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1. General Information

All reagents were obtained commercially unless otherwise noted. Anhydrous solvents were
obtained using standard drying techniques. Commercial grade reagents were used without further
purification. Flash chromatography was performed on 300-400 mesh silica gel with the indicated
solvent systems. High-resolution mass spectra were determined on a Aglient 6545 Accurate-Mass Q-
TOF spectrometer. Nuclear Magnetic Resonance(NMR) spectras were acquired on a Briiker Avance-
600 HD instrument operating at 600, 150 and 565 MHz for 'H, '*C and ""F. Chemical shifts are
reported in & ppm referenced to an internal SiMe4 standard for 1H NMR, chloroform-d (6 77.00) for
13C NMR. Multiplicities are reported using the following abbreviations: s = singlet, d = doublet, t =

triplet, m = multiplet, br = broad resonance.

2. Preparation of 3-Bromoisobenzofuran-1(3H)-ones 1

All 3-bromoisobenzofuran-1(3H)-ones 3 were prepared as the following general procedures
according to the known literature: 2

Under N, atmosphere, a mixture of alkylbenzoic acid (20.0 mmol), Na,S,05 (60.0 mmol) and
TBAB (40.0 mmol) in MeCN (250 mL) was stirred at 80 °C for 18 h in a 500 mL three-necked, round-
bottomed flask. The reaction mixture was diluted with water and extracted with EtOAc. The organic
layer was washed with brine and dried over MgSO,. The solvent was removed under reduced pressure
and the residue was purified by silica-gel column chromatography to afford isobenzofuran-1(3H)-one.
Isobenzofuran-1(3H)-one (15.0 mmol), N-bromosuccinimide (18 mmol) and azo-bisisobutyronitrile
(1.5 mmol) were combined in 100 mL of CCl, and refluxed under N, atmosphere for 4 h. The reaction
mixture was cooled to room temperature, filtered and concentrated under reduced pressure. The residue
was purified by silica-gel column chromatography (petroleum ether/EtOAc = 10/1) to yield 3-

bromoisobenzofuran-1(3H)-one.

3. Asymmetrice Nickel-Catalyzed Cross-Coupling of 3-Bromophthalides and
Arylboronic Acids

FsC
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General Procedures: A 20 mL Schlenk tube was charged with 3-bromophthalide 1 (0.30 mmol),
aryboronic acids 2 (0.6 mmol), K,CO; (0.6 mmol), NiClL,®glyme (0.03 mmol, 10 mol%), chiral
ligand (0.036 mmol, 12 mol%) under N, atmosphere. THF (3 mL) was added and the mixture was
stirred at rt for 10 min. The reaction mixture was then heated at 70 °C for additional 12 h. The

mixture was concentrated under reduced pressure, and the residue was purified by silica-gel

column chromatography (petroleum ether/EtOAc = 10/1 to 3/1) to afford pure 3-aryl-phthalides 3.
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0 (R)-3-phenylisobenzofuran-1(3H)-one (3a)?
'H NMR (600 MHz, Chloroform-d) 6 7.96 (d, J = 7.7 Hz, 1H), 7.65 (t, J= 7.5 Hz, 1H),
7.55 (t, J=17.5 Hz, 1H), 7.43 — 7.35 (m, 3H), 7.34 (d, J = 7.7 Hz, 1H), 7.28 (dd, J = 6.7,
@2.9 Hz, 2H), 6.41 (s, 1H). 3C NMR (150 MHz, Chloroform-d) & 170.48, 149.66, 136.39,
134.29, 129.33, 129.27, 128.94, 126.94, 125.62, 125.58, 122.83, 82.69. [a]**p= -37.30
(c=1.0 in CHCI;, 84% ee sample). HRMS (ESI): caled for C4H;0, ((M+ H]") 211.0754, found
211.0756. HPLC analysis: Daicel CHIRALPAK AD-3; hexane: i-PrOH = 80:20; detection

wavelength = 220 nm; flow rate = 5.0 mL/min. tg = 7.07 min (major) and 8.90 min (minor), 84% ee.
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1 7.972 MM R ©.2156 3993.58569 263.65421 91.9856
2 8.900 MM R ©.2902 347.94998 19.98214 8.0144

o  (R)-3-(p-tolyl)isobenzofuran-1(3H)-one (3b)?
©:«/o TH NMR (600 MHz, Chloroform-d) 6 7.96 (d, J = 7.7 Hz, 1H), 7.64 (t, J = 7.5 Hz, 1H),
B S3
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7.55 (t, J=17.5 Hz, 1H), 7.32 (d, J = 7.7 Hz, 1H), 7.21 — 7.13 (m, 4H), 6.38 (s, 1H), 2.35 (s, 3H). 13C
NMR (150 MHz, Chloroform-d) 6 170.55, 149.81, 139.32, 134.23, 133.40, 129.62, 129.26, 127.04,
125.74, 125.59, 122.85, 82.75, 21.21 [a]**p= -16.22 (¢=1.0 in CHCIl;, 79% ee sample). HRMS (ESI):
calcd for C5H50, ([M+ H]") 225.0910, found 225.0912. HPLC analysis: Daicel CHIRALPAK AD-3;
hexane: i-PrOH = 80:20; detection wavelength = 220 nm; flow rate = 5.0 mL/min. tg = 7.12 min (major)

and 9.33 min (minor), 79% ee.
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 7.117 BV R ©.1879 2.98791e4 1884.93481 89.3953
2 9.333 BV R 0.2612 3544.47388 181.19560 10.6047
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(R)-3-(4-methoxyphenyl)isobenzofuran-1(3H)-one (3¢)?

'H NMR (600 MHz, Chloroform-d) 8 7.96 (d, J= 7.7 Hz, 1H), 7.65 (t, J = 7.4 Hz, 1H),

7.59 —7.53 (m, 1H), 7.32 (d, J= 7.7 Hz, 1H), 7.18 (d, J = 8.7 Hz, 2H), 6.89 (d, /= 8.9 Hz,

2H), 6.37 (s, 1H), 3.81 (s, 3H). 3C NMR (150 MHz, Chloroform-d) 8 170.49, 160.42,
OMe 149.75, 134.22, 129.28, 128.78, 128.29, 125.95, 125.57, 122.92, 114.32, 82.71, 55.33.

[a]*5p=+7.08 (c=1.0 in CHCl; 85% ee sample). HRMS (ESI): calcd for C;sH;30; ((M+ H]") 241.0859,
found 241.0863. HPLC analysis: Daicel CHIRALPAK AD-3; hexane: i-PrOH = 80:20; detection

wavelength = 220 nm; flow rate = 5.0 mL/min. tg = 9.34 min (major) and 11.39 min (minor), 85% ee.
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Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
Lt R R |--eeemeee- |------- |
1 9.344 VW R 0.2675 1.12484e4 564.50293 92.4334
2 11.394 BV R 0.2391 920.79205 45.,49445 7.5666
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(R)-3-(4-fluorophenyl)isobenzofuran-1(3H)-one (3d)*

'H NMR (600 MHz, Chloroform-d) & 7.97 (d, J= 7.7 Hz, 1H), 7.67 (td, J= 7.5, 1.1 Hz, 1H), 7.58 (t, J
= 7.5 Hz, 1H), 7.32 (dq, J = 7.7, 0.9 Hz, 1H), 7.29 — 7.22 (m, 2H), 7.10 — 7.03 (m, 2H), 6.40 (s, 1H).
13C NMR (150 MHz, Chloroform-d) 6 170.22, 163.19 (d, J = 248.6 Hz), 149.35, 134.39, 132.25 (d, J
= 3.2 Hz), 129.50, 129.06 (d, J = 8.4 Hz), 125.70, 125.63, 122.80, 116.00 (d, J =21.8 Hz), 81.97. °F
NMR (565 MHz, Chloroform-d) 6 -111.77. [@]**p= -25.1 (¢=1.0 in CHCI; 82% ee sample). HRMS
(ESI): caled for C4H;(FO, ([M+ HJ") 229.0659, found 229.0660. HPLC analysis: Daicel
CHIRALPAK AD-3; hexane: i-PrOH = 80:20; detection wavelength = 220 nm; flow rate = 5.0 mL/min.

tr = 8.06 min (major) and 10.15 min (minor), 82% ee.
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1 8.060 FM R ©.2973 7894.65967 442.62589 91.2178
2 16.152 BB 9.3035 760.07886 34.77985 B.7822

o0 (R)-3-(4-chlorophenyl)isobenzofuran-1(3H)-one (3¢)3
@:‘(/o IH NMR (600 MHz, Chloroform-d)  7.96 (d, J= 7.6 Hz, 1H), 7.70 — 7.64 (m, 1H), 7.58 (d,
t J=7.5Hz 1H), 7.39 — 7.34 (m, 2H), 7.34 — 7.30 (m, 1H), 7.25 — 7.19 (m, 2H), 6.38 (s, 1H).
I3C NMR (150 MHz, Chloroform-d) & 170.19, 149.19, 135.26, 134.95, 134.44, 129.56,
C1129.20, 128.34, 125.76, 125.47, 122.74, 81.80. [a]*p= -34.52 (¢=1.0 in CHCl;, 79% ee
sample). HRMS (ESI): calcd for C4H,oC10, ([M+ H]*) 245.0364, found 245.0368. HPLC analysis:
Daicel CHIRALPAK OD-3; hexane: i-PrOH = 95:5; detection wavelength = 220 nm; flow rate = 5.0

mL/min. tg = 13.60 min (minor) and 15.85 min (major), 79% ee.
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1 13.598 MM R ©.3161 339.75607 17.91339 10.7013
2 15.856 MM R ©.3338 2835.13403 141.54086 89.2987
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(R)-3-(4-bromophenyl)isobenzofuran-1(3H)-one (3f)?

H NMR (600 MHz, Chloroform-d) & 7.96 (d, J = 7.7 Hz, 1H), 7.66 (t, J = 7.6 Hz, 1H),
. 7.57(t,J=1.3 Hz, 1H), 7.54 — 7.48 (m, 2H), 7.32 (d, J = 7.7 Hz, 1H), 7.16 (d, J = 6.8 Hz,
2H), 6.36 (s, 1H). 3C NMR (150 MHz, Chloroform-d) & 170.17, 149.11, 135.46, 134.44,

Br132.15, 129.56, 128.57, 125.75, 125.43, 123.42, 122.72, 81.82. [a]**p= -25.10 (c=1.0 in

CHCI;, 88% ee sample). HRMS (ESI): caled for Ci4H;0BrO, ([M+ H]*) 288.9859, found 288.9861.
HPLC analysis: Daicel CHIRALPAK OD-3; hexane: i-PrOH = 95:5; detection wavelength = 220 nm;

flow rate = 5.0 mL/min. tg = 13.87 min (minor) and 15.99 min (major), 88% ee.
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1 13.869 W R 0.2367 3115.43384 160.59442 5.8921
2 15.986 MM 0.3942 4.97596e4 21063.61060 94.16879
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o0 (R)-3-(4-(trifluoromethyl)phenyl)isobenzofuran-1(3H)-one (3g)*
©:1</o IH NMR (600 MHz, Chloroform-d) 6 7.99 (d, J=7.7 Hz, 1H), 7.71 — 7.64 (m, 3H), 7.59 (t,
*_ J=7.5Hz, 1H), 7.44 (d, J = 7.8 Hz, 2H), 7.34 (dd, J = 7.7, 0.9 Hz, 1H), 6.46 (s, 1H). 13C
NMR (150 MHz, Chloroform-d) & 170.08, 148.94, 140.27, 134.60, 131.46 (q, J = 32.6 Hz),
CFs129.74, 127.09, 126.03 (q, J = 3.8 Hz), 125.96, 125.30, 123.74 (q, J = 272.4 Hz), 122.67,
81.54. ’F NMR (565 MHz, Chloroform-d) & -62.77. [a]*5p= -57.30 (¢=1.0 in CHCl;, 78% ee sample).
HRMS (ESI): calcd for CisH;oF;0, ([M+ H]") 279.0627, found 279.0629. HPLC analysis: Daicel
CHIRALPAK OD-3; hexane: i-PrOH = 95:5; detection wavelength = 220 nm; flow rate = 5.0 mL/min.

tg = 12.19 min (minor) and 15.61 min (major), 78% ee.
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1 12.187 VB R ©.2537 8834.08594 525.94617 10.9389
2 15.611 MM R ©.4293 7.19240e4 2792.57861 89.0611

o] (R)-4-(3-0x0-1,3-dihydroisobenzofuran-1-yl)benzaldehyde (3h)

!
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IH NMR (600 MHz, Chloroform-d) & 10.03 (s, 1H), 7.99 (dd, J=17.6, 2.7 Hz, 1H), 7.92 (d, /= 7.8 Hz,
2H), 7.68 (t, J=7.5 Hz, 1H), 7.59 (t, /= 7.5 Hz, 1H), 7.50 (d, J = 8.0 Hz, 2H), 7.36 (d, /= 7.7 Hz, 1H),
6.47 (s, 1H). 3C NMR (150 MHz, Chloroform-d) & 191.43, 170.07, 148.87, 142.89, 136.87, 134.58,
130.30, 129.73, 127.22, 125.96, 125.20, 122.63, 81.60. [a]*>p= -108.56 (¢=1.0 in CHCl; 77% ee
sample). HRMS (ESI): caled for CisH;;05; ([M+ H]Y) 239.0703, found 239.0705. HPLC analysis:
Daicel CHIRALPAK AD-3; hexane: i-PrOH = 80:20; detection wavelength = 220 nm; flow rate = 5.0

mL/min. tg = 16.18 min (major) and 24.28 min (minor), 77% ee.
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1 16.176 MM R ©.6409 2.60865e4 678.34863 88.2856
2 24.275 BB 0.6174 3461.33838 67.25989 11.7144
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methyl (R)-4-(3-0x0-1,3-dihydroisobenzofuran-1-yl)benzoate (3i)*

'"H NMR (600 MHz, Chloroform-d) & 8.06 (dt, J= 8.5, 1.6 Hz, 2H), 7.98 (d, J= 7.7 Hz, 1H), 7.67 (td,
J=175,1.2Hz, 1H), 7.58 (t, J= 7.5 Hz, 1H), 7.39 (d, /= 8.4 Hz, 2H), 7.34 (d, /= 7.7 Hz, 1H), 6.45 (s,
1H), 3.92 (s, 3H). 3C NMR (150 MHz, Chloroform-d) & 170.20, 166.38, 149.12, 141.30, 134.50,
131.01, 130.28, 129.63, 126.65, 125.90, 125.32, 122.68, 81.81, 52.27. [a]*5p=-79.48 (¢=1.0 in CHCl,,
81% ee sample). HRMS (ESI): calcd for C;sH;04 ([M+ H]") 269.0808, found 269.0811. HPLC
analysis: Daicel CHIRALPAK OD-3; hexane: i-PrOH = 95:5; detection wavelength = 220 nm; flow

rate = 5.0 mL/min. tg = 19.91 min (minor) and 23.76 min (major), 81% ee.
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1 19.913 MM 8.4418 511.58978 19.33561 9.5397
2 23.763 MM 9.5413 4851.16113 149.36121 98.4683

(R)-3-(m-tolyl)isobenzofuran-1(3H)-one (3j)°
@E‘fo TH NMR (600 MHz, Chloroform-d) 6 7.97 (d, J= 7.7 Hz, 1H), 7.65 (td, J=17.5, 1.1
Hz, 1H), 7.55 (t, /= 7.5 Hz, 1H), 7.36 — 7.31 (m, 1H), 7.27 (t, J = 7.6 Hz, 1H), 7.18
@ (d, J=7.6 Hz, 1 H), 7.11 — 7.05 (m, 2H), 6.37 (s, 1H), 2.33 (s, 3H). 13C NMR (150
Me MHz, Chloroform-d) & 170.57, 149.79, 138.82, 136.31, 134.26, 130.04, 129.28,
128.81, 127.45, 125.61, 125.58, 124.04, 122.83, 82.79, 21.34. [a]*5p=-42.26 (c=1.0 in CHCl; 82% ce
sample). HRMS (ESI): caled for C;sH;;0, ([M+ H]*) 225.0910, found 225.0912. HPLC analysis:
Daicel CHIRALPAK AD-3; hexane: i-PrOH = 95:5; detection wavelength = 220 nm; flow rate = 5.0

mL/min. tg = 11.17 min (minor) and 14.09 min (major), 82% ee.
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1 11.165 MM R ©.4@855 1237.20959 50.84691 91.6735
2 14.086 MM R ©.3802 121.26366 5.31584  8.9265

0 (R)-3-(o-tolyl)isobenzofuran-1(3H)-one (3k)*
@do '"H NMR (600 MHz, Chloroform-d) 6 7.98 (d, J = 7.7 Hz, 1H), 7.67 (td, J= 7.5, 1.1
. Me Hz, 1H), 7.58 (tt, J=17.5, 0.8 Hz, 1H), 7.35 (dd, J = 7.6, 0.9 Hz, 1H), 7.31 — 7.23 (m,
@ 2H), 7.16 — 7.10 (m, 1H), 6.92 (d, J = 7.6 Hz, 1H), 6.69 (s, 1H), 2.50 (s, 3H). 3C
NMR (150 MHz, Chloroform-d) & 170.58, 149.27, 137.15, 134.16, 134.08, 131.11,
129.35, 129.30, 127.25, 126.43, 126.40, 125.74, 123.00, 80.51, 19.32. [a]*p= +48.28 (¢=1.0 in CHCl;
75% ee sample). HRMS (ESI): caled for CisH;0, ([M+ H]") 225.0910, found 225.0912. HPLC
analysis: Daicel CHIRALPAK OD-3; hexane: i-PrOH = 90:10; detection wavelength = 220 nm; flow

rate = 5.0 mL/min. tg = 9.74 min (minor) and 13.28 min (major), 75% ee.
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# [min] [min] [mAU*s] [mAU] %

1 9.742 BB 0.1929 5175.66895 412.54684 12.3136
2 13.276 BB 0.2606 3.68566e4 2121.86963 B87.6864

o] (R)-3-(naphthalen-2-yl)isobenzofuran-1(3H)-one (31)*
©:«/o 'H NMR (600 MHz, Chloroform-d) 6 8.00 (d, J= 7.7 Hz, 1H), 7.84 (m, 4H), 7.64 (td, J
=17.5,1.2Hz, 1H), 7.57 (t,J = 7.5 Hz, 1H), 7.55 — 7.49 (m, 2H), 7.34 (dd, /= 7.7, 0.9 Hz,
1H), 7.23 (dd, J = 8.5, 1.8 Hz, 1H), 6.56 (s, 1H). 13C NMR (150 MHz, Chloroform-d) &
170.55, 149.70, 134.35, 133.67, 133.57, 133.06, 129.41, 129.06, 128.06, 127.78, 126.81,
126.68, 126.67, 125.70, 125.61, 123.76, 122.90, 82.89. [a]*5p=-52.72 (¢=1.0 in CHCl; 77% ee sample).
HRMS (ESI): caled for Ci¢H30;, ([M+ H]*) 261.0910, found 261.0913. HPLC analysis: Daicel
CHIRALPAK OD-3; hexane: i-PrOH = 95:5; detection wavelength = 220 nm; flow rate = 5.0 mL/min.

tg=15.37 min (minor) and 18.84 min (major), 77% ee.
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ceee e <o |=mmmmmeee LIS oo |

1 15.371 W R ©0.2381 4261.25830 211.86884 11.38@1
2 18.835 VW R ©.2978 3.31837e4 1315.64355 88.6199

(S)-3-(thiophen-3-yl)isobenzofuran-1(3H)-one (3m)

TH NMR (600 MHz, Chloroform-d) & 7.96 (d, J= 7.6 Hz, 1H), 7.69 (t, J=7.5 Hz, 1H), 7.57 (t, J= 7.5
Hz, 1H), 7.42 (d, J = 7.7 Hz, 1H), 7.36 — 7.32 (m, 2H), 6.94 (d, J = 4.9 Hz, 1H), 6.51 (s, 1H). 13C
NMR (150 MHz, Chloroform-d) 6 170.17, 148.99, 137.19, 134.25, 129.45, 127.19, 125.89, 125.80,
125.73, 124.45, 122.81, 78.41. [a]*p= +59.36 (¢=1.0 in CHCI;, 85% ee sample). HRMS (ESI): calcd
for C1,HyO, S ([M+ H]") 217.0318, found 217.0320. HPLC analysis: Daicel CHIRALPAK AD-3;
hexane: i-PrOH = 80:10; detection wavelength = 220 nm; flow rate = 5.0 mL/min. tg = 9.21 min (major)

and 11.61 min (minor), 85% ee.
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mAU 7]

700+

200 4

8.363

10.354

mAU ]
wmé
-
umé
1000

750

250

9.206

10 15 20 25 min

Peak RetTime Type MWidth Area Height Area
# [min] [min] [mAU*s] [mAU] %
e N R |-mmmmmeeee |-mmmmmmee |-=mmmme- |
1 9.206 VB R ©.2968 3.5537%4 1654.22009 92.3880
2 11.665 BB 0.3816 2928.62173 165.55782 7.6120
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OMe

(8)-3-(6-methoxypyridin-3-yl)isobenzofuran-1(3H)-one (3n)
'"H NMR (600 MHz, Chloroform-d) & 8.21 (d, J= 2.5 Hz, 1H), 7.98 (d, J= 7.7 Hz, 1H), 7.69 (td, J =
7.5, 1.1 Hz, 1H), 7.59 (t, /= 7.5 Hz, 1H), 7.32 (dd, /= 7.7, 0.9 Hz, 1H), 7.28 (dd, J = 8.7, 2.6 Hz,
1H), 6.73 (d, J = 8.6 Hz, 1H), 6.39 (s, 1H), 3.95 (s, 3H). 3C NMR (150 MHz, Chloroform-d) § 170.11,
164.98, 148.92, 146.48, 137.39, 134.46, 129.64, 125.97, 125.78, 124.91, 122.86, 111.72, 80.40, 53.69.
[a]*p= +17.12 (¢=1.0 in CHCI; 85% ee sample). HRMS (ESI): caled for C;H;,NO; ([M+ HJY)
242.0812, found 242.0814. HPLC analysis: Daicel CHIRALPAK AD-3; hexane: i-PrOH = 80:20;
detection wavelength = 220 nm; flow rate = 5.0 mL/min. tg = 9.00 min (major) and 10.84 min (minor),
85% ee.

mAU

8915

250

10.718

200
150

100

50 -
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mAU

8992

800 -

600

400

200

5 10 15 20 25 i
o Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
O
* cemef e R R |=mmmmmeeee |--mmmeeeee |=ommeeee |
1 8.992 MM R ©.3193 1.80136e4  9406.24683 92.4421
7 \N 2 10.838 MM R ©.3646 1472.75452 67.31718 7.5579
OMe
0 (35)-3-(3a,7a-dihydrobenzofuran-2-yl)isobenzofuran-1(3H)-one (30)

@do 'H NMR (600 MHz, Chloroform-d) 8 8.01 (d, /= 7.7 Hz, 1H), 7.73 (td, J= 7.5, 1.1
Hz, 1H), 7.63 (t,J = 7.5 Hz, 1H), 7.59 — 7.53 (m, 2H), 7.44 (dd, J = 8.3, 0.9 Hz, 1H),
@7.32 (ddd, J=8.4,7.2, 1.3 Hz, 1H), 7.24 (td, /= 7.6, 1.0 Hz, 1H), 6.79 (s, 1H), 6.58
o (s, 1H). BC NMR (150 MHz, Chloroform-d) & 169.72, 155.49, 151.21, 146.28,

134.39, 129.97, 127.34, 126.06, 125.95, 125.35, 123.22, 123.04, 121.54, 111.58, 106.74, 75.83. [a]*p=

+77.46 (c=1.0 in CHCI;, 82% ee sample). HRMS (ESI): calcd for C,¢H;;05 ([M+ H]*) 251.0703, found

251.0705. HPLC analysis: Daicel CHIRALPAK OD-3; hexane: i-PrOH = 95:5; detection wavelength

=220 nm; flow rate = 5.0 mL/min. tg = 15.11 min (minor) and 21.81 min (major), 82% ee.
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mAUT
80;
60
404 |'\ e
] I &
f
, |\ f
i /‘|
20 ‘ |
] I I
f' n‘ A I
| | ) |
gl )r‘\/t\{,dILJL _ e ,\\1/\,___ J Kr 3
-20 T T T T 7 -
5 10 15 20 25 min
mAU ] i 8
1000
800
600 |
400
1 g
200 g
. A
T T T T 1 g
5 10 15 20 25 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
ceenfemmeees L P |-mmme e |=emmmm e |=mmeeees |
1 15.106 BB 8.2999 3322.85713 161.91768 9.2332
2 21.8@5 BB ©.4506 3.26576e4 1072.97095 90.7668

O
J@do
F

Ph

(R)-5-fluoro-3-phenylisobenzofuran-1(3H)-

one (3p)
S20




H NMR (600 MHz, Chloroform-d) 8 7.95 (dd, J = 8.3, 4.8 Hz, 1H), 7.38 — 7.41 (m, 3H), 7.28 — 7.23
(m, 3H), 7.00 (dd, J = 7.7, 2.2 Hz, 1H), 6.36 (s, 1H). 3C NMR (150 MHz, Chloroform-d) & 169.22,
166.65 (d, J = 256.7 Hz), 152.46 (d, J = 9.96 Hz), 135.76, 129.50, 129.07, 128.00 (d, J = 10.4 Hz),
126.82, 121.60, 117.65 (d, J = 24.1 Hz), 110.14 (d, J = 24.5 Hz), 81.97 (d, J = 2.7 Hz). F NMR
(565 MHz, Chloroform-d) 8 -102.15. [a]*®p= -41.00 (¢=1.0 in CHCIl;, 76% ee sample). HRMS (ESI):
calcd for Ci4H;(FO, ([M+ H]*) 229.0659, found 229.0667. HPLC analysis: Daicel CHIRALPAK AD-
3; hexane: i-PrOH = 80:20; detection wavelength = 220 nm; flow rate = 5.0 mL/min. tg = 6.72 min

(major) and 13.93 min (minor), 76% ee.

mAU
2250
2000 -|
1750—5
] 2
1500 1
1250—i
1000 -]
] g
750 b
500
250
0—-
O - . T I I e L N B S B [ B U LZI P T TR VA
6 8 10 12 14 16 18 20 22 24 mir
mAU 7|
800
600 p:
400 4
200 —
g
o B
I é 1I0 1‘2 ‘!|4 1‘6 1IB 2|D 2% 2|4 mir
0O : . ’
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
o}
- 4 ceeefemeeees L F— |=mmmmmee- |-ommemeee- |=mmmeee- |
Ph 1 6.715 VW R ©.1969 8280.09863 585.64166 87.7905
2 13.928 MM 0.4380 1151.56104  43.81990 12.2095
O (R)-5-chloro-3-phenylisobenzofuran-1(3H)-one (3q)
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H NMR (600 MHz, Chloroform-d) & 7.89 (d, J = 8.2 Hz, 1H), 7.52 (ddd, J = 8.2, 1.7, 0.7 Hz, 1H),
7.44 — 7.37 (m, 3H), 7.33 — 7.30 (m, 1H), 7.32 — 7.26 (m, 2H), 6.37 (s, 1H). 3C NMR (150 MHz,
Chloroform-d) 6 169.28, 151.27, 141.05, 135.67, 130.17, 129.54, 129.10, 126.85, 126.81, 124.03,
123.24, 82.07. [a]*p= +30.52 (¢=1.0 in CHCIl;, 77% ee sample). HRMS (ESI): calcd for C14H;(ClO,
([M+ H]") 245.0364, found 245.0371. HPLC analysis: Daicel CHIRALPAK AD-3; hexane: i-PrOH =
80:20; detection wavelength = 220 nm; flow rate = 5.0 mL/min. tg = 7.04 min (major) and 12.56 min
(minor), 77% ee.
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w] B
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o
0 Lo,
6 8 10 12 14 16 18 20 2 24 mir
O Peak RetTime Type Width Area Height Area
5 # [min] [min] [mAU*s] [mAU] y 4
o S (SRR P === ]mmmee- |--emeeee |- mmee |-nnmne |
Ph i i 7.835 MM R ©.2445 2735.52173 186.43620 88.3015
2 12.558 MM R 0.4031 362.41345 14.98612 11.6985
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@o
Br

Ph

(R)-5-bromo-3-phenylisobenzofuran-1(3H)-one (3r)¢

TH NMR (600 MHz, Chloroform-d) é 7.81 (d, J= 8.1 Hz, 1H), 7.71 — 7.66 (m, 1H), 7.49 (dt, J = 1.5,
0.7 Hz, 1H), 7.44 — 7.37 (m, 3H), 7.29 — 7.23 (m, 2H), 6.37 (s, 1H). 13C NMR (150 MHz, Chloroform-
d) 8 169.41, 151.36, 135.63, 133.00, 129.56, 129.54, 129.10, 126.90, 126.85, 126.25, 124.48, 82.03
[a]*5p= +50.16 (c=1.0 in CHCIl;, 74% ee sample). HRMS (ESI): caled for Ci4H;(BrO, ((M+ HJ")
288.9859, found 288.9868. HPLC analysis: Daicel CHIRALPAK AD-3; hexane: i-PrOH = 80:20;
detection wavelength = 220 nm; flow rate = 5.0 mL/min. tg = 7.39 min (major) and 11.58 min (minor),
74% ee.
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Peak RetTime Type MWidth Area Height Area
# [min] [min] [mAU*s] [mAU] %
. S I P P B == emmmees [ |--mmeeee |
r Ph 1 7.396 MM 0.2562 1788.86877 116.36292 87.6299
2 11.577 MM 0.3767 266.59537 11.79366 12.9701
0]
jos:
MeOOC A
Ph

methyl (R)-1-0x0-3-phenyl-1,3-dihydroisobenzofuran-5-carboxylate (3s)

TH NMR (600 MHz, Chloroform-d) & 8.23 (dd, J = 8.2, 3.8 Hz, 1H), 8.05 — 8.01 (m, 1H), 8.00 (s, 1H),
7.42 —7.38 (m, 3H), 7.29 — 7.27 (m, 2H), 6.46 (s, 1H), 3.93 (s, 3H). 13C NMR (150 MHz, Chloroform-
d) 6 169.39, 165.59, 149.65, 135.69, 135.63, 130.62, 129.50, 129.14, 129.07, 126.90, 125.67, 124.20,
82.73, 52.68. [a]*p= +43.38 (¢=1.0 in CHCI;, 74% ee sample). HRMS (ESI): caled for C¢H1304 ([M+
H]") 269.0808, found 269.0818. HPLC analysis: Daicel CHIRALPAK AD-3; hexane: i-PrOH = 80:20;
detection wavelength = 220 nm; flow rate = 5.0 mL/min. tg = 8.63 min (major) and 10.87 min (minor),

74% ee.
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mAU ]

800 -

8.634

600

400 —|

200

O Peak RetTime Type Width Area Height Area

o #  [min] [min] [mAU*s] [mAU] %
MeOOC A s e Bt |-oeeeeeee |--oee o |---n---- |
Ph 1 8.634 VW R 0.2437 1.14786e4 638.70135 86.3955
2 10.865 BV R 0.2441 18@7.50037 89.39657 13.6045

@O
Me

Ph

(R)-5-methyl-3-phenylisobenzofuran-1(3H)-one (3t)¢

TH NMR (600 MHz, Chloroform-d) & 7.83 (d, J = 7.9 Hz, 1H), 7.41 — 7.34 (m, 3H), 7.37 — 7.32 (m,
1H), 7.31 — 7.25 (m, 2H), 7.11 (d, J = 0.7 Hz, 1H), 6.34 (s, 1H), 2.43 (s, 3H). 3C NMR (150 MHz,
Chloroform-d) & 170.54, 150.26, 145.60, 136.65, 130.51, 129.18, 128.92, 126.90, 125.36, 123.06,
122.98, 82.41, 22.02. [a]*p= +3.16 (c=1.0 in CHCI;, 83% ece sample). HRMS (ESI): calcd for
Cy5H130; ([M+ H]Y) 225.0910, found 225.0914. HPLC analysis: Daicel CHIRALPAK AD-3; hexane:
i-PrOH = 80:20; detection wavelength = 220 nm; flow rate = 5.0 mL/min. tg = 7.53 min (major) and

9.61 min (minor), 83% ee.
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Peak RetTime Type Width Area
#  [min] [min] [mAU*s ]

2 9.614 MM 0.2896 609.82953

Height
[mAU]

35.09508

1 7.525 BV R 0.20899 6527.70068 426.89026 91.4560

8.5440

$26




0

jon;
MeO

Ph

(R)-5-methoxy-3-phenylisobenzofuran-1(3H)-one (3u)

'"H NMR (600 MHz, Chloroform-d) & 7.86 (d, J = 8.5 Hz, 1H), 7.38 (dd, J= 5.2, 1.9 Hz, 3H), 7.32 —
7.25 (m, 2H), 7.05 (dd, J = 8.5, 2.2 Hz, 1H), 6.72 (d, J = 2.0 Hz, 1H), 6.31 (s, 1H), 3.83 (s, 3H). 3C
NMR (150 MHz, Chloroform-d) & 170.20, 164.90, 152.50, 136.58, 129.25, 128.96, 127.12, 127.01,
117.89, 116.84, 106.64, 82.08, 55.82. [a]*p= +34.44 (c=1.0 in CHCl; 76% ee sample). HRMS (ESI):
caled for C;5H;305 ([M+ HJ") 241.0859, found 241.0860. HPLC analysis: Daicel CHIRALPAK AD-3;
hexane: i-PrOH = 80:20; detection wavelength = 220 nm; flow rate = 5.0 mL/min. tg = 10.41 min

(major) and 12.77 min (minor), 76% ee.

mAU 7|
200 |

150

10.140

100

504

T
8 10 12 14 16 18 20 22 24 26 min
mAU )
300
250 |
200
15{}; =
1 o
o
2
100 4
50 4 i
1 ~
I
oi
0 . L/\—.
T T T T T T T T T T
8 10 12 14 16 18 20 22 24 26 min

S27



MeO *
Ph

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
i R R s |--ommneee |<ommmmeee |=ememeee |
1 10.411 MM 0.3664 2620.24463 119.19129 87.7760
2 12.774 MM 9.4397 364.90543  13.83232 12.2240

0O
Me
O

Ph

(R)-6-methyl-3-phenylisobenzofuran-1(3H)-one (3v)°

TH NMR (600 MHz, Chloroform-d) 8 7.75 (dt, J = 1.7, 0.8 Hz, 1H), 7.45 (dd, J = 7.8, 0.8 Hz, 1H),
7.41 —7.33 (m, 3H), 7.29 — 7.24 (m, 2H), 7.21 (d, J= 7.9 Hz, 1H), 6.37 (s, 1H), 2.47 (s, 3H). 3C NMR
(150 MHz, Chloroform-d) & 170.64, 147.11, 139.66, 136.67, 135.46, 129.19, 128.91, 126.94, 125.80,
125.57, 122.53, 82.61, 21.24. [a]*p=-31.14 (¢=1.0 in CHCl; 81% ee sample). HRMS (ESI): calcd for
Cy5H130;, ([M+ H]%) 225.0910, found 225.0914. HPLC analysis: Daicel CHIRALPAK OD-3; hexane:
i-PrOH = 95:5; detection wavelength = 220 nm; flow rate = 5.0 mL/min. tg = 11.60 min (minor) and
15.00 min (major), 81% ee.
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mAU 7]
700

600

15.004

500
400
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100

6 8 10 14 16 18 20 22 24 min
M o Peak RetTime Type Width Area Height Area
e # [min] [min] [mAU*s] [mAU] %
0 ] RS P |mmmeeeee |==mmmeeee- |-mmeeees |
1 11.681 MM 8.2281 1185.59351 8a.77944 9.4473
Ph 2 15.664 BB 8.2966 1.85971e4 547.98724 96.5527
O
Me Ph

(R)-4-methyl-3-phenylisobenzofuran-1(3H)-one (3w)

TH NMR (600 MHz, Chloroform-d) & 7.82 (d, J=7.6 Hz, 1H), 7.49 (t,J= 7.5 Hz, 1H), 743 (d, /= 7.4
Hz, 1H), 7.42 — 7.31 (m, 3H), 7.22 — 7.17 (m, 2H), 6.33 (s, 1H), 2.03 (s, 3H). '3C NMR (150 MHz,
Chloroform-d) & 170.72, 147.55, 135.57, 135.27, 133.43, 129.77, 129.50, 128.92, 128.14, 126.12,
123.05, 82.98, 17.87. [a]**p= +1.66 (c=1.0 in CHCl; 7% ee sample). HRMS (ESI): caled for C;sH;30;
(IM+ H]%) 225.0910, found 225.0912. HPLC analysis: Daicel CHIRALPAK OD-3; hexane: i-PrOH =
90:10; detection wavelength = 220 nm; flow rate = 5.0 mL/min. tg =9.25 min (minor) and 12.58 min

(major), 7% ee.
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O
S T P R |-nmmeeees |-nmmeeeee |=nmmeees |
" bh 1 9.247 BB ©.1868 2388.39209 203.70879 46.4553
e

2 12.576 BB 0.2669 2752.87988 157.91391 53.5447
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Me o

b

Ph
(R)-7-methyl-3-phenylisobenzofuran-1(3H)-one (3x)°
TH NMR (600 MHz, Chloroform-d) é 7.49 (t, J = 7.6 Hz, 1H), 7.41 — 7.33 (m, 3H), 7.32 — 7.25 (m,
3H), 7.12 (d, J= 7.6 Hz, 1H), 6.33 (s, 1H), 2.75 (s, 3H). 13C NMR (150 MHz, Chloroform-d) & 170.68,
150.21, 139.68, 136.84, 133.97, 130.89, 129.14, 128.90, 126.95, 123.03, 120.17, 81.79, 17.38. [a]*p= -
90.18 (c=1.0 in CHCl;, 81% ee sample). HRMS (ESI): calcd for C;sH,50, ((M+ H]") 225.0910, found
225.0912. HPLC analysis: Daicel CHIRALPAK OD-3; hexane: i-PrOH = 95:5; detection wavelength

= 220 nm; flow rate = 5.0 mL/min. tg = 9.86 min (minor) and 12.66 min (major), 81% ee.
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
S R el IRt |-nmeeeee | |
1 9.856 BB 8.1899 1827.81855 148.11860 99,3975
2 12.658 BB 0.2485 1.76145e4 10@87.42371 950.6025

$32




€10do

000 —

1797
92
1227
1211
8z'L
62 |

3a

€€°L 7
Ve L
1€
8¢
8€°L

00°¢

£1 (ppm)

10

30

40

60

£100a0 6292

€10a0 0022

80

etoao+e

6

—

£¢0'L

4. Copies of 'TH NMR, 13C NMR and °F NMR Spectras

rs
jelyA
nm.n\
Y9 L
S9°L
99°L
96°L
16°L

e

IWS
o'k

F00'L

Y ¢y

90

100

£1 (ppm)

110

£8221

8G'GZL /
z9°6zlL
¥6°9ZL ~

._\.cAar_vM

110

60

8¥'0LL —

170

0

1

90

00

S33



OaH

€10do

000 —

167V —

ge'eCc—

16°'L

.0

.5

0

(ppm)

£1

Le'le—

10

20

30

10

50

60

€1000 00°22
€100 1Z'LL
sz’

€10ad0 mh.whw

80

90

00

(ppm)

£1

sgzzl
mm.mN:/

1o

120

$LGZL L
0221~
F

j— o T

i

c9'6ch
ov'eel
€T el
ceeel \

18671 —

140

150

GG'0LL —

160

170

1180

190

S34



10

20

30

10

€€'65 —

60

€10d06.'92

70

€10a0 00°LL
silalala N W AVY]

80

L LZ9

90

n
000 — _ ks
L
-
OQH 6L — -— [~
4 i
Fai
-
lge———————— —=00e| =
&

£1

(ppip)

110

£1

cevLL —
c6'eelh

120

FASR-TA2

S6GCl =
62'82L 7

8.8zl

130

8c'6CL
ccvel

110

Sl6PL —

50

cyo9l —

[5)
(]

s
1£°9 [
mw.o/

0679 R ———— %60 .
nr.\.g r<
8L LA
€10d2 922
L€'L Tg6) |2
_ —— | ¥S6°L
— 60
952 I
82 — == 60| "
V9L
S9°L B .
192 T N I
96°L
1671

ov UZl—

160

0

3

180

19)

00

S35



000 —

OdH 89°L —

ov'9
S0°L
S0°.
90°2
9072
10°L
L0°L
1072
10°L
8072
80°2
602
60°2
vl
ST'L
Sc'L
9C'L
9C'L
9z L
€1000 2L
pRAVA
L€7L
2ce L
ze' L
ce L
€€
€€°L1
€€°L
€€°L
9G°4

g

6GLp—

99/
omum#

3d

F0Z
88T
Azo'L
901

(ppm)

1

10

20

30

10

50

€10d0 00°22
€10as 1e’LL

€10ao mn.w\yW
hm.rm\

70

80

el

T
191
89,
89/
96°L
86°L

0+

660

100
(ppm)

1

c6'SgLL
L09LL
08°22L ~\.
€9'gcl

110

120

0L°'5Ct

L0621

90621 7

om.mNF;
vzzel

140

C Coh
6cvEL
seevl

150

1€°Z291 —

160|

10°$91 S

‘0Lt
€E0L

170

190

S36



3d

-111.77

T
-150

-160

T
-170

T
-180

T
-190

T
-200

T
-210

-10

-20

T
—60

T
-70

T
-80

T
-90

£1

T
-100
(ppm)

T
-110

S37

T
-130

T
-140



10

n
000— Fo
FS
wm B
°
L< B
1 fs e
" =S
Lo Fe
| £1000 62°9/
- €1000 00 2L o
e £10a0 1z 2/ [~
08°L8
S .
°
v2'2Z1L
B Ly'SzL L=
Q\c | = 97°GZI"
8e9 3 ¢ v£'8ZL — _
V2. ocecl W Lo
2z, 9G'6C1
ez L vvuvm_‘\“
€102 /22 1 648t L2
Le'Lq - 9z'GelL
1L Fo
£e's | 61-61— L2
€e'L .
GE L ot Lo \
se'L Lg
Ge'L Y
9g7 o
9g°. ) 6L°0LL — _ =
A — 72U C
18777 0L | w Qc
85/ 00T [ = 3 L8
592 \iWo L
S9°L 0b |
19°L 3660 |, Lg
192 |
89°L
89°L © B

S38



S39

2
-
000— — Fs
S
3
-
Mo
° o
Lo e
€1000 62'92
- €Oa0 00224 >
e €0ao LzLL’, “
-
s
LT
Q& Nv.mmf/ g
o v L €V GCL b
= mthFV
L5821 7 2
9€°91 96'6¢)
1L mv.mﬁ\
oy vyvel ] E
€100d0 922 - ov'geL
162 Fo
z€ L LYl — - 2
0G°Z 1 - 4 =001 |,
0G°Z e N
16721 g
16729
2572 | =
252 e o= —
252 — R -
mm.TT/ ety - =
167 e — —— mMm.NJ —_— %
8S L = )m .v
S9°L 0l
99°2 —_— ] 8603 E
89°L
G6°L
16°L




00°0-—

OQH 48"} —

0€’s
wv@?
€10ad wm.:
vm.:
wm.hg
DR
ge.
€V L
YL
St'L
89,1
667/
09°Z
G9° /Y
1971
pAWA %
89/
89°/ )W

692
69°L
86°L
00'8

39Q3

(ppm)

1

€0°0-—

-10

40

€10d0 6.'92
€10d2 0022

50

€10a0 Le'LLY
vm.rw)
€0'LeL i

19

4
92t

=

€82z} |
9" 2L

0£'521

96:CZL
9652+

66°'5SCl

(aMoV Al

+0-9Z L
r0-9<t

—709ct

vb'9Z1
60°/2L

v2'62L

140

et

gelel L

N

130

251€t
r

L6y n s

VL

Lyovl

v6°'8¥L —

T
151

T
160)

80°0LL —

190

T
200

21

S40



3g

—-62.77

T
-110

-120

T
-130

T
-140

T
-1

5

0

T
-160

T
-170

T
-180

T
-190

T
-200

T
-210

-10

T
-20

T
-30

T
-10

-50

-60

T
-70

-80

T
-90

f1

T
-100
(ppm)

S41



h
°
00°0-— R Fo
o
e
°
oaHz9'L — -— -
o
- [Mod
o
[
o
o
O
e
WEMW
.
\5[
o
[
19— —_— =00 g
€10a0 122
Se'L B
9e'L ore
— foe
- —— icoL| ™
50'L
—— = 2/0C |
60
o
=)
e
°
———= =00'L [ 2
=]
o

10

20

30

ho

50

€10ad0 mh.oh/
€10d0 00227

€10ad0¢cc’ L
om.rw\

90

(ppp)

120

€9CTh
o0zc'sel V
96°G¢L

celeL \

130

oe’oel

9 pey

©Zbcl ﬂ
i

140

m.mm_v\
68¢cvL

19:041 L

50

160

L0°0LL —

170

180

ev'iel —

191

S42



00°0-—

0.0

OaH8St

e —

Sv'9
€10a0 92°L
€e’L o.
Se'L
8€'L
6€°L
hm.hg
8S°.
65,
59/ 1
G9'/L 7
99
192
89/
wm.n%
86'L

66'L 1 -

|

3iQOOMe

00°¢€

n 6°0

| Te6L

——=| 1660

(ppm)

1

10

20

30

50

60

£1000 6.9

70

€10a0 002,

€1000 12 2L
rorgl

80

+8+8

90

00

(Hpm)

£1

10|

89'ZZ1 4

ZeS2I|

om.mN;W
59'9z1
£9°621
8Z°0€L

Lo'Lel 7
0S'vEL

o€ Lyl —

clevl —

1120

130

140

150

8€'991 —

-O/4

o —
026/t

160

70

B 0O0OMe

S08

s0'8 )F

S0'8
90°8
108
108

660
—— »¥60
T “s6'L

1

190

S43



000 —

8G°L —

e

189
90°2
80°2
60°2
112
6.7
9L

€10a0 92/
12711
8z'L ;
€€
€€/
ve LA
veLA
G
sest T ——

5 ———

Me

=660

J96'
160
el

60
| 2660

60
=60

0

5

(ppm)

£1

€0°0-—

ve'Le —

10

20

60

€000 64924~

£10a0 0077/

70

€10as 1e’LL
mn.Nw\

ppm)

00

£1

mw.NN_‘)
vo'vel |

110

85GEF

L9°GZL

120)

[l AR\
18'821 ~
sz'62)

130

YO0t
9Z p¢E L \m

IaMoTaln

zg'8eL 7
6L67L —

150

15°0LL —

60

Me

184

19)

00

S44



000 —

OdH 65l —

0S¢
699 ,
26’
€69
cLL
4
€L
€L’L
€L’L
vl
SlL'L
jeTAVA
Gc'L
€10a0 92'L
9C'L
pAVA
8¢'L
82'L
62'L
62,
ve'L
ve'L
GeL
Ge'L
om.hg
95°L
JI-UR
85/
8G°L 1
89/

Me

0 © ,@

3k

0

S

£1 (ppm)

ce6lL —

10

20

30

40

60

€10d0 6192 \
€10a0 00°LL 7

eroaoicZ
1508

o1

100

ppm)

1

00'€cl

v2'SzL /

0.

0

130

3k

i

6G°L
69°L E—
65°L
ooz
99/, I
192 o
19, ~ —
89°L

69°L R
wm.h\

66°L

G560
2960
| oot
| Jose

w\mm.o

60
%md

160

8G°0LL —

170

180

190

S45



000 —

OoaH 2oL —

99°9
L
€L
Ve L
ve'L
€10ad 62
ve'L
ve'L
Se'L
Ge'L
052
32
(32
[4=x
[4°X
€971
GS'L
1672
8G°L
€91
€9°2
9L
v9°'2
S9°/1
59/ 1
28'L1
28°L
€8°L 7
€8°L 7
€871
€871
V8L
8L

B

G8'L 4
G8'L
66°L
108

=00'L

0.

(ppm)

£1

T
20

30

50

€10d0 62'9L~

€1000 00°22
€1000 1222
68287

90

06°¢cl

T
100

ppm)

Q/°¢€Z1

1962l
04S¢l

110

29921
__ g99zL
vg9zs |
81121 A
90°8z) &
90'62} T

T
12]

130

62t
ggee

seey

19eeL ]

sevel
0L 6%L —

160

GG'0LL —

170

1

100

S46



00°0-—

OdH 09’} —

15°97 £

v6'9 3
569 |

€000 92°2
€€/
£e'/
ve'L ;
GeL

-~

=00°L

(ppm)

£1

10

20

30

50

70

eOao 6297
18950041

€000 12227

Lv'8L

90

100

(ppm)

£

I8 cct
SYvTL
ergeL
og'szL

120

69°GZ1

[1px43

mw.mN_.\\

1o

CZ ot
Sevet

6L2g1]

66'8771 —

ces
ge'L ;
9821

zv L

€Y' LA ﬁl
9677

1572 -
652
19'2
692 E—
02
G6'L
1672

N

21°0LL —

190

s47



00°0-—

651 —

s6e

6£'9
2,9
€291

€1000 922
2L ©
8L
62721
62L 1
1L
1L
e LY
€e'L
CEpA |
652
0921
192
1924 W
897/
69°L ;W .
0L'L~
oL’

&
3n

OMe

\‘M%oe

— =00°¢€ |

=960

=160

160 [
H/OO.—‘

0L

0.

(ppm)

£1

10

20

30

10

50|

69°€S

€10a0 mn.wh/

70

€oaS5 00"

100
(ppm)

cLLLL —

110

£

98°2Cl

14

1612}

8.'Gel
16°S¢L \
¥9'62L
@«.wm—‘“
6eLEL

8y ovL ~
c6'8YL —

130

140

150

86'v91L —
LLoLL —

160

170

180

86°2%
66°L
oz
1z'e

60+

JS60

190

548



000 —

OQH LS} —

85°9
629
€T'L
£z'L
ve'L
ve'L
sz'L
szL
€1000 922
oL
og'L
LeL
zeL
zeL
€e'L
€eL
vyL
fed
Sv'L
Sv'L
552
[
952 1
95°L 1
95°L 1
16721
1521
16727
29°L 1
£9°2 1

$9° )

=00}
=00'L

JELTL

.0

.5

0

0

5.

0

5

0

(ppm)

£1

10

20

30

40

50

60|

€8 mh/
€100d0 6492\

€10d0 00°2L
€10aod 12’2l

80

90

100

ppm)

¥.°90L —
8G°LLL —

110

£1

7238 W7

v0'€zL

10

zz ezt

130

140

8zovlL
[RAR-T

150

6V GGl

cL'69L —

i3

2L

LA

ersL
€217
_R.\.\
Y1

00'8
108

[ =L0°L
290'L

e

0l
Azo't

160

170

180

190

$49



000 —

10

20

30

50

9e'9
669
669
002
102
€2,
€T,
€T,
veL
YTl
SZ'L
9z,
9z,

€000 922
1211
82L
sz
8¢c/
6L 1
6€L 1
6€L 1
ov'L
ov'L
0% LA
ov'L]
ol
V6L
G6°L
96'L
162

Q.

O,

=
i

3p

0L

JP0'E
| oL

4.0

(ppm)

£1

€10d0 00°2L
€10a0¢ceLL
96'L8
86°1L8

€10do mh.wmv

60

70

80

90

90°0LL >

Saatias
LS7LLLN
€L LLL T

097121

1912t
28921

o

100
(ppm)

110

£1

3p

1130

96°L2)
€0'8¢l
L0'62l
0s'6ch
9/°GeL

[4&4°12

140

150

6¥¢cSlL

160

08591 ~_

05°291 —
e

70

CC 69t

180

90

S50



3p

—-102.15

T
-140

T
-150

-160

T
-170

T
-180

T
-190

T
-200

T
-210

-10

-20

T
—60

T
-70

T
-80

T
-90

£1

T
-100
(ppm)

T
-110

S51

T
-130



00°0-—

OdaH 99} —

1£°9
9z,
€1000 922
122
121
122
8z'L
LeL
gL
zeL
6€°L
6c°L
oL
ov'L
Ly 2
Ly LA
1y
252
25°L 1
25,
2527
€52
£G:L

£
i

Cl

3q

o

o

5.

(ppm)

£1

10

20

30

10

50|

70

S10go-6.494

€10a0 00°2L T

€10ad Le’LL

10°C8

o

0.

O,

=
i

Cl

oo

(ppm)

0

£1

€0vZL
18'921
S8'9zZ1L 7z
oL'6ZL
vs'62L
t.oQ\
L9'6EL

140

S0LyL’

L2'LSL —

150

160

82691 —

£5°L
eg2”/
88/~

18

68°L

8. 0|

90

S52



000 —

OaH 99} —

€9
Sc'L
Sc'L
9T’ L
9C'L
€10d0 9¢’L
pRAVE
pRAVE
82,
6€°L
6€°L

£
wo

Br

3r

=91°¢C
FOL'E

(ppm)

£1

10

20

30

10

50

60

€10d0 6292

70

£t0a9-06"
€10ad te'LL
mo.mw\

80

90

(ppm)

wv.vN_\/

=
o

3r

110

£1

G292l |

14

589z
06°921

oL'ezL T
vm.mNr\
96'6¢2L \

00°'cgl

130|

40

mw.mmF\

9€’LGL —

%69 =

7660
£20°)
00'}

180

190

S53



L

[o NUZENG.

9797
€10a0 Le'L
1224
82°L1
WN.\.:K

MeQOC

62L 1
62L 1
6€L 1
6€°L Y
ov'L Y
v’z
ov' L
Ly L]
zvs!
008
108 Vw -
2087

€08
€08
08
Nm.i
zz8 *

—

ﬁ S—

€28
vZ'8

3s

L

6L
566C

260
60

266'0

(ppm)

£1

89'CS —

50

60|

€10d0 6292
€10090 0022

Aotz gL
SiSEazas

erze”/

90

0Z'¥Z} 4

Q.

O,

MeOOC

=

nl

10}
ppij

3s

110)

h@.mmr /
06'9¢)

26°6Ct
1621

120

30

05621
z90eL [

T

£9°GEt

69°GEL

S96¥L —

15

160

65691

6€'691 —

170)

18

191

00

S54



00°0-— -

OdH G9'L — -

eve———————————

€9
L
Ll
€10d0 92°L

122
2L
8z,
8z,
8z,
622
el SN
ve'L
ve'L
ve'L
ge'L
ge'L
DR
SE€'LY
Ge'.
9¢°/ 1 ﬁ
18711
1€71 1
1819
8€. 1
8€°L
8€'L E— —
ge L T———
6€L7
o2
€8 L~ . _ |
vl

3t

Me'

_ HMJ\ 0’}

Jio'b
m\mo.N

0'¢

6.0

5

(ppm)

£1

c0'¢e —

10

20

30

10

50

60

€10a0 6492~
€10a000°LLT

€10as 1¢’LL

343

90

100
(ppm)

10

£1

86°¢clL
90'ech
9€'G2l ~

=
W

3t

120

06-9Z1

Me

Nm.wu@\
QL'8Z1
1s0elL
co9eL
09'sPL —
9z'05L —

140

150

¥S'0LL —

160

170

180

00

S55



10

o
000— - re
S
i 8
| =
°
0aH z9'L — — B s
e 28'ss —
°
g
L _
o £10a0 6,92
[ £10ao-00224T =
[ aYala MWD “
o 20°z8
2 °
gge———— — =00°€¢| _
o= ¥9°90L — o
1£'97 Oy it Lo veoLL Oy O it
. . °
29 5 68°LLL 5 8
2L9 @ L0°/ZL “©
v0°L] L2 zizzL -
v0°L] 9 ° 96'8Z1 Q =
90°L = szezl =
90°L L e 8BS 9EL —
€1000 92°2 § E E:
RN; 260
8z — T Teeo|
8ZL Fe g
2 rAVR $6°0 062Gl — e —
8Z'L °
62, N B
Yo U -
8cL .
ges Lt — e 002 06boL —
e —————= =82| -
oty - 0Z0LL — — =
g8L~ - I .
1807 €60 - _
- -
-

00

S56



10

20

30

10

50|

60

80

90

100
£1 (ppm)
S57

110

120

3v

130

140

150

160

170

180

191

n
000— N FS
vz —
L
-
OaH 99'L — -
— i
we———— =00€ |
€1000 62°92
- 1000 oo.tw
[ er0ao ez
1oze”
.t
1679 I3 o -
el - A AA Y O e
el OO . 16521\
£1000 92'2 L 095zl
171 > ol =
el 3 76921 7 )
: 16'82L &
el $ L2 616217
8c'L = ovsel 7
8¢’/ 19'9¢€L
9€'L | o 99°6€ L
9e°L ] € LIyl —
97/
oL | [ =960 .
1€°17 Fo
18727
8¢/
8€°L L=
. <
Mm.\.J - - =00 L ¥9°04L —
vifp ————— — Ly
SrZy — — .
ol M(o.r )
ov'L
Gl ) “¥6°0 _
SLL Lo
G171
SLL
SLL

00



000 —

OQH L9’} —

€0°C

€€
612
6L
6L
0z'L
0z'L
0z'L

€100 922 1
9€°L ]
9e.
9g°L |
1€2 1
1671
1€ 1
1€ 1
8€°L
8e/
2v L
v —
IR
672~ =
0527
z8L~
cgL”

=
e

Me

3w

=160

Js6'L
/882
T ho

H/mo._‘

—=v6°0

(ppm)

£1

1811 —

10

20

30

10

50

60

70

ﬁﬁ(QLc..u. ¥
1000 00°LL

enao 1zzz’
86287

90

100
(ppm)

110

£l

o]0l 54 MY

N_\.wmj
#1°8Z1 3

<
wl

12|

L
26921

Me

3w

130

150

160

cL 0L —

170

180

100

S58



10

n
A — s . _ - -
ooo i 8eLL -
Le )
1 \ﬂ
h =3
OQH 6L — -
-
Mo -
Le _
Slrg———— =862 )
° €100 62°9L\
[ €10a0 0022 s
[allaTala WV AVY]
- 6.'18
Le .
L2 -
g £
£
- 7
o OO LS L1021 -
L X i €0°€Zh " o, WE ] =
: = © 56'92L »
W) = : i X
zLL b 06821 ¢ = _ s
a8 Sor 2
€100 92°/ MW.MM”\ ——
mmmg | o 16°€EL w — .
wNM € ve'9eL s — kS
n 89'6EL
62 1 o - 60 ]
62,1 | o | :
0e’L < LzosL —
0gL )
0€2 7 g
og'L _
9",
G2 .
wm.\.\ﬂ — 99'0LlL — - =
182
R.& R -
182 L
162
8e'L -
8c/ |
mvi
6v'L] ) .
0s'2

S59



5. References

1)

2)

3)

4)

5)

6)

Nozawa-Kumada, K.;  Kurosu, S.;  Shigeno, M.; Kondo, Y., Peroxydisulfate-Mediated
Transition-Metal-Free Oxidative C(sp>)—H Bond Lactonization. Asian J. Org. Chem. 2019, 8,
1080.

Mohanakrishnan, A.; Nandakumar, M.; Sankar, E., Studies on the Phthalidation of
Heteroarenes: A Facile Preparation of 3-(Heteroaryl)phthalides via Triflic Acid Mediated
Phthalidation. Synlett 2014, 25 , 509.

Carlos, A. M. M.; Stieler, R.; Ludtke, D. S., Catalytic Asymmetric Synthesis of 3-Aryl
Phthalides Enabled by Arylation-Lactonization of 2-Formylbenzoates. Org. Biomol. Chem.
2019, 17, 283.

Chen, W.; Li,J.; Xie, H.; Wang, J., Rhodium(II)-Catalyzed Asymmetric Addition of Inert
Arene C-H Bond to Aldehydes To Afford Enantioenriched Phthalides. Org. Lett. 2020, 22,
3586.

Yang, J.; Yoshikai, N., Cobalt-Catalyzed Enantioselective Intramolecular Hydroacylation of
Ketones and Olefins. J. Am. Chem. Soc. 2014, 136 , 16748.

Yohda, M.; Yamamoto, Y., Enantioselective Addition of Arylboronic Acids to Methyl 2-
Formylbenzoates by Using a Ruthenium/Me-BIPAM Catalyst for Synthesis of Chiral 3-Aryl-
Isobenzofuranones. Org. Biomol. Chem. 2015, 13, 10874.

S60



