10.434 11.545 13.991 0.000 98.71 05 05 98.715
2 | UNENDWM 15.144 15.679 16.E6E 0.000 1.29 0.0 0.0 1.285
Tatal 100.00 05 05 100.000

(BR,5R,7R)-Adamantan-1-yl (S)-2-fluoro-1-0x0-2,3-dihydro-1H-indene-2-carboxylate(2e)
O

.COOAd
F

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (80% yield, 262.5 mg)."H NMR (600 MHz, CDCls) & 7.73 (d, J = 7.8 Hz, 1H), 7.60 (t, J
=7.5Hz, 1H), 7.42 (d, J = 7.8 Hz, 1H), 7.36 (t, J = 7.5 Hz, 1H), 3.65 (dd, /= 17.5, 10.6 Hz, 1H), 3.30
(dd, J = 22.9, 17.4 Hz, 1H), 2.04 (s, 3H), 1.95 (s, 6H), 1.52 (s, 6H). 3C NMR (151 MHz, CDCl;)
195.70 (d, J = 18.3 Hz), 165.62 (d, J=28.0 Hz), 150.84 (d, /= 4.0 Hz), 136.30, 133.41, 128.27, 126.34
(d, J=1.4 Hz), 125.14, 94.14 (d, /= 201.4 Hz), 83.90, 40.86, 38.26 (d, J=23.9 Hz). 35.71, 30.69. The
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enantiomers were analyzed by HPLC using Daicel Chiralpak AD-H column at 254 nm (n-hexane/i-PrOH

=90/10), 1.0 mL/min; Major enantiomer: tx = 17.93 min, minor enantiomer: tr = 14.55 min. 99% ee.
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# Mame | Stat[Min] | Time[Min] | End[Min] |Ret. time Offsst| Duantity [ Ared Height [mAU] [Area [mAllMin)]  Area % [%] |
B[ 1 [UMENOWN 15,296 15,986 17182 0.000 4963 04 0.2 43621
2 | UMENOWN 185919 14.739 21.333 0.000 50.37 0.3 0z 50,369
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# Mame | Stat[Min] | Time[Min] | End[Min] [Ret time Offset| Quantity [% Ared Height [mal] |Area [mal Min)|  Aea % [%] |
Bl 1 [UMEMOWH 14174 14.546 15.074 0.000 0.61 0.0 0.0 0606
2 |UMNKNOWN 17.258 17.932 19.570 0.000 33.39 0.5 0.4 99.394

Total 100.00 05 0.4 100000
methyl (S)-2,5-difluoro-1-0x0-2,3-dihydro-1H-indene-2-carboxylate (2f)
0O
.COOMe

= F

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/30 (v/v)
as white solid (95% yield, 214.7 mg). 'H NMR (600 MHz, CDCl;) & 8.02 — 7.95 (m, 1H), 7.63 — 7.55
(m, 1H), 7.21 — 7.16 (m, 1H), 3.80 (dd, /= 16.8, 10.8 Hz, 1H), 3.81 (s, 3H), 3.43 (ddd, J = 23.0, 18.0,
1.2 Hz, 1H). BC NMR (151 MHz, CDCl3) 6 193.21 (d, J=18.2 Hz), 169.04, 167.51, 167.32, 153.91 (dd,
J=10.6, 3.9 Hz), 128.16 (d, /= 10.7 Hz), 117.19 (d, J = 23.8 Hz), 113.60 (d, J = 23.0 Hz), 94.62 (d, J
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=202.3 Hz), 53.29, 38.08 (dd, J=24.4, 2.3 Hz). The enantiomers were analyzed by HPLC using Daicel
Chiralpak OB-H column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major enantiomer: ty =

24.45 min, minor enantiomer: tg = 26.40 min. 94% ee.
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2 |UNKENOwN 26474 2721 29.200 0.000 4314 04 03 43037
Total 100.00 08 0E 100.000
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# Mame | Start[Min] [ Time[Min] | End[Min] [Ret time Offset| Quantity [% &red Height [mal] |Area [mall Min]  AreaZ[z] |
P 1 [UMENOwH 23479 24 452 25777 0.000 9722 05 04 97.221
2 |[UMENDOWN 25826 26398 27441 0.000 278 0o 0o 2779
Tatal 100.00 05 05 100.000
methyl (S)-5-chloro-2-fluoro-1-oxo0-2,3-dihydro-1H-indene-2-carboxylate (2g)
@)
COOMe
cl F

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/30 (v/v)
as white solid (91% yield, 220.2 mg). 'H NMR (400 MHz, CDCl3) 6 7.68 (d, /= 8.2 Hz, 1H), 7.46 — 7.42
(m, 1H), 7.37 (dd, /= 8.2, 1.7 Hz, 1H), 3.73 (s, 3H), 3.71 (dd, J=18.0, 10.9 Hz, 1H), 3.34 (dd, J = 23.0,
17.9 Hz, 1H).*C NMR (101 MHz, CDCl;) 4 193.73 (d, J=18.3 Hz), 167.32 (d, J= 28.0 Hz), 152.24 (d,
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J=3.9 Hz), 143.48, 131.59 (d, J = 1.3 Hz), 129.54 (d, /= 5.5 Hz), 126.92 (d, J = 1.4 Hz), 126.68 (d, J
= 1.3 Hz), 94.50 (d, J = 202.4 Hz), 53.37, 37.91 (d, J = 24.2 Hz). The enantiomers were analyzed by
HPLC using Daicel Chiralpak OD-H column at 254 nm (n-hexane/i-PrOH = 99/1), 1.0 mL/min; Major

enantiomer: tg = 55.83 min, minor enantiomer: tg = 44.60 min. 97% ee.
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2 |UNENOWM 56.469 53.139 £3.463 0.000 48.56 0.2 1.0 48.559
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# Mame | Start[Min] | Time[Min] | End[Min] |Fet time Offset| Quantity [% Ared Height [mAU] [Area AU Min]]  AreaZ (%] |
B 1 [UMENOwWM 42801 44 597 43.742 0.000 1.30 0.0 01 1.304
2 |UMEMNOWN B3.528 55,833 68671 0.000 98.70 0.9 4.0 98,696

Total 100.00 09 41 100.000
methyl (S)-5-bromo-2-fluoro-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (2h)

(6]
.COOMe
Br F

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/30 (v/v)
as yellow solid (97% yield, 277.4 mg). '"H NMR (600 MHz, CDCls) & 7.62 (d, J = 8.6 Hz, 1H), 7.54 (d,
J=8.4Hz, 1H), 3.74 (s, 3H), 3.77 — 3.67 (m, 1H), 3.35 (dd, J=23.0, 17.8 Hz, 1H).'>*C NMR (151 MHz,
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CDCl3) 6 193.91 (d,J=18.3 Hz), 167.29 (d, /= 28.1 Hz), 152.20 (d, /=3.9 Hz), 132.43, 129.99, 129.81,
129.48, 126.70, 94.41 (d, J = 202.8 Hz) 53.36, 37.85 (d, J = 24.3 Hz). The enantiomers were analyzed
by HPLC using Daicel Chiralpak AD-H column at 254 nm (n-hexane/i-PrOH = 97/3), 1.0 mL/min; Major

enantiomer: tg = 28.73 min, minor enantiomer: tg = 32.09 min. 95% ee.
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# MName | Start[Min] | Time[Min] | End[Min] [Ret time Dffset| Quantity [% Ared Height [maU] [Arsa [mal Min]]  Area %2 [%] |
Pl 1 [UNKMOWHN 2731 28451 30.415 0.000 48.79 03 03 48.790
2 |UNEMNDWN 30.577 31.891 34.568 0.000 51.21 0.2 0.3 51.210

Total 100.00 0s 0& 100.000
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Bl 1 [UMEMOWN 27577 2873 21.066 0.000 97.66 05 [Ik3] 97.659
2 |UNEMDWN 31.454 32.091 33170 0.000 234 0.0 0.0 2311
Total 100.00 05 06 100,000

methyl (S)-4-bromo-2-fluoro-1-0x0-2,3-dihydro-1H-indene-2-carboxylate (2i)

0
.COOMe
F

Br
Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/30 (v/v)
as yellow solid (87% yield, 249.5 mg). 'H NMR (500 MHz, CDCls) 6 7.86 (dd, J = 7.8, 1.0 Hz, 1H),
S10



7.78 (d, J=7.6 Hz, 1H), 7.38 (t, J= 7.7 Hz, 1H), 3.81(s, 3H)3.76 (dd, J=18.0, 11.5 Hz, 1H), 3.35 (dd,
J=23.3,18.1 Hz, 1H). ®C NMR (126 MHz, CDCl3) & 194.40 (d, J = 18.4 Hz), 167.16 (d, /= 27.8 Hz),
150.55 (d, J=4.0 Hz), 139.33, 135.04, 130.34, 124.29, 121.76, 93.98 (d, J= 202.3 Hz), 53.30, 39.22 (d,
J=24.8 Hz). The enantiomers were analyzed by HPLC using Daicel Chiralpak OB-H column at 254 nm
(n-hexane/i-PrOH = 70/30), 1.0 mL/min; Major enantiomer: t =36.48 min, minor enantiomer: tg = 30.08

min. 97% ee.
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# Mame | Stat[Min] | Time[Min] | End[Min] [Fiek time Offsst| Quantity [% Ared Height [maU] [Area [mal Min]| Area % [%] |
B[ 1 [UMKNOWN 27517 23.745 34.264 0.000 5222 04 04 52.222
2 |UNKNOwH 34.540 37.057 42520 0.000 47,75 0.3 0.8 47.778
Total 100,00 0.8 17 100,000
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FT [min]

1] 2 4 g g 1o 12 14 16 18 20 22 24 26 28 30 32 34 3/ 3/ 40 42 44

# MHame | Start[Min] | Time[Min] | End[Min] [Fet time Offset| Quantin [% Ared Height [mAl] [Area [mal Min)]  Area%[%] |

Bl 2 [UNKMODWHN 28.871 20072 JLEN 0.000 1.47 0.0 0.0 1.466
1 |UNENOWM 34.352 36.477 41.362 0.000 38.53 0.2 05 98.534
Tatal 100.00 02 08 100.000

methyl (S)-6-bromo-2-fluoro-1-oxo-2,3-dihydro-1H-indene-2-carboxylate (2j)
O
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Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/30 (v/v)
as yellow solid (91% yield, 260.2 mg). 'H NMR (600 MHz, CDCl;) 6 7.97 (d, J= 1.9 Hz, 1H), 7.82 (dd,
J=28.2,2.0Hz, 1H), 7.42 (d, J= 8.2 Hz, 1H), 3.83(s, 3H), 3.76 (dd, /= 17.7, 10.8 Hz, 1H), 3.40 (dd, J
=229, 17.7 Hz, 1H). C NMR (151 MHz, CDCl;) 6 193.80 (d, J = 18.4 Hz), 167.25 (d, J = 27.9 Hz),
149.30 (d, J = 3.9 Hz), 139.52, 134.94, 128.41, 128.13, 122.83, 94.61 (d, J=202.9 Hz), 53.39, 37.92 (d,
J=24.2 Hz). The enantiomers were analyzed by HPLC using Daicel Chiralpak AD-H column at 254 nm
(n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major enantiomer: t, = 21.53 min, minor enantiomer: tg=23.68

min. 98% ee.
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RT [min]
u] 2 4 B g 10 12 14 16 15 20 22 24 26 25 30 32 34
# Hame | Start[Min] | Time[Min] | End[Min] | Ret time Offset| Quantity [% Ared Height [mAU] [ Area [maU Min] - Area % [3%] |
BT [UNENOWN 21.686 22593 23.893 0.000 B0.32 0.4 0.4 B0.322
2 |UMKNOWM 23,948 24.538 26.701 0.000 49,68 0.4 0.3 49678
Tatal 100.00 0s 07 100.000
malLl
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0.35
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0.2
u.1ﬁ
T
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0.05]8
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El 5
L - RT [min]

il 2 4 B & 10 12 14 16 18 20 22 24 2 2 30 32 34 3 3/ 40 0 42
# Mame | Start[Min] [ Time[Min] | End[Min] [Ret time Offset| Quantity [% Ared Height [mall] |Area [mall Min] AeaX[x] |

b 1 [UNENDWH 20,609 21532 23037 01.000 9324 05 04 99236
2 |UMENDWN 23096 3678 24872 0.000 076 0o 0o 0764
Tatal 100,00 05 04 100.000

methyl (S)-2-fluoro-6-methyl-1-0x0-2,3-dihydro-1H-indene-2-carboxylate (2k)
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Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/30 (v/v)
as yellow solid (82% yield, 182.1 mg). 'H NMR (600 MHz, CDCl;) 6 7.55 (d, J= 1.6 Hz, 1H), 7.45 (dd,
J=1.,1.7Hz, 1H), 7.32 (d, J= 7.9 Hz, 1H), 3.72 (s, 3H), 3.67 (dd, /= 17.5, 11.0 Hz, 1H), 3.31 (dd, J
=23.3, 17.4 Hz, 1H), 2.35 (s, 3H). 3*C NMR (151 MHz, CDCl3) 4 195.10 (d, /= 18.2 Hz), 167.76 (d, J
= 28.2 Hz), 148.22 (d, J = 3.7 Hz), 138.80, 138.02, 133.30, 126.21, 125.41, 94.93 (d, J = 201.3 Hz),
53.13, 37.88 (d, J = 23.8 Hz). 21.02. The enantiomers were analyzed by HPLC using Daicel Chiralpak
AD-H column at 254 nm (n-hexane/i-PrOH = 97/3), 1.0 mL/min; Major enantiomer: tg = 28.25 min,

minor enantiomer: tg = 30.81 min. 99% ee.
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a 2 4 6 g 10 12 14 16 18 i 36
# Mame | Start[Min] | Time[Min] | End[Min] [Fet time Offsst| Quantity [% Ared Height [mAU] |Area [maU Minl| AreaZ[Z] |
P 1 [UMKNOWN 76,264 27.305 28677 0.000 50,34 08 50,345
2 | UMKMOWN 2873 29771 32.268 0.000 49,66 D.B 08 49,655
Tatal 100.00 16 16 100,000
ma
1
H
=
=
D e
RT [mln]
a 2 4 51 g 10 12 14 16 18 20 A 24 26
# Mame | Stat[Min] | Time[Min] | End[Min] |Ret time Offset| Quankiy [% Are:] Height [mAU] |.t’-‘uea [mallMin]  Aeax[x] |
P 1 [UMENDWN 27.243 28.251 30013 0.000 EEEE] ; 12 93690
Z | UNKNOWN 30.408 30811 31.931 0.000 0.31 nu 00 0.310
Total 100.00 12 12 100.000
methyl (S)-2-fluoro-5-methoxy-1-0x0-2,3-dihydro-1H-indene-2-carboxylate (21)
@)
«COOMe
MeO F
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Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/30 (v/v)
as yellow solid (97% yield, 230.9 mg).'"H NMR (600 MHz, CDCl;) 8 7.66 (dd, J= 8.5, 2.1 Hz, 1H), 6.89
(dd, J=18.7,2.3 Hz, 1H), 6.84 (d, /= 2.3 Hz, 1H), 3.83 (d, /= 1.8 Hz, 3H), 3.72 — 3.70 (m, 3H), 3.66
(dd, J=17.7, 11.1 Hz, 1H), 3.28 (dd, J=23.1, 17.6 Hz, 1H). 3C NMR (151 MHz, CDCI;) & 192.88 (d,
J=18.3 Hz), 167.84 (d, J = 28.2 Hz), 166.83, 153.99 (d, J = 4.0 Hz), 127.29, 126.05, 116.73, 109.65,
94.95 (d, J=200.7 Hz), 55.81, 53.04, 38.07 (d, J = 24.1 Hz). The enantiomers were analyzed by HPLC
using Daicel Chiralpak AD-H column at 254 nm (n-hexane/i-PrOH = 97/3), 1.0 mL/min; Major

enantiomer: tg = 58.19 min, minor enantiomer: tg = 66.83 min. 96% ee.
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# Mame | Start[Min] | Time[Min] | End[Min] |Fet time Offset| Quantity [% Ared Height [mAU] [Area AU Min]]  AreaZ (%] |
B 1 [UMENOwWM 55.554 £1.938 £8.094 0.000 E1.E6E 0.z 06 £1.665
2 |UMEMNOWN 68,220 71.081 76.622 0.000 38.34 0.1 0.4 38.335

Tatal 100.00 03 1.0 100.000

maL
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# Mame | Start[Min] | Time[Min] | End[Min] [Ret time Offset| Quantity [% Arsd Height [maU] [Area [mal Min)|  Aea % [%] |
B 1 [UMENDWH 55,507 f8.192 E2.650 0.000 3817 1.0 2.4 98168
2 |UWKNOWN £4.758 EE.829 £3.911 0.000 1.83 0.0 0.0 1.832

Total 10000 10 24 100,000
methyl (S)-6-fluoro-5-0x0-6,7,8,9-tetrahydro-5H-benzo[7]annulene-6-carboxylate (2m)
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Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/30 (v/v)
as yellow oil (48% yield, 113.3 mg). 'H NMR (600 MHz, CDCls) § 7.56 (dd, J=7.7, 1.4 Hz, 1H), 7.45
(td, J=17.5,1.4 Hz, 1H), 7.32 (td, /= 7.6, 1.1 Hz, 1H), 7.23 (d, J= 7.6 Hz, 1H), 3.84 (s, 3H), 3.13 (ddd,
J=16.0,10.4, 3.0 Hz, 1H), 2.95 (ddt, J=16.0, 7.7, 2.4 Hz, 1H), 2.63 (dddd, /= 35.8, 15.2, 7.3, 5.3 Hz,
1H), 2.30 (tdd, /=15.2, 8.2, 5.2 Hz, 1H), 2.16 (dtdd, J=15.4, 7.8, 5.1, 3.0 Hz, 1H), 1.93 (ddtd, /= 12.9,
10.8, 5.3, 2.7 Hz, 1H). *C NMR (151 MHz, CDCl;) 6 198.73 (d, J=27.0 Hz), 167.69 (d, J = 25.2 Hz),
140.73, 136.38, 132.37, 129.63, 129.35, 126.70, 99.22 (d, J = 195.8 Hz), 53.11, 33.44 (d, /= 1.9 Hz),
32.70 (d, J = 22.0 Hz). The enantiomers were analyzed by HPLC using Daicel Chiralpak IC column at
254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major enantiomer: tg = 28.53 min, minor enantiomer:
tr = 25.27 min. 48% ee.
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# MHame | Stat[Min] | Time[Min] | End[Min] [Fet time Offset| Quantit [% Ared Height [mal] [Area [mal Min)|  Area® [%] |
Bl 1 [UMENOWN 24.042 25,265 27.087 0.000 25.79 0.2 0.2 25,785
2 | UNENDWN 27.194 28.531 30.987 0.000 74.21 0.4 0E 74.215

Total 100.00 0E 07 100.000

tert-butyl (5)-2-fluoro-3-o0xo0-2,3-dihydrobenzofuran-2-carboxylate (2n)

S15



0
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Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/30 (v/v)
as yellow oil (84% yield, 211.7 mg). '"H NMR (400 MHz, CDCl;) 6 7.97 — 7.51 (m, 2H), 7.35 — 6.87 (m,
2H), 1.48 (d, J= 1.1 Hz, 9H). 3C NMR (101 MHz, CDCl;) 6 190.36 (d, /= 18.3 Hz), 171.28 (d,J= 1.6
Hz), 161.10 (d, J = 36.0 Hz), 139.55, 125.66, 124.26, 117.58, 113.51, 103.18 (d, J = 250.1 Hz) 85.64,
27.69. The enantiomers were analyzed by HPLC using Daicel Chiralpak OJ-H column at 254 nm (n-
hexane/i-PrOH = 99/1), 1.0 mL/min; Major enantiomer: tzg = 32.74 min, minor enantiomer: tg = 29.52

min. 97% ee.
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