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1. General Information:

All commercially available compounds were purchased from Sigma-Aldrich, Tokyo Chemical
Industry Co., Ltd. (TCI) Chemicals, Spectrochem Pvt. Ltd., and BLD Pharmatech (India) Pvt.
Ltd. (BLD pharma) and used as received without further purification. The catalysts C-1 to C-
4,111 C-62) and C-78! were prepared from the methods known in the literature. The catalyst C-
5 is commercially available and used as it is. All reactions were performed in oven-dried
glassware. All the solvents for routine isolation of products and chromatography were
laboratory reagent grade and distilled before use. The molecular sieves (4 A) were activated at
300 °C for 2 hours in an oven. Analytical thin-layer chromatography (TLC) was performed on
the TLC Silica Gel 60 F254 Aluminium Sheets (MERCK), and UV light (254 nm) was used
for the visualization. The flash column chromatography was performed on Combiflash
NextGen 300 using silica gel (230 - 400 mesh), and the column chromatography was performed
on the glass column using silica gel (60 - 120 mesh). 'H NMR and '*C NMR spectra were
recorded on the JEOL JNM-ECZ500R/S3 500MHz NMR Spectrometer at 500 MHz, and 125
MHz, respectively, and TMS was used as an internal reference for 'H NMR. NMR data are
reported as follows: chemical shift (&) in ppm; multiplicities are indicated s (singlet), br s (broad
singlet), br m (broad multiplet), d (doublet), t (triplet), m (multiplet), dd (double doublet); and
coupling constants (J) are in Hertz (Hz). Enantiomeric excesses were measured on an Agilent
1260 Infinity I HPLC instrument by using Diacel Chiralpak IA, IB, IK and IF columns. Optical
rotations were measured on a Rudolph Research Analytical, Autopol 1. Melting points were
measured on a Buchi melting point M-565 apparatus. High-resolution mass spectra (HRMS)
were recorded on a Waters Xevo Q-TOF Mass Spectrometer using the electrospray ionization

(ESI) technique. Infrared spectral data were recorded on a PerkinElmer Spectrum Two FT-IR.
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2. Experimental Procedures and Characterization Data:

General procedure for the synthesis of 9a-f: [4]

OH
Br O oH Pd(OAc), (5 mol%) O
Na,CO3 (2.0 eq.) 0
1 Me + >
R DMF/H,0 (2:1), rt
1 Me
7 B(OH), R O
8 9a-f

To a solution of substituted 2-bromoacetophenone derivatives 7 (3.0 to 6.0 mmol, 1.0 eq.) and
NaxCOs3 (2.0 eq.) in DMF : H,O (v:iv=2:1, 8 to 16 mL) was added phenylboronic acid (8, 3.6
to 7.2 mmol, 1.2 eq.). The reaction mixture was stirred at room temperature for 5 minutes.
Palladium (II) acetate (5 mol%) was then added, and the reaction mixture was allowed to stir
at room temperature until complete consumption of 7 (monitored by TLC). After completion
of the reaction, water was added, and the reaction mixture was extracted with ethyl acetate (3
x 30 mL). The combined organic phase was washed with water and brine and dried over
anhydrous Na>SOs. The organic phase was filtered and concentrated under vacuum to yield the
crude product, which was purified by column chromatography (silica gel, n-hexane : EtOAc =

9:1to 7: 3 as eluent) to afford 9a-f.

1-(4'-Hydroxy-[1,1'-biphenyl]-2-yl)ethan-1-one (9a)

OH The title compound was prepared by performing the reaction at 3.0 mmol scale;
O White solid; m.p.: 120-121 °C; Yield: 457 mg, 72%; R¢: 0.35 (n-hexane : ethyl
Q acetate = 7 : 3); "TH NMR (500 MHz, CDCl3) & 7.54 — 7.49 (m, 2H, ArH), 7.40 —
O Me 738 (m, 2H, ArH), 7.20 — 7.18 (m, 2H, ArH), 6.90 — 6.88 (m, 2H, ArH), 6.80 (br
s, 1H, —OH), 2.07 (s, 3H, -COCH3); ¥C{'H} NMR (125 MHz, CDCl3)  207.3,
156.3, 140.7, 140.5, 132.7, 131.1, 130.4, 130.2 (2C), 127.9, 127.2, 115.9 (2C), 30.6; HRMS
(ESI, m/z) caled for Ci4H1302" [M+H]*: 213.0916, found: 213.0915; IR: vmax/cm ™! 3363, 3023,

2923, 2852, 1669, 1611, 1516, 1474, 1353, 1263, 1233, 1172, 835, 765, 754.
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1-(4-Chloro-4'-hydroxy-[1,1'-biphenyl]-2-yl)ethan-1-one (9b)

Cl

The title compound was prepared by performing the reaction at 3.0 mmol scale;
White solid; m.p.: 135 - 136 °C; Yield: 450 mg, 61%; R¢: 0.42 (n-hexane : ethyl
acetate =7 : 3); TH NMR (500 MHz, CDCl3) § 7.50 (d, J = 2.5 Hz, 1H, ArH),
7.46 (dd, J = 8.0, 2.0 Hz, 1H, ArH), 7.32 (d, J= 8.5 Hz, 1H, ArH), 7.18 — 7.16
(m, 2H, ArH), 6.90 — 6.88 (m, 2H, ArH), 6.09 (br s, 1H, —OH), 2.04 (s, 3H, —

COCH?3); 3C{'H} NMR (125 MHz, CDCl3) § 156.3, 141.9, 138.7, 133.4, 131.7 (2C), 130.9,
130.2 (2C), 127.8 (2C), 116.0 (2C), 30.4; HRMS (ESI, m/z) caled for C14H20.Cl* [M+H]":
247.0526, found: 247.0500; IR: vma/cm™' 3356, 2926, 2854, 1677, 1608, 1590, 1480, 1263,
1188, 822, 750, 519.

1-(4'-Hydroxy-4-methoxy-[1,1'-biphenyl]-2-yl)ethan-1-one (9¢)

OH

IO
S

OMe

The title compound was prepared by performing the reaction at 3.5 mmol scale;
White solid; m.p.: 148 - 149 °C; Yield: 177 mg, 21%; Ry: 0.40 (n-hexane : ethyl
acetate = 7 : 3); "TH NMR (500 MHz, CDCl3) § 7.30 — 7.28 (m, 1H, ArH), 7.18 —
7.17 (m, 2H, ArH), 7.05 — 7.03 (m, 2H, ArH), 6.88 — 6.87 (m, 2H, ArH), 5.34 (br
s, 1H, —~OH), 3.86 (s, 3H, ~OCHs), 2.02 (s, 3H, -COCHj5); BC{'H} NMR (125

MHz, CDCl) 6 205.9, 158.8, 155.6, 141.8, 133.0, 132.9, 131.6, 130.3 (2C), 117.3, 115.8 (20),
112.4,55.7,30.6; HRMS (ESI, m/z) caled for CisHisO3" [M+H]"™: 243.1021, found: 243.1025;

IR: vinax/cm™

13325,2917, 2849, 1677, 1611, 1497, 1246, 1128, 815, 795, 509.

1-(5-Fluoro-4'-hydroxy-[1,1'-biphenyl]-2-yl)ethan-1-one (9d)

The title compound was prepared by performing the reaction at 6.0 mmol scale;
Orange solid; m.p.: 98-99 °C; Yield: 982 mg, 71%; Rs: 0.54 (n-hexane : ethyl
acetate = 7 : 3); 'TH NMR (500 MHz, CDCl3) & 7.58 —7.55 (m, 1H, ArH), 7.20 —
7.18 (m, 2H, ArH), 7.09 — 7.06 (m, 2H, ArH), 6.91 — 6.89 (m, 2H, ArH), 6.07 (s,
1H, —OH), 2.03 (s, 3H, -COCHs;); BC{'H}{’F} NMR (125 MHz, CDCls) &

204.9, 163.9, 156.5, 143.4, 136.9, 132.0, 130.7, 130.2 (2C), 117.1, 116.0 (2C), 114.2, 30.5;
[F] NMR (471 MHz, CDCls) & —108.6; HRMS (ESI, m/z) calcd for C14H1202F" [M+H]'":
231.0821, found: 231.0836; IR: vma/cm™' 3346, 2925, 2853, 1671, 1603, 1573, 1355, 1266,
1183, 837, 750.
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1-(3-Fluoro-4'-hydroxy-[1,1'-biphenyl]-2-yl)ethan-1-one (9¢)
OH The title compound was prepared by performing the reaction at 3.5 mmol scale;
O White solid; m.p.: 131 - 132 °C; Yield: 457 mg, 66%; Ry: 0.48 (n-hexane : ethyl
0 acetate =7 : 3); "TH NMR (500 MHz, CDCls) 6 7.43 — 7.38 (m, 1H, ArH), 7.19 —
O e 7.15 (m, 3H, ArH), 7.10 — 7.07 (m, 1H, ArH), 6.85 — 6.82 (m, 2H, ArH), 6.04 —
i 5.93 (m, 1H, ~OH), 2.24 (s, 3H, -COCH3); BC{'H}{"’F} NMR (125 MHz,
CDCl3) 6 203.0, 158.8,156.2, 141.4,131.2, 131.0, 130.2 (2C), 129.2, 125.9, 115.9 (2C), 114.5,
32.5; [F] NMR (471 MHz, CDCl3) § —116.8; HRMS (ESI, m/z) caled for Ci4sH20.F*
[M+H]": 231.0821, found: 231.0818; IR: vmax/cm ™! 3325, 1687, 1608, 1518, 1463, 1234, 1099,
800, 535.

1-(5-Chloro-4'-hydroxy-[1,1'-biphenyl]-2-yl)ethan-1-one (9f)
o The title compound was prepared by performing the reaction at 3.0 mmol scale;
White solid; m.p.: 130-131 °C; Yield: 662 mg, 90%; R¢: 0.47 (n-hexane : ethyl
O o acetate =7 : 3); "TH NMR (500 MHz, CDCl3) & 7.49 — 7.47 (m, 1H, ArH), 7.37
O Me —7.35(m,2H, ArH),7.20—7.18 (m, 2H, ArH), 6.90 — 6.89 (m, 2H, ArH), 5.61
cl (s, 1H, —OH), 2.02 (s, 3H, ~-COCHs); 3C{'H} NMR (125 MHz, CDCls) &
204.8, 156.4, 142.2, 139.0, 136.9, 131.9, 130.3 (2C), 129.6, 127.3, 116.0 (2C), 30.5; HRMS
(ESI, m/z) caled for Ci4H120.ClT [M+H]": 247.0526, found: 247.0500; IR: Vmax/cm™! 3189,

1656, 1609, 1589, 1436, 1274, 1216, 1099, 823, 595.

General procedure for the synthesis of 1a-f: [°]

OH 0]

O CeH5l(OCOCF3), (6.0 eq.) ‘
(o)
THF, rt o)
- 3
Ny :

(0]
1a-f

To a solution of 9 (0.3 to 2.6 mmol, 1.0 eq.) in THF (2.0 to 18.0 mL) was added
CsHsI(OCOCF3), (6.0 eq.). The mixture was stirred at room temperature in the air until
complete consumption of 9 (monitored by TLC). The solvent was removed under reduced
pressure, and the residue was directly purified by flash column chromatography (silica gel, n-

hexane : EtOAc =9 :1 to 7 : 3 as eluent) to afford the desired products 1a-f.
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3'H-Spiro[cyclohexane-1,1'-isobenzofuran]-2,5-diene-3',4-dione (1a)
o The title compound was prepared by performing the reaction at 2.6 mmol scale;
‘ White solid; m.p.: 184-185 °C; Yield: 182 mg, 33%; Ry: 0.61 (n-hexane : ethyl
o acetate = 7 : 3); '"H NMR (500 MHz, CDCl3) § 8.01 — 8.00 (m, 1H, ArH), 7.77 —
Q o 7.74 (m, 1H, ArH), 7.67 — 7.64 (m, 1H, ArH), 7.33 (d, /= 7.5 Hz, 1H, ArH), 6.70
—6.67 (m, 2H, -CH=CHC=0), 6.46 — 6.42 (m, 2H, -CH=CHC=0); 3C{'H} NMR (125 MHz,
CDCl3) 0 184.4, 169.1, 146.6, 144.4 (2C), 135.3, 130.8, 129.9 (2C), 126.9, 125.7, 122.6, 80.5;
HRMS (ESI, m/z) calcd for Ci3sHoO3" [M+H]": 213.0552, found: 213.0541; IR: vmax/cm™

2917, 2850, 1755, 1671, 1467, 1242, 1091, 950, 690.

5'-Chloro-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2,5-diene-3',4-dione (1b)
o] The title compound was prepared by performing the reaction at 0.6 mmol scale;
‘ White solid; m.p.: 145-146 °C Yield: 133 mg, 90%; R¢: 0.48 (n-hexane : ethyl
o acetate =7 : 3); 'TH NMR (500 MHz, CDCl3) § 7.96 — 7.95 (m, 1H, ArH), 7.70
ol O o —7.68(dd,J=28.0,2.0 Hz, 1H, ArH), 7.27 — 7.24 (m, 1H, ArH), 6.65 — 6.63 (m,
2H, -CH=CHC=0), 6.45 — 6.43 (m, 2H, -CH=CHC=0); 3C{'H} NMR (125 MHz, CDCl5) §
184.1, 167.6, 144.9, 143.7 (2C), 137.4, 135.7, 130.3 (2C), 127.6, 126.8, 123.9, 80.4; HRMS
(ESI, m/z) calcd for C13HsOsCl™ [M+H]"™: 247.0162, found: 247.0140; IR: Vmax/cm™' 2918,

2850, 1775, 1673, 1263, 1233, 977, 959, 836, 748.

5'-Methoxy-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2,5-diene-3',4-dione (1c)

o} The title compound was prepared by performing the reaction at 0.3 mmol
‘ scale; White solid; m.p.: 154-155 °C Yield: 38 mg, 52%; Ry: 0.46 (n-hexane :
o ethylacetate =7 :3); "TH NMR (500 MHz, CDCl3) 8 7.40 — 7.39 (m, 1H, ArH),
MeO o 7.27-7.25(m, 1H, ArH), 7.17 (dd, J=8.5, 0.5 Hz, 1H, ArH), 6.64 — 6.62 (m,
2H, -CH=CHC=0), 6.41 — 6.39 (m, 2H, -CH=CHC=0), 3.90 (s, 3H, -OCH3); BC{'H} NMR
(125 MHz, CDCI3) 6 184.5, 169.2, 162.0, 144.7 (2C), 138.5, 129.8 (2C), 127.4, 124.2, 123 .4,
108.7, 80.3, 56.1; HRMS (ESI, m/z) calcd for C14H 104" [M+H]": 243.0657, found: 243.0658;

IR: vmax/cm ™! 2916, 2850, 1770, 1670, 1422, 1232, 1062, 947, 865, 844, 754, 629, 546.

6'-Fluoro-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2,5-diene-3',4-dione (1d)

The title compound was prepared by performing the reaction at 0.6 mmol scale; Colourless
wax; Yield: 103 mg, 75%; R¢: 0.53 (n-hexane : ethyl acetate = 7 : 3); '"TH NMR (500 MHz,
CDCl3) 6 8.02 —7.99 (m, 1H, ArH), 7.35-7.31 (m, 1H, ArH), 6.99 — 6.98 (m, 1H, ArH), 6.67
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o _ 6.65 (m, 2H, —-CH=CHC=0), 646 — 6.44 (m, 2H, —~CH=CHC=0);

‘ BC{'H}{"F} NMR (125 MHz, CDCls) § 184.0, 167.8, 149.7, 143.7 (2C), 130.4

F Q 0 (2C), 129.3, 119.1, 109.9, 107.7, 106.5, 79.8; [°F] NMR (471 MHz, CDCL3) &

© —99.7; HRMS (ESI, m/z) caled for CisHsOsF* [M+H]": 231.0469, found:
231.0469; IR: vaay/om ! 2921, 2851, 1779, 1674, 1267, 1077, 972, 861, 764, 750.

4'-Fluoro-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2,5-diene-3',4-dione (1e)
o) The title compound was prepared by performing the reaction at 1.0 mmol scale;
‘ White solid; m.p.: 217-218 °C; Yield: 87 mg, 38%; Rs: 0.38 (n-hexane : ethyl
o acetate =7 : 3); 'TH NMR (500 MHz, CDCl3) § 7.75 — 7.70 (m, 1H, ArH), 7.29 —
Q o 7.25 (m, 1H, ArH), 7.09 (d, J = 7.7 Hz, 1H, ArH), 6.67 (d, J = 10.0 Hz, 2H, —
CH=CHC=0), 6.44 (d,J=10.0 Hz, 2H, -CH=CHC=0); BC{'H}{"’F} NMR (125
MHz, CDCl3) 8 184.1,165.0, 160.1, 149.1, 143.7 (2C), 137.8, 130.3 (2C), 118.6, 117.94, 113.7,
80.1; [F] NMR (471 MHz, CDCl3) § —111.4; HRMS (ESI, m/z) calcd for Ci3HsOsF*
[M+H]": 231.0457, found: 231.0422; IR: vmax/cm ™' 2921, 2851, 1779, 1674, 1267, 1077, 972,

861, 764, 750.

F

6'-Chloro-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2,5-diene-3',4-dione (1f)
o) The title compound was prepared by performing the reaction at 0.3 mmol
‘ scale; Colourless wax; Yield: 60 mg, 81%; R¢: 0.70 (n-hexane : ethyl acetate
ol Q o =7:3); 'THNMR (500 MHz, CDCl3) § 7.93 (dd, J = 8.0, 0.5 Hz, 1H, ArH),
o 7.61(dd,J=28.0, 1.5 Hz, 1H, ArH), 7.29 (dd, J = 1.5, 0.5 Hz, 1H, ArH), 6.66
—6.64 (m, 2H, -CH=CHC=0), 6.47 — 6.45 (m, 2H, -CH=CHC=0); BC{'H} NMR (125 MHz,
CDCI3) 6 184.0, 167.9, 148.5, 143.6 (2C), 142.2, 131.6, 130.4 (2C), 128.0, 124.2, 123.1, 79.9;
HRMS (ESI, m/z) calcd for Ci3HsO3Cl™ [M+H]": 247.0162, found: 247.0140; IR: Vimax/cm™!

2918, 2850, 1775, 1673, 1263, 1233, 977, 959, 836, 748.

Procedure for the synthesis of 1g: [¢]

OH

o)
O CeHsl(OCOCHS3), (2.0 eq.) ‘
(o)
MeOH, rt

y e r o)

oy a8
OMe
9a 19
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To a solution of 9a (1.0 mmol, 1.0 eq.) in methanol (5.0 mL) was added CsHsI(OCOCH3)2 (2.0
eqg.). The mixture was stirred at room temperature in the air until complete consumption of
starting material 9a (monitored by TLC). The solvent was removed under reduced pressure,
and the residue was directly purified by flash column chromatography (silica gel, n-hexane :

EtOAc =9 :1to 7 : 3 as eluent)) to afford the desired productlg.

3'-Methoxy-3'-methyl-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2,5-dien-4-one (1g)
o White solid; m.p.: 151-152 °C; Yield: 110 mg, 45%; R¢: 0.70 (n-hexane : ethyl
‘ acetate = 7 : 3); 'H NMR (500 MHz, CDCl3) § 7.44 — 7.37 (m, 3H, ArH), 7.04
o (d, J=17.5 Hz, 1H, ArH), 6.91 (dd, J = 9.5, 2.5 Hz, 1H, -CH=CHC=0), 6.69
Q d 2"6 (dd, J = 10.5, 3.0 Hz, 1H, -CH=CHC=0), 6.26 (d, J = 10.0 Hz, 2H, —
CH=CHC=0), 3.25 (s, 3H, -OCH?3), 1.84 (s, 3H, -CH3); BC{'H} NMR (125 MHz, CDCls) §
185.6, 149.3, 148.7, 141.2, 138.7, 130.1, 129.7, 127.9, 127.7, 123.1, 122.3, 112.2, 81.7, 50.6,
26.5; HRMS (ESI, m/z) calcd for CisHisO3" [M+H]": 243.1021, found: 243.1016; IR:

vmax/cm ™! 2918, 2850, 1775, 1673, 1263, 1233, 977, 959, 836, 748.

General procedure for the synthesis of racemic products:

0]

0
CFs,
‘ ,. C-7(10mol%) Me )SL
+ RSGH ————>» SR2 N
0 CHCly, 1t N} Me” > N7 N CFsy
2 H H
R ) R! o c-7

1 (+)-3

In a 10 mL reaction tube equipped with a magnetic stirring bar, the isobenzofuranone 1 (1.0
eq., 0.1 mmol) and thiourea catalyst C-7 (10 mol%) were stirred in CH2Cl, (1.0 mL) at room
temperature. After 5 minutes, thiol 2 (1.0 eq.) was added, and the stirring was continued at the
same temperature. After the complete consumption of 2,5-cyclohexadienone 1 (indicated by
TLC), the crude product was directly purified by flash column chromatography (n-hexane :
EtOAc = 8 : 2) to afford the racemic products.

General procedure for enantioselective desymmetrization reaction for the synthesis of 3a-

0:
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(0]

(0]
‘ C-2 (5 mol%)
+ RSH ————> SR2

0O 1,4-Dioxane \e}

Q 2 4 AMS, rt

R’ 0 R? 0
1 3a-o

In a 10 mL reaction tube equipped with a magnetic stirring bar, the isobenzofuranone 1 (2.0
eq., 0.2 mmol) and catalyst C-2 (5 mol%) were stirred in 1,4-dioxane (2.0 mL) in the presence
of 4 A molecular sieves (50 mg) at room temperature. After 5 minutes, thiol 2 (1.0 eq., 0.1
mmol) was added, and the stirring was continued at the same temperature. After the complete
consumption of thiol 2 (indicated by TLC), the crude product was directly purified by flash
column chromatography (n-hexane : EtOAc = 8§ : 2) to afford the products 3a-o.

6-(p-Tolylthio)-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2-ene-3',4-dione (3a)

0 Colourless wax; Yield: 30 mg, 89%; Rg: 0.11 (n-hexane : ethyl
@\ /©/ Mo acetate = 8 - 2); [a]p?® = +18.3; 92% ee; Daicel Chiralpak IA column,
S S n-hexane : i-PrOH =70 : 30, Flow rate: 1.0 mL/min; 254 nm, tr = 15.39

@o min (major), tr = 17.10 min (minor); "H NMR (500 MHz, CDCls) &
8.01 — 8.00 (m, 1H, ArH), 7.61 — 7.58 (m, 1H, ArH), 7.54 — 7.50 (m, 1H, ArH), 7.12 — 7.10
(m, 1H, ArH), 6.91 (d, J= 8.0 Hz, 2H, ArH), 6.85 (d, J = 8.0 Hz, 2H, ArH), 6.61 (d, J=10.0
Hz, 1H, -CH=CHCO), 6.30 (d, J= 9.5 Hz, 1H, -CH=CHCO), 3.85 (dd, /= 10.5, 7.0 Hz, 1H,
—~CHSAr), 3.07 - 3.05 (m, 2H, —-CH>-), 2.26 (s, 3H, ArCH3); BC{'H} NMR (125 MHz, CDCl;)
0 196.6, 169.1, 149.8, 143.4, 138.7, 134.5, 133.9 (2C), 132.9, 130.4, 129.8 (2C), 129.5, 127.3,
126.1, 121.6, 82.7, 53.8, 42.6, 21.2; HRMS (ESI, m/z) caled for CyHi703S" [M+H]":
337.0898, found: 337.0911; IR: vma/cm™' 2925, 2853, 1671, 1603, 1573, 1518, 1478, 1266,
837, 750.

6-[(4-Bromophenyl)thio]-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2-ene-3',4-dione
(3b)
o) Colourless wax; Yield: 31 mg, 77%; Ry: 0.14 (n-hexane : ethyl acetate

@\ /©/ o _g. 2); [a]p?*=+20.1; 91% ee; Daicel Chiralpak IK column, n-hexane
S S : i-PrOH = 70 : 30, Flow rate: 1.0 mL/min; 290 nm, tr = 17.62 min
Q_\% (minor), tg = 23.28 min (major); 'H NMR (500 MHz, CDCls) § 8.01
(d,J=8.0 Hz, 1H, ArH), 7.62 — 7.58 (m, 1H, ArH), 7.53 — 7.49 (m, 1H, ArH), 7.23 — 7.21 (m,
2H, ArH), 7.07 (d, J="7.5 Hz, 1H, ArH), 6.83 — 6.81 (m, 2H, ArH), 6.63 (d, J=10.0 Hz, 1H,
—CH=CHCO), 6.33 (d, J=10.0 Hz, 1H, -CH=CHCO), 3.91 — 3.88 (m, 1H, -CHSAr), 3.08 —
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3.06 (m, 2H, —CH>-); ¥C{'H} NMR (125 MHz, CDCls) & 196.1, 169.0, 149.6, 144.5, 143.2,
135.1 (2C), 134.6, 133.0, 132.2 (2C), 130.6, 127.2, 126.2, 122.9, 121.6, 82.5, 53.9, 42.4;
HRMS (ESI, m/z) caled for C1oH1403BrS* [M+H]": 400.9847, found: 400.9865; IR: Vmax/cm™!
2924, 2853, 1774, 1694, 1466, 1264, 1083, 930, 763, 746.

6-[(4-Chlorophenyl)thio]-3'H-spiro|[cyclohexane-1,1'-isobenzofuran]-2-ene-3',4-dione

(3¢)
Colourless wax; Yield: 22 mg, 63%; Ry: 0.14 (n-hexane : ethyl acetate

0
Q /@/C' =8:2); [a]p*® = +17.6; 81% ee; Daicel Chiralpak IK column, n-hexane
<o S : i-PrOH = 70 : 30, Flow rate: 1.0 mL/min; 290 nm, tg = 16.00 min
@O (minor), tr = 20.99 min (major); 'H NMR (500 MHz, CDCl3) § 8.02 —

8.00 (m, 1H, ArH), 7.62 — 7.58 (m, 1H, ArH), 7.53 — 7.50 (m, 1H, ArH), 7.08 — 7.06 (m, 3H,
ArH), 6.90 — 6.87 (m, 2H, ArH), 6.63 (d, J = 10.0 Hz, 1H, -CH=CHCO), 6.33 (d, /= 10.0 Hz,
1H, -CH=CHCO), 3.91 — 3.87 (m, 1H, -CHSAT), 3.08 — 3.06 (m, 2H, -CH>-); 3C{'H} NMR
(125 MHz, CDCls) & 196.1, 168.9, 149.6, 144.4, 143.2, 134.9 (2C), 134.5, 132.9, 131.7, 130.5,
129.2 (2C), 127.2, 126.1, 121.6, 82.4, 54.0, 42.4; HRMS (ESI, m/z) caled for C1oH1403CIS*
[M+H]": 357.0352, found: 357.0362; IR: vma/om ™! 2925, 2854, 1772, 1693, 1476, 1265, 1083,
929, 761, 733.

6-[(4-Fluorophenyl)thio]-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2-ene-3',4-dione
(3d)

0 Colourless wax; Yield: 23 mg, 68%; Ry: 0.14 (n-hexane : ethyl acetate
@\ /©/F =8 :2); [a]p?*6 = +14.2; 73% ee; Daicel Chiralpak IK column, n-hexane
SHe} S : i-PrOH = 70 : 30, Flow rate: 1.0 mL/min; 290 nm, tr = 15.54 min

©_Qo (minor), tr = 20.74 min (major); '"H NMR (500 MHz, CDCl3) § 8.03 —
8.01 (m, 1H, ArH), 7.62 — 7.59 (m, 1H, ArH), 7.55 - 7.52 (m, 1H, ArH), 7.09 — 7.08 (m, 1H,
ArH), 6.96 — 6.93 (m, 2H, ArH), 6.82 — 6.78 (m, 2H, ArH), 6.62 (d, J = 10.0 Hz, 1H, —
CH=CHCO), 6.32 (d, J=10.0 Hz, 1H, -CH=CHCO), 3.85 (m, 1H, -CHSAr), 3.06 — 3.04 (m,
2H, —-CH>-); BC{'H}{"F} NMR (125 MHz, CDCl3) 6 196.3, 169.0, 162.9, 149.7, 143.3, 136.1
(20), 134.6, 132.9, 130.5, 128.3, 127.3, 126.2, 121.6, 116.2 (2C), 82.5, 54.2, 42.4; [’F] NMR
(471 MHz, CDCl3) & —112.0; HRMS (ESI, m/z) caled for C19H14O3FS™ [M+H]": 341.0648,
found: 341.0635; IR: vimax/cm ™! 2918, 2850, 1771, 1692, 1489, 1261, 1083, 929, 749.
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6-[(4-(methylthio)phenyl)thio]-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2-ene-3',4-
dione (3e)
o Colourless wax; Yield: 22 mg, 60%; R¢: 0.11 (n-hexane : ethyl acetate

@\ /©/SMB =8 :2); [a]p?® = +17.2; 84% ee; Daicel Chiralpak IK column, n-

Y Yo S hexane : i-PrOH =70 : 30, Flow rate: 1.0 mL/min; 290 nm, tr =23.01
@o min (minor), tg = 32.15 min (major); "TH NMR (500 MHz, CDCIl3) &
8.02 — 8.00 (m, 1H, ArH), 7.61 — 7.58 (m, 1H, ArH), 7.55 — 7.52 (m, 1H, ArH), 7.12 — 7.11
(m, 1H, ArH), 6.97 — 6.95 (m, 2H, ArH), 6.88 — 6.86 (m, 2H, ArH), 6.62 (d, J=10.0 Hz, 1H,
—CH=CHCO), 6.31 (d, J = 10.0 Hz, 1H, -CH=CHCO), 3.85 (dd, J = 10.5, 8.0 Hz, 1H, —
CHSAT),3.06—3.04 (m, 2H, -CH>-), 2.43 (s, 3H, ArSCH3); BC{'H} NMR (125 MHz, CDCl5)
0 196.4,169.1, 149.8, 143.3, 140.0, 134.6, 134.3 (2C), 132.9, 130.5, 128.9, 127.3, 126.5 (2C),
126.1, 121.7, 82.6, 53.9, 42.5, 15.5; HRMS (ESI, m/z) calcd for CxHi70:S;" [M+H]":
369.0619, found: 369.0601; IR: vmax/cm™' 2925, 2853, 1671, 1603, 1573, 1518, 1478, 1266,
837, 750.

6-[(4-Methoxyphenyl)thio]-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2-ene-3',4-dione
(&2))

o Colourless wax; Yield: 10 mg, 28%; Ry: 0.08 (n-hexane : ethyl acetate
@\ /©/OM6 = 8 : 2); [a]p?® = +17.6; 69% ee; Daicel Chiralpak IF column, n-
SEe} S hexane : i-PrOH = 70 : 30, Flow rate: 1.0 mL/min; 254 nm, tr =20.37

@o min (minor), tr = 23.98 min (major); 'H NMR (500 MHz, CDCl3) &

8.03 — 8.02 (m, 1H, ArH), 7.63 — 7.55 (m, 2H, ArH), 7.14 — 7.12 (m, 1H, ArH), 6.91 — 6.89
(m, 2H, ArH), 6.65 — 6.63 (m, 2H, ArH), 6.60 (d, /= 10.0 Hz, 1H, -CH=CHCO), 6.29 (d, J =
10.0 Hz, 1H, -CH=CHCO), 3.79 — 3.77 (m, 1H, —-CHSAr), 3.75 (s, 3H, ArOCH3), 3.03 — 3.01
(m, 2H, -CH>-); BC{'H} NMR (125 MHz, CDCl3) § 196.7, 169.2, 160.2, 150.0, 143.4, 136.1
(20C), 134.6,132.8,130.4,127.4,126.2,123.4,121.7,114.6 (2C), 82.7,55.5, 54.0,42.5; HRMS
(ESI, m/z) calcd for C20Hi704S* [M+H]*: 353.0848, found: 353.0843; IR: Vmax/cm ™' 2918,
2850, 1771, 1693, 1592, 1493, 1466, 1247, 1083, 929, 829, 762, 690.

6-(Phenylthio)-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2-ene-3',4-dione (3g)

o] Colourless wax; Yield: 20 mg, 62%; R¢: 0.14 (n-hexane : ethyl acetate = 8
@\ : 2); [a]p?® = +15.3; 82% ee; Daicel Chiralpak IK column, n-hexane : i-
Se! S PrOH = 70 : 30, Flow rate: 1.0 mL/min; 254 nm, tr = 15.59 min (minor),

@o tr = 21.90 min (major); "H NMR (500 MHz, CDCls) & 8.00 (d, J = 7.5

S10



Hz, 1H, ArH), 7.59 — 7.55 (m, 1H, ArH), 7.49 — 7.46 (m, 1H, ArH), 7.19 — 7.15 (m, 1H, ArH),
7.11 = 7.06 (m, 3H, ArH), 6.97 — 6.95 (m, 2H, ArH), 6.62 (d, J=10.0 Hz, 1H, -CH=CHCO),
6.32 (d, /= 10.0 Hz, 1H, -CH=CHCO), 3.92 (dd, J=11.0, 6.5 Hz, 1H, -CHSPh), 3.11 — 3.08
(m, 2H, —CH>-); BC{'H} NMR (125 MHz, CDCl3) 8 196.5, 169.1, 149.7, 144.4, 143.4, 134.5,
133.5 (2C), 133.3, 132.9, 130.4, 129.1 (2C), 128.3, 126.1, 121.6, 82.6, 53.8, 42.6 ; HRMS
(ESI, m/z) calcd for Ci9His03S* [M+H]*: 323.0742, found: 323.0735; IR: Vmax/cm ™' 2919,
2851, 1771, 1693, 1466, 1274, 1266, 1083, 929, 763, 749.

6-[(3-Chlorophenyl)thio]-3'H-spiro|[cyclohexane-1,1'-isobenzofuran]-2-ene-3',4-dione
(3h)

o] cl Colourless wax; Yield: 22 mg, 62%; Ry: 0.14 (n-hexane : ethyl acetate = 8
@\ : 2); [a]p?6 = +17.6; 86% ee; Daicel Chiralpak IA column, n-hexane : i-
S PrOH =90 : 10, Flow rate: 1.0 mL/min; 254 nm, tr = 16.23 min (major),

@o tr = 18.95 min (minor); "H NMR (500 MHz, CDCl3) § 8.02 — 8.00 (m,

1H, ArH), 7.61 —7.58 (m, 1H, ArH), 7.47 — 7.44 (m, 1H, ArH), 7.15 - 7.12 (m, 1H, ArH), 7.06
—7.02 (m, 2H, ArH), 6.93 — 6.90 (m, 1H, ArH), 6.76 — 6.75 (m, 1H, ArH), 6.65 (d, J= 9.5 Hz,
1H, -CH=CHCO), 6.34 (d, J = 10.0 Hz, 1H, -CH=CHCO), 3.95 (dd, J = 10.0, 7.5 Hz, 1H, —
CHSAr), 3.11 - 3.09 (m, 2H, ~CH,-); BC{'H} NMR (125 MHz, CDCl:) 5 196.0, 169.0, 149.4,
143.2, 135.4, 134.5, 134.3, 133.0, 132.9, 131.3, 130.7, 130.1, 128.5, 127.2, 126.1, 121.7, 82.3,
54.3, 42.4; HRMS (ESI, m/z) caled for C19H1405CIS™ [M+H]": 357.0352, found: 357.0363;
IR: viay/om™! 2919, 2851, 1772, 1694, 1464, 1265, 1084, 930, 763, 748.

6-[(3-Methoxyphenyl)thio]-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2-ene-3',4-dione
(3i)

o] OMe Colourless wax; Yield: 30 mg, 85%; Ry: 0.08 (n-hexane : ethyl acetate =
@\ 8 :2); [a]p?®=+15.2; 84% ee; Daicel Chiralpak IK column, n-hexane : i-
Qo) S PrOH =70 : 30, Flow rate: 1.0 mL/min; 290 nm, tr = 18.37 min (minor),

@o tr = 25.14 min (major); '"H NMR (500 MHz, CDCI3) § 8.00 — 7.98 (m,

1H, ArH), 7.58 — 7.55 (m, 1H, ArH), 7.50 — 7.47 (m, 1H, ArH), 7.10 — 7.08 (m, 1H, ArH), 7.03
~7.00 (m, 1H, ArH), 6.72 — 6.70 (m, 1H, ArH), 6.63 (d, J = 9.5 Hz, 1H, -CH=CHCO), 6.60 —
6.58 (m, 1H, ArH), 6.45 — 6.44 (m, 1H, ArH), 6.32 (d, J = 10.0 Hz, 1H, -CH=CHCO), 3.97
(dd, J = 10.0, 7.5 Hz, 1H, ~CHSAr), 3.70 (s, 3H, ArOCHs), 3.10 — 3.08 (m, 2H, —-CH>-);
13C{IH} NMR (125 MHz, CDCL) § 196.4, 169.1, 159.6, 149.7, 143.3, 134.4, 134.4, 132.9,
130.4, 129.8, 127.2, 126.0, 125.5, 121.7, 118.4, 114.3, 82.6, 55.4, 53.7, 42.5; HRMS (ESI,

S11



m/z) calcd for C20H1704S™ [M+H]": 353.0848, found: 353.0865; IR: vmax/cm™! 2918, 2850,
1771, 1693, 1592, 1493, 1466, 1247, 1083, 929, 829, 762, 690.

6-[(2-Fluorophenyl)thio]-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2-ene-3',4-dione

(i)
o] Colourless wax; Yield: 20 mg, 59%; Ry: 0.11 (n-hexane : ethyl acetate = 8
: 2); [a]p?® = +16.5; 84% ee; Daicel Chiralpak IK column, n-hexane : i-
S PrOH =70 : 30, Flow rate: 1.0 mL/min; 290 nm, tr = 16.27 min (minor),
o tr = 22.28 min (major); 'H NMR (500 MHz, CDCls) & 7.99 — 7.97 (m,

1H, ArH), 7.55 —7.52 (m, 1H, ArH), 7.44 — 7.41 (m, 1H, ArH), 7.18 — 7.16 (m, 1H, ArH), 7.07
(d,J=7.5Hz, 1H, ArH), 6.94 — 6.91 (m, 1H, ArH), 6.80 — 6.77 (m, 1H, AtH), 6.72 — 6.69 (m,
1H, AtH), 6.62 (d, J = 9.5 Hz, 1H, -CH=CHCO), 6.33 — 6.31 (dd, J = 10.0, 0.5 Hz, 1H, —
CH=CHCO), 4.04 (dd, J = 12.5, 5.5 Hz, 1H, -CHSAr), 3.15 — 3.05 (m, 2H, —-CH>»-);
BC{H}{'®F} NMR (125 MHz, CDCls) § 196.1, 169.0, 162.5, 149.6, 143.3, 135.6, 134.4,
133.0, 130.8, 130.5, 127.1, 126.1, 124.4, 121.5, 120.2, 116.0, 82.4, 51.8, 42.0; ["’F] NMR (471
MHz, CDCls) § —106.3; HRMS (ESI, m/z) caled for C1oH1405FS* [M+H]*: 341.0648, found:
341.0632; IR: via/om ! 2918, 2850, 1771, 1692, 1489, 1261, 1083, 929, 749.

6-(0-Tolylthio)-3'H-spiro|cyclohexane-1,1'-isobenzofuran]-2-ene-3',4-dione (3k)

o Colourless wax; Yield: 13 mg, 39%; Ry: 0.17 (n-hexane : ethyl acetate = 8

Me : 2); [0]p?0 = 12.4; 65% ee; Daicel Chiralpak IK column, n-hexane : i-PrOH
:© =70 : 30, Flow rate: 1.0 mL/min; 254 nm, tr = 14.81 min (minor), tr =

Q_g 21.50 min (major); 'H NMR (500 MHz, CDCls) 5 8.00 — 7.99 (m, 1H,

ArH), 7.58 —7.55 (m, 1H, ArH), 7.50 — 7.47 (m, 1H, ArH), 7.10 — 7.05 (m,
3H, ArH), 6.93 — 6.90 (m, 1H, ArH), 6.85 — 6.84 (m, 1H, ArH), 6.61 (d, J = 10.0 Hz, 1H, —
CH=CHCO), 6.31 (dd, J = 10.0, 1.0 Hz, |H, -CH=CHCO), 3.86 (dd, J = 13.0, 4.5 Hz, 1H, —
CHSAr), 3.20 - 3.05 (m, 2H, ~CH>-), 2.11 (s, 3H, ArCH3); *C{'H} NMR (125 MHz, CDCls)
§ 196.5, 149.8, 143.5, 141.0, 134.5, 134.1, 132.8, 132.6, 130.6, 130.4, 130.1 128.5, 127.2,
126.5, 126.2, 121.6, 82.7, 52.9, 42.6, 20.9; HRMS (ESI, m/z) caled for C20H703S* [M+H]":
337.0898, found: 337.0900; IR: vama/cm™' 2925, 2853, 1671, 1603, 1573, 1518, 1478, 1266,
837, 750.

6-(Naphthalen-2-ylthio)-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2-ene-3',4-dione (31)
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0 Colourless wax; Yield: 23 mg, 64%; Ry: 0.14 (n-hexane : ethyl acetate
@\ = 8:2); [a]p2=+18.9; 84% ee; Daicel Chiralpak IK column, n-hexane
SIS S : i-PrOH = 70 : 30, Flow rate: 1.0 mL/min; 290 nm, trg = 21.81 min

@o (minor), tr = 31.54 min (major); 'H NMR (500 MHz, CDCl;) & 8.03
—8.02 (m, 1H, ArH), 7.75 -7.73 (m, 1H, ArH), 7.60 (d, J= 8.5 Hz, 1H, ArH), 7.57 — 7.55 (m,
1H, ArH), 7.48 — 7.45 (m, 3H, ArH), 7.30 (d, J=2.5 Hz, 1H, ArH), 7.25 — 7.22 (m, 1H, ArH),
7.09 (dd, J = 8.5, 2.0 Hz, 1H, ArH), 6.99 — 6.97 (m, 1H, ArH), 6.62 (d, J = 9.5 Hz, 1H, —
CH=CHCO), 6.32 (d, J = 9.5 Hz, IH, -CH=CHCO), 4.01 (t, J = 8.5 Hz, 1H, -CHSAr), 3.14
(d, J=9.0 Hz, 2H, -CH>-); *C{'H} NMR (125 MHz, CDCl3) § 196.4, 169.2, 149.7, 144 .4,
143.4,134.3,133.2,133.1, 133.0, 132.7, 130.5, 130.0, 128.8, 127.7, 127.3, 126.9, 126.8, 126.0,
121.7, 82.6, 53.7, 42.6, 29.8 HRMS (ESI, m/z) calcd for C23H703S™ [M+H]": 373.0898,
found: 373.0890; IR: vmax/cm ™' 2918, 2851, 1773, 1693, 1466, 1265, 1084, 930, 734, 708.

5'-Chloro-6-(p-tolylthio)-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2-ene-3',4-dione
(3m)

0 Colourless wax; Yield: 24 mg, 65%; Ryg: 0.19 (n-hexane : ethyl
@\ /©/Me acetate = 8 : 2); [a]p?®=+19.8; 89% ee; Daicel Chiralpak IF column,
e} S n-hexane : i-PrOH = 70 : 30, Flow rate: 1.0 mL/min; 254 nm, tr =

@o 13.29 min (minor), tr = 14.75 min (major); 'H NMR (500 MHz,

Cl
CDClL3) 6 7.94 (dd, J=2.0, 1.0 Hz, 1H, ArH), 7.37 (dd, J = 8.0, 1.5 Hz, 1H, ArH), 6.96 — 6.92

(m, 3H, ArH), 6.86 — 6.85 (m, 2H, ArH), 6.59 (d, J= 10.0 Hz, 1H, -CH=CHCO), 6.32 (d, J =
9.5 Hz, 1H, -CH=CHCO), 3.87 (dd, J = 11.5, 6.5 Hz, 1H, ~CHSAr), 3.05 — 3.03 (m, 2H, —
CHx-), 2.29 (s, 3H, ArCHz); BC{'H} NMR (125 MHz, CDCls) § 196.2, 167.7, 147.9, 142.7,
138.8, 136.9, 134.5, 133.6 (2C), 133.3, 129.9 (2C), 129.6, 129.0, 125.9, 122.9, 82.6, 53.9, 42.3,
21.2; HRMS (ESI, m/z) caled for CaoH 605CIS* [M+H]*: 371.0509, found: 371.0502; IR:
vma/em™! 2925, 2854, 1772, 1693, 1476, 1265, 1083, 929, 761, 733.

5'-Methoxy-6-(p-tolylthio)-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2-ene-3',4-dione
(3n)

o Colourless wax; Yield: 8 mg, 44%; Ry 0.19 (n-hexane : ethyl
@\ /©/ Me  acetate = 8 : 2); [a]p?® = +12.3; 64% ee; Daicel Chiralpak IF
S S column, n-hexane : i-PrOH = 70 : 30, Flow rate: 1.0 mL/min; 254

@O nm, tg = 13.98 min (minor), tr = 15.91 min (major); "H NMR (500

MeO
MHz, CDCl3) 6 7.41 (d, J = 2.5 Hz, 1H, ArH), 7.04 (dd, J = 8.5,
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2.0 Hz, 1H, ArH), 6.97 — 6.90 (m, SH, ArH), 6.60 (d, J=10.0 Hz, 1H, -CH=CHCO), 6.28 (d,
J=10.0 Hz, 1H, ~-CH=CHCO), 3.91 (s, 3H, ~OCH), 3.82 (dd, J=10.0, 7.5 Hz, 1H, ~CHSAr),
3.04 — 3.02 (m, 2H, -CH>-), 2.27 (s, 3H, ArCHs); *C{'H} NMR (125 MHz, CDCl3) § 196.7,
169.2, 161.7, 143.8, 142.2, 138.7, 134.0 (2C), 132.8, 129.8 (2C), 129.6, 128.7, 123.1, 122.5,
108.0, 82.5, 56.1, 54.0, 42.5,21.2; HRMS (ESI, m/z) caled for C21H1904S* [M+H]*: 367.1004,
found: 367.1012; TR: vmax/cm™! 2925, 2854, 1772, 1693, 1476, 1265, 1083, 929, 761, 733.

4'-Fluoro-6-(p-tolylthio)-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2-ene-3',4-dione
(30)
Colourless wax; Yield: 8 mg, 23%; Ry 0.08 (n-hexane : ethyl acetate

i Me =8:2); [a]p’®=+12.5;59% ee; Daicel Chiralpak IK column, n-hexane
@\30 : i-PrOH = 70 : 30, Flow rate: 1.0 mL/min; 290 nm, tg = 19.05 min
@ (minor), tr = 24.38 min (major); "H NMR (500 MHz, CDCI3) & 7.49
- (m, 1H, AtH), 7.20 (t, J = 8.4 Hz, 1H, ArH), 6.94 — 6.90 (m, 4H, ArF),

6.87 (d,J=7.5 Hz, 1H, ArH), 6.59 (d, /= 10.0 Hz, 1H, -CH=CHCO), 6.29 (d, /= 9.5 Hz, 1H,
~CH=CHCO), 3.83 — 3.80 (m, 1H, ~CHSAT), 3.02 (d, J = 9.5 Hz, 2H, ~CH,-), 2.26 (s, 3H,
ArCHs); BC{'H}{"F} NMR (125 MHz, CDCl3) & 196.2, 165.0, 159.6, 152.4, 143.7, 142.5,
138.8, 137.0, 133.9 (2C), 133.1, 130.3, 129.9 (2C), 117.6, 117.5, 82.4, 53.6, 42.4, 21.2; {F}
NMR (471 MHz, CDCl5) & —112.7; HRMS (ESI, m/z) caled for C20H60sFS™ [M+H]":
355.0804, found: 355.0813; IR: vmax/cm™' 2918, 2850, 1771, 1692, 1489, 1261, 1083, 929,
749.

(2R,6R)-4'-Fluoro-2,6-bis(p-tolylthio)-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-3'.4-
dione (4b)

o Colourless wax; Yield: 20 mg, 42%; Ry 0.38 (n-hexane :

Me\@\ @\ /@/Me ethyl acetate = 8 : 2); [a]p?® = —6.2; 20% ee; Daicel Chiralpak
RG] : i-PrOH = 70 : 30, Flow rate: 1.0

=<5 IK column, n-hexane :
@O mL/min; 254 nm, tr = 17.09 min (minor), tr = 21.58 min
F (major); '"H NMR (500 MHz, CDCl3) § 7.46 — 7.44 (m, 1H,
ArH), 7.41 — 7.37 (m, 1H, ArH), 7.22 —7.18 (m, 1H, ArH), 7.16 — 7.14 (m, 2H, ArH), 7.09 —
7.07 (m, 2H, ArH), 6.97 — 6.95 (m, 2H, ArH), 6.92 — 6.90 (m, 2H, ArH), 4.08 (dd, J = 13.0,
5.5 Hz, 1H, -CHSAr), 3.55 (dd, /=4.0, 2.5 Hz, 1H, -CHSAr), 3.22 (dd, J=15.0, 4.5 Hz, 1H,
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~CHy-), 3.03 - 2.99 (m, 1H, -CH>-), 2.88 — 2.83 (m, 1H, ~CH>-), 2.63 — 2.60 (m, 1H, ~CHy—
),2.30 (d,J= 3.0 Hz, 6H, 2 x ArCHz); 3C{'H} NMR (125 MHz, CDCls) § 204.3, 164.9, 159.7,
151.1,139.5, 138.7, 135.6, 134.1 (2C), 133.7 (2C), 130.5 (2C), 129.9 (2C), 129.3, 127.3, 121.6,
117.1, 114.9, 87.5, 54.6, 51.5, 46.1, 43.5, 21.3 (2C); {*F} NMR (471 MHz, CDCL3) —114.1;
HRMS (ESI, m/z) caled for Co7H2403FSy" [M+H]": 479.1151, found: 479.1175; IR: Vmax/cm™!
2917, 2850, 1772, 1729, 1466, 1264, 1179, 1088, 1017, 810, 734, 702.

(2R,6R)-6'-Fluoro-2,6-bis(p-tolylthio)-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-3'.4-
dione (4¢)
o) Colourless wax; Yield: 16 mg, 33%; R¢: 0.40 (n-hexane : ethyl
Me@ @\ O M acetate = 8 : 2); [a]p? = —10.5: 44% ce: Daicel Chiralpak IF
F /:/S S s column, n-hexane : i-PrOH = 70 : 30, Flow rate: 1.0 mL/min;
o) 254 nm, tg = 10.12 min (minor), tg = 12.50 min (major); 'H
NMR (500 MHz, CDCl3) 6 7.96 (dd, J=9.0, 5.0 Hz, 1H, ArH), 7.25—-7.21 (m, 2H, ArH), 7.18
—7.16 (m, 2H, ArH), 7.09 — 7.08 (m, 2H, ArH), 6.97 — 6.95 (m, 2H, ArH), 6.86 — 6.85 (m, 2H,
ArH),4.11 —4.07 (m, 1H, -CHSAr), 3.53 —3.52 (m, 1H, -CHSAr), 3.25-3.21 (m, 1H, -CH>—
), 3.06 —3.01 (m, 1H, -CH>-), 2.88 — 2.82 (m, 1H, —-CH>-), 2.64 — 2.60 (m, 1H, -CH>-), 2.30
(d, J=2.5Hz, 6H, 2 x ArCH5); BC{'H}{"?F} NMR (125 MHz, CDCl3); 6 204.2, 167.8, 165.7,
151.4,139.5,138.8, 134.1 (2C), 133.4 (2C), 130.5 (2C), 129.9 (2C), 129.5, 127.8,127.3, 123.2,
118.3,113.3,87.0, 54.6, 51.8, 46.0, 43.4,21.3, 21.2; {F} NMR (471 MHz, CDCl3) § —102.7;
HRMS (ESI, m/z) calcd for C27H2403FS* [M+H]*: 479.1151, found: 479.1143; IR: Vmax/cm™!
2917, 2850, 1772, 1729, 1466, 1264, 1179, 1088, 1017, 810, 734, 702.

Procedure for the enantioselective synthesis of 4a:

o O

‘ C-2 (5 mol%)
+ RZH — > R2" 2 VSR?
(0) 1,4-Dioxane N}
O 2a 4AMS, 1t
o) R? = 4-MeCgH, o)
3a 4a
In a 10 mL reaction tube equipped with a magnetic stirring bar, the isobenzofuranone 1a (1.0
eq., 0.1 mmol) and catalyst C-2 (5 mol%) were stirred in 1,4-dioxane (1.0 mL) in the presence
of 4 A molecular sieves (50 mg) at room temperature. After 5 minutes, thiol 2a (1.0 eq., 0.1

mmol) was added, and the stirring was continued at the same temperature. After 24 hours,

added more of 2a (1.2 eq., 0.12 mmol). On the complete consumption of 1a (indicated by TLC),
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the crude product was directly purified by flash column chromatography (n-hexane : EtOAc =
8 : 2) to afford the products 4a.

(2R,6R)-2,6-Bis(p-tolylthio)-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-3',4-dione (4a)
Colourless wax; Yield: 24 mg, 52%; Ry: 0.39 (n-hexane : ethyl
Me i Me acetate = 8§ : 2); [a]p?® = —20.8; 77% ee; Daicel Chiralpak 1K
\©\s“‘©\s/©/ column, n-hexane : i-PrOH = 70 : 30, Flow rate: 1.0 mL/min;
©_§ 254 nm, tg = 14.50 min (minor), tr = 18.51 min (major); 'H
© NMR (500 MHz, CDCI3) 6 8.00 — 7.98 (m, 1H, ArH), 7.66 —
7.64 (m, 1H, ArH), 7.59 — 7.55 (m, 1H, ArH), 7.43 — 7.40 (m, 1H, ArH), 7.16 — 7.14 (m, 2H,
ArH), 7.08 — 7.06 (m, 2H, ArH), 6.94 — 6.92 (m, 2H, ArH), 6.85 — 6.84 (m, 2H, ArH), 4.10
(dd, J=13.0, 5.5 Hz, 1H, -CHSAr), 3.54 (dd, J = 4.0, 2.5 Hz, 1H, -CHSAr), 3.25 (dd, J =
15.0,4.5 Hz, 1H, -CH>»-), 3.04 — 3.00 (m, 1H, -CH>-), 2.88 (dd, J=15.5, 13.0 Hz, 1H, -CH>—
), 2.63 —2.59 (m, 1H, -CH>-), 2.29 (d, J= 3.0 Hz, 6H, 2 x ArCH3); *C{'H} NMR (125 MHz,
CDCl) 6 204.7, 169.0, 148.7, 139.3, 138.5, 134.1 (2C), 133.7 (2C), 133.3, 130.5 (2C), 130.1,
129.8 (2C), 129.5, 127.6, 127.1, 125.8, 125.5, 87.6, 54.8, 51.7, 46.2, 43.5, 21.3 (2C); HRMS
(ESI, m/z) caled for C27H2503S:" [M+H]*: 461.1245, found: 461.1233; IR: vmax/cm™' 2917,

2850, 1772, 1729, 1466, 1264, 1179, 1088, 1017, 810, 734, 702.

Procedure for synthesis of S from 3a:

0 OH

Me N Me
/©/ NaBH4 (1.5 eq.) /©/
O S B R S
©_<(\) MeOH, rt /:/ (0]
(0] (0]

3a, 92% ee 5,>20:1 dr
In a 10 mL reaction tube equipped with a magnetic stirring bar, the isobenzofuranone 3a (1.0
eq., 0.1 mmol) dissolved in methanol (1.0 mL) at room temperature. Then NaBHa4 (1.5 equiv)
was added, and the stirring was continued at the same temperature. After the complete
consumption of 3a (less than 5 minutes, indicated by TLC), the crude product was directly

purified by flash column chromatography (n-hexane : EtOAc = 8 : 2) to afford the product 5.

(1R,6R)-4-Hydroxy-6-(p-tolylthio)-3'H-spiro[cyclohexane-1,1'-isobenzofuran]-2-en-3'-
one (5)
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OH Colourless wax; Yield: 30 mg, 89%; Ry: 0.12 (n-hexane : ethyl acetate
/©/Me =7 :3); [a]p?® = +25.7; 89% ee; Daicel Chiralpak IF column, n-
o S hexane : i-PrOH = 70 : 30, Flow rate: 1.0 mL/min; 254 nm, tr = 16.55
@O min (major), tr = 18.68 min (minor); 'H NMR (500 MHz, DMSO-
ds) 6 7.86 (d, J=17.5 Hz, 1H, ArH), 7.68 — 7.65 (m, 1H, ArH), 7.61 —7.57 (m, 1H, ArH), 7.49
(d, J=17.5Hz, 1H, ArH), 7.01 — 6.95 (m, 4H, ArH), 6.11 (d, J=10.0 Hz, 1H, -CH), 5.47 (d,
J=10.0 Hz, 1H, -CH), 5.30 (d, /= 6.0 Hz, 1H, —-OH), 4.40 — 4.37 (m, 1H, -CHOH), 3.82 (dd,
J=13.5,3.0 Hz, 1H, -CHSAr), 2.34 - 2.30 (m, 1H, -CH>-), 2.22 (s, 3H, ArCH3), 1.85 - 1.78
(m, 1H, -CH>-); BC{'H} NMR (125 MHz, DMSO-ds) 6 169.2, 151.4, 139.9, 137.1, 134.6,
132.2 (2C), 129.9 (2C), 129.6 (20), 126.5, 124.7, 124.5, 122.2, 84.3, 65.7, 51.0, 37.3, 20.6;
HRMS (ESI, m/z) calcd for C20H1903S™ [M+H]*: 339.1055, found: 339.1059; IR: Vmax/cm™!
3362, 2918, 2850, 1738, 1466, 1262, 931, 763, 750.

Procedure for synthesis of 6 from 3a:
0

0
. s/©/ . © C-2 (5 mol%), 4A MS S° TS
N o

@O Br

- > NERL®)
1,4-Dioxane, rt
O

3a, 92% ee 6, >20:1 dr

In a 10 mL reaction tube equipped with a magnetic stirring bar, the isobenzofuranone (3a, 1.0
eq., 0.1 mmol) and catalyst C-2 (5 mol%) were stirred in 1,4-dioxane (2.0 mL) in the presence
of molecular sieves at 24 °C. After 5 minutes, 4-bromothiophenol (1.0 eq., 0.1 mmol) was
added, and the stirring was continued at the same temperature. After the complete consumption
of 3a (indicated by TLC), the crude product was directly purified by flash column
chromatography (n-hexane : EtOAc = 8 : 2) to afford the product 6.

(IR,2R,6R)-2-[(4-bromophenyl)thio]-6-(p-tolylthio)-3'H-spiro[cyclohexane-1,1'-isoben-
zofuran]-3',4-dione (6)

o} Colourless wax; Yield: 38 mg, 72%; Ry: 0.40 (n-hexane: ethyl
Br\@\ @ /@Me acetate = 8 : 2); [a]p?® = —14.8; 84% ee; Daicel Chiralpak IF
S o S column, n-hexane : i-PrOH = 70 : 30, Flow rate: 1.0 mL/min;
@o 254 nm, tg = 13.32 min (minor), tr = 17.45 min (major); 'H
NMR (500 MHz, CDCl3) é 8.01 — 7.99 (m, 1H, ArH), 7.59 — 7.56 (m, 2H, ArH), 7.42 —7.38
(m, 3H, ArH), 7.11 — 7.10 (m, 2H, ArH), 6.95 — 6.93 (m, 2H, ArH), 6.85 — 6.84 (m, 2H, ArH),

S17



4.07 (dd, J = 12.5, 5.5 Hz, 1H, ~CHSAT), 3.60 (dd, J= 4.5, 2.5 Hz, 1H, ~-CHSAr), 3.29 (dd, J
=15.0, 4.5 Hz, 1H, ~-CH>-), 3.05 — 3.00 (m, 1H, ~CHy-), 2.89 (dd, J = 15.5, 13.0 Hz, 1H, —
CHy-), 2.61 —2.57 (m, 1H, -CH>-), 2.29 (s, 3H, ArCHz); *C{'H} NMR (125 MHz, CDCl;) §
204.3, 168.8, 148.5, 138.6, 135.0 (2C), 133.7 (2C), 133.4, 132.8 (2C), 130.4, 130.2, 129.9 (2C),
129.3, 127.1, 125.9, 125.3, 123.4, 87.3, 54.6, 51.8, 46.2, 43.6, 21.2; HRMS (ESI, m/z) calcd
for C26H2203BrS,* [M+H]*: 525.0194, found: 525.0181; IR: vimax/em ™' 2922, 1770, 1718, 1466,
1251, 1086, 1008, 944, 809, 733, 692, 496.
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TH-NMR (500 MHz, DMSO-dg)
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HPLC Chromatograms:

Sample ID: TC 575B
Acq. method: Chiralpak IA column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30
DAD1B,Sig=254,4 Ref=off
s RT Area% Area
801 16,00 50,73 3087.990
™ a1 4927 2999179
60
2 504
401
304
204
101 S N
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
Time [min]
Sample ID: TC 596B
Acq. method: Chiralpak IA column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30
DAD1B,Sig=254,4 Ref=off
100
o RT Area% Area
801 16.78 95.74 981,457
™ 1870 4.26 43.655
601
2 50
401
30
20
104
s, T T T T T T T T T T
10 11 12 13 14 15 16 17 18 19 20
Time [min]
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Sample ID:

Acq. method:

TC 685

Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30

DAD1H,Sig=290,4 Ref=off
0

90 7.985
RT Area% Area
801
17.99 49,93 249,778
704 3.794
Br
6o 23,79 50,07 250,515 @\ @/
=2 3 S
2 504 S
407 : g\o (+)-3b
307
20
104 N .
o T T T T T T T T T T T T T T T T T T T
10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Time [min]
Sample ID: TC 673r
Acq. method: Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA=70: 30
DAD1B,Sig=254,4 Ref=off
3.281
%1  RT Area% Area
801 o
17.62 4,32 9.393 Br
! 9
60 23.28 95.68 208.089 < s
® 50 @
0
404 3b
30
o 7.618
1 ;/LTAL~/‘\ ; 1
1 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Time [min]
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Sample ID:

Acq. method:

PS01 B

Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30

DAD1H,Sig=290,4 Ref=off

100-
1 RT
801
16.73
701

s 2208

501

%

404
30
20
104

Area%

49.60

Area
119.784 o
50.40

121.694

Sample ID:

Acq. method:

-

T T T T T T T T T T T T T T T
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Time [min]

T T T
10 11 12 13

e
[
o
~-
=]
©o

TC 703

Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30

DAD1H,Sig=290,4 Ref=off

100

90
80
704
60
50
401
30
20

[[vs MY A

O

RT
16,00

20.99

Area%

9.45

Area
19,128

90.55 183.198

T T T T T T T T T T T T T T T
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Time [min]

T T
12 13
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Sample ID:

Acq. method:

PS 4-F rac spot B

Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30

DAD1H,Sig=290,4 Ref=off

100

RT
15,50
20.70

%
o
T

Area%

50.18
49,82

Area
124,760
123.867

5.497

0.703

o
©-

Sample ID:

Acq. method:

TC 707B

16 17
Time [min]

18 20 21 22 23

Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30

100

DAD1H,Sig=290,4 Ref=off

24

25

90
80
704
60
2 501
401
301
201
10

[y,

RT
15.54

20.74

Area%
13,69

86.31

Area
49,878

314.446

5.537

0.741

10

T
17

18
Time [min]
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Sample ID:

Acq. method:

TC 692B

Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30

DAD1H,Sig=290,4 Ref=off
0

90- 2.894
RT Area% Area o]
80
o 2280 4943 285255 @/SMS 5 060
> S

el 3207 50.57  291.856 5%
® 504 C) QO

401 (*)-3e

30

20

104 1

T
[ T T T T T T T T T T T T T T T T T T T T T T T T T T
8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 3t
Time [min]
Sample ID: TC 721
Acq. method: Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30
DAD1H,Sig=290,4 Ref=off
90 o 2.150
RT Area% Area SMe
80
23.01 8.19 154.463 S/©/
70+ <
g0l 3215 91.81  1730.948 @
e}

= 504 3e

407

304

201 Kuoe

104 1 1

T T
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Time [min]
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Sample ID:

TC 837

Acq. method: Chiralpak IF column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30
DAD1B,Sig=254,4 Ref=off
o4 RT Area% Area
1.067
80 21.07 34,80 1478.600
7 2525 6520  2769.945
60
32 501
404
301
201
104 T
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Time [min]
Sample ID: TC 725
Acqg. method: Chiralpak IF column, Flow rate: 1.0 mL/min, Hexane : IPA =70: 30
DAD1B,Sig=254,4 Ref=off
a4 RT Area% Area
801 20.37 15.51 737.808
™ 2308 84.49  4019.431
60
= 50
40 0.368
30
20
10-\/\ N
0 T T L} T T L) T T T T T L T T T T T T T T
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Time [min]
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Sample ID:

TC 690Repeat

Acq. method: Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30
DAD1B,Sig=254,4 Ref=off
o 6.336
RT Area% Area
80+
16.34 50.28 2185,783 o
709 2.857
50+ 22.86 49.72 2161.154 @
RO
: a3
40
(+)-3¢°
304
20
I W
10 A |
T T7¥TTTT T—7T T TT—T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Time [min]
Sample ID: TC 722R
Acq. method: Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30
DAD1B,Sig=254,4 Ref=off
100
o RT Area% Area 1.898
80 15.60 10.72 327.306 o
™ 2190 89.28  2725.647
60+
LS
= 50 @_{3
404
390
307 5.595
20
104 ; .
O T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Time [min]
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Sample ID:

Acq. method: Chiralpak IA column, Flow rate: 1.0 mL/min, Hexane : IPA=90: 10
DAD1B,Sig=254,4 Ref=off
oo 5.509
RT Area% Area o}
80H 7.950
15.51 50.38 301.003 /@\
70
S Cl
el 1795 4962 296,407 =g
52 50 C) &o ()-3h
404
304
204
104 ,
o T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20
Time [min]
Sample ID: TC 695
Acq. method: Chiralpak IA column, Flow rate: 1.0 mL/min, Hexane : IPA =90 : 10
DAD1B,Sig=254,4 Ref=off
0
oo 6.229
RT Area% Area
801 o]
16.23 92,85 1355.783
! QL
6o 18.95 7.15 104.406 o< al
= 50 @
401 3n°
301
201 8.951
104 . 1 A'Al;
o T T T T T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 0 1M 12 13 14 15 16 17 18 19 20
Time [min]

D 3-Cl Rac
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Sample ID: DS 3-OMe Rac
Acq. method: Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30

o DAD1TH Sig=2904 Ref=off

so{ RT Area% Area ﬁﬂ.ﬁ\‘m
8071 18.63 5294  866.126 ” o

1 2551 47.06  769.857 \ /@\
60 \ . S OMe

40 0 f l'
|\ (2)-3i \
304 \ ( |
!
20 [ / \
—— e~ _,If'l AV _ : J \_ 1 —
S 10 11 12 13 12 15 1 17 18 19 20 21 2 23 24 25 25 2 28 2
Time [min]
Sample ID: TC 696R
Acq. method: Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30
DAD1H,Sig=290,4 Ref=off
100
oo 5.143

RT Area% Area o

801
18.37 8.08 140.248 /@\
71 R OMe
60+ 25.14 91.92 1594.951 @
o

2 509 3
40
301
204 8.373
104 Ik . 1
O T T T

T T T T T T T T T T T T L) T T L) U T | T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Time [min]

S69



Sample ID: DS 2F rac

Acq. method: Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30
DAD1H,Sig=290,4 Ref=off
90 6.652
RT Area% Area
80
16.65 50,59 140.402 o
70
2.935
el 2294 4941 137131 SQ
2 501 @_@ F
401 o
(£)-3j
30
20
10'_‘—_.«\'-L\—»———v —
T
—T—T—T— T T T T T T 7T T T T T T
i1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Time [min]
Sample ID: TC 694R
Acqg. method: Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30
DAD1H,Sig=290,4 Ref=off
100
oo 2.278
RT Area% Area o
80
16,27 8.12 53,659 /@
70
S
60- 22.28 91.88 607.335 : (o) £
= 504 3 0
401
30
20 6.265
101 AN\
T
+r—"TTT7T7"—T7T— """’ T"T——T7"——T"T——T7 T 71T 17
1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Time [min]

S70




Sample ID: DS 2-Me Rac

Acq. method: Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA=70: 30

DAD1B,Sig=254,4 Ref=off
100

4.996 RT

15.00

90
801
70+
60

2 507

1.81 21.82

401
30+
20
1

Area%
49,87

50.13

Area
1105.920

1111.484

19 20 21 22 23 24

Time [min]

T
18

Sample ID: TC 693

Acqg. method: Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30

DAD1B,Sig=254,4 Ref=off

25 26 27 28

29

100

1  RT

14.81

Area%

17.32

Area o
80

70
60
501 o

206.327

21.50 82.68 985.051

%

401 4,806
307
201

104

1.503

T T T T T T T
14 15 16 17 18 19 20

Time [min]

T T T
1 12 13
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22 23 24 256 26
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Sample ID:

PS06B

S72

Acq. method: Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30
0 DAD1H,Sig=2904 Ref=off
o4 RT Area% Area f 1.530
801 21,53 45,30 377.010 f \ o ﬂl.z%
1 31,22 54.70 455.291 } J
60 \ A [
- o | O A
a0 o || |
\ (#)-31 \
307 \ Jf |II|I
20 || | | \
N - JoA N IS VR
D T T T T T T T T T T T T T T T T T T T T T T T
0 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3 32 33 34
Time [min]
Sample ID: TC708Br
Acq. method: Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30
DAD1H,Sig=290,4 Ref=off
100
1.541
1 RT Area% Area
80 o
21.81 7.78 71.871
704
e 3154 92.22  851.938 @\S
+ g
= 50 O
0
40 3l
30
M /ﬁ? 6
10 1
T T
[} T T T T T T T T T T T T T T T T T T T T T T T T
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
Time [min]




Sample ID:

TC 812B

Acq. method: Chiralpak IF column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30
DAD1B,Sig=254,4 Ref=off
100
o RT Area% Area 3.268 o
801 1327 49,37 1116.444 4.878 Me
™ 1438 50.63 1145053 S s/©/
- o
2 501 o
cl
40 (#)-3m
304
204
I U WSUSY N
10 — }
G T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time [min]
Sample ID: TC 805B
Acqg. method: Chiralpak IF column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30
DAD1B,Sig=254,4 Ref=off
100
s RT Area% Area
807 13.29 5.66 149,373 (o}
701 Me
1475 9434 2489.678 /©/
60 Vs
At O
2 501 @
404 o
cl 3m
30
20
101 A
o, T T T T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time [min]
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Sample ID:

Acq. method:

TC 818B

Chiralpak IF column, Flow rate: 1.0 mL/min, Hexane : IPA=70: 30

DAD1B,Sig=254,4 Ref=off

100
o RT Area% Area 8972
807 1397 50.61 384,932 5.961 o
704 ’ Me
15.96 49,39 375.697 /©/
60 S

%

501
401

301

Sample ID:

ho=

Acq. method:

-

b-
o
o
-~

TC 815B

10

oo
-

11 12 13 14 15 16 17 18 19

T T T T T T T T T
20 21 22 23
Time [min]

Chiralpak IF column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30

DAD1B,Sig=254,4 Ref=off

24

901
801
704
60
50
40

%

30
20

RT

13.98

15.91

Area%
17,82

82,18

Area
213,243

983.693

5.912

3.982

=

-

N

-
o
~-

oo
=

T
10

11 12 13 14 15 16 17 18 19
Time [min]

20 21 22 23
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Sample ID:

Ps24

Acq. method: Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30
. DAD1H,Sig=2904 Ref=off
a4 RT Area% Area Kg-“ﬁg
801  19.49 49,98 1020.802 r o
704 Me 5.001
25,00 50,02 1021,585 /©/ H
604 \ S || \
)
= 501 @ I ||
401 l 0
F (£)-30 f \
30 / || ) |
20 f \,\ _f l"\
W A IJ W, N
D T T T T T T T T T T T T U T T T T T T T T T T
5 5] 7 8 9 10 1M 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Time [min]
Sample ID: TC 732
Acq. method: Chiralpak IK column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30
DAD1H,Sig=290,4 Ref=off
o RT Area% Area 4.382 o
80 19.05 20,55 84,725 /©/Me
™ 2438 79.45  327.530 S s
60 \ 0
2 50 o)
40 9.047 F 30
30
20
104 T . 1
s, T T T T T T T T T T T T T T T T T T T
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Time [min]
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Sample ID: DS TC F-dithiol 4-me rac

Acq. method: Chiralpak |k column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30
DAD1B, Sig=254 4 Ref=off
100
w{ RT Area% Area 7.705
81 17.70 50.10 1051.164 Q
Me Me 288
"™ 2229 4950  1046.922 \©\ . /©/
&0 SUN S
NS
# 501
401 o]
F (x)-4b
m_
204
10 _/\ r L '
11 12 13 14 15 18 17 18 19 20 21 22 23
Time [min]
Sample ID: Tc 795A
Acq. method: Chiralpak Ik column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30
DADB, Sig=254.4 Ref=off
100
o4 RT Area% Area 1.579
7.085
80 17.09 40.09 711.043 o
™ 2188 5991  1062.630 Me Me
o L
& 50 N o s
m-
o)
30+ F 4b
m-
10 - L -
1 12 13 14 15 16 17 18 19 20 2 22
Time [rmin]
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Sample ID: TC 802
Acq. method: Chiralpak IF column, Flow rate: 1.0 mL/min, Hexane : IPA=70: 30
DAD1B,Sig=254,4 Ref=off
100
9o RT Area% Area 0.142
807  10.14 50.47 375.904
70

49.53

368.975

Me Me
2.530 \©\ /@/
s S

601 Fm
2 50 [}
(+)-4c
40
304
204
101
o] T T T T T T T T T T T T T T T T T T T T T
i 2 3 4 5 8 7 8 9 10 11 12 13 14 15 18 17 18 19 20 21 22 23 24
Time [min]
Sample ID: TC 789A
Acq. method: Chiralpak IF column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30
DAD1B,Sig=254,4 Ref=off
100
o1 RT Area% Area 2499
801 10.12 28.28 85.185 o
™ 1250 7172 216.038 Me\©\ /©/Me
IR S
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time [min]
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Sample ID: TC529A
Acq. method: Chiralpak |K column, Flow rate: 1,0 mL/min, Hexane : [PA = 70 : 30

DAD1R, Sig=254.4 Ref=off

100

g1 RT Area% Area 4,185
o)
80 14.19 50,92 947,379
™ 1819 49,08 913,283
B0
# 504
40+
30
20
104
T T T T T T T T T
10 i 12 13 14 15 16 17 18 19
Time [rmin]
Sample ID: TC 705
Acq. method: Chiralpak |K column, Flow rate: 1,0 mL/min, Hexane : [PA =70 : 30
DAD1B,Sig=254,4 Ref=off
100
a1 RT Area% Area o 8.509
Me Me
B0 14,50 11,68 141,128 \©\ /©/
L EETY 8832  1066.892 S
= 5 (6]
50 4a
40+
307 4,500
20 /\
10 ; ! - |
U T T T T T T T T T T
10 11 12 13 14 15 16 17 18 19 20
Time [min]
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Sample ID:

Acq. method:

TC 748

Chiralpak IF column, Flow rate: 1.0 mL/min, Hexane : IPA =70 : 30

DAD1B,Sig=254,4 Ref=off

90
801
701

RT

17.19

Area%

49.33

Area

224170 9.451

50.67

230.282

601 Q
AN 0
2 501 @
e}
40 ()5
30
20
104
o T T T T T T T T T T T T T T
10 1 12 13 14 15 16 17 18 19 20 21 22 23 24
Time [min]
Sample ID: TC 836
Acq. method: Chiralpak IF column, Flow rate: 1.0 mL/min, Hexane : IPA =70 :30
0 DAD1B,Sig=254.4 Ref=off
901 RT Area% Area &6-552
OH
80 16.55 94,37  529.008 [ Me
| g
18.68 5.63 31.551 ; RS
o0 | O
= 50 | \ s °
401 Ji ll\
30+ f \
\
201 / \ 8.679
ol N, R
D T T T T T T T T T T T T T
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time [min]
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Sample ID:

Acq. method:

TC 749r2

Chiralpak IF column, Flow rate: 1.0 mL/min, Hexane :

DAD1B,Sig=254,4 Ref=off
0

IPA=70:30

RT

Y%

o

=}
I

14,39
18.54

Area%
50,23
49,77

Area

, \ @ @@ f\

(*)- 5

S\ J,.-l\w\

193.593
191.837

Sample ID:

co-

Acq. method:

TC 778

Chiralpak IF column, Flow rate: 1.0 mL/min, Hexane :

DAD1B,Sig=254,4 Ref=off
0

10 11 12 13 14 15 16 17 18 19
Time [min]

IPA=70:30

RT
13.32

17.45

Area%
8.35
91,65

Area
196.344
2154,258

(0] K?IMg
Br\©\s\\. ‘. S/©/Me / '|||I
4

|
6 0 ’\n

2320 |
o Y AANY b\_/\w/’ .

oo

o

16 17 18 19
Time [min]
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Single Crystal X-ray Data of 3b:

57T Y

- (120922)

™ PLATON-Nov 23 11:21:10 2022

172 cu TC 673 0ma P 212121 R=0.03

Prob = 50
Temp = 100
Brl
V)
c5
RES= 0-102 X

cu TC 673 0m_a

Table 1 Crystal data and structure refinement for
cu_TC_673_0m_a.

Identification code cu_TC_673 Om_a
Empirical formula C19H13BrOsS
Formula weight 401.26
Temperature/K 100(2)

Crystal system orthorhombic
Space group P2,2,2y

alA 7.6268(5)

b/A 9.3115(7)

clA 24.2573(18)

al° 90

Bl° 20

v/° 90

Volume/A3 1722.7(2)

VA 4

Pealcd/cm3 1.547

w/mm-t 4.504

F(000) 808.0

Crystal size/mm3 ?7x?x7?
Radiation CuKa (A =1.54178)
20 range for data collection/° 7.288 to 133.008
Index ranges 9<h<9,-10<k<11,-28<1<22
Reflections collected 15973

Independent reflections 3008 [Rjn = 0.0511, Rsjgma = 0.0335]

Data/restraints/parameters ~ 3008/0/217
Goodness-of-fit on F2 1.076

Final R indexes [I>=2c (I)] Ry =0.0252, wR; = 0.0632
Final R indexes [all data] ~ Ry =0.0261, wR; = 0.0641

Largest diff. peak/hole / e A-30.61/-0.38
Flack parameter 0.139(10)
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Table 2 Fractional Atomic Coordinates (X 104) and Equivalent Isotropic
Displacement Parameters (AZXI03) for cu_TC 673 _Om_a. Ugq is
defined as 1/3 of of the trace of the orthogonalised Uyy tensor.

Atom

Brl
S1
01
02
03
C1
Cc2
C3
C4
C5
C6
Cc7
C8
Cc9
c10
Ci11
C12
C13
C14
C15
C16
C17
C18
C19

X

3138.2(5)
10410.8(10)
10722 (3)
10709
11321

8379
7126
5560
5282
6502
8061
9667
9235

9408

10394
11026
10258

8382
7749
7337
5597
4932

(
(3
(
(
(5
(4
(5
(
(
(4
8949 (
(4
(
(
(4
(
(4
(4
(
(4
6000 (4

4)
4)
5)
)
5)
4)
5)
)
)
4)
)
5)

)

y
9615.5 (4

6112.6(8
3608 (3
1393 (3
4770 (3
7052 (3
6926 (4
7672 (4
8569 (3
8710 (4
7950 (3
4278 (3
3476 (4
1898 (4
1247 (4
1977 (4
3477 (4
4445 (4
4785 (4
4184 (3
5613 (4
5788 (4
5159 (4

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
4347 (4)

4

U(eq)
34.59(14)
19.25(18)

22.1(5)

33.4(6)

29.7(6)

18.7(6)

21.6(7)

23.4(7)

23.3(7)

22.8(7)

19.7(6)

16.5(6)

19.2(7)

23.9(7)

24.0(7)

24.5(7)

23.0(7)

20.9(7)

20.3(7)

19.0(7)

25.2(7)

27.5(8)

27.5(8)

1

23.

Table 3 Anisotropic Displacement Parameters (A2X103) for cu_TC_673 Om_a. The

Anisotropic displacement factor exponent takes the form:
-2m2[h2a*2U  +2hka*b*Uyp+...].

Atom

Brl
S1
01
02
03
Cl
C2
C3
C4
C5
C6
C7
Cc8
Cc9
C10
C11
C12
C13
Cil4
C15
C16
C17
C18
C19

27.
19.

17)
16)

Un
36.7(2)
19.1(3)

19.5(11)
45.9(16)
24.6(12)
23.1(15)
31.3(18)
29.3(17)
27.8(16)
31.7(18)
26.2(16)
17.6(14)
17.4(15)
25.4(16)
24.3(16)
23.9(16)
23.5(16)
24.1(16)
21.3(15)
20.4(16)
29.3(17)
1(
1(
0(

19.

15)

Uy
39.6(2
20.8(4

28.
31.
47.
18.

21

24

28

32

33.

9(12
7(13
9(15
3(14

.2(15
26.
21.
20.
18.
18.

)
)
)
)
)
)
)
1(17)
7(15)
4(15)
3(14)
5(15)
)
)
)
)
)
)
)
)
)
)
)
)

.6(16
22.
20.
26.

3(16
4(1le
2(17

.1(18
28.
25.
22.

0(17
6(16
0(le

.2(18
35.

9(19
0(2
1(19
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Uy
7.25(17
-0.7(3

-2.

6.
-4.
-2.

-6.
-2.
-0.
-0.
-5.
-5.
-3.
-2.
-0.
-3.
-1.

7(10
7(11
5(12
9(12
.2(12
.6(13
.1(14
.2(13
L7(12
.8 (12
.5(13
0(14
2(15
8 (15
8(14
7(13
3(13
6(12
1(14
7(15
8(le
2(15

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

Uss

Upa
18.60(17)
-2.3(3)
1.7(9)
8.5(12)
—4.4(11)
-1.2(13)
3.1(15)
4.5(15)
6.0(13)
1.5(15)
—4.2(14)
1.2(12)
-1.7(13)
0.8(14)
3.3(14)
8.7(15)
3.2(14)
-1.7(15)
-4.6(14)
-2.2(12)
-5.2(15)
1.4(15)
0.0(14)
-4.0(14)



Table 4 Bond Lengths for cu_TC_673_0m_a.
Atom Atom Length/A

Brl
S1
S1
01
01
02
03
C1
C1
C2
C3
C4
C5
Cc7

C4
C1
Cc7
C13
C8
c1u
C13
Cc2
C6
C3
C4
C5
C6
C12

.906 (3

e e e e e e e e
()
o
o

Table 5 Bond Angles for cu_TC_673_0m_a.
Angle/®
101.31(14)

Atom Atom Atom
Ci1 s1 cC7
C13 01 C8
c2 C1 C6
c2 C1 s1
cé6e Ci1 s1
C3 C2 cC1
C2 C3 cC4
C5 C4 cC3
Cs C4 Brl
C3 C4 Br1
C4 C5 C6
Cs5 C6 C1
C12 C7 C8
C12 C7r s1
cg8 C7v s1
0Ol C8 Ci15
01 C8 (9
Ci5 C8 (9
01 C8 C7
Ci5 C8 C7

110.
119.
121.
118.
120.
119.
121.
119.
118.
118.
120.
112.
109.
112.
103.
107.
113.
109.
111.

2(2)
8(3)
7(2)
5(2)
2(3)
0(3)
9(3)
3(2)
7(3)
8(3)
2(3)
1(3)
4(2)
9(2)
4(3)
5(3)
7(3)
3(2)
6(3)

C7 C8
C8 Ci15
Cc8 (9
Cc9 Cl0
C10 Ccu11
Cl1 C12
C13 Cl14
C14 C15
Cl4 Cl6
C15 C19
Cl16 C17
C17 C18
Cc18 C19
Atom Atom Atom
c9 C8 cC7
Ci0 C9 cC8
Cc9 Clo Ccnn
02 Cil1 C10
02 Cl1 C12
C10 Ci1 cC12
Cl1 Cc12 cC7
03 Ci13 01
03 Ci13 C14
01 Ci13 C14
Cl15 Cl14 Ci6
Cl5 C14 cC13
Cl6 Cl14 cC13
Cl14 Ci15 C19
Cl4 Ci5 cCs8
C19 Ci5 cs8
Cl17 Cle Ci4
Cl6 C17 Ci18
C17 C18 C19
Ci15 C19 Ci18

S83

Atom Atom Length/A

e e e e

Angle/®

110.
123.
122.
121.
121.
116.
110.
121.
130.
108.
122.
108.
129.
121.
109.
129.
116.
121.
121.
117.
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Table 6 Torsion Angles for cu_TC_673 0m_a.
A B C D

Cc7
c7
C6
S1
C1
Cc2
Cc2
C3

S1
S1
C1
C1
Cc2
C3
C3
C4

Brl C4

C4
Cc2
S1
C1
C1

C5
C1
C1
S1
S1

C1301
C1301
C1301
c12c7

S1

c7

ci12c7

S1

C7

C12C7

S1

Cc7

01 C8
C15C8

Cc7
C8

C8
C9

C1
C1
C2
C2
C3
C4
C4
C5
C5
C6
C6
C6
c7
Cc7
C8
C8
C8
C8
C8
C8
C8
C8
C8
C9
C9
C9

Cc2
C6
C3
C3
Ca
C5
Brl
C6
C6
C1
C5
C5
C12
C8
C15
C9
c7
o1
01
C15
C15
C9
C9
C10
C10
C10

ClocC11
C9 C10C1102

Angle/®

52.
-128.
0.
180.
-1.
1.
-179.
-1.
179.
0.
-0.
-179.
-148.
86.

127.
-112.
-72.
51.
173.
-62.
45.
169.
105.
-141.
-14.
-6.
175.
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Table 7 Hydrogen Atom Coordinates (AX104) and
Isotropic Displacement Parameters (A2X103) for

cu_TC_673_0m_a.
Atom

H2
H3
HS
H6
H7
H9
H10

H12A
H12B

H16
H17
H18
H19

X

7346.
4689.

6275
8915

8563.
8413.
9085.
12149.
11233.
7795.
4843.
3729.

5552

72
99
.38
.56
18
67
05
87
03
64
99
39
.46

y

6325.
.79

7570

9315.
8039.
.72
.28

270.
3426.

4330
1338

92

87

92

65
94

4005.1

6038.
6346.
5284.
3924.

S84

07
83
81
84

A B C D Angle’
C9 ClocC11cC12 -5.8(5)
02 Cl1C12C7 -144.5(3)
ci0cCliciacy 36.8(4)
C8 C7 C12Cl11 -57.0¢(4)
S1 C7 Cl12Cl1l1 177.0(2)
C8 01 C1303 175.0(3)
C8 01 C13C14 -5.4(3)
03 C13C14C15 -179.0(3)
01 C13C14cC15 1.5(4)
03 Cl13C14Cl6 -1.5(6)
01 C13C14Cl16 178.9(3)
C16C14C15C19 1.7(5)
C13C14C15C19 179.3(3)
C16C14C15C8 -174.8(3)
C13C14C15C8 2.9(4)
01 C8 Ci5C14 -5.9(3)
C9 C8 C15C14 -122.1(3)
C7 C8 C15Cl14 111.5(3)
Ol C8 C15C19 178.1(3)
C9 C8 Ci15C19 61.8(5)
C7 C8 C15C19 -64.6(4)
Cl15Cl14C16C17 -1.2(5)
C13C14C16C17 -178.4(3)
C14C16C17C18 -0.1(5)
C16C17C18C19 1.1(6)
C14C15C19C18 -0.7(5)
C8 C15C19C18 174.9(3)
C17C18C19C15 -0.6(5)
b4 U(eq)
4781.75 26
4713.78 28
3262.67 27
3322.82 24
4425.06 20
3489.99 29
4291.59 29
4347.08 28
4898.8 28
2206.88 30
2457.2 33
3250.18 33
3838.31 28



