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1. General

All iridium- and rhodium-catalyzed reactions were performed in glove box under an atmosphere
of nitrogen with magnetic stirring. Other reactions were also carried out under an atmosphere of
nitrogen with magnetic stirring unless otherwise noted. Materials were weighted by an electric
balance, Sartorius CPA225D or Shimadzu AP225WD (readability: 0.01 mg). Column
chromatography was performed with SiliaFlash (SILICYCLE, pH 7.0, 40-63 um, 60 A) or
Chromatolex NH-DM2035 (Fuji Silysia Chemical, 60 pm, 120 A). Latter was used mainly for
purification of silyl enol ethers and products bearing a silyloxy group. Supercritical fluid
chromatography (SFC) was performed by Jasco Analytical SFC system (PU-2080-CO,Plus, PU-
2080Plus, CO-2060Plus, AS-2059Plus, UV-2075Plus, CD-2095Plus, and BP-2080Plus) and Jasco
Analytical SFC system (PU-4380, PU-4185, CO-4065, AS-4350, UV-4075, CD-4095, and BP-
4340). '"H NMR spectra were recorded on a Varian 400-MR (399.89 MHz), JEOL JNM-ECZ400S
(399.89 MHz), and JEOL JNM-ECA600P (600.17 MHz) spectrometers. '3C NMR spectra were
recorded on Varian 400-MR (100.55 MHz), JEOL JNM-ECZ400S (100.55 MHz), and JEOL JNM-
ECA600P (150.91 MHz) spectrometers. For "H NMR spectra, chemical shifts (§) were reported
relative to residual CHCI3 (8 7.26 ppm) in CDCIl3 or CsHe (8 7.16 ppm) in C¢Ds. For *C NMR
spectra, chemical shifts (d) were reported relative to CDCI3 (8 77.16 ppm) or CeDs (6 128.06 ppm).
Following abbreviations were used for multiplicity: s = singlet, d = doublet, t = triplet, q = quartet,
and m = multiplet. High resolution mass spectra (HRMS) were recorded on JEOL JMS-MS700
(ED) or Thermo Scientific Exactive Plus (APCI) spectrometers. Optical rotation was measured by

JASCO DIP-1000 polarimeter.

2. Materials

Toluene (dehydrated Super plus, Kanto) and tetrahydrofuran (THF, dehydrated Super plus,
Kanto, or Super dehydrated, stabilizer free, Wako) were purchased. [IrCl(C2H4)2]>» was prepared
according to the procedure reported previously! and stored at —30 °C under nitrogen atmosphere.
[RhCI(C2H4)2]2,2 [Ir(cod)2]BArfs,? [IrCl(cod)]2,* and [RhCl(coe).]2’ were prepared according to
the reported methods. (S)-L1 [(S)-DTBM-SEGPHOS, TCI], (5)-L2 [(S)-DM-SEGPHOS, TCI],
(8)-L3 [(S)-SEGPHOS, TCI], (5)-L4 [(S)-DTBM-MeOBIPHEP, Aldrich], (S)-L5 (STREM), (5)-
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L6 (STREM), L7 (dppe, STREM), and L8 (QuinoxP*, TCI) were used as received from
commercial source. L9 was prepared according to the reported method.® (+)-DTBM-SEGPHOS,
which was used for synthesis of racemic compounds, was prepared according to the reported

procedures.”$?

3. Preparation of Starting Materials
Allyl phenyl ether (1a) was purchased from TCI and distilled before use. Allylic aryl
ethers 1b-o0 were prepared by the following procedure.
3-1. Preparation of 1b and 1n
Methallyl phenyl ether (1b)
OH \//I/ K>COj3 (1.1 equiv) O\/K
©/ acetone ©/

rt, overnight

1b
An oven dried 100 mL three-neck flask, equipped with a magnetic stirring bar and a rubber

septum, was charged with KoCOs (nacalai, 1.52g, 11 mmol). The flask was evacuated and
backfilled with nitrogen. Phenol (TCI, 940 mg, 10 mmol), acetone (5 mL), and 3-bromo-2-methyl-
1-propene (TCI, 1.49 g, 11 mmol) were added to the flask, and the mixture was stirred overnight
at room temperature. Water (30 mL) was added to the flask. The organic materials were extracted
with EtOAc (75 mL x 3), washed with brine (75 mL), and dried over anhydrous sodium sulfate.
The crude product was purified by column chromatography on silica gel (SiliaFlash; eluent: 15%
CH:Cl: in hexane). 1b (1.23 g, 8.3 mmol, 83%) was obtained as a colorless oil. 1b: "H NMR (400
MHz, CDCl3) §7.26-7.34 (m, 2H), 6.92-7.00 (m, 3H), 5.12 (s, 1H), 5.01 (s, 1H), 4.46 (s, 2H), 1.86
(s,3H). BCNMR (101 MHz, CDCl3) §158.9, 141.1, 129.5, 120.9, 114.9, 112.8, 71.7, 19.6. HRMS
(EIL positive) m/z caled for C1oH120" [M]": 148.0883, found: 148.0885.
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Methallyl 3,5-dimethylphenyl ether (1n)

, (0]
K>COj5 (2.5 equiv)
Me OH o Nal (0.4 equiv) Me O\)J\
+
\©/ CI\)J\ acetone \©/
. 70°C,3h
Me (2 equiv) Me $1

PPhsMeBr (2.0 equiv) Me O\/K
t-BuOK (2.0 equiv)
THF

rt, overnight Me 1n

An oven dried 500 mL three-neck flask, equipped with a magnetic stirring bar and a rubber
septum, was charged with Nal (nacalai, 2.40 g, 16 mmol) and K»COs (13.8 g, 100 mmol). The flask
was evacuated and backfilled with nitrogen. Acetone (60 mL), 3,5-dimethylphenol (TCI, 4.89 g,
40 mmol), and chloroacetone (5.0 mL, 80 mmol) were added to the flask, and the mixture was
stirred for 2 h at 70 °C. The resulting mixture was filtered through celite pad, and the crude product
was purified by column chromatography on silica gel (SiliaFlash; eluent: 30% EtOAc in hexane).
S1 (6.7 g, 37 mmol, 93%) was obtained as a colorless oil.

An oven dried 200 mL three-neck-flask, equipped with a magnetic stirring bar and a rubber
septum, was charged with PPhsMeBr (TCI, 7.14 g, 20 mmol). The powder was stirred for 1 h in
vacuo at room temperature to dry. The flask was evacuated and backfilled with nitrogen. THF (20
mL) was added to the flask, and the mixture was cooled to 0 °C by an ice/water bath. --BuOK (TCI,
2.25 g, 20 mmol) was added to the flask under nitrogen flow, and the mixture was stirred at 0 °C
for 2 h. S1 (1.79 g, 10 mmol) was added slowly to the flask. The ice/water bath was removed, and
the mixture was stirred at room temperature overnight. Brine (50 mL) was added to the flask. The
organic materials were extracted with hexane (50 mL x 3), washed with brine (50 mL), and dried
over anhydrous magnesium sulfate. 1n (1.10 g, 6.3 mmol, 62%) was obtained as a colorless oil
after purification by column chromatography on silica gel (SiliaFlash; eluent: 5% EtOAc in
hexane) and Kugelrhor distillation. 1n'%: '"H NMR (400 MHz, CDCl3) §6.63 (s, 1H), 6.59 (s, 2H),
5.12 (s, 1H), 5.00 (s, 1H), 4.43 (s, 2H), 2.32 (s, 6H), 1.86 (s, 3H). *C NMR (101 MHz, CDCl3) &
159.0, 141.3, 139.2, 122.7, 112.58, 112.65, 71.7, 21.6, 19.6. HRMS (EI, positive) m/z calcd for
Ci2H160" [M]": 179.1196, found: 176.1201.
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3-2. Preparation of 1c—m, 10, and 4c¢

We screened reaction conditions for preparation of 1¢ from phenoxyacetone (Table S1).
Deprotonation of phenoxyacetone with LDA (1.2 equiv) in THF/hexane at —78 °C and following
treatment with TBSCI afforded 4¢ selectively (entry 1). Use of LIHMDS with or without DMPU
also resulted in selective formation of 4¢ (entries 2 and 3). We found that favorable formation of
1c over 4¢ (1c:4c = 62:38) was achieved by the reaction using EtsN and TBSOTT in CH,Cl (entry
4).

Table S1. Screening of Reaction Conditions for Conversion of Phenoxyacetone to 1c

0] OTBS OTBS
O\)J\ conditions O\/§ Oml)\

entry  conditions 1cidc

1 LDA (1.2 equiv), THF/hexane, —78 °C, 0.5 h 595
then TBSCI (1.5 equiv), THF/hexane, —78 °Ctort, 15 h ’

5 LIHMDS (1.2 equiv), THF/hexane, =78 °C, 0.5 h 5-95
then TBSCI (1.5 equiv), THF/hexane, —=78 °Ctort, 15 h )

3 LiHMDS (1.2 equiv), DMPU, THF/hexane, —78 °C, 0.5 h 10:90

then TBSCI (1.5 equiv), THF/hexane, —78 °C tort, 15 h

4 EtsN (1.8 equiv), TBSOTf (1.2 equiv), CHyClp, 0°C tort, 12 h  62:38

Isolation of 1c¢ from the mixture of 1c¢ and 4c¢ by column chromatography was not
successful. Treatment of the mixture with mCPBA in hexane at 0 °C resulted in selective
conversion of 4¢ to the compounds derived from the epoxide,!' by which 1¢ could be isolated by

column chromatography on silica gel. This procedure was applied to preparation of 1d—m and 1o.

2-tert-Butyldimethylsilyloxyprop-1-ene-3-yl phenyl ether (1¢)

o) EtsN (1.8 equiv) OTBS
TBSOTf (1.2 equiv) mCPBA (0.5 equiv)

O\)K O\/&
©/ CH,Cl, hexane ©/

0°Ctort,3h 0°C,2h

ic

An oven dried 300 mL two-neck flask, equipped with a magnetic stirring bar, was evacuated
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and backfilled with nitrogen. Phenoxyacetone (Aldrich, 3.00 g, 20 mmol), CH2Cl> (80 mL), and
Et;N (nacalai, 3.64 g, 36 mmol) were added to the flask, and the mixture was cooled to 0 °C by an
ice/water bath. Fleshly prepared TBSOTT (5.33 g, 24 mmol) was then added dropwise to the flask,
and the resulting mixture was stirred for 3 h at room temperature. Water (50 mL) was added to the
flask. The organic materials were extracted with CH>Clz (75 mL x 3), washed with brine (50 mL),
and dried over anhydrous sodium sulfate. The resulting crude products were purified by column
chromatography on silica gel (Chromatolex NH-DM2035; eluent: hexane). A mixture of 1¢ and an
isomer 4¢ was obtained (4.69 g, 17.7 mmol). The mixture was treated with mCPBA (TCI, 2.5 g,
containing ca.30% water) in hexane (20 mL) at 0 °C for 2 h, by which 4¢ was converted selectively
to the compounds derived from the corresponding epoxide. 1c (2.49 g, 9.4 mmol, 47%) was
obtained as a colorless oil after purification by chromatography on silica gel (Chromatolex NH-
DM2035; eluent: hexane). 1¢: 'H NMR (400 MHz, C¢D¢) 67.07-7.13 (m, 2H), 6.80-6.89 (m, 3H),
4.52 (s, 1H), 4.36 (s, 1H), 4.20 (s, 2H), 0.95 (s, 9H), 0.13 (s, 6H). '*C NMR (101 MHz, C¢Ds¢) &
159.1, 154.8, 129.7, 121.2, 115.1, 92.5, 69.0, 25.8, 18.3, -4.5. HRMS (APCI, positive) m/z calcd
for C15H250,Si" [M + H]": 265.1618, found: 265.1622.

2-tert-Butyldimethylsilyloxyprop-1-ene-1-yl 4-phenyl ether (4c)
1. LIHMDS (1.2 equiv)

o) THF/hexane OTBS
OQJ\ -78°C,0.5h 0 \/\
©/ 2. TBSCI (1.5 equiv) ©/
THF/hexane
-78°Ctort,15h 4c

An oven dried 50 mL two-neck flask, equipped with a magnetic stirring bar, was evacuated and
backfilled with nitrogen. Phenoxyacetone (Aldrich, 450 mg, 3.0 mmol) and THF (5 mL) were
added to the flask, and the mixture was cooled to —78 °C by an dry ice/acetone bath. Fleshly
prepared LiIHMDS (3.6 mmol) in THF (2 mL) was then added dropwise to the flask, and the
resulting mixture was stirred for 30 min at —78 °C. TBSCI (540 mg, 3.6 mmol) was added to the
flask, and the resulting mixture was stirred overnight at room temperature. Water (20 mL) was
added to the flask. The organic materials were extracted with hexane (30 mL x 3), washed with
brine (30 mL), and dried over anhydrous sodium sulfate. 4¢ (Z:E = 97:3, containing 5% of 1¢, 550

mg, 2.1 mmol, 68%) was obtained as a colorless oil after purification by chromatography on silica
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gel (Chromatolex NH-DM2035; eluent: hexane). (Z)-4¢: '"H NMR (400 MHz, C¢D¢) & 7.06-7.13
(m, 2H), 6.92-6.97 (m, 2H), 6.81-6.88 (m, 1H), 5.66 (q, /= 1.2 Hz, 1H), 1.58 (s, 3H), 1.00 (s, 9H),
0.20 (s, 6H). *C NMR (101 MHz, C¢Ds) 6 158.2, 137.8, 129.8, 122.9, 122.0, 115.8, 25.9, 18.6,
18.5,—4.2. HRMS (EI, positive) m/z calcd for C1sH240,Si" [M]": 264.1540, found: 264.1539.

2-tert-Butyldimethylsilyloxyprop-1-ene-3-yl 4-methylphenyl ether (1d)

K>COg3 (2.0 equiv) ')
OH o Nal (0.4 equiv)
+ CI\)J\ o\)J\
Me acetone
(1.5 equiv) 82°C,2h Me S2
Et3N (1.8 equiv) OTBS
TBSOTTf (1.2 equiv) mCPBA (0.5 equiv) \/&
o)
CH,Cl, hexane
0°Ctort, overnight 0°C,2h Me
1d

According to the procedure given for preparation of S1 (see above), the reaction of p-cresol
(TCI, 2.02 g, 20.0 mmol) with chloroacetone (2.4 mL, 30 mmol) was carried out for 2 h at 82 °C
(reflux) in acetone (40 mL) using K>COs3 (5.51 g, 40 mmol) and Nal (1.20 g, 8 mmol). S2 (2.94 g,
19 mmol, 96%) was obtained as a colorless oil after purification by column chromatography on
silica gel (SiliaFlash; eluent: 10% EtOAc in hexane).

According to the procedure given for preparation of 1c¢ (see above), S2 (1.80 g, 10 mmol) was
reacted with EtsN (2.5 mL, 18 mmol) and TBSOTT (2.8 mL, 12 mmol) in CH2Cl> (40 mL). The
crude products (2.65 g, 8.9 mmol, ca. 6:4 mixture of isomers) were then treated with mCPBA (1.2
g, containing ca. 30% water) in hexane (10 mL) at 0 °C for 4 h. 1d (1.40 g, 5.0 mmol, 50%) was
obtained as a colorless oil after purification by chromatography on silica gel (Chromatolex NH-
DM2035; eluent: hexane). 1d: "H NMR (400 MHz, CsDs) 66.90-6.96 (m, 2H), 6.81-6.87 (m, 2H),
4.56 (s, 1H), 4.37 (s, 1H), 4.23 (s, 2H), 2.10 (s, 3H), 0.96 (s, 9H), 0.14 (s, 6H). '*C NMR (101 MHz,
CeéDg) 0 157.2, 154.9, 130.2, 130.1, 115.0, 92.4, 69.2, 25.8, 20.5, 18.3, —4.5. HRMS (APCI,
positive) m/z calcd for Ci6H270.Si* [M + H]": 279.1775, found: 279.1778.
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2-tert-Butyldimethylsilyloxyprop-1-ene-3-yl 4-methoxyphenyl ether (1e)

K2003 (20 eqUiV) 0O
OH o Nal (0.4 equiv)
+ CIQJ\ O\)K
MeO acetone
(1.5 equiv) 80°C,2h MeO
S3
EtsN (1.8 equiv) OTBS

TBSOTf (1.2 equiv) mCPBA (0.5 equiv)

O\/§
CH,Cl, hexane /©/
0 °C to rt, overnight 0 °C, 20 min MeO

1e

According to the procedure given for preparation of S1 (see above), the reaction of 4-
methoxyphenol (TCI, 2.48 g, 20.0 mmol) with chloroacetone (2.4 mL, 30 mmol) was carried out
for 2 h at 80 °C in acetone (40 mL) using KoCOs3 (5.51 g, 40 mmol) and Nal (1.20 g, 8 mmol). S3
(3.2 g, 17.8 mmol, 89%) was obtained as colorless oil after purification by column chromatography
on silica gel (SiliaFlash; eluent: 10% EtOAc in hexane).

According to the procedure given for preparation of 1c¢ (see above), S3 (1.80 g, 10 mmol) was
reacted with EtsN (2.5 mL, 18 mmol) and TBSOTT (2.8 mL, 12 mmol) in CH2Cl> (40 mL). The
crude products (2.61 g, 8.9 mmol, a 6:4 mixture of isomers) were then treated with mCPBA (890
mg, containing ca.30% water) in hexane (10 mL) for 20 min at 0 °C. 1e (1.41 g, 4.8 mmol, 48%)
was obtained as a white solid after purification by column chromatography on silica gel
(Chromatolex NH-DM2035; eluent: hexane). 1e: '"H NMR (400 MHz, CsDs) & 6.79-6.85 (m, 2H)
6.69-6.75 (m, 2H), 4.56-4.57 (m, 1H), 4.38 (s, 1H), 4.22 (s, 2H), 3.32 (s, 3H), 0.96 (s, 9H), 0.15 (s,
6H). 1*C NMR (101 MHz, C¢D¢) 5 155.1, 154.7, 153.3, 116.1, 115.0, 92.4, 69.8, 55.2, 25.8, 18.3,
—4.5. HRMS (APCI, positive) m/z calcd for C16H2703Si" [M+H]": 295.1724, found: 295.1728.
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2-tert-Butyldimethylsilyloxyprop-1-ene-3-yl 4-trifluoromethylphenyl ether (1f)

o K5COj5 (2.0 equiv) 0
H o Nal (0.4 equiv)
©/ + CI\)J\ O\)K
FsC ace;tone
(1.5 equiv) 80°C,2h F3C
S4
EtsN (1.8 equiv) OTBS

TBSOTf (1.2 equiv) mCPBA (0.5 equiv)

O\/&
CH,Cl, hexane /O/
0° Ctort,3h 0°,1h F4C

1f

According to the procedure given for preparation of S1 (see above), the reaction of 4-
hydroxybenzotrifluoride (TCI, 2.17 g, 13.4 mmol) with chloroacetone (2.4 mL, 30 mmol) was
carried out for 2 h at 80 °C (reflux) in acetone (40 mL) using K>COs3 (5.51 g, 40 mmol) and Nal
(1.20 g, 8 mmol). S4 (2.71 g, 12.5 mmol, 93%) was obtained as colorless oil after purification by
column chromatography on silica gel (SiliaFlash; eluent: 10% EtOAc in hexane).

According to the procedure given for preparation of 1c¢ (see above), S4 (2.18 g, 10 mmol) was
reacted with EtsN (2.5 mL, 18 mmol) and TBSOTT (2.8 mL, 12 mmol) in CH2Cl> (40 mL). The
crude products (3.00 g, 9.0 mmol, a 6:4 mixture of isomers) were then treated with mCPBA (1.1 g,
containing ca.30% water) in hexane (10 mL) for 1 h at 0 °C. 1f (1.42 g, 4.3 mmol, 43%) was
obtained as a colorless oil after purification by column chromatography on silica gel (Chromatolex
NH-DM2035; eluent: hexane only). 1f: 'TH NMR (400 MHz, CsDs) 67.29 (d, J = 8.8 Hz, 2H), 6.59
(d, J=8.8 Hz, 2H), 4.38-4.41 (m, 1H), 4.31-4.33 (m, 1H), 4.04 (s, 2H), 0.94 (s, 9H), 0.11 (s, 6H).
3C NMR (101 MHz, C¢Ds, 'H and '°F simultaneous decoupling) § 161.3, 154.0, 127.1, 125.3,
123.3,115.0,92.8, 69.1, 25.7, 18.3, —4.6. HRMS (APCI, positive) m/z calcd for C16H24F30,Si" [M
+ H]J": 333.1492, found: 333.1496.
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2-tert-Butyldimethylsilyloxyprop-1-ene-3-yl 4-phenylphenyl ether (1g)

K>CO3 (2.5 equiv) 0
OH o Nal (0.4 equiv)
+ CI\)J\ O\)k
Ph acetone
(1.5 equiv) /0 C:2h Ph S5
EtsN (1.8 equiv) OTBS

TBSOTf (1.2 equiv) mCPBA (0.5 equiv)

oA
CH,Cl, hexane /©/
0 °Ctort, overnight -5°C,2h Ph

1g

According to the procedure given for preparation of S1 (see above), the reaction of 4-
phenylphenol (3.40 g, 20 mmol) with chloroacetone (TCI, 2.5 mL, 30 mmol) was carried out for 2
h at 75 °C in acetone using K>COs (6.81 g, 50 mmol) and Nal (1.2 g, 8.0 mmol). S5 (3.05 g, 13
mmol, 67%) was obtained as a colorless oil after purification by column chromatography on silica
gel (SiliaFlash; eluent: 30% EtOAc in hexane).

According to the procedure given for preparation of 1c¢ (see above), S5 (2.26 g, 10 mmol) was
reacted with EtsN (2.8 mL, 20 mmol) and TBSOTT (2.8 mL, 12 mmol) in CH2Cl> (20 mL). The
crude products (2.72 g, 8.0 mmol, a 6:4 mixture of isomers) were then treated with mCPBA (1.5 g,
containing ca. 30% water, ca. 6 mmol) in hexane for 2 h at -5 °C. 1g (1.40 g, 4 mmol, 41%) was
obtained as a white solid after purification by column chromatography on silica gel (Chromatolex
NH-DM2035; eluent: hexane only). 1g: '"H NMR (400 MHz, CsDs) 57.44-7.49 (m, 2H), 7.37-7.42
(m, 2H), 7.21-7.26 (m, 2H), 7.11-7.18 (m, 1H), 6.89-6.94 (m, 2H), 4.55-4.57 (m, 1H), 4.38-4.40
(m, 1H), 4.25 (s, 2H), 0.98 (s, 9H), 0.16 (s, 6H). *C NMR (101 MHz, C¢D¢) §158.7, 154.7, 141.4,
134.6, 129.0, 128.5, 127.2, 126.9, 115.5, 92.6, 69.2, 25.8, 18.3, —4.5. HRMS (APCI, positive) m/z
calcd for C21H290,Si" [M + H]™: 341.1931, found: 341.1925.
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2-tert-Butyldimethylsilyloxyprop-1-ene-3-yl 4-trimethylsilylphenyl ether (1h)

K2CO3 (25 eqUiV) e
OH o Nal (0.4 equiv)
+ CI\)J\ O\)K
Br acetone
(1.5 equiv) 70°C,2h Br S6
EtsN (2.2 equiv) OTBS

TBSOTf (1.3 equiv) mCPBA (1 equiv)

O\A
CH,Cl, hexane /©/
0°Ctort, overnight 0°C,2h Br

S7

OTBS
n-BuLi (1.5 equiv) MesSiCl (1.5 equiv) mCPBA (1 equiv)

O\/§
THF THF hexane /©/
-78 °C, 10 min MesSi

-78 °C to rt, overnight 0°C,2h
1h

According to the procedure given for preparation of S1 (see above), the reaction of 4-
bromophenol (8.65 g, 50 mmol) with chloroacetone (TCI, 6.0 mL, 75 mmol) was carried out for 2
h at 70 °C in acetone using KoCOs3 (17.3 g, 125 mmol) and Nal (3.00 g, 20 mmol). S6 (10.31 g, 45
mmol, 90%) was obtained as a colorless oil after purification by column chromatography on silica
gel (SiliaFlash; eluent: 30% EtOAc in hexane).

According to the procedure given for preparation of 1c¢ (see above), S6 (9.86 g, 43 mmol) was
reacted with EtsN (13.3 mL, 96 mmol) and TBSOTTf (13.3 mL, 58 mmol) in CH2Cl; (100 mL). The
crude products (12.7 g, 37 mmol, a 6:4 mixture of isomers) were then treated with mCPBA (9.12
g, containing ca. 30% water, ca. 37 mmol) in hexane for 2 h at 0 °C. S7 (5.6 g, 16 mmol, 38%, a
9:1 mixture of isomers) was obtained as a colorless oil after purification by column
chromatography on silica gel (Chromatolex NH-DM2035; eluent: hexane).

An oven dried 200 mL two-neck flask, equipped with a magnetic stirring bar, a rubber septum,
and a three-way stopcock, was evacuated and backfilled with nitrogen. THF (20 mL) and S7 (1.72
g, S mmol, a 9:1 mixture of isomers) were added to the flask, and the mixture was cooled to —78
°C by dry ice/acetone bath. n-BuLi (1.6 M in hexane, 4.7 mL, 7.5 mmol) was added slowly to the
flask, and the resulting mixture was stirred for 10 min at —78 °C. Me3SiCl (TCI, 950 pL, 7.5 mmol)
was added slowly to the flask. The dry ice/acetone bath was removed, and the mixture was stirred
overnight at room temperature. Water (50 mL) was added to the flask. The organic materials were

extracted with hexane (50 mL x 3), washed with brine (50 mL x 1), and dried over anhydrous
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sodium sulfate. The crude product was purified by column chromatography on silica gel
(Chromatolex NH-DM2035; eluent: hexane). The mixture (1.51 g, 5 mmol, a 9:1 mixture of
1somers) was then treated with mCPBA (1.23 g, containing ca. 30% water, ca. 5 mmol) in hexane
for 2 h at 0 °C. 1h (1.36 g, 4 mmol, 81%) was obtained as a colorless oil after purification by
column chromatography on silica gel (Chromatolex NH-DM2035; eluent: hexane) and Kugelrhor
distillation. 1h: '"H NMR (400 MHz, C¢D¢) 67.37-7.41 (m, 2H), 6.92-6.97 (m, 2H), 4.53-4.55 (m,
1H), 4.36-4.38 (m, 1H), 4.26 (s, 2H), 0.96 (s, 9H), 0.23 (s, 9H), 0.14 (s, 6H). *C NMR (101 MHz,
CsDs) 0159.9, 154.7, 135.1, 131.6, 114.8, 92.6, 68.9, 25.8, 18.3, —0.8, —4.5. HRMS (EI, positive)
m/z calcd for Ci1gH3202S12" [M]": 336.1935, found: 336.1940.

2-tert-Butyldimethylsilyloxyprop-1-ene-3-yl 4-chlorophenyl ether (1i)

K5>CO4 (2.5 equiv) o)
OH o Nal (0.4 equiv)
JOERE | o
cl acetone
(1.5 equiv) 70°C,2h cl S8
Et3N (1.8 equiv) OTBS

TBSOTf (1.2 equiv) mCPBA (0.6 equiv)

O\/§
CHJCl, hexane /©/
0 °C to rt, overnight -20°C, 2 h cl

1i

According to the procedure given for preparation of S1 (see above), the reaction of 4-
chlorophenol (1.97 mL, 20 mmol) with chloroacetone (TCI, 2.50 mL, 30 mmol) was carried out
for 2 h at 70 °C in acetone using K>COs3 (6.9 g, 50 mmol) and Nal (1.21 g, 8 mmol). S8 (3.02 g, 16
mmol, 82%) was obtained as a colorless oil after purification by column chromatography on silica
gel (SiliaFlash; eluent: hexane).

According to the procedure given for preparation of 1c¢ (see above), S8 (1.85 g, 10 mmol) was
reacted with EtsN (2.6 mL, 18 mmol) and TBSOTT (2.6 mg, 12 mmol) in CH2Cl> (20 mL). The
crude products (2.72 g, 9 mmol, a 6:4 mixture of isomers) were then treated with mCPBA (1.23 g,
containing ca. 30% water, ca. 5 mmol) in hexane for 2 h at —20 °C. Since the small amount of
undesired isomer was still remained, mCPBA (120 mg, containing ca. 30% water, ca. 0.5 mmol)

was added and the mixture was stirred at 0 °C for 30 min. 1i (1.20 g, 4 mmol, 40%) was obtained
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as a colorless oil after purification by column chromatography on silica gel (Chromatolex NH-
DM2035; eluent: hexane). 1i: 'H NMR (400 MHz, C¢D¢) 6 7.00-7.05 (m, 2H), 6.52-6.57 (m, 2H),
4.42-4.44 (m, 1H), 4.31-4.34 (m, 1H), 4.03 (s, 2H), 0.94 (s, 9H), 0.11 (s, 6H). 3C NMR (101 MHz,
CeDs) 6157.6,154.3,129.6,126.1, 116.4,92.6, 69.3, 25.8, 18.3, —4.6. HRMS (APCI, positive) m/z
calcd for Ci5H24Cl102Si" [M + H]": 299.1229, found: 299.1223.

2-tert-Butyldimethylsilyloxyprop-1-ene-3-yl 4-fluorophenyl ether (1j)

K2CO3 (25 eqUiV) (o)
OH o Nal (0.4 equiv)
/©/ fa N o~
F acetone
(1.5 equiv) 70°C,2h F S9
EtsN (1.8 equiv) OTBS

TBSOTY (1.2 equiv) mCPBA (0.5 equiv)

O\/§
CH,Cl, hexane /©/
0 °C tort, overnight 0°C,2h F

According to the procedure given for preparation of S1 (see above), the reaction of 4-

fluorophenol (2.24 g, 20 mmol) with chloroacetone (TCI, 2.5 mL, 30 mmol) was carried out for 2
h at 70 °C in acetone using KoCOs3 (13.8 g, 50 mmol) and Nal (1.2 g, 8 mmol). S9 (2.86 g, 17 mmol,
85%) was obtained as a colorless oil after purification by column chromatography on silica gel
(SiliaFlash; eluent: hexane).

According to the procedure given for preparation of 1c¢ (see above), S9 (2.52 g, 15 mmol) was
reacted with Et3N (2.73 g, 27 mmol) and TBSOTf (4.76 g, 18 mmol) in CH>Cl> (30 mL). The crude
products (3.52 g, 12 mmol, a 6:4 mixture of isomers) were then treated with mCPBA (1.4 g,
containing ca. 30% water, ca. 5.7 mmol) in hexane for 2 h at 0 °C. 1j (1.80 g, 6.4 mmol, 53%) was
obtained as a colorless oil after purification by column chromatography on silica gel (Chromatolex
NH-DM2035; eluent: hexane). 1j: '"H NMR (400 MHz, CsDs) §6.70-6.77 (m, 2H), 6.56-6.62 (m,
2H), 4.46-4.48 (m, 1H), 4.33-4.35 (m, 1H), 4.08 (s, 2H), 0.95 (s, 9H), 0.12 (s, 6H). '3C NMR (101
MHz, CsDs, 'H and '°F simultaneous decoupling) 6 157.8, 155.1, 154.6, 116.1, 116.0, 92.5, 69.6,
25.8, 18.3, —4,6. HRMS (APCI, positive) m/z calcd for CisH24FO,Si" [M + H]": 283.1524, found:
283.1518.
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2-tert-Butyldimethylsilyloxyprop-1-ene-3-yl 3-methylphenyl ether (1k)

KQCO3 (20 eqUiV) o)
Me OH o Nal (0.4 equiv)
+ CIQJ\ Me O\)J\
acetone
(1.5 equiv) 80°C,1h S10
EtsN (1.8 equiv) OTBS

TBSOTf (1.2 equiv) mCPBA (0.5 equiv) \/&

Me o]
CH,Cl, hexane \©/
0°Ctort,6h 0°,2h

According to the procedure given for preparation of S1 (see above), the reaction of 3-

methylphenol (2.16 g, 20 mmol) with chloroacetone (TCI, 2.4 mL, 30 mmol) was carried out for 1
h at 80 °C in acetone using K»COs3 (5.5 g, 40 mmol) and Nal (1.2 g, 8 mmol). S10 (3.12 g, 20 mmol,
100%) was obtained as a colorless oil after purification by column chromatography on silica gel
(SiliaFlash; eluent: 10% EtOAc in hexane).

According to the procedure given for preparation of 1¢ (see above), S10 (1.64 g, 10 mmol) was
reacted with EtsN (2.5 mL, 18 mmol) and TBSOTT (2.8 mL, 12 mmol) in CH2Cl> (40 mL). The
crude products (2.70 g, 9.7 mmol, a 6:4 mixture of isomers) were then treated with mCPBA (1.23
g, containing ca. 30% water, ca. 5 mmol) in hexane for 2 h at 0 °C. 1k (1.34 g, 4.8 mmol, 50%)
was obtained as a colorless oil after purification by column chromatography on silica gel
(Chromatolex NH-DM2035; eluent: hexane). 1k: '"H NMR (400 MHz, CsD¢) 67.06 (t, J = 8.0 Hz,
1H), 6.78 (s, 1H), 6.74 (dd, J = 8.0, 2.4 Hz, 1H), 6.66-6.70 (m, 1H), 4.55-4.58 (m, 1H), 4.37-4.39
(m, 1H), 4.24 (s, 2H), 2.11 (s, 3H), 0.96 (s, 9H), 0.15 (s, 6H). 3*C NMR (101 MHz, CsD¢) 5159.2,
154.9,139.5,129.6,122.1,116.0, 112.2,92.4, 69.0, 25.8, 21.5, 18.3, —4.5. HRMS (APCI, positive)
m/z caled for Ci16H2702Si" [M + H]*: 279.1775, found: 279.1778.
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2-tert-Butyldimethylsilyloxyprop-1-ene-3-yl 3-methoxyphenyl ether (11)

K2C03 (20 eqUiV) (0]
MeO OH o Nal (0.4 equiv)
+ Cl\)k MeO O\)J\
acetone
(1.5 equiv) 88°C,2h
S11
EtsN (1.8 equiv) OTBS

TBSOTf (1.2 equiv) mCPBA (0.5 equiv)

MeO O\/§
CH,Cl, hexane \©/
0°Ctort, overnight 0°C,2h

1l

According to the procedure given for preparation of S1 (see above), the reaction of 3-
methoxyphenol (2.48 g, 20 mmol) with chloroacetone (TCI, 2.4 mL, 30 mmol) was carried out for
2 h at 88 °C in acetone using K.COs3 (5.5 g, 40 mmol) and Nal (1.2 g, 8 mmol). S11 (3.24 g, 18
mmol, 90%) was obtained as a colorless oil after purification by column chromatography on silica
gel (SiliaFlash; eluent: 10% EtOAc in hexane).

According to the procedure given for preparation of 1¢ (see above), S11 (1.83 g, 10 mmol) was
reacted with EtsN (2.4 mL, 18 mmol) and TBSOTT (2.8 mL, 12 mmol) in CH2Cl> (40 mL). The
crude products (2.70 g, 9.2 mmol, a 7:3 mixture of isomers) were then treated with mCPBA (1.20
g, containing ca. 30% water, ca. 5 mmol) in hexane for 2 h at 0 °C. 11 (1.27 g, 4.3 mmol, 43%) was
obtained as a colorless oil after purification by column chromatography on silica gel (Chromatolex
NH-DM2035; eluent: hexane). 11: '"H NMR (400 MHz, C¢D¢) 67.03 (t, J = 8.4 Hz, 1H), 6.64 (t, J
=2.4 Hz, 1H), 6.54 (ddd, J=8.4,2.4, 0.8 Hz, 1H), 6.47 (ddd, /= 8.4, 2.4, 0.8 Hz, 1H), 4.52-4.54
(m, 1H), 4.35-4.37 (m, 1H), 4.23 (s, 2H), 3.31 (s, 3H), 0.95 (s, 9H), 0.14 (s, 6H). 3C NMR (101
MHz, CsDs) 6 161.6, 160.5, 154.8, 130.2, 107.4, 107.0, 101.8, 92.5, 69.1, 54.8, 25.8, 18.3, —4.5.
HRMS (APCI, positive) m/z caled for Ci6H2703Si" [M + H]": 295.1724, found: 295.1726.
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2-tert-Butyldimethylsilyloxyprop-1-ene-3-yl 2-methylphenyl ether (1m)

Me K>CO3 (2.5 equiv) Me (0]
OH o Nal (0.4 equiv)
. \)K O\)J\
acetone

70°C,2h

(1.5 equiv) S12
AU we  oms
.2 equiv) mCPBA (1 equiv) O\/§
CH,Cl, hexane
0°Ctort, overnight 0°C,2h
1m

According to the procedure given for preparation of S1 (see above), the reaction of o-cresol
(2.16 g, 20 mmol) with chloroacetone (TCI, 2.4 mL, 30 mmol) was carried out for 2 h at 70 °C in
acetone using K>COs (5.5 g, 40 mmol) and Nal (1.2 g, 8.0 mmol). S12 (3.22 g, 20 mmol, 98%)
was obtained as a colorless oil after purification by column chromatography on silica gel
(SiliaFlash; eluent: 10% EtOAc in hexane).

According to the procedure given for preparation of 1¢ (see above), S12 (1.64 g, 10 mmol) was
reacted with EtsN (2.5 mL, 18 mmol) and TBSOTT (2.8 mL, 12 mmol) in CH2Cl> (20 mL). The
crude products (2.67 g, 9.9 mmol, a 9:1 mixture of isomers) were then treated with mCPBA (1.2 g,
5.0 mmol) in hexane for 2 h at 0 °C. 1m (1.21 g, 4.5 mmol, 45%) was obtained as a colorless oil
after purification by column chromatography on silica gel (Chromatolex NH-DM2035; eluent:
hexane). 1m: '"H NMR (400 MHz, CsD¢) 6 7.00-7.08 (m, 2H), 6.83 (td, J = 7.2, 0.8 Hz, 1H), 6.65
(d, J= 8.4 Hz, 1H), 4.55-4.58 (m, 1H), 4.37 (s, 1H), 4.22 (s, 2H), 2.31 (s, 3H), 0.95 (s, 9H), 0.13
(s, 6H). >*C NMR (101 MHz, CsDs) 5157.2, 155.0, 131.1, 127.1, 126.9, 121.0, 111.6, 91.9, 69.0,
25.8, 18.3, 16.6, —4.6. HRMS (APCI, positive) m/z calcd for Ci6H270,Si" [M + H]": 279.1775,
found: 279.1768.

2-tert-Butyldimethylsilyloxyprop-1-ene-3-yl 3,5-dimethylphenyl ether (10)

Q Et,N (1.7 equiv) OTBS

Me O\)K TBSOTf (1.1 equiv) mCPBA (0.5 equiv) Me O\/&
CH.Cl, hexane
0°Ctort, overnight 0°C,2h

Me S1 Me 10

According to the procedure given for preparation of 1c¢ (see above), S1 (1.77 mg, 10.0 mmol)
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was reacted with EGN (2.5 mL, 17.0 mmol) and TBSOT{ (2.5 mL, 11.0 mmol) in CH>CI> (20 mL).
The crude products (2.87 g, 9.80 mmol, a 6:4 mixture of isomers) were then treated with mCPBA
(1.22 g, containing ca. 30% water, ca. 5 mmol) in hexane for 2 h at 0 °C. 10 (1.27 g, 4.3 mmol,
43%) was obtained as a colorless oil after purification by column chromatography on silica gel
(Chromatolex NH-DM2035; eluent: hexane). 10: '"H NMR (400 MHz, C¢Ds) & 6.64 (s, 2H), 6.51
(s, 1H), 4.59 (s, 1H), 4.39 (s, 1H), 4.27 (s, 2H), 2.13 (s, 6H), 0.96 (s, 9H), 0.16 (s, 6H). *C NMR
(101 MHz, CsDs) 6159.3,155.0, 139.2,123.2,113.1,92.4, 69.0, 25.8, 21.5, 18.3,—4.5. HRMS (EI,
positive) m/z calcd for C17H2802Si* [M]": 292.1853, found: 292.1855.

4. Initial Findings (Scheme 2)

General procedure: In a glovebox, a glass tube (outside diameter: 20 mm) having PTFE
stopcock (J. Young), equipped with a magnetic stirring bar, was charged with [IrCl(C2H4)2]>
(0.0040 mmol), (S)-L1 (0.0080 mmol), 1 (0.10 mmol), and toluene (0.2 mL). The tube was sealed
by the stopcock, and was taken out from the glove box. The mixture was stirred at 135 °C by a
heating magnetic stirrer with an aluminum heating block (hole size: 21 mm diameter x 33 mm
depth). After 1-6 h, the tube was cooled to room temperature. Diphenylmethane (16 mg, 0.10 mmol,
internal standard) was added, and the resulting mixture was analyzed by '"H NMR to determine the
yields of 3 and 4.

The reaction of 1a (entry 1, Scheme 2a)

According to the general procedure, the reaction was carried out at 135 °C for 1 h using
[IrC1(C2H4)2]2 (2.4 mg, 0.0042 mmol), (S)-L1 (9.7 mg, 0.0080 mmol), 1a (15 mg, 0.10 mmol), and
toluene (0.2 mL). 4a'> was formed in 90% yield as a Z/E mixture (61:39). No formation of 3a was
observed.

The reaction of 1b (entry 2, Scheme 2a)

According to the general procedure, the reaction was carried out at 135 °C for 6 h using
[IrC1(C2H4)2]2 (2.2 mg, 0.0038 mmol), (S)-L1 (9.6 mg, 0.0081 mmol), 1b (14.2 mg, 0.096 mmol),
and toluene (0.2 mL). 3b'* and 4b'* were formed in 11 and 89% yields, respectively.

The reaction of 1c (entry 3, Scheme 2a)

According to the general procedure, the reaction was carried out at 135 °C for 6 h using
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[IrC1(C2Ha4)2]2 (6.6 mg, 0.012 mmol), (S)-L1 (29.2 mg, 0.025 mmol), 1¢ (76.6 mg, 0.29 mmol), and
toluene (0.6 mL). 3¢ and 4¢ were formed in 89 and 7% yields, respectively. 4¢ was formed as a
Z/E mixture (72:28). For characterization data of 3¢, see Section 5.

The reaction of 4c (Scheme 2b)

According to the general procedure, the reaction was carried out at 135 °C for 6 h using
[IrC1(C2H4)2]2 (4.5 mg, 0.0080 mmol), (S)-L1 (19.7 mg, 0.017 mmol), 4¢ (Z:E = 97:3, containing
5% of 1¢, 50.0 mg, 0.19 mmol), and toluene (0.2 mL). Formation of only a small amount of 3¢
(6%), mainly from 1c¢, was observed, indicating that 4¢ did not undergo intramolecular
hydroarylation under the identical conditions. 4¢ (69%) was recovered with the Z/E ratio of 68:32,

indicating the geometrical isomerization took place under the conditions.

5. Optimization of Reaction Conditions (Table 1)

General procedure: In a glovebox, a glass tube (outside diameter: 20 mm) having PTFE
stopcock (J. Young), equipped with a magnetic stirring bar, was charged with a catalyst (0.0040
mmol), a ligand (0.0080 mmol), 1¢ (0.10 mmol), and toluene (0.2 mL). The tube was sealed by the
stopcock and was taken out from the glove box. The mixture was stirred at 110—135 °C by a heating
magnetic stirrer with an aluminum heating block (hole size: 21 mm diameter x 33 mm depth). After
6 h, the tube was cooled to room temperature. Diphenylmethane (16 mg, 0.10 mmol, internal
standard) was added, and the resulting mixture was analyzed by '"H NMR to determine the yields
of 3c and 4c.

General procedure (0.2 mmol scale for isolation of 3¢): In a glovebox, a glass tube (outside
diameter: 20 mm) having PTFE stopcock (J. Young), equipped with a magnetic stirring bar, was
charged with a catalyst (0.0080 mmol), a ligand (0.0160 mmol), 1¢ (0.20 mmol), and toluene (0.4
mL). The tube was sealed by the stopcock and was taken out from the glove box. The mixture was
stirred at 135 °C by a heating magnetic stirrer with an aluminum heating block (hole size: 21 mm
diameter x 33 mm depth). After 6 h, the tube was cooled to room temperature. The reaction mixture
was purified by column chromatography on silica gel (Chromatolex NH-DM2035; eluent: hexane).
A mixture of 3¢, 4¢, and 1¢ was obtained. The mixture was then treated with mCPBA (TCI, 50 mg,

containing ca.30% water) in hexane (1 mL) at rt for 30 min, by which 4c¢ and 1¢ were converted to
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the compounds derived from the corresponding epoxides. 3¢ was obtained after purification by
chromatography on silica gel (Chromatolex NH-DM2035; eluent: hexane). Enantiomeric excess
of 3¢ was determined by SFC analysis [column: Daicel Chiralcel OZ-H/SFC (4.6 mm x 250 mm);
eluent: COy; flow rate: 3.00 mL/min; detection wavelength: 220 nm; Tr = 2.2 (major), 2.6 (minor)

min].

The reaction of 1c to afford 3-zert-Butyldimethylsilyloxy-3-methyl-2,3-dihydrobenzofuran

(3¢) (entry 2, Table 1)
oT1Bs [IrCI(CaH4),lo (4 mol%)
O\/§ (S)-L1 (8 mol%) 0]
©/ toluene 3
110°C,6 h TBSO
ic 3c

According to the general procedure, the reaction was carried out at 110 °C for 6 h using

[IrC1(C2H4)2]2 (4.4 mg, 0.0078 mmol), (S)-L1 (19 mg, 0.016 mmol), 1¢ (51 mg, 0.19 mmol), and
toluene (0.4 mL). 3¢ (32 mg, 62%) was obtained as a colorless oil. Enantiomeric excess of 3¢ was
determined to be 78% by SFC analysis [column: Daicel Chiralcel OZ-H/SFC (4.6 mm x 250 mm);
eluent: COy; flow rate: 3.00 mL/min; detection wavelength: 220 nm; Tr = 2.2 (major), 2.6 (minor)
min]. The absolute configuration of the major enantiomer was assigned as R based on the previous
report.’® (R)-3¢'3: "TH NMR (400 MHz, C¢D¢) & 7.12 (dd, J = 7.6, 0.8 Hz, 1H), 6.98-7.04 (m, 1H),
6.84 (d,J=7.6 Hz, 1H), 6.75 (td, J=7.6, 0.8 Hz, 1H), 4.33 (d, J=10.0 Hz, 1H), 3.92 (d, J=10.0
Hz, 1H), 1.39 (s, 3H), 0.91 (s, 9H), —0.10 (s, 3H), —0.20 (s, 3H). '*C NMR (101 MHz, CsD¢) &
160.9, 132.2, 130.4, 124.1, 120.7, 111.0, 84.4, 79.7, 26.7, 25.9, 18.1, 3.3, -3.7. HRMS (EI,
positive) m/z calcd for C1sH2402Si" [M]": 264.1540, found: 264.1542. [a]*’p —33.3 (¢ 0.87, hexane,
78% ee).

Use of [IrCl(cod)]: as a catalyst precursor

According to the general procedure, the reaction was carried out at 135 °C for 6 h using
[I[rCl(cod)]2 (2.7 mg, 0.0040 mmol), (S)-L1 (9.9 mg, 0.084 mmol), 1¢ (27 mg, 0.10 mmol), and
toluene (0.2 mL). "H NMR analysis of the crude mixture indicated that 3¢ (39%), 4¢ (10%, Z:E =
70:30), and a hydrogenated product PhOCH,CH(OTBS)CH3 (25%) were formed.
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PhOCH,CH(OTBS)CH;: 'H NMR (400 MHz, C¢D¢) & 7.10-7.16 (m, 2H), 6.82-6.87 (m, 3H),
3.97-4.10 (m, 1H), 3.70 (dd, J = 9.2, 6.8 Hz, 1H), 3.50 (dd, J = 9.2, 4.4 Hz, 1H), 1.10 (d, J = 6.0
Hz, 3H), 0.9 (s, 9H), 0.12 (s, 3H), 0.11 (s, 3H). '*C NMR (101 MHz, CsDs) 5159.5, 129.8, 121.0,
114.8, 73.5, 67.6, 26.1, 20.9, 18.4, —4.3, —4.6. HRMS (ESI, positive) m/z calcd for C1sH260,SiNa*
[M + Na]': 289.1594, found: 289.1596.

6. Iridium-Catalyzed Intramolecular Hydroarylation of Allylic Aryl Ethers 1 (Scheme 3)

General Procedure 1. Hydroarylation

In a glovebox, a glass tube (outside diameter: 20 mm) having PTFE stopcock (J. Young),
equipped with a magnetic stirring bar, was charged with [IrCl(C2H4)2]> (0.0080 mmol), (S)-L1
(0.016 mmol), 1 (0.20 mmol), and toluene (0.4 mL). The tube was sealed by the stopcock and was
taken out from the glove box. The mixture was stirred at 135 °C by a heating magnetic stirrer with
an aluminum heating block (hole size: 21 mm diameter x 33 mm depth). After 12 h, the tube was
cooled to room temperature. The resulting solution was purified by column chromatography on
silica gel (Chromatolex NH-DM2035; eluent: hexane). A mixture of 3, 4, and 1 was obtained. The
mixture was then treated with mCPBA in hexane for 30 min at room temperature, by which 4 and
1 were converted to the compounds derived from the corresponding epoxides. 3 was obtained after
purification by column chromatography on silica gel (Chromatolex NH-DM2035; eluent: hexane).

General Procedure 2: Conversion of 3 to the alcohol 5.

To determine the enantiomeric excess of 3, 3 was converted to the corresponding alcohol 5. A
50 mL round-bottom flask, equipped with a magnetic stirrer bar, was charged with 3 and CsDs (600
uL). TBAF (TCI, IM in THF, 200 pL) was added to the flask, and the resulting mixture was stirred
at 80 °C. After 30 min, the flask was cooled to room temperature. Aqueous K3POg solution (10
mL) was added to the flask. The organic materials were extracted with EtOAc (30 mL x 3) and
washed with brine (30 mL). § was obtained after purification by column chromatography on silica
gel (SiliaFlash; eluent: hexane:AcOEt = 7:3). Note: Aqueous workup should be performed with
K3POg, otherwise dehydration of 5 took place to afford 3-methylbenzofuran.

Notes for the SFC analysis of 5 to determine the ee: A hexane (1 mL) solution of § (I mg) was

prepared and used for SFC analysis. The use of i-PrOH should be avoided in this sample
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preparation, because it induced degradation of 5, and as a result, ee of the remaining 5 was
changed. For example, when a hexane/i-PrOH (98:2) solution of 5d (I mg) was left at room
temperature overnight, partial degradation of 5d to 3,5-dimethylbenzofuran took place, and a 3%
increase in ee of the remaining 5d was observed. The details of this phenomenon are unclear at

this moment.

The Reaction of 1d to Afford 3-tert-Butyldimethylsilyloxy-3,5-dimethyl-2,3-
dihydrobenzofuran (3d)
OTBS [IrCI(C2H4)2]20(4 mol%) o) o
ok (SL1(Emo) @/\z TBAF (1 equiv)
toluene Me N C<D«/THF Me R
Me™ C 135°C, 12 h TBSO * g5o¢, 30 min HO
1d 3d 5d

According to the General Procedure 1, the reaction was carried out at 135 °C for 12 h using
[IrC1(C2H4)2]2 (4.5 mg, 0.0079 mmol), (S)-L1 (19 mg, 0.016 mmol), 1d (53 mg, 0.19 mmol), and
toluene (0.4 mL). 3d (45 mg, 85%) was obtained as a colorless oil. 3d: 'H NMR (400 MHz, CsDs)
07.01-7.04 (m, 1H), 6.81-6.86 (m, 1H), 6.78 [d (AB pattern), J= 8.0 Hz, 1H], 4.35 (d, J=9.6 Hz,
1H), 3.96 (d, /J=9.6 Hz, 1H), 2.12 (s, 3H), 1.43 (s, 3H), 0.92 (s, 9H), —0.06 (s, 3H), —0.17 (s, 3H).
BCNMR (101 MHz, C¢Ds) 6159.0, 132.2, 131.0, 129.8, 124.5, 110.6, 84.5, 79.9, 26.8, 26.0, 20.8,
18.2, —3.3, -3.6. HRMS (EI, positive) m/z calcd for Ci2H1702Si" [M — ¢-Bu]™: 221.0992, found:
221.0994.

According to the General Procedure 2, the reaction of 3d (43 mg, 0.15 mmol) gave the product
5d (18 mg, 0.11 mmol, 71%) as a white solid. Enantiomeric excess of 5d was determined to be
93% by SFC analysis [column: Daicel Chiralcel OD-H/SFC (4.6 mm x 250 mm); eluent: CO»:2-
propanol = 100:2; flow rate: 3.06 mL/min; detection wavelength: 220 nm; Tr = 5.5 (major), 6.3
(minor) min]. The absolute configuration of the major enantiomer was assigned on the analogy of
that of 5h (see Section 7). (R)-5d: 'H NMR (400 MHz, CsDs) §6.90-6.93 (m, 1H), 6.81-6.86 (m,
1H), 6.78 [d (AB pattern), J = 8.0 Hz, 1H), 4.18 (d, /= 10.0 Hz, 1H), 3.94 (d, J = 10.0 Hz, 1H),
2.12 (3H, s), 1.54 (s, 1H, OH), 1.31 (s, 3H). 3*C NMR (101 MHz, CsDs) & 158.6, 132.8, 130.9,
130.0, 123.7, 110.4, 84.3, 77.8, 25.3, 20.8. HRMS (EI, positive) m/z calcd for CioHi202" [M]":
164.0832, found: 164.0833. [a]**p —29.5 (¢ 0.28, CH2Cl>, 93% ee).

S21



The Reaction of 1e to Afford 3-tert-Butyldimethylsilyloxy-3-methyl-5-methoxy-2,3-
dihydrobenzofuran (3e)
oT1Bs [IrCl(CaHa)o]> (4 mol%) o 0
ok (S)-L1 (8 mol%) /@;{ TBAF (1 equiv)
toluene MeO s C-D+/THF MeO R
MeO” : 135°C, 12 h TBSO ~ gGoC, 30 min HO
1e 3e 5e

According to the General Procedure 1, the reaction was carried out at 135 °C for 12 h using
[IrC1(C2H4)2]2 (4.5 mg, 0.0079 mmol), (S)-L1 (21.8 mg, 0.018 mmol), 1e (56 mg, 0.2 mmol), and
toluene (0.4 mL). 3e (40 mg, 71%) was obtained as a colorless oil. 3e: "H NMR (400 MHz, CsDs)
06.90 (d, J=2.4 Hz, 1H), 6.75 [d (AB pattern), J = 8.4 Hz, 1H], 6.65 [dd (AB pattern), J = 8.4,
2.4 Hz, 1H], 4.35 (d, J=9.6 Hz, 1H), 3.97 (d, J = 9.6 Hz, 1H), 3.35 (s, 3H), 1.41 (s, 3H), 0.91 (s,
9H), —0.05 (s, 3H), -0.16 (s, 3H). *CNMR (101 MHz, CsDs) 5154.91, 154.88,133.0,116.0, 111.1,
109.8, 84.6, 80.2, 55.6, 26.8,25.9, 18.2,-3.3, -3.5. HRMS (EI, positive) m/z calcd for C16H2603Si"
[M]": 294.1646, found: 294.1649.

According to the General Procedure 2, the reaction of 3e (40 mg, 0.14 mmol) gave the product
5e (19 mg, 0.11 mmol, 77%) as a white solid. Enantiomeric excess of 5e was determined to be 92%
by SFC analysis [column: Daicel Chiralcel OD-H/SFC (4.6 mm x 250 mm); eluent: CO»:2-
propanol = 100:2; flow rate: 3.06 mL/min; detection wavelength: 220 nm; Tr = 8.4 (major), 10.2
(minor) min]. The absolute configuration of the major enantiomer was assigned on the analogy of
that of 5h (see Section 7). (R)-5e: '"H NMR (400 MHz, CsDs) & 6.81 (d, J = 2.8 Hz, 1H), 6.75 [d
(AB pattern), J = 8.8 Hz, 1H], 6.66 [dd (AB pattern), J = 8.8, 2.8 Hz, 1H), 4.17 (d, /= 10.0 Hz,
1H), 3.95 (d, J=10.0 Hz, 1H), 3.34 (s, 3H), 1.58 (s, 1H, OH), 1.29 (s, 3H). *C NMR (101 MHz,
CsDg) 0155.0, 154.5, 133.5, 116.1, 111.0, 108.8, 84.4, 78.1, 55.6, 25.2. HRMS (EI, positive) m/z
calcd for C1oH1205" [M]*: 180.0781, found: 180.0783. [a]*’p —20.7 (¢ 0.61, CH2Cl>, 92% ee).
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The Reaction of 1f to Afford 3-tert-Butyldimethylsilyloxy-3-methyl-5-trifluoromethyl-2,3-
dihydrobenzofuran (3f)
OTBS [erl(CzH4)2]2 (4 m0|%) o o
ok (SL1@mort) @;{ TBAF (1 equiv)
toluene FsC N\ C.D/THF FsC 3
FsC 135°C, 12 h TBSO * gge¢, 30 min HO
1f 3f 5f

According to the General Procedure 1, the reaction was carried out at 135 °C for 12 h using
[IrC1(C2Ha4)2]2 (6.8 mg, 0.012 mmol), (S)-L1 (28.2 mg, 0.024 mmol), 1f (105.4 mg, 0.30 mmol),
and toluene (0.4 mL). 3f (52.6 mg, 50%) was obtained as a colorless oil. The moderate yield of 3f
is due to the slower conversion of 1f and the slightly higher formation of the double-bond migration
product 4f (ratio before isolation: 1f:3f:4f = 24:63:13). Elongation of the reaction time to 24 h did
not improve the yield of 3f. 3f: '"H NMR (600 MHz, C¢Ds) 6 7.55 (d, J = 1.8 Hz, 1H), 7.21-7.24
(m, 1H), 6.57 (d, J=9.0 Hz, 1H), 4.25 (d, /=9.6 Hz, 1H), 3.80 (d, /= 9.6 Hz, 1H), 1.21 (s, 3H),
0.84 (s, 9H), —0.19 (s, 3H), —0.27 (s, 3H). 3C NMR (151 MHz, C¢D¢) 5 163.2, 133.2, 128.2 (q,
3Jcr = 3 Hz, detected by DEPT), 125.3 (q, 'Jer = 271 Hz), 123.3 (q, 2Jcr = 32 Hz), 121.8 (q, *Jcr =
4 Hz), 111.1, 85.1, 79.0, 26.3, 25.7, 18.0, —3.4, -3.7. HRMS (EI, positive) m/z calcd for
Ci6H23F20,Si" [M — F]": 313.1430, found: 313.1429.

According to the General Procedure 2, the reaction of 3f (48.3 mg, 0.15 mmol) gave the product
5f (27.4 mg, 0.13 mmol, 87%) as a white solid. Enantiomeric excess of 5f was determined to be
99% by SFC analysis [column: Daicel Chiralcel OD-H/SFC (4.6 mm x 250 mm); eluent: CO:2-
propanol = 100:2; flow rate: 3.06 mL/min; detection wavelength: 220 nm; Tr = 3.2 (major), 3.8
(minor) min]. The absolute configuration of the major enantiomer was assigned on the analogy of
that of 5h (see Section 7). (R)-5f: '"H NMR (600 MHz, C¢D¢) 67.39 (d, J= 2.4 Hz, 1H), 7.21-7.24
(m, 1H), 6.56 (d, /J=8.4 Hz, 1H), 4.04 (d, /= 10.2 Hz, 1H), 3.76 (d, /= 10.2 Hz, 1H), 1.19 (s, 1H,
OH), 1.05 (s, 3H). 3C NMR (151 MHz, CsDs) 5162.9, 133.6, 128.1 (q, *Jcr = 4 Hz, detected by
DEPT), 125.3 (q, 'Jer = 272 Hz), 123.4 (q, 2Jcr = 32 Hz), 121.0 (q, *Jer =4 Hz), 111.0, 84.7, 76.8,
25.0. HRMS (EI, positive) m/z caled for C1oHoF302" [M]™: 218.0549, found: 218.0556. [0]*°p —
26.8 (¢ 0.34, CH2Cla, 99% ee).
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The Reaction of 1g to Afford 3-tert-Butyldimethylsilyloxy-3-methyl-5-phenyl-2,3-
dihydrobenzofuran (3g)
o1BS [IrCI(C2H4)l2 (4 mol%) o o
Ov& (S)-L1 (8 mol%) /@1{ TBAF (1 equiv)
toluene Ph N C.D/THF Ph K
Ph 135°C, 12 h TBSO g5 oG, 30 min HO
19 3g 59

According to the General Procedure 1, the reaction was carried out at 135 °C for 12 h using
[IrC1(C2H4)2]2 (4.7 mg, 0.0082 mmol), (S)-L1 (19.9 mg, 0.017 mmol), 1g (70.6 mg, 0.21 mmol),
and toluene (0.4 mL). 3g (54.9 mg, 78%) was obtained as a colorless oil. 3g: '"H NMR (400 MHz,
CsDs) 67.56 (d, J=2.0 Hz, 1H), 7.50-7.52 (m, 1H), 7.48-7.50 (m, 1H), 7.30 (dd, J = 8.0, 2.0 Hz,
1H), 7.21-7.27 (m, 2H), 7.11-7.17 (m, 1H). 6.87 (d, J = 8.4 Hz, 1H), 4.39 (d, J = 10.0 Hz, 1H),
3.99 (d, J=10.0 Hz, 1H), 1.44 (s, 3H), 0.91 (s, 9H), —0.06 (s, 3H), —0.16 (s, 3H). 3C NMR (101
MHz, CsDs) 6160.6,141.7,134.7,132.9, 129.8,129.1, 127.2,127.0, 123.0, 111.2, 84.9, 79.8, 26.8,
25.9, 18.2, 3.2, -3.6. HRMS (EI, positive) m/z caled for C21H230,Si" [M]": 340.1853, found:
340.1858.

According to the General Procedure 2, the reaction of 3g (54.9 mg, 0.16 mmol) gave the product
5S¢ (31.1 mg, 0.14 mmol, 86%) as a white solid. Enantiomeric excess of 5g was determined to be
94% by SFC analysis [column: Daicel Chiralcel OD-H/SFC (4.6 mm x 250 mm); eluent: CO,:2-
propanol = 100:10; flow rate: 3.30 mL/min; detection wavelength: 220 nm; Tr = 5.1 (major), 11.7
(minor) min]. The absolute configuration of the major enantiomer was assigned on the analogy of
that of 5h (see Section 7). (R)-5g: '"H NMR (400 MHz, C¢D¢) &67.41-7.47 (m, 3H), 7.30 (dd, J =
8.8,2.4 Hz, 1H), 7.22-7.28 (m, 2H), 7.12-7.18 (m, 1H), 6.86 (d, /= 8.0 Hz, 1H), 4,20 (d, /= 10.0
Hz, 1H), 3.96 (d, J = 10.0 Hz, 1H), 1.51 (s, 1H, OH), 1.31 (s, 3H). 3C NMR (101 MHz, C¢Ds) &
160.2, 141.6, 134.9, 133.5, 129.5, 129.1, 127.2, 127.0, 122.2, 111.1, 84.6, 77.7, 25.3. HRMS (EI,
positive) m/z caled for C1sH402" [M]": 226.0988, found: 226.0990. [a]*’p +100.4 (¢ 1.74, CH,Cly,
94% ee).
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The Reaction of 1h to Afford 3-tert-Butyldimethylsilyloxy-3-methyl-5-trimethylsilyl-2,3-
dihydrobenzofuran (3h)
OTBS [er'(C2H4)2]2 (4 mol%)

O
ok (SrL1Emom) @/\{ TBAF (1 equiv) ©
/©/ toluene Me;Si N\ C,Dy/THF Me3Si 3
Me3Si

135°C. 12 h TBSO ~ g§og, 30 min HO
1h 3h 5h

According to the General Procedure 1, the reaction was carried out at 135 °C for 12 h using
[IrCI1(C2Ha4)2]2 (4.7 mg, 0.0083 mmol), (S)-L1 (20.3 mg, 0.017 mmol)), 1h (63.3 mg, 0.19 mmol),
and toluene (0.4 mL). 3h (37.6 mg, 59%) was obtained as a colorless oil. The moderate yield of 3h
is due to the relatively fast formation of the double-bond migration product 4h (ratio before
isolation: 1h:3h:4h = 5:64:31). 3h: "H NMR (400 MHz, CsD¢) & 7.56-7.57 (m, 1H), 7.30 (dd, J =
8.0, 1.2 Hz, 1H), 6.91 (d, J = 8.0 Hz, 1H), 4.36 (d, J = 10.0 Hz, 1H), 3.96 (d, /= 10.0 Hz, 1H),
1.45 (s, 3H), 0.92 (s, 9H), 0.26 (s, 9H), —0.12 (s, 3H), —0.16 (s, 3H). '*C NMR (101 MHz, C¢D¢) &
162.0, 135.9, 131.9, 131.3, 129.2, 110.8, 84.6, 79.7, 26.8, 25.9, 18.2, 0.7, -3.3, =3.7. HRMS (EI,
positive) m/z calcd for C17H2902Si>" [M — CH3]*: 321.1701, found: 321.1704.

According to the General Procedure 2, the reaction of 3h (37.6 mg, 0.11 mmol) gave the product
5h (20.4 mg, 0.092 mmol, 84%) as a white solid. Enantiomeric excess of 5h was determined to be
94% by SFC analysis [column: Daicel Chiralcel OD-H/SFC (4.6 mm x 250 mm); eluent: CO,:2-
propanol = 100:2; flow rate: 3.06 mL/min; detection wavelength: 220 nm; Tr = 3.8 (major), 4.2
(minor) min]. The absolute configuration of the major enantiomer was assigned as R based on the
X-ray crystallographic analysis (see Section 7). (R)-5h: '"H NMR (400 MHz, C¢D¢) 67.51 (dd, J =
1.6, 0.4 Hz, 1H), 7.31 (dd, J = 8.0, 1.6 Hz, 1H), 6.92 (dd, J = 8.0, 0.4 Hz, 1H), 4.16 (d, J=10.0
Hz, 1H), 3.92 (d, J = 10.0 Hz, 1H), 1.40 (s, 1H, OH), 1.32 (s, 3H), 0.25 (s, 9H). 1*C NMR (101
MHz, CsDs) 6161.6, 135.9, 132.7, 131.8, 128.2 (overlapping with the peaks of CsDs, detected by
DEPT), 110.7, 84.3, 77.6, 25.3, —0.7. HRMS (EI, positive) m/z caled for Ci12Hi302Si" [M]":
222.1071, found: 222.1073. [a]*p —10.2 (c 0.88, CH,Cl2, 94% ee).
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The Reaction of 1i to Afford 3-tert-Butyldimethylsilyloxy-3-methyl-5-chloro-2,3-
dihydrobenzofuran (3i)
oT1Bs [IrCI(CoHy)olo (4 mol%) o 0
Ov& (S)-L1 (8 mol%) /@L{ TBAF (1 equiv)
toluene Cl N C.D/THF Cl 3
cl 135°C, 12 h TBSO g5 oC, 30 min HO
1i 3i 5i

According to the General Procedure 1, the reaction was carried out at 135 °C for 12 h using
[IrC1(C2H4)2]2 (4.5 mg, 0.0079 mmol), (S)-L1 (19.4 mg, 0.016 mmol), 1i (61.0 mg, 0.20 mmol),
and toluene (0.4 mL). 3i (25.1 mg, 41%) was obtained as a colorless oil. The moderate yield of 3i
is due to the relatively fast formation of the double-bond migration product 4i (ratio before
isolation: 1i:3i:4i = 4:61:35). 3i: '"H NMR (400 MHz, CsDs) 67.22 (d, J= 2.4 Hz, 1H), 6.95 (dd, J
=8.4,2.4 Hz, 1H), 6.52 (d, J = 8.4 Hz, 1H), 4.24 (d, J=10.0 Hz, 1H), 3.82 (d, /= 10.0 Hz, 1H),
1.23 (s, 3H), 0.86 (s, 9H), —0.13 (s, 3H), —0.23 (s, 3H). *C NMR (101 MHz, CsDs) §159.3, 134.2,
130.3, 125.7, 124.3, 112.1, 84.8, 79.6, 26.5, 25.8, 18.1, —3.4, -3.6. HRMS (EI, positive) m/z calcd
for C11H14ClO:Si" [M — -Bu]": 241.0446, found: 241.0450.

According to the General Procedure 2, the reaction of 3i (25.1 mg, 0.082 mmol) gave the
product Si (8.2 mg, 0.044 mmol, 53%) as a white solid. Enantiomeric excess of 5i was determined
to be 95% by SFC analysis [column: Daicel Chiralcel OD-H/SFC (4.6 mm x 250 mm); eluent:
CO2:2-propanol=100:2; flow rate: 3.06 mL/min; detection wavelength: 220 nm; Tr = 6.8 (major),
8.0 (minor) min]. The absolute configuration of the major enantiomer was assigned on the analogy
of that of 5h (see Section 7). (R)-5i: '"H NMR (400 MHz, CsDs) 67.04 (d, J = 2.4 Hz, 1H), 6.95
(dd, J=8.4, 2.4 Hz, 1H), 6.51 (d, /= 8.4 Hz, 1H), 4.04 (d, /= 10.0 Hz, 1H), 3.78 (d, /= 10.0 Hz,
1H), 1.23 (s, 1H), 1.09 (s, 3H). 3C NMR (101 MHz, C¢Ds¢) 6 158.9, 134.6, 130.2, 125.7, 123.6,
111.9, 84.5, 77.4, 25.0. HRMS (EI, positive) m/z calcd for CoHoClO," [M]": 184.0286, found:
184.0289. [a]*p —16.0 (¢ 0.46, CH>Cl,, 95% ee).
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The Reaction of 1j to Afford 3-tert-Butyldimethylsilyloxy-3-methyl-5-fluoro-2,3-
dihydrobenzofuran (3j)
oTBs [rCI(CaHa)sl2 (4 mol%) o o
OA (S)-L1 (8 mol%) /@;{ TBAF (1 equiv)
toluene F N C.D~THF F R
F 135°C, 12 h TBSO ~ gGo¢, 30 min HO
1] 3j 9

According to the General Procedure 1, the reaction was carried out at 135 °C for 12 h using
[IrC1(C2H4)2]2 (4.64 mg, 0.0082 mmol), (S)-L1 (20.2 mg, 0.017 mmol), 1j (56.4 mg, 0.20 mmol),
and toluene (0.4 mL). 3j (33.8 mg, 60%) was obtained as a colorless oil. The moderate yield of 3j
is due to the slower conversion of 1j and the slightly higher formation of the double-bond migration
product 4j (ratio before isolation: 1j:3j:4j = 16:72:12). Elongation of the reaction time to 24 h did
not improve the yield of 3j. 3j: '"H NMR (400 MHz, CsD¢) § 6.88 (dd, J = 8.0, 2.8 Hz, 1H), 6.66
(td, /=8.8, 2.8 Hz, 1H), 6.54 (dd, /= 8.8, 4.0 Hz, 1H), 4.27 (d, J=10.0 Hz, 1H), 3.86 (d, /= 10.0
Hz, 1H), 1.26 (s, 3H), 0.87 (s, 9H), —0.11 (s, 3H), —0.24 (s, 3H). '3C NMR (101 MHz, C¢Ds, 'H
and "°F simultaneous decoupling) 5157.9, 156.6, 133.6,116.8,111.4,110.9, 84.8, 79.8, 26.5, 25.8,
18.1, -3.4, -3.5. HRMS (EI, positive) m/z calcd for C11H14FO2Si* [M — -Bu]": 225.0742, found:
225.0746.

According to the General Procedure 2, the reaction of 3j (33.8 mg, 0.12 mmol) gave the product
5j (12.9 mg, 0.08 mmol, 64%) as a white solid. Enantiomeric excess of 5j was determined to be
84% by SFC analysis [column: Daicel Chiralcel OD-H/SFC (4.6 mm x 250 mm); eluent: CO,:2-
propanol = 100:2; flow rate: 3.06 mL/min; detection wavelength: 220 nm; Tr = 4.4 (major), 5.1
(minor) min]. The absolute configuration of the major enantiomer was assigned on the analogy of
that of Sh (see Section 7). (R)-5j: '"H NMR (400 MHz, C¢D¢) 56.74 (dd, J= 7.2, 2.8 Hz, 1H), 6.67
(td, /=8.8, 2.8 Hz, 1H), 6.53 (dd, /= 8.8, 4.0 Hz, 1H), 4.07 (d, J=10.0 Hz, 1H), 3.83 (d, /=10.0
Hz, 1H), 1.25 (s, 1H, OH), 1.12 (s, 3H). 3C NMR (101 MHz, C¢D¢, 'H and '°F simultaneous
decoupling) 6 158.0, 156.2, 134.0, 116.7, 111.2, 110.2, 84.5, 77.7, 25.0. HRMS (EI, positive) m/z
calcd for CoHoFO,* [M]*: 168.0581, found: 168.0584. [a]*°p —37.9 (¢ 0.67, CH2Cl>, 84% ee¢).
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The Reaction of 1k to Afford 3-tert-Butyldimethylsilyloxy-3,6-dimethyl -2,3-
dihydrobenzofuran (3k)

OTBS [|FC|(CzH4)2]20(4 mol%) Me 0 Me 0
Ve Ov& (S)-L1 (8 mol%) m TBAF (1 equiv) m
\©/ toluene N\ CeDg/THF B

135°C, 12 h TBSO ~ gGeg. 30 min HO
1k 3k 5k

According to the General Procedure 1, the reaction was carried out at 135 °C for 12 h using
[IrC1(C2H4)2]2 (4.8 mg, 0.0084 mmol), (S)-L1 (19.1 mg, 0.016 mmol), 1k (52.7 mg, 0.19 mmol),
and toluene (0.4 mL). 3k (34.2 mg, 65%) was obtained as a colorless oil. 3k: "H NMR (400 MHz,
CeDs) 67.06 (d,J=7.6 Hz, 1H), 6.71 (d, J= 0.8 Hz, 1H), 6.60-6.64 (m, 1H), 4.37 (d, /= 10.0 Hz,
1H), 3.97 (d, J=10.0 Hz, 1H), 2.07 (s, 3H), 1.43 (s, 3H), 0.93 (s, 9H), —0.07 (s, 3H), —0.15 (s, 3H).
BCNMR (101 MHz, C¢Ds) 5161.4, 140.6, 129.4, 123.8, 121.6, 111.6, 84.8, 79.6, 26.9, 26.0, 21.6,
18.2, —3.2, —=3.6. HRMS (EI, positive) m/z calcd for CisH250,Si" [M — H]": 277.1618, found:
277.1623.

According to the General Procedure 2, the reaction of 3k (26.2 mg, 0.094 mmol) gave the
product 5k (8.3 mg, 0.051 mmol, 54%) as a white solid. Enantiomeric excess of 5k was determined
to be 80% by SFC analysis [column: Daicel Chiralcel OZ-H/SFC (4.6 mm x 250 mm); eluent:
COz:2-propanol = 100:2; flow rate: 3.06 mL/min; detection wavelength: 220 nm; Tr = 5.5 (major),
6.1 (minor) min]. The absolute configuration of the major enantiomer was assigned on the analogy
of that of 5h (see Section 7). (R)-5k: '"H NMR (400 MHz, CsDs) 67.00 (d, J = 7.6 Hz, 1H), 6.71
(d, /= 0.8 Hz, 1H), 6.60-6.64 (m, 1H), 4.19 (d, /= 10.0 Hz, 1H), 3.95 (d, /= 10.0 Hz, 1H), 2.09
(s, 3H), 1.37 (s, 1H, OH), 1.31 (s, 3H). *C NMR (101 MHz, C¢D¢) §161.0, 140.5, 130.2, 123.0,
121.9,111.4, 84.5,77.5,25.3, 21.6. HRMS (EI, positive) m/z calcd for CioH1202" [M]": 164.0832,
found: 164.0835. [a]*’p —29.8 (¢ 0.42, CH2Cly, 80% ee¢).
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The Reaction of 11 to Afford 3-tert-Butyldimethylsilyloxy-3-methyl-6-methoxy-2,3-
dihydrobenzofuran (31)
oTBs [rCl(CaHa)2lz (4 mol%)  Meo 0 MeO
Voo ok (S)-L1 (8 mol%) m TBAF (1 equiv) \©/\(2
toluene SN\ CgDg/THF N
135°C, 12 h TBSO * gGo¢, 30 min HO
1l 3l 51

According to the General Procedure 1, the reaction was carried out at 135 °C for 12 h using
[IrC1(C2H4)2]2 (4.6 mg, 0.0081 mmol), (S)-L1 (19.6 mg, 0.017 mmol), 11 (59.6 mg, 0.20 mmol),
and toluene (0.4 mL). 31 (27.5 mg, 46%) was obtained as a colorless oil. 31: "H NMR (400 MHz,
CeDg) 0 7.02 (d, J= 8.0 Hz, 1H), 6.52 [d (AB pattern), J = 2.0 Hz, 1H], 6.48 [dd (AB pattern), J
=8.0,2.0 Hz, 1H], 4.39 [d (AB pattern), /= 10.0 Hz, 1H], 4.01 [d (AB pattern), J= 10.0 Hz, 1H],
3.23 (s, 3H), 1.43 (s, 3H), 0.94 (s, 9H), —0.05 (s, 3H), —0.13 (s, 3H). *C NMR (101 MHz, C¢D¢) &
162.7, 162.6, 124.5, 124.3, 107.6, 96.6, 85.5, 79.5, 55.0, 27.0, 26.0, 18.2, -3.2, -3.7. HRMS (EI,
positive) m/z calcd for Ci2H1703Si" [M — t-Bu]*: 237.0941, found: 237.0944.

According to the General Procedure 2, the reaction of 31 (27.5 mg, 0.093 mmol) gave the
product 51 (14.7 mg, 0.082 mmol, 88%) as a white solid. Enantiomeric excess of 51 was determined
to be 78% by SFC analysis [column: Daicel Chiralcel OZ-H/SFC (4.6 mm x 250 mm); eluent:
COz:2-propanol = 100:2; flow rate: 3.06 mL/min; detection wavelength: 220 nm; Tr = 8.4 (major),
10.2 (minor) min]. The absolute configuration of the major enantiomer was assigned on the analogy
of that of 5h (see Section 7). (R)-51: "H NMR (400 MHz, C¢D¢) 56.97 (d, J = 8.4 Hz, 1H), 6.53 [d
(AB pattern), J = 2.0 Hz, 1H], 6.49 [dd (AB pattern), J = 8.4, 2.0 Hz, 1H], 4.22 (d, /= 10.0 Hz,
1H), 3.98 (d, J = 10.0 Hz, 1H), 3.27 (s, 3H), 1.31 (s, 3H), 1.29 (s, 1H, OH). *C NMR (101 MHz,
CsDs) 0162.6, 162.1, 125.1, 123.7, 107.8, 96.6, 85.2, 77.3, 55.0, 25.4. HRMS (EI, positive) m/z
calcd for C1oH1205" [M]*: 180.0781, found: 180.0785. [a]**p —30.7 (¢ 0.20, CH2Cl>, 78% ee).
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The Reaction of 1m to Afford 3-fert-Butyldimethylsilyloxy-3,7-dimethyl -2,3-

dihydrobenzofuran (3m)

Me
Me otBs [IrCI(CaHy)alz (5 mol%)
O\/§ (S)-L1 (10 mol%)
toluene y
135°C,12h TBSO
im 3m

According to the General Procedure 1, the reaction was carried out at 135 °C for 24 h using
[IrC1(C2Ha4)2]2 (5.9 mg, 0.010 mmol), (S)-L1 (29 mg, 0.025 mmol), 1m (54 mg, 0.20 mmol), and
toluene (0.4 mL). 3m (9.8 mg, 18%) was obtained as a colorless oil. Enantiomeric excess of 3m
was determined to be 33% by SFC analysis [column: Daicel Chiralcel OZ-H/SFC (4.6 mm x 250
mm); eluent: CO, only; flow rate: 3.00 mL/min; detection wavelength: 220 nm; Tz = 2.3 (major),
2.6 (minor) min]. The absolute configuration of the major enantiomer was assigned as R based on
the previous report.!> The "H NMR spectrum of 3m is in perfect agreement with the previously

reported spectrum.'?

7. Assignment of the Absolute Configuration of Sh

The absolute configuration of the major enantiomer of Sh was assigned by X-ray
crystallographic analysis. Single crystal of Sh was obtained from hot hexane solution and mounted
in the loop. X-ray diffraction data for Sh were collected at 153(1) K on a Rigaku Saturn 724+CCD
diffractometer with Varimax Mo optics using graphite monochromated Mo-Ka radiation (A =
0.71073 A), and processed using CrystalClear-SM (Rigaku, Tokyo). The structures were solved
using a direct method (SHELXT or SHELX97) and refined by a full-matrix least-squares method
on F? for all reflections using the programs of SHELXL-2018. All non-hydrogen atoms were
refined with anisotropic displacement parameters. Crystallographic data for the structure of Sh
have been deposited with the Cambridge Crystallographic Data Centre as supplementary
publication no. CCDC-2099797. This data can be obtained free of charge from the Cambridge

Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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Figure S1. Crystal Structure of (R)-Sh.
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Table S2. Crystal Data and Structure Refinement for (R)-5h

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(l)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

Ci2H1502851

222.35

143(2) K

0.71075 A

Orthorhombic

P212121

a=6.7361(17) A
b=21.906(6) A

c=26.843(7) A

3961.0(18) A2

12

1.119 Mg/m?

0.159 mm™!

1440

0.200 x 0.200 x 0.200 mm?
3.036 to 27.488°

-12<=h<=12, -11<=k<=13, -29<=1<=30
32323

9056 [R(int) = 0.0970]

99.7%

Semi-empirical from equivalents
Full-matrix least-squares on F?
9056 /0/421

1.141

R1=0.0903, wR2 =0.1317
R1=0.1287, wR2 =0.1464
0.04(10)

0.220 and -0.225 e.A"3

o =90°
B =90°
v =90°
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8. Substituent Effect on the Double Bond in Ir-Catalyzed Double Bond Migration (Scheme 6)

Reaction of In: According to the General Procedure 1 described in Section 6, the
reaction was carried out at 135 °C using [[rCI(C2H4)2]2 (2.3 mg, 0.0040 mmol), (S)-L1 (9.7 mg,
0.0080 mmol), 1n (18 mg, 0.10 mmol), and toluene (0.2 mL). "H NMR analysis (internal standard:
diphenylmethane) of the resulting mixture indicated that 4n was formed in 73 and 88% yields after
2 and 6 h, respectively. No formation of hydroarylation product was observed.

Reaction of 1o: According to the General Procedure 1 described in Section 6, the
reaction was carried out at 135 °C using [[rCI(C2H4)2]2 (2.3 mg, 0.0040 mmol), (S)-L1 (9.6 mg,
0.0081 mmol), 10 (26.4 mg, 0.10 mmol), and toluene (0.2 mL). '"H NMR analysis (internal
standard: diphenylmethane) of the resulting mixture indicated that 40 was formed in 8% yield after

6 h. No formation of hydroarylation product was observed.

9. D-Labeling Experiments (Schemes 7 and 8)
9-1. Preparation of Deuterium-Labeled Compounds

Preparation of 1p-D

)O]\ Br, (1 equiv) Br%
CD
D3C” °CDs  Et,0 5o
rt, 12 h
quenched by D,O S13
S13
oH K,CO5 (5 equiv) o
Nal (0.4 equiv 0]
acetone-dg DD
HsC 90°C, 3 h HsC

PPhs;MeBr (2 equiv) CH,
BuOK (2 equiv)

O%C% ¢ 255D
THE 7 b 0.45 H
H3C —_—

rt, overnight

4
5

1.46
1p-D 0.54

An oven dried 200 mL three-neck-flask, equipped with a magnetic stirring bar and a rubber

septum, was evacuated and backfilled with nitrogen. Acetone-ds (Aldrich, 1.5 mL, 20 mmol) and
Et,0 (40 mL) was added to the flask. Bromine (1.0 mL, 20 mmol) was added dropwise to the flask.
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The resulting mixture was stirred for 24 h at room temperature. DO (1 mL) was added to the flask
to quench the reaction. Anhydrous sodium sulfate was then added to the flask to remove the excess
D;0. After removal of Et,O by distillation, S13 was obtained as a crude product, which was used
for the next step without further purification. (Caution: Bromoacetone is a powerful irritant to the
eyes and skin. It should be handled under a well-ventilated hood.)

According to the procedure given for preparation of S1 (see Section 3), the reaction of p-
cresol (1.20 g, 10 mmol) with S13 was carried out for 3 h at 90 °C in acetone-ds using KoCO3 (6.9
g, 50 mmol) and Nal (600 mg, 4 mmol). S14 (1.52 g, 9.0 mmol, 90%) was obtained as a colorless
oil after purification by column chromatography on silica gel (SiliaFlash; eluent: 15% EtOAc in
hexane).

According to the procedure given for preparation of 1n (see Section 3), the reaction of S14
(1.52 g, 9.0 mmol) with PPhsMeBr (TCI, 7.14 g, 20 mmol) and +~BuOK (2.25 g, 20 mmol) was
carried out in THF. 1p-D (1.22 g, 7.3 mmol, 80%) was obtained as a colorless oil after purification
by column chromatography on silica gel (SiliaFlash; eluent: 5% EtOAc in hexane) and Kugelrhor
distillation. The D/H ratios at the allylic methyl (CHo4sD2s5s5) and the allylic methylene
(CHo.s4D1 46) were determined by '"H NMR (see Figure S70). 1p-D: 'H NMR (400 MHz, C¢Dg¢) &
6.95 (d, J= 8.4 Hz, 2H), 6.81 (d, /= 8.4 Hz, 2H), 5.06-5.10 (m, 1H), 4.85-4.89 (m, 1H), 4.10-4.15
(m, 0.54H), 2.13 (s, 3H), 1.58-1.64 (m, 0.45H). 3C NMR (101 MHz, CsD¢) 6157.4, 141.4, 130.2,
129.9, 115.0, 112.3-112.6 (m), 71.0-71.8 (m), 20.6, 18.2-19.4 (m). HRMS (EI, positive) m/z calcd
for C11H1oD4O™ [M]*: 166.1290, found: 166.1291; m/z calcd for C11HoDsO" [M]*: 167.1353, found:
167.1357.
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Preparation of 1d-D

chloroacetone (1.5 equiv)

Br K,COj3 (2.0 equiv) Br o)
/@/ OH Br, (3.5 equiv) OH Nal (0.4 equiv) OQK
M AcOH/H,0 (1:3) acetone .
° rt, 30 min Me Br reflux (90°C), 2 h Me Br
S15 S16
EtsN (1.8 equiv) - Br OTBS 1. s-BuLi (1.05 equiv) Br OTBS
TBSOTf (1.2 equiv) OA Et,0, —78 °C, 10 min Ov&
CH,Cl, 2. D,O (10 equiv)
0°Ctort,3h Me Br Me D
S$17 S18
1. s-BuLi (1.15 equiv) . D OTBS
Et,O, —78 °C, 10 min mCPBA (0.5 equiv) Ov&
2. D,O (10 equiv) hexane
0°C,4h Me D
1.920§ 1d-D
0.08H

A 200 mL three-neck flask, equipped with a magnetic stirring bar and a rubber septum, was
charged with p-cresol (2.36 g, 13 mmol), AcOH (4.8 mL), distilled water (13.2 mL) under air. To
the mixture bromine (2.3 mL, 45 mmol) in AcOH (32 mL) solution was added dropwise. After the
stirring at room temperature for 30 min, the mixture was poured into water (80 mL) to afford white
solids. The solids were collected by filtration and dried under reduced pressure. The residue was
dissolved in CH>Cl, (20 mL). The organic materials were washed with NaxCOs3 (50 mL), NaxS>03
(50 mL x 3), and brine (50 mL). The organic phase was dried over magnesium sulfate, and the
solvent was removed under reduced pressure to afford S15 (3.0 g, 11 mmol, 89% yield) as a white
solid, which was used for the next step without further purification.

According to the procedure given for preparation of S1 (see Section 3), the reaction of S15 (1.86
g, 7.0 mmol) with chloroacetone (1.2 mL, 15 mmol) was carried out for 1.5 h at 90 °C in acetone
using K>COs3 (1.5 g, 14 mmol) and Nal (420 mg, 2.8 mmol). S16 (2.2 g, 6.7 mmol, 96%) was
obtained as a white solid after purification by column chromatography on silica gel (SiliaFlash;
eluent: 20% EtOAc in hexane).

According to the procedure given for preparation of 1¢ (see Section 3), S16 (1.61 g, 5.0 mmol)
was reacted with EGN (1.2 mL, 9.0 mmol) and TBSOTf (1.5 mL, 6.0 mmol) in CH2Cl> (20 mL).
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S17 (1.9 g, 4.4 mmol, ca. 9:1 mixture of isomers) was obtained as a colorless oil after purification
by chromatography on silica gel (Chromatolex NH-DM?2035; eluent: hexane).

An oven dried 300 mL three-neck flask, equipped with a magnetic stirring bar and a rubber
septum, was charged with S17 (1.73 g, 4.0 mmol, ca. 9:1 mixture of isomers). The flask was
evacuated and backfilled with nitrogen. Et2O (150 mL) was added to the flask, and the mixture was
cooled to —78 °C by a dry ice/acetone bath. s-BuLi (4.0 mL, 1.05 M in hexane, 4.2 mmol, Kanto)
was added dropwise to the flask. After the stirring for 10 min at —78 °C, D>O (700 uL) was added
to the flask. The cooling bath was removed, and the flask was allowed to warm to room temperature.
Water (30 mL) was added to the flask. The organic materials were extracted with hexane (20 mL
x 3), washed with brine (50 mL), and dried over anhydrous sodium sulfate. Evaporation of the
volatiles afforded S18, which was used for the next step without further purification.

According to the procedure given above, S18 (1.25 g, 3.5 mmol) was treated with s-BuLi (4.0
mL, 1.05 M in hexane, 4.2 mmol) and DO (700 pL) in Et2O (150 mL). The crude products (530
mg, 1.9 mmol, a 9:1 mixture of isomers) were then treated with mCPBA (200 mg, containing
ca.30% water) in hexane (10 mL) for 4 h at 0 °C. 1d-D (490 mg, 1.7 mmol, 92%) was obtained as
a colorless oil after purification by column chromatography on silica gel (Chromatolex NH-
DM?2035; eluent: hexane). The D/H ratio at the ortho positions (1.92D + 0.08H) was determined
by 13C NMR (see Figure S73). 1d-D: "H NMR (600 MHz, C¢Ds¢) 66.93 (s, 2H), 4.54-4.56 (m, 1H),
4.36-4.38 (m, 1H), 4.23 (s, 2H), 2.11 (s, 3H), 0.96 (s, 9H), 0.15 (s, 6H). 3C NMR (151 MHz, C¢Ds)
0 157.2, 155.0, 130.2 (two non-equivalent carbons were overlapped), 114.9 (t, J = 23 Hz), 92.5,
69.3, 25.9, 20.6, 18.4, —4.4. HRMS (EI, positive) m/z calcd for CisH24D20,Si" [M]": 280.1822,
found: 280.1827.
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9-2. Deuterium Incorporation (Scheme 7)

9-2-1. The Double Bond Migration of 1p-D to Afford 4p-D (Scheme 7a)

2.55D

12045H [11C1(CoH,) o 3.26D

H /Ci% (4 mol %) W/{H 2.74H
O. - °o
/@: 8 %H (S)-L1 (8 mol %) /@i CHD, o] D+1pD
toluene
Me H ﬁ 200 110°C,24h M 51 CD
O 54H 0.26H
total 4.0D total 4.00D
1p-D 4p-D 3p-D

(86%, 4p-D:3p-D:1p-D = 72:16:12)

According to the General Procedure 1 described in Section 6, the reaction was carried
outat 110 °C for 24 h using [IrCI(C2H4)2]2 (4.55 mg, 0.0079 mmol), (S)-L1 (18.9 mg, 0.0160 mmol),
1p-D (33.4 mg, 0.20 mmol), and toluene (0.4 mL). A mixture of 4p-D, 3p-D, and 1p-D (28.8 mg,
86%, 4p-D:3p-D:1p-D = 72:16:12) was obtained after purification by chromatography on silica
gel (Chromatolex NH-DM?2035; eluent: hexane). 'H NMR analysis of the mixture focusing on the
peaks of 4p-D indicates deuterium incorporation at the allylic two carbon (C,H,74,D;26) and the
vinylic carbon (CHyg 26D 74) (Figure S2). The H/D ratio was determined based on the methyl group
(3.00H) on the benzene ring. No deuterium incorporation was observed at the aromatic carbons of
4p-D. 4p-D: 'H NMR (600 MHz, CDCls) 67.08-7.10 (m, 2H, ArH), 6.86-6.88 (m, 2H, ArH), 6.18
(s, 0.26H, vinylic CH), 2.30 (s, 3H, ArCH3), 1.78-1.84 (m, 0.18 H, allylic CH3, CH>D, and CHD>),
1.64-1.74 (m, 2.56H, allylic CH3, CH>D, and CHD;).
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Figure S2. 'H NMR Spectrum of 4p-D (a mixture with 3p-D and 1p-D, 4p-D:3p-D
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9-2-2. The Intramolecular Hydroarylation of 1d-D to Afford 3d-D (Scheme 7b)

O 94D

D oTBS  [IrCI(CoHy)slo <= 0.06H OTBS
O\/& (4 mol %)
| %)
(S)-L1 (8 mol %) ¢2.00H + CH3
|
Me &JD 203‘;‘*!2? TBSG 3. OOH
1.92D 24 h ﬁ 1 66D 1, OOH
0.08H 0.94(CH,D) 0.34H
1d-D 3d-D 0-06(CHy) 4d-D
D OTBS
+ /@io\)\
Me D
S19

(57%, 3d-D:(2)-4d-D:(E)-4d-D:S19 = 76:14.6:4)

According to the General Procedure 1 described in Section 6, the reaction was carried out at
135 °C for 12 h using [IrCl(C2Ha4)2]2 (6.6 mg, 0.012 mmol), (S)-L1 (28.1 mg, 0.024 mmol), 1d-D
(74.1 mg, 0.26 mmol), and toluene (0.6 mL). Purification by column chromatography on silica gel
(Chlomatolex NH-DM2035: eluent: hexane) afforded a mixture of hydroarylation product 3d-D,
double bond migration product 4d-D, and hydrogenated S19 (57%, 3d-D:(Z2)-4d-D:(£)-4d-D:S19
=76:14:6:4). '"H NMR analysis of the mixture focusing on the peaks of 3d-D indicated deuterium
incorporation at the C3-methyl group of 3d-D [0.94(CH.D) + 0.06(CH3)] (Figure S3). No
deuterium incorporation was observed at the C2 methylene of 3d-D. The H/D ratio was determined
based on one of the methyl groups on the silicon atom (3.00H). The D/H ratio at the C7 position
of 3d-D (0.94D + 0.06H) was determined by *C NMR (Figure S4). 'H NMR analysis of the
mixture focusing on the peaks of 4d-D indicated no deuterium incorporation at both the allylic and
the vinylic carbons of 4d-D (Figure S3). The H/D ratio was determined based on the methyl groups
on the benzene ring (3.00H). The D/H ratio at the ortho positions of 4d-D (1.66D + 0.34H) was
determined by *C NMR (Figure S4). 3d-D: '"H NMR (600 MHz, CsDs) &7.02-7.03 (m, 1H), 6.83
(s, 1H), 4.35 (d, J=10.2 Hz, 1H), 3.96 (d, /= 10.2 Hz, 1H), 2.12 (s, 3H), 1.41 (t,J= 1.8 Hz, 2H,
CH:D), 0.92 (s, 9H), -0.06 (s, 3H),—-0.18 (s, 3H). 3C NMR (151 MHz, CsD¢) 6 158.9, 132.2, 130.9,
129.8, 124.5, 110.3 (t, J = 24 Hz, sp*CD), 84.5, 79.8, 26.5 (t, J = 19 Hz, CH:D), 26.0, 20.8, 18.2,
3.3, -3.6. HRMS (EI, positive) m/z calcd for CisH24D>0,Si" [M]": 280.1822, found: 280.1823.
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9-3. Kinetic Isotope Effect (Scheme 8)

Reaction Tracing of 1d: In a glovebox, a glass tube (outside diameter: 20 mm) having PTFE
stopcock (J. Young), equipped with a magnetic stirring bar, was charged with [IrCl(C2H4)2]2 (2.25
mg, 0.0040 mmol), (S)-L1 (9.43 mg, 0.0078 mmol), 1d (54.5 mg, 0.20 mmol), toluene (1.0 mL),
and dibenzyl ether (26.68 mg, 0.13 mmol, internal standard). The tube was sealed by the stopcock
and was taken out from the glove box. The mixture was stirred at 135 °C by a heating magnetic
stirrer with an aluminum heating block (hole size: 21 mm diameter x 33 mm depth). After 10 min,
the tube was removed from the heating block and was cooled immediately by ice/water. The tube
was brought into a glove box. A part of the reaction mixture (100 pL) was transferred to NMR
sample tube, diluted with C¢Ds (500 pL), and performed '"H NMR analysis to determine conversion
of 1d. The operation of heating for 10 min and sampling was repeated three times using the
remaining reaction solution. The conversions for every 10 min were obtained as follows: 9.2% (10
min), 15.3% (20 min), 20.4% (30 min), and 25.0% (40 min).

Reaction Tracing of 1d-D: According to the procedure described above, 1d-D (56.1 mg, 0.20
mmol) was reacted using [IrCI(C2H4)2]2 (2.26 mg, 0.0040 mmol), (S)-L1 (9.44 mg, 0.0078 mmol),
toluene (1.0 mL), and dibenzyl ether (22.59 mg, 0.11 mmol, internal standard). The conversions
for every 15 min were obtained as follows: 11.6% (15 min), 17.4% (30 min), 21.4% (45 min), and
25.3% (60 min).

Time vs. In([1d]/[1d]o) and In([1d-D]/[1d-D]o) are shown in Fig. S5. A gradient of the
approximate straight lines are obtained as —6.3 x 1073 for 1d (blue line) and —3.7 x 107 for 1d-D

(red line). Hence ku/kp 1s obtained as 1.7.
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11. 'H and *C NMR Spectra of New Compounds
"H and '3C NMR spectra of 1¢-m, 1o, 4¢, 3¢-1, 5d-1, 1p-D, and 1d-D are given in following

pages.
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Figure S11. 3C NMR Spectrum of 1d (101 MHz, CsDs)
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Figure S12. '"H NMR Spectrum of 1e (400 MHz, CsDs)
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Figure S13. 3C NMR Spectrum of 1e (101 MHz, C¢Ds)
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Figure S14. '"H NMR Spectrum of 1f (400 MHz, CsDs)
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Figure S15. 3C NMR Spectrum of 1f (101 MHz, C¢De¢, 'H and '°F simultaneous decoupling)
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Figure S17. 3C NMR Spectrum of 1g (101 MHz, C¢Ds)
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Figure S18. '"H NMR Spectrum of 1h (400 MHz, CsDs)
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Figure S19. 3C NMR Spectrum of 1h (101 MHz, CsDs)



uojold : uolf[I 1ad syred : Y

01

ouepunqe

.0 .0 Ea- NN B e B s |
[s196082981 L = __ ewTy _uotaTaedey =
{slg dumy, AeTeq uoriexelay w
[slo oTey AeTad uoTiexelsy
ASTYI HeTd ewTL 3essad ﬁ Z /§\
[sls swTL 3eseId
08T ’08T ‘0LZ ‘06 0} aseyq 0 001 (111
[sltT 3TEM TeTITUL i RN RN W L
dogyseq\e3Tep\sIasn\ : 0 yaed juswrtredxy
0 a3ed uoraewroad
ASTYA Jesaxd_saueq
008 dooT ejued
330 SpoW_Tag,
330 = ®POW IIT L
[snlgL 'z = °sTnd X L
[gpls v = u3y_ X |
[Baplgy = eTbuY_X
[5196082981°C = Wty bov X 3
[snlg'g = YIPTM_06 X 3
{oplo gz = I9p dwer L
9¢g = utes IadDSY L
[slg = KeTed uoTIEXRTSY o =
o Py ] i
g = sueos” TE3IOL < F
8 = suedsg r
FSTEA paddTo
[snlg butiyuerg
fudd] g 385330 131
[ZHR]89VST298 " 66€ bexi 1L
uojoxd uTtewog TIL
[wdd] g 395330_T31
[ZHW) 89VSTZ98 66€ bexg_za1
UoJOIg uTRWwo(q IXI

[ZHY] ¥BE0ZG66 "G
[ZHXI8YO0V6Y "L
[ZH]GLLEELSY O

poddto deoms X
desmg X
uot3nTosey X

T sueosaid X

v8E9T sjutod X

[wdd]g 195330 X
[2HW]89VST298 66€ bazg_x
uojoid urtewoqg X

[s196082981°¢
{zHA] 00F) [L]1S6EVITEE 6

uotyeIng Bov X
yzbueals proTd

TI/S00VZOE-WNL Io3ewox3oeds -
X suoTsusSwIq =
[wdd] s3TuUn WIQ =
uo30ig ®TITL WIQ
uojoxd uTtewod X
LOTET sztg wrq
XITAR0D dT jewrod e3leq
osTnd oTbuts JusUWOD
veZ:ge:el 1202-90¥-8T BWTy UOTSTABY
0€:GT:€0 TZ0Z-¥dY-9 BSWTL 3IeIS TENIDY
90~ENFZNEG 3usATOs
EVSTSSH pI oTrdues .
dx(-o3ne uojoad Juawrtaadxy 15
B3Tep Toyany _O
Pl z-T-uoroad gpgTSSH sweueTTa .

0T
S59

o€

0

606
O
4

Figure S20. '"H NMR Spectrum of 1i (400 MHz, CsDs)
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Figure S21. 3C NMR Spectrum of 1i (101 MHz, CsDs)
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Figure S22. '"H NMR Spectrum of 1j (400 MHz, C¢Dg)
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Figure S23. 3C NMR Spectrum of 1j (101 MHz, C¢D¢, 'H and '°F simultaneous decoupling)
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Figure S25. 3C NMR Spectrum of 1k (101 MHz, CsDs)
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Figure S26. '"H NMR Spectrum of 11 (400 MHz, CsDs)
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Figure S27. 3C NMR Spectrum of 11 (101 MHz, C¢Ds)
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Figure S28. '"H NMR Spectrum of 1m (400 MHz, CsDs)
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Figure S29. 3C NMR Spectrum of 1m (101 MHz, CsDs)
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Figure S30. '"H NMR Spectrum of 10 (400 MHz, C¢Ds)
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Figure S33. 3C NMR Spectrum of 3¢ (101 MHz, C¢Ds)
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Figure S34. 'H NMR Spectrum of PhOCH,CH(OTBS)CH; (400 MHz, CeDe)
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Figure S37. 3C NMR Spectrum of 3d (101 MHz, CsDs)
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Figure S39. 3C NMR Spectrum of 5d (101 MHz, CsDs)

S78




(5196082981 2T
[slot

Islo

ISTYI

[sloT

‘08T ‘08T ‘0LZ ‘06 ‘0}
Isit
dozxsaqg\e3Top\saosn\ 10
0

STV

000T

330

330

[snlgL 2
[gpis v
[Boplgy
[5196082981 2
[snlg g

{oplv ez

9y

fslot

8

8

ASIVA

[snlg

[wdd] g
[zEAl89VSTZ98 " 66€
uozoxg

[wdd]g
[2HW189VSTZ98 66€
uozoxd

[ZH%] ¥8E0ZS66 " S
[ZHX18V00V6Y "L
[ZH]GLLEELSY O

T

¥8E9T

fwdd]g
[zHR]B9VSTZI8 66€
uojoxg
(51960829812
[zEW} 007) [L1G6EVITEE 6
TT/S00VZDF-WNL

X

[wdd}

uojoxd
uojoxg

LOTET
XTIANOD dt
osTnd sTbuTs

v:2¢ 120C-ddS-¢
¥£:9G: 12 1202-44S-¢
90-ANFZNIL
VEADU-6GLTISSH
dx(-o3ne uojoad
B3P
~T-uozoxd VEIOW-6GLTISSH

I

o

#

it

i

It

o

it

swtr uoTjyTiadey
dwey AeTeg uoTiexeTey
oren Aersq uorjexeTsoy
Berg suty jeseag
swrty jesaxg
sseyq

JTEM TRTITUL
yazed juswtIodxyg
o3y uoT3EWTOD(]
jeseag e3jueq
dooT ejueq
SPOW_TaL

opol xaI

esTng X

uly X

eTbuv_X

suty bov X
YIPTM 06 X

399 duwsg

uTes IADSY

Keteq uoTjexeTay

sueog Te30L

~ suedg
paddTTd
Butyuerd
395330_Taq,
beaa taz
utewoq TIL
398533021
boxg zax
uTewoqg IIT
peddT1y deems X
deess X
uoT3nTOoSSY X
sueosaxd X
s3uTod X
398330 X
bazg X
utewod X
uoT3eang bov X
y3busaas pProta

@3 3wox3oads
SUOTSUSWTQ
s3TUn WIQ
ST3ITL WIg
utewoq X
°zTS WId
jewzog e3leq
ausuod

SWTL UOTSTADY
swry 3Ie3ls TEn3oY
JUSATOS

pr ordues
quswtxedxy

Toyany

eureus T

uojoxy : uor[[IA 13d syred

‘X

s e = w Wb A R AT AT
33 g § J8&% 584282522
\ | oYY N
0 01 0T 0¢ (184 0°s 09 0’8 06

ceeaa ] A S I AP IR ]

T 77 ] 117 .

: i f L

gl & i

=

wyp ® w [

£ 3 2 S

| w

=l

|

[o

ag Lo

osal A

X O3 [

.(U "

< L

o [

duepunge

Figure S40. '"H NMR Spectrum of 3e (400 MHz, CsDs)
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Figure S49. 3C NMR Spectrum of 3g (101 MHz, C¢Ds)
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Figure S50. '"H NMR Spectrum of 5g (400 MHz, C¢Ds)
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Figure S51. 3C NMR Spectrum of 5g (101 MHz, C¢Ds)
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Figure S55. 3C NMR Spectrum of 5h (101 MHz, CsDs)
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Figure S56. '"H NMR Spectrum of 3i (400 MHz, CsDs)
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Figure S57. 3C NMR Spectrum of 3i (101 MHz, C¢Ds)
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Figure S58. 'H NMR Spectrum of 5i (400 MHz, C¢Ds)
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Figure S59. 3C NMR Spectrum of 5i (101 MHz, C¢Ds)
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Figure S60. '"H NMR Spectrum of 3j (400 MHz, C¢Dg)
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Figure S61. 3C NMR Spectrum of 3j (101 MHz, C¢D¢, 'H and '°F simultaneous decoupling)
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Figure S64. '"H NMR Spectrum of 3k (400 MHz, C¢Ds)
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Figure S65. 3C NMR Spectrum of 3k (101 MHz, CsDs)
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Figure S66. '"H NMR Spectrum of 5k (400 MHz, CsDs)
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Figure S67. 3C NMR Spectrum of 5k (101 MHz, CsDs)
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Figure S68. 'H NMR Spectrum of 31 (400 MHz, CsDs)
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Figure S71. 3C NMR Spectrum of 51 (101 MHz, C¢Ds)
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Figure S72. '"H NMR Spectrum of 1p-D (400 MHz, CsDs)
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Figure S73. 3C NMR Spectrum of 1p-D (101 MHz, CsDs)

S112



[s1808€9518° LS
LZ ‘08T ‘08T '0LZ ‘06 'O}
[slt

ASTYA

330

330

[snlgL v

laplL

[Beplgy
[$1808E9VEL 8
[snig 6

{oploe

o€

[s1180° 6%

ST

9T

a2 9

{mdd}g

{ZERI9V0EZLT 009
uozoxg

{udd]g

[ZERI9¥0E2LT 009
uoz0xd
[282%196007200°9
[ZEX12T00E0S "L
[ZHITLIBVVIT O

k4

9€5S9

[wdd] g

[ZHWI9V0EZLT 009

HT

{slgosegveL"8
([zER]009) [118269€960 VT
WAN ZVLTIA
X

[udd}
uojleig
uojoxg
62ves
XTIIWOD At
osTnd eTbuTrs

LEG0:9T 0202-1nr-9
85:0T:9T 0202~10L~9
_ 90-EINFZNIE
WS -, 6E TSSY-eYESnA- BB SN
dx( -esnd obuts
©3ToP
Tws-(6ETSSH-BATSRIA-BABS Y

wowwnn

LA T 1

LU T T 1 (O 1

owwononwonn

LI (I

suty uotiTyedey
oseyq

3TeM TeTITUL
jeseag ojueq
PO TaL

SPOW 2T
osTnd X

uy X

o1buy X

surty bov X
UIPTM_06 X

£S5 dueg,

uten IaDey
KeToq uoTjexelay

sueos§ Te3OL
sueog

paddT1d
395II0_TIL
boag TaL
utewoq TIL
395330 aaI
boxg axr
utewoq ZII
peddr1n doems X
deeng X
uoTINTOsSdY X
sueosezd X
s3utod_X
395330 X

beoxg X
utewoq_X
uoTyeang PoY X
y3busais prota

Tezsworioeds
SUCTSUSWTJ
s3TUN WA
ST3TI WIQ
urewod X
°zTg WIg
Jewzog e3Rq
FUDUMOD

ey UOTSTADY
SWIL 3IE3S BRIV
queaTos

p1 ordureg
JuewtIodxy

Toyany

SureusTTA

10301 : UOIf[IA Jod syied : X

10317

LLL'106

o o 0 T s e~
& @ gsg SEBIIIEGEG gB8E8Ss
| | Y NV E Y

0l 0 01 0T o€ o 0 09 0L W

PR S O SO U S SO TN U SN S U S SN SO SN U U T U A A A A S T S S S N NN RN A T S T S SR PN TSI BN AT A A S e v e b

e d; 2 2 m ;

o B

2 B

3 r

£13 H

b1 -

BJ\O H

= 8 :

g 8 3

1w M

m L

8 ,

& ,;

) A

g -

g i

a-piL L

H80'0 H

agsL =0 N H

Yo 3

S410 a L

0’1

0

0¢

oy

0s

09

0L

souEpuNqge

IPLT-Y1-509 u0l0id DPOE WS-LGE[SSI-eyesm-eyesmy

Figure S74. '"H NMR Spectrum of 1d-D (600 MHz, CsDs)
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Figure S75. 3C NMR Spectrum of 1d-D (151 MHz, CsDs, inverse gated 'H decoupling)



