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1. Reagents

All commercial materials were used as received without further purification unless otherwise
noted. The alcohol starting material was either purchased from TCl or simply synthesized according
to the reported procedure. Perfluorohydroxylbenziodoxole (PFBI-OH),* hydroxylbenziodoxole (BI-
OH),? acetoxybenziodoxole (BI-OAc), 2 were synthesized according to reported procedures and
used as freshly prepared. [Ru(bpy)s]Cl, (98%, Ru>15.75%, Energy Chemical) and HFIP (99.0%, ACS
grade, J&K Chemical) were used as received unless otherwise noted. Analytical thin layer
chromatography (TLC) were performed on silica gel Huanghai HSGF254 plates and visualization of
the developed chromatogram was performed by fluorescence quenching (Amax = 254 nm). Flash
chromatography was performed using silica gel (200-300 mesh) purchased from Qingdao Haiyang

Chemical Co., China.
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2. Instruments

All reactions were carried out in a 4 mL glass vial (Thermo SCIENTIFIC National B7999-2, made from
superior quality 33 expansion borosilicate clear glass), sealed with a PTFE cap on bench top. 23 W
CFL was used for visible-light promoted reactions. NMR spectra were recorded on Bruker AVANCE
AV 400 instruments and all NMR experiments were reported in units, parts per million (ppm), using
residual solvent peaks as internal reference (CDCls, § 7.26 for *H and § 77.16 for 13C. Multiplicities
are recorded as: s = singlet, d = doublet, t = triplet, dd = doublet of doublets, td = triplet of doublets,
br s = broad singlet, m = multiplet.) High resolution ESI mass experiments were operated on a
Waters LCT Premier instrument.

3. Synthesis of substrates

3.1 N-Heteroaromatic substrates
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Scheme S1. List of N-Heteroaromatic substrates used in this study

Except the substrate 27a, all N-heteroaromatics substrated were commercial available and used as
received.
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Scheme S2. Synthesis of compound 27a

To a solution of Fasudil hydrochloride (500.0 mg, 1.7 mmol, 1.0 equiv), DMAP (52.5 mg, 0.4 mmol,
0.25 equiv) and EtzN (1.0 mL, 6.9 mmol, 4.0 equiv) in CH>Cl, (10 mL) at 0 °C was added benzoyl
chloride (485.0 mg, 3.4 mmol, 1.2 equiv). The reaction mixture was stirred at room temperature for
10 hours. H,O (10 mL) was added and the mixture was extracted with CH2Cl> (3 x 20 mL). The
combined organic layer was dried over anhydrous Na;SOy, filtered and concentrated in vacuo. The
residue was purified by silica gel column chromatography (eluted with dichloromethane/ methanol
(v/v 20:1)) to give compound 27a as a white solid in 82% yield (550.0 mg), Rr = 0.5 (5%
Methanol/Dichloromethane).
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'H NMR (400 MHz, CDCls) § 9.37 (s, 1H), 8.70 (t, J = 7.3 Hz, 1H), 8.46-8.28 (m, 2H), 8.21 (t, J
— 6.8 Hz, 1H), 7.76-7.63 (m, 1H), 7.45-7.28 (m, SH), 3.92-3.80 (m, 2H), 3.63-3.54 (m, 2H), 3.54—
3.43 (m, 3H), 3.40-3.31 (m, 1H), 2.16-2.09 (m, 1H), 1.86-1.76 (m, 1H) ; 3C NMR (101 MHz,
CDCl;) 6 171.9, 153.5, 145.4, 136.1, 133.8, 133.3, 131.6, 129.8, 129.3, 128.7, 126.6, 126.5, 126.0,
117.5, 51.9, 50.6, 48.7, 48.4, 48.3, 48.0, 46.7, 45.1, 31.1, 29.9, 27.7. HRMS (ESI) calcd for
C21H22N303S™ [M+H]" 396.1376, found 396.1376.

3.2 Alcohol substrates
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Scheme S3. List of Alcohols used in this study

Except the substrate 39a, alcohol substrates were commercial available and used as received.
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Scheme S4. Synthesis of compound 39a

Compound trans-1,4-cyclohexanedicarboxylic acid (1.5 g, 8.7 mmol, 1.0 equiv) was dissolved in
DMF (35 mL), then K»COs (4.81 g, 34.9 mmol, 4.0 equiv) and CHsl (4.95g, 34.9 mmol, 4.0 equiv)
were added at room temperature. The reaction mixture was stirred at room temperature for 12 hours.
Ethyl acetate (150 mL) was added, then the mixture was washed with water and brine. The organic
phase was dried over anhydrous Na,SOg, filtered, and the filtrate was concentrated in vacuo. The
crude product was dissolved in anhydrous THF (45 mL), and the resulting solution was added
slowly to a mixture of LiAlH4 (860.0 mg, 22.6 mmol, 2.5 equiv) in anhydrous THF (30 mL) at 0 °C.
The reaction mixture was heated at reflux for 12 hours. After being cooled to room temperature, the
reaction mixture was quenched with 2 M NaOH (aq) to precipitate the inorganic salts. The
precipitate was removed by filtration through a pad of celite. The filtrate was concentrated in vacuo
and the crude product was used for the next step without further purification.

To a solution of the corresponding alcohol made above (551.6 mg, 3.8 mmol, 1.0 equiv), DMAP
(93.5 mg, 0.8 mmol, 0.2 equiv) and EtsN (0.5 mL, 4.6 mmol, 1.2 equiv) in CH2Cl, (20 mL) was
added benzoyl chloride (486.1 mg, 3.5 mmol, 0.9 equiv) at 0 °C. The reaction mixture was stirred
at room temperature for 14 hours. H,O (20 mL) was added and the mixture was extracted with
CH:Cl; (3 x 30 mL). The combined organic layer was dried over anhydrous Na;SOs, filtered and
concentrated in vacuo. The residue was purified by silica gel chromatography (eluted with
hexane/EtOAc (v/v 1:1)) to give compound 39a as a colorless oil in 73% yield (1.580 g), Re=0.6
(50% Ethyl acetate in Hexanes).

"H NMR (400 MHz, CDCl5) § 8.04 (d, J = 8.1 Hz, 2H), 7.55 (t,J = 7.4 Hz, 1H), 7.43 (t,J=7.6 Hz,
2H), 4.15 (d, J= 6.5 Hz, 2H), 3.47 (d, /= 6.0 Hz, 2H), 1.98-1.82 (m, 4H), 1.82-1.70 (m, 1H), 1.64-
1.41 (m, 2H), 1.19-0.93 (m, 4H). '*C NMR (101 MHz, CDCl;) § 166.8, 133.0, 130.5, 129.7, 128.5,
70.0, 68.6, 40.5, 37.5, 29.2, 28.9. HRMS (ESI) calcd for CisH2103" [M+H]" 249.1485, found
249.1485.

4. Optimization of reaction conditions

All screening reactions were carried out at a 0.2 mmol scale in a 4 mL glass vial (Thermo Scientific,
National B7999-2). The reaction vials were purged with Ar for 1 min and sealed with PTEF cap and
stirred on bench top. Stock solution of Ru(bpy);Cl, in HFIP was used if necessary. A 23 W Compact
Fluorescent Lamps (CFL) bulb was positioned 10 cm aside from the reaction vials.

4-Chloroquinoline 1 (32.6 mg, 0.2 mmol, 1.0 equiv), Cyclohexylmethanol 2 and other specified
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reagents were dispersed in 0.7 mL of solvent containing photocatalyst. The mixture was stirred at
30 °C under 23w CFL irradiation for 24 h. After removal of the solvent in vacuo, the residue was
dissolved in 1 mL of CDCIs along with K»COs3 solid (approximate 200 mg) and the resulting mixture
was vigorously stirred for 10 min. To the solution was added ClL,CHCHCI, (20 pL) as an internal
standard for "H NMR analysis. The crude yield of target product were calculated based on the
integration of the peaks at 2.94-2.83 (m, 1H) for compound 3.

o O/\OH o 8 2:94-2.83 ppm
2
SN (1.75 equiv) N %
N/ BI-OAc (2.0 equiv) N/
3

Ru(bpy)3Cl, (0.1 mol%)

1
(0.2 mmol) HFIP , Ar
23 W CFL,30°C,24 h

Entry HFIP ( mL) Yield (%, NMR)
1 15 37
2 13 49
3 1.1 61
4 0.9 73
5 0.7 85(80)2
6 0.5 76
7 0.3 60

8Isolated yield.

Table S1. Evaluation of the loading of solvent of reaction

OH 52.94 - 2.83 ppm
Cl 2 Cl ﬁ
©\)j (1.75 equiv) X y
= BI-OAc (2.0 i =
N ¢ (2.0 equiv) N

. Ru(bpy)sCly
(0.2 mmol) HFIP (0.7 mL), Ar 3
23 W CFL,30°C, 24 h

Entry  Ru(bpy)sCl, (mol%)  Yield (%, NMR)

1 0 <2
2 0.05 67
3 0.1 85(80)2
4 0.2 77
5 0.5 73
6 1.0 69

3 solated yield.

Table S2. Evaluation of the loading of Photocatalysts
HAMEE T, Ru*EN OB, H<1% E3CH <2%
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O/\OH
2

52.94 - 2.83 ppm

Cl Cl ﬂ
X (1.75 equiv) X H
= Oxidant (2.0 equiv) N/
Ru(bpy)3Cl; (0.1 mol%)
(0.2 mmol) HFIP (0.7 mL), Ar 3
23 W CFL, 30 °C, 24 h
Entry Oxidant Yield (%, NMR)
1 BI-OH 61
2 BI-OAc 85(80)°
3 PFBI-OH 51
4 PIDA 42
PIFA 18
6 BI-CF3 <5

3solated yield.

Table S3. Evaluation of Oxidants

Cl

O/\OH
2

§2.94 -2.83 ppm
cl pp

X (1.75 equiv) X %
N BI-OAc N
Ru(bpy);Cl, (0.1 mol%)
(0.2:nmol) HFIP (0.7 mL), Ar 3
23 W CFL, 30 °C, 24 h
Entry BI-OAc ( equiv) Yield (%, NMR)
1 1.0 41
2 15 70
3 20 85(80)2
4 25 78
5 3.0 55

9solated yield.

Table S4. Evaluation of the loading of BI-OAc

OAOH
2

32.94 -2.83 ppm

cl cl
A (x equiv) R ﬁ
P BI-OAc (2.0 equiv) A
N Ru(bpy)sCly (0.1 mol%) N
(©02mmoly  HFIP (.7 mL), Ar 3
23 W CFL, 30 °C, 24 h
Entry Alcohol (equiv) Yield (%, NMR)
1 1.0 48
2 1.25 59
3 15 75
4 1.75 85(80)%
5 2.0 86
6 2.25 86
7 2.5 86

9 solated yield.

Table SS5. Evaluation of the loading of Alcohol
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OH 52.94 - 2.83 ppm
Cl 2 Cl ﬂ
X (1.75 equiv) X H
N/ BI-OAc (2.0 equiv) N/

Ru(bpy)sCly (0.1 moli%)

(0.2 1mmol) Solvent (0.7 mL), Ar 3
23 W CFL, 30 °C, 24 h
Entry Solvent Yield (%, NMR)
1 HFIP 85(80)2
2 DCM <5
3 CH,CN <5
4 DMF <5
5 EA <5
6 THF <5

3solated yield.

Table S6. Evaluation of Solvents
5. General procedure and substrate scope

General Procedure: N-heteroaromatic substrate (0.2 mmol, 1.0 equiv), alcohols (0.35 mmol, 1.75
equiv) and BI-OAc 6 (0.4 mmol, 2.0 equiv) were added to a solution of Ru(bpy);Cl> (0.0002 mmol,
0.1 mol%) in HFIP (0.7 mL). The reaction vial was purged with Ar for 1 min and sealed with PTFE
cap, then the mixture was stirred at 30 °C under the Compact Fluorescent Lamps irradiation (23 W)
for 24 h. The solvent was removed in vacuo and the residue was dissolved in DCM (1 mL). To the
solution was added K»COj; (approximate 150 mg), and the resulting mixture was vigorously stirred
for 10 min. Then the mixture was filtrated through a pad of Celite and washed with DCM. The
filtrate was concentrated in vacuo and the residue was purified by preparative thin layer
chromatography or flash chromatography on silica gel to afford the desired product.

Compound 3 was isolated in 80% yield (39.4 mg) as a colorless oil, following the general
procedure. Ry= 0.5 (10% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) § 8.17 (d, J= 8.3 Hz, 1H),
8.05 (d, J = 8.5 Hz, 1H), 7.79-7.67 (m, 1H), 7.62-7.52 (m, 1H), 7.42 (s, 1H), 2.94-2.83 (m, 1H),
2.09-1.97 (m, 2H), 1.96-1.85 (m, 2H), 1.84-1.69 (m, 2H), 1.68-1.54 (m, 2H), 1.54-1.39 (m, 2H),
1.39-1.24 (m, 1H); 3C NMR (101 MHz, CDCl3) § 167.0, 148.8, 142.8, 130.3, 129.4, 126.7, 125.3,
124.0, 119.9,47.6,32.8,26.6, 26.1; The Spectra data consistent with those reported in the literature.

Me

\
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Compound 7 was isolated in 86% yield (38.8 mg) as a colorless oil, following the general
procedure. Rr= 0.7 (20% EtOAc/hexanes); '"H NMR (400 MHz, CDCl3) § 8.04 (d, J = 8.4 Hz, 1H),
7.94 (d, J= 8.3 Hz, 1H), 7.66 (t, J= 7.6 Hz, 1H), 7.49 (t, J = 7.6 Hz, 1H), 7.16 (s, 1H), 2.94-2.80
(m, 1H), 2.68 (s, 3H), 2.07-1.95 (m, 2H), 1.95-1.84 (m, 2H), 1.84-1.73 (m, 1H), 1.71-1.55 (m, 2H),
1.54-1.40 (m, 2H), 1.40-1.25 (m, 1H); 3*C NMR (101 MHz, CDCl3) § 166.7, 147.8, 144.4, 129.6,

129.1, 127.2, 125.5, 123.7, 120.4, 47.8, 33.00, 26.7, 26.3, 19.0; The Spectra data consistent with
those reported in the literature.*

Cy
Cr
—
N Me
8

Compound 8 was isolated in 81% yield (34.5 mg) as a colorless oil, following the general
procedure. Ry= 0.5 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) § 8.02 (d, J = 8.4 Hz, 2H),
7.64 (t,J=7.4Hz, 1H), 7.48 (t,J=7.5 Hz, 1H), 7.16 (s, 1H), 3.35-3.23 (m, 1H), 2.72 (s, 3H), 2.04-
1.92 (m, 4H), 1.87-1.80 (m, 1H), 1.62-1.46 (m, 4H), 1.41-1.27 (m, 1H); '3C NMR (101 MHz,
CDCl3) 6 166.7, 147.8, 1444, 129.6, 129.1, 127.2, 125.5, 123.7, 120.4, 47.8, 33.0, 27.0, 26.3, 19.0;
The Spectra data consistent with those reported in the literature.’

Cy
@f\l
—
N Br
9

Compound 9 was isolated in 60% yield (34.8 mg) as a colorless oil, following the general
procedure. Ry=0.6 (10% EtOAc/hexanes) ; '"H NMR (400 MHz, CDCl3) § 8.04 (d,J = 9.4 Hz, 2H),
7.71-7.67 (m, 1H), 7.59-7.55 (m, 1H), 7.39 (s, 1H), 3.35-3.22 (m, 1H), 2.09-1.90 (m, 4H), 1.90-1.80
(m, 1H), 1.70-1.43 (m, SH), 1.42-1.24 (m, 1H); 3C NMR (101 MHz, CDCl3) § 156.5, 149.0, 142.7,

130.0, 129.7, 126.8, 125.9, 123.4, 122.3, 39.2, 33.5, 26.9, 26.3; HRMS (ESI) caled for CysH7BrN*
[M+H]" 290.0539, found 290.0537.

Cl
X

7

N Cy
10

Compound 10 was isolated in 80% yield (42.2 mg) as a colorless oil, following the general
procedure. Rr= 0.7 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) § 8.04 (dd, J=9.2, 5.3 Hz,
1H), 7.78 (dd, J = 9.4, 2.8 Hz, 1H), 7.52-7.45 (m, 1H), 7.43 (s, 1H), 2.92-2.81 (m, 1H), 2.07-1.95
(m, 2H), 1.95- 1.84 (m, 2H), 1.84-1.73 (m, 1H), 1.68-1.53 (m, 2H), 1.53-1.38 (m, 2H), 1.38-1.23
(m, 1H); 3C NMR (101 MHz, CDCl3) §166.27 (d, J = 2.7 Hz), 160.80 (d, J = 248.1 Hz), 145.9,
141.91 (d, J = 5.6 Hz), 132.1 (d, J = 9.1 Hz), 126.08 (d, J = 10.2 Hz), 120.6, 120.40 (d, J = 25.7
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Hz), 107.81 (d, J = 24.3 Hz), 47.4, 32.8, 26.6, 26.1; HRMS (ESI) calcd for CisHi6CIFN* [M+H]"
264.0950, found 264.0948.

X
~N

Cy
11

Compound 11 was isolated in 62% yield (26.2 mg) as a colorless oil, following the general
procedure. Ry = 0.7 (20% EtOAc/hexanes); '"H NMR (400 MHz, CDCl3) § 8.51-8.46 (m, 1H), 8.22
(d, J= 8.4 Hz, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.69-7.54 (m, 2H), 7.50-7.45 (m, 1H), 3.63-3.48 (m,
1H), 2.04-1.92 (m, 4H), 1.88-1.77 (m, 3H), 1.61-1.47 (m, 2H), 1.46-1.34 (m, 1H); '*C NMR (101
MHz, CDCls) 6 165.8, 142.1, 136.5, 129.7, 127.7, 126.9, 126.4, 124.9, 119.0,41.7,32.7,27.0, 26 .4;
The Spectra data consistent with those reported in the literature.’

CO,Me

12

Compound 12 was isolated in 73% yield (39.4 mg) as a colorless oil, following the general
procedure. Re= 0.6 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl;) & 8.40 (s, 1H), 8.31-8.24
(m, 1H), 7.98-7.91 (m, 1H), 7.76-7.67 (m, 2H), 4.03 (s, 3H), 3.63-3.51 (m, 1H), 2.07-1.87 (m, 7H),
1.86-1.76 (m, 1H), 1.62-1.36 (m, 3H); *C NMR (101 MHz, CDCl3) § 167.0, 166.3, 140.8, 136.1,

130.2, 129.2, 129.2, 127.9, 125.1, 122.6, 52.8, 42.2, 32.4, 26.9, 26.2; HRMS (ESI) calcd for
C17H20NO,* [M+H]* 270.1489, found 270.1486.

N
_N

Cy
13

Compound 13 was isolated in 57% yield (24.2 mg) as a colorless oil, following the general
procedure. Re = 0.4 (40% EtOAc/hexanes); 'H NMR (400 MHz, CDCl;) & 9.38 (s, 1H), 8.20-8.14
(m, 1H), 7.96 -7.83 (m, 3H), 3.57-3.42 (m, 1H), 2.10-1.89 (m, 6H), 1.88-1.78 (m, 1H), 1.61-1.32
(m, 3H); '*C NMR (101 MHz, CDCl3) § 163.6, 150.3, 132.4, 131.8, 127.3, 126.8, 125.2, 123.6,
40.9, 32.5,27.0, 26.3; HRMS (ESI) caled for CisH7N>" [M+H]" 213.1386, found 213.1386.
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14

Compound 14 was isolated in 41% yield (18.7 mg) as a white solid, following the general
procedure. Ry = 0.4 (20% EtOAc/hexanes); '"H NMR (400 MHz, CDCl3) § 11.30 (s, 1H), 8.28 (d, J
= 7.9 Hz, 1H), 7.82-7.65 (m, 2H), 7.46 (t, /= 7.4 Hz, 1H), 2.78-2.66 (m, 1H), 2.13-1.99 (m, 2H),
1.99-1.86 (m, 2H), 1.86-1.64 (m, 4H), 1.56-1.29 (m, 4H); *C NMR (101 MHz, CDCl;) § 164.1,
160.2, 149.7, 134.8, 127.5, 126.4, 126.4, 121.0, 45.0, 30.7, 26.1, 25.9; HRMS (ESI) calcd for
Ci4H17N>0" [M+H]" 229.1335, found 229.1332.

CF;
X

P

Cy N Cy
15

Compound 15a (29.4 mg, 0.2 mmol, 1.0 equiv), Cyclohexylmethanol 2 (80.0 mg, 0.7 mmol, 3.5
equiv) and BI-OAc 6 (244.8 mg, 0.8 mmol, 4.0 equiv) were added to a solution of Ru(bpy);Cl,
(0.128 mg, 0.0002 mmol, 0.1 mol%) in HFIP (0.7 mL). The reaction vial was purged with Ar for 1
min and then the mixture was stirred at 30 °C under the fluorescent light irradiation for 24 h. The
solvent was removed in vacuo and the residue was dissolved in DCM (2 mL). To the solution was
added K»COs (approximate 300 mg), the mixture was vigorously stirred for 10 min. After that, the
mixture was filtrated through a pad of Celite and washed with DCM. The filtrate was concentrated
in vacuo and the residue was purified by flash chromatography on silica gel to afford compound 15
as a colorless oil (35.0 mg, 56% yield). R¢= 0.9 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl5)
8 7.17 (s, 2H), 2.86-2.68 (m, 2H), 2.05-1.94 (m, 4H), 1.94-1.83 (m, 4H), 1.82-1.74 (m, 2H), 1.61-
1.40 (m, 8H), 1.37-1.26 (m, 2H); *C NMR (101 MHz, CDCl;) § 167.32, 138.84 (q,J = 32.9 Hz),
123.54 (q, J=273.3 Hz), 113.66 (dd, J= 7.0, 3.4 Hz), 46.73, 32.99, 26.59, 26.17; The Spectra data
consistent with those reported in the literature.?

N

Cy
16

Compound 16 was isolated in 80% yield (41.8 mg) as a colorless oil, following the general
procedure. Rr= 0.6 (20% EtOAc/hexanes) ; 'H NMR (400 MHz, CDCl3) § 8.65 (d, ] = 8.3 Hz, 1H),
8.54 (d, J=8.1 Hz, 1H), 8.32 (d, /= 8.3 Hz, 1H), 8.15 (d, /= 8.1 Hz, 1H), 7.81 (t,J = 7.6 Hz, IH),
7.70 (q, J= 7.6 Hz, 2H), 7.60 (t, J= 7.6 Hz, 1H), 3.68-3.57 (m, 1H), 2.17-2.04 (m, 2H), 2.04-1.91
(m, 4H), 1.89-1.81 (m, 1H), 1.66-1.51 (m, 2H), 1.51-1.38 (m, 1H); '*C NMR (101 MHz, CDCl;) &
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165.4, 144.1, 133.2, 130.1, 130.0, 128.5, 127.2, 126.2, 125.7, 124.9, 123.5, 122.7, 121.9, 42.1, 32.5,
27.0, 26.5; HRMS (ESI) caled for C1oHzoN* [M+H]" 262.1590, found 262.1586.

Me N Cy
w;r
x_N
Me

17

Compound 17 was isolated in 62% yield (23.7 mg) as a colorless oil, following the general
procedure. Rr= 0.4 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) § 6.81 (s, 1H), 2.84-2.72
(m, 1H), 2.43 (s, 6H), 1.98-1.88 (m, 2H), 1.88-1.77 (m, 2H), 1.75-1.58 (m, 3H), 1.44-1.24 (m, 3H);
3C NMR (101 MHz, CDCl3) § 174.1, 166.5, 117.5, 47.8, 32.1, 26.4, 26.1, 24.2; The Spectra data
consistent with those reported in the literature.®

Cl
Cy NN
N

Cl

18

Compound 18 was isolated in 50% yield (23.2 mg) as a colorless solid, following the general
procedure. Re= 0.6 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl;) & 7.34 (s, 1H), 2.93-2.80
(m, 1H), 1.99-1.87 (m, 4H), 1.86-1.77 (m, 1H), 1.52-1.39 (m, 2H), 1.37-1.23 (m, 3H); '*C NMR

(101 MHz, CDCls) 6 156.8, 156.4, 148.8, 127.2, 40.3, 31.9, 26.3, 25.8; The Spectra data consistent
with those reported in the literature.’

Crie

19

Compound 19 was isolated in 71% yield (30.9 mg) as a colorless oil, following the general
procedure. Ry= 0.7 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) § 7.97 (d, J = 8.1 Hz, 1H),
7.84 (d, J=17.9 Hz, 1H), 7.47-7.40 (m, 1H), 7.36-7.30 (m, 1H), 3.11 (tt, /= 11.7, 3.6 Hz, 1H), 2.26-
2.16 (m, 2H), 1.94-1.84 (m, 2H), 1.81-1.73 (m, 1H), 1.71-1.58 (m, 2H), 1.52-1.38 (m, 2H), 1.38-
1.25 (m, 1H); *C NMR (101 MHz, CDCl3) § 177.7, 153.3, 134.7, 125.9, 124.6, 122.7, 121.7, 43.6,
33.6, 26.2, 25.9; The Spectra data consistent with those reported in the literature.?

L~

20
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Compound 20 was isolated in 64% yield (24.5 mg) as a colorless oil, following the general
procedure. Re= 0.6 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) § 7.98 (dd, J= 8.1, 0.4 Hz,
1H), 7.85 (dd, /= 8.0, 0.6 Hz, 1H), 7.48-7.42 (m, 1H), 7.37-7.31 (m, 1H), 3.27-3.16 (m, 1H), 1.98-
1.86 (m, 1H), 1.84-1.71 (m, 1H), 1.45 (d, J = 6.9 Hz, 3H), 0.98 (t, J = 7.4 Hz, 3H); 3C NMR (101
MHz, CDCls) 8178.1, 153.2, 134.8, 125.9, 124.7, 122.7, 121.7, 41.2, 30.8, 20.9, 12.0; HRMS (ESI)
caled for CiiHisNS™ [M+H]" 192.0841, found 192.0840.

O
N
L
= M
Cy N ©
21

Compound 21 was isolated in 66% yield (30.7 mg) as a colorless oil, following the general
procedure. Rr= 0.6 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCls) 6 8.30 (s, 1H), 3.13 (q,J =
7.5 Hz, 2H), 2.83-2.73 (m, 1H), 2.67 (s, 3H), 2.00-1.82 (m, 4H), 1.81-1.71 (m, 1H), 1.65-1.53 (m,
2H), 1.50-1.37 (m, 2H), 1.37-1.29 (m, 1H), 1.27 (t, J= 7.5 Hz, 3H); *C NMR (101 MHz, CDCl5)
§201.8, 163.3, 158.0, 144.4, 138.8, 44.4, 32.4, 29.1, 28.2, 26.4, 26.0, 13.4; HRMS (ESI) calcd for
CisH2iN>O" [M+H]" 233.1648, found 233.1647.

22

Compound 22 was isolated in 53% yield (21.9 mg) as a colorless oil, following the general
procedure. Rr= 0.9 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl;) 6 8.28 (s, 1H), 3.14 (q,J =
7.5 Hz, 2H), 2.93-2.82 (m, 1H), 2.69 (s, 3H), 1.88-1.74 (m, 1H), 1.73-1.60 (m, 1H), 1.31 (d, J =
6.9 Hz, 3H), 1.27 (t,J = 7.5 Hz, 3H), 0.86 (t,J = 7.4 Hz, 3H); '3*C NMR (101 MHz, CDCl5) §201.6,
163.5, 158.2, 144.4, 139.3, 41.5, 29.6, 29.1, 28.3, 19.9, 13.4, 12.1; HRMS (ESI) calcd for
Ci2HioN>O" [M+H]" 207.1492, found 207.1490.

Cl

\

Cl N~ "Cy
23
Compound 23 was isolated in 90% yield (50.4 mg) as a colorless oil, following the general
procedure. Rr= 0.7 (10% EtOAc/hexanes); 'H NMR (400 MHz, CDCl;) & 8.12-8.04 (m, 2H), 7.53-

7.49 (m, 1H), 7.40 (s, 1H), 2.91-2.80 (m, 1H), 2.07-1.95 (m, 2H), 1.95-1.84 (m, 2H), 1.84-1.74 (m,
1H), 1.68-1.53 (m, 2H), 1.53-1.38 (m, 2H), 1.37-1.26 (m, 1H); 3C NMR (101 MHz, CDCl;) 3
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168.2, 149.2, 142.7, 136.3, 128.5, 127.7, 125.4, 123.8, 120.3, 47.5, 32.7, 26.5, 26.1; The Spectra
data consistent with those reported in the literature.’

Cl N

Compound 24 was isolated in 35% yield (17.8 mg) as a colorless oil, following the general
procedure. Ry= 0.3 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) & 8.13 (d, J= 8.9 Hz, 1H),
8.06 (d, J= 1.6 Hz, 1H), 7.59-7.53 (m, 1H), 7.43 (s, 1H), 4.09-3.92 (m, 2H), 3.30-3.17 (m, 1H),
1.40 (d, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCl3) § 166.8, 148.3, 143.5, 137.0, 128.3, 128.2,
125.6, 123.8, 121.2, 66.5, 42.8, 17.2; HRMS (ESI) caled for Ci2Hi2CLNO® [M+H]" 256.0290,
found 256.0289.

MeO

25

Compound 25 was isolated in 56% yield (45.7 mg) as a light yellow solid, following the general
procedure. Re = 0.5 (5% Methanol/Dichloromethane); '"H NMR (400 MHz, CDCl3) § 7.89 (d, J =
9.2 Hz, 1H), 7.49 (s, 1H), 7.22 (dd, J=9.1, 2.1 Hz, 1H), 7.14 (s, 1H), 5.81-5.57 (m, 2H), 4.93 (t, J
= 14.5 Hz, 2H), 3.79 (s, 3H), 3.70 (s, 1H), 3.19-3.03 (m, 2H), 2.85-2.61 (m, 3H), 2.42-2.25 (m, 1H),
1.97-1.87 (m, 2H), 1.86-1.72 (m, 6H), 1.53-1.21 (m, 9H); *C NMR (101 MHz, CDCl;) § 164.0,
157.4,147.2,143.9, 141.1, 125.0, 121.3, 116.9, 115.1, 101.2, 71.1, 60.0, 56.8, 56.0, 47.5, 43.6, 39.6,
33.0, 31.0, 27.9, 27.1, 26.6, 26.2, 20.7; HRMS (ESI) calcd for Cy6H3sN>O>" [M+H]" 407.2693,
found 407.2688. The Spectra data consistent with those reported in the literature.’

Compound 26 was isolated in 67% yield (57.7 mg) as a light yellow solid following the general
procedure. Ry = 0.5 (5% Methanol/Dichloromethane); "H NMR (400 MHz, CDCl3) § 8.30-8.16 (m,
2H), 7.83-7.74 (m, 1H), 7.71-7.61 (m, 2H), 5.76 (d, J= 16.3 Hz, 1H), 5.41 (s, 2H), 5.31 (d, J=16.2
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Hz, 1H), 3.79 (s, 1H), 3.65 (s, 1H), 2.09-1.83 (m, 9H), 1.62-1.45 (m, 3H), 1.04 (t, J = 7.3 Hz, 3H);
BCNMR (101 MHz, CDCl3) § 174.1, 157.7, 152.5, 150.4, 149.5, 148.7, 146.7, 131.0, 130.0, 127.8,
127.1,123.8,118.4,97.8,72.9, 66.5, 50.8,31.9, 31.9, 31.7, 31.1, 27.1, 26.1, 8.0; HRMS (ESI) calcd
for CosH27N2O4" [M+H]" 431.1965, found 431.1965. The Spectra data consistent with those
reported in the literature.’

Bz—Nﬁ\
N

0=S=0
B
N~
Cy 27

Compound 27 was obtained as a mixture of rotamers in 91% yield (86.9 mg). Light yellow solid,
R¢ = 0.4 (5% Methanol/Dichloromethane); '"H NMR (400 MHz, CDCl;) § 8.62 (t, ] = 7.5 Hz, 1H),
8.49 (t, J = 6.6 Hz, 1H), 8.37-8.14 (m, 2H), 7.70-7.60 (m, 1H), 7.45-7.27 (m, 5H), 3.94-3.79 (m,
2H), 3.62-3.41 (m, 6H), 3.39-3.33 (m, 1H), 2.16-2.01 (m, 1H), 2.00-1.93 (m, 3H), 1.88-1.81 (m,
3H), 1.73-1.64 (m, 1H), 1.62-1.47 (m, 2H), 1.45-1.30 (m, 1H), 1.24-0.86 (m, 1H); '*C NMR (101
MHz, CDCl3) 6 172.0, 166.9, 144.2, 136.1, 134.8, 132.8, 132.3, 130.8, 129.8, 128.7, 127.1, 126.6,
126.4, 125.4, 115.4 ,68.8, 52.0, 50.6, 48.8, 48.3, 48.2, 48.1, 46.6, 45.1, 42.2, 40.6, 32.8, 31.0, 29.9,
29.7,27.7,26.9, 26.7, 26.2, 25.9; HRMS (ESI) calcd for C27H3N305S™ [M+H]" 478.2159, found
478.2159.

Cl 77%, 31.8 mg (from 28a)
X 85%, 35.0 mg (from 28b)
_ 55%, 22.6 mg (from 28c)
N 90%, 37.0 mg (from 28d)
28 74%, 30.4 mg (from 28e)

Compound 28 was isolated as a colorless oil, following the general procedure. Rr = 0.5 (10%
EtOAc/hexanes); 'H NMR (400 MHz, CDCl;) & 8.18 (d, J = 8.3 Hz, 1H), 8.06 (d, J = 8.4 Hz, 1H),
7.77-7.69 (m, 1H), 7.61-7.53 (m, 1H), 7.43 (s, 1H), 3.31-3.16 (m, 1H), 1.39 (d, J= 6.9 Hz, 6H); C
NMR (101 MHz, CDCl3) 6 167.8, 148.8, 142.8, 130.3, 129.5, 126.8, 125.3, 124.0, 119.5, 37.3, 22.5;
The Spectra data consistent with those reported in the literature. '°

Cl
X

=

N
29

Compound 29 was isolated in 57% yield (25.0 mg) as a colorless oil, following the general

procedure. Rr= 0.8 (10% EtOAc/hexanes) ; 'H NMR (400 MHz, CDCl3) § 8.17 (d,J = 8.3 Hz, 1H),
S14



8.08 (d, J = 8.4 Hz, 1H), 7.76-7.69 (m, 1H), 7.63-7.54 (m, 2H), 1.47 (s, 9H); '3C NMR (101 MHz,
CDCls) § 169.4, 148.3, 142.3, 130.0, 129.8, 126.6, 124.7, 123.7, 118.5, 38.3, 30.0; HRMS (ESI)
caled for CisH;sCIN' [M+H]" 220.0888, found 220.0887.

Cl

30

Compound 30 was isolated in 77% yield (33.8 mg) as a colorless oil, following the general
procedure. Rr= 0.8 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) § 8.18 (dd, ] = 8.4, 1.0 Hz,
1H), 8.06 (d, J = 8.4 Hz, 1H), 7.77-7.69 (m, 1H), 7.61-7.53 (m, 1H), 7.39 (s, 1H), 3.03-2.92 (m,
1H), 1.92-1.77 (m, 1H), 1.77-1.64 (m, 1H), 1.36 (d, J = 7.0 Hz, 3H), 0.90 (t, J = 7.4 Hz, 3H); *C
NMR (101 MHz, CDCl3) 6 167.2, 148.8, 142.7, 130.3, 129.5, 126.7, 125.3, 124.0, 119.9, 44.6, 30.0,
20.4, 12.3; HRMS (ESI) caled for  Ci3HisCIN™ [M+H]" 220.0888, found 220.0887.

Cl

\

31

Compound 31 was isolated in 43% yield (19.2 mg) as a colorless oil, following the general
procedure. Ry= 0.3 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) § 8.19 (d, J= 8.3 Hz, 1H),
8.03 (d, /= 8.4 Hz, 1H), 7.78-7.71 (m, 1H), 7.64-7.57 (m, 1H), 7.43 (s, |H), 4.34 (s, 1H), 4.11-4.02
(m, 1H), 4.02-3.91 (m, 1H), 3.28-3.13 (m, 1H), 1.41 (d, J = 7.2 Hz, 3H); 3*C NMR (101 MHz,
CDCls) 6 165.6, 148.1, 143.3, 130.7, 129.4, 127.2, 125.3, 124.1, 121.0, 66.6, 42.6, 17.4; HRMS
(ESI) calcd for C1oHi3CINO™ [M+H]" 222.0680, found 222.0680.

cl
N Ph 41%, 22.0 mg (from 32a)
N/ 63%, 33.7 mg (from 32b)
32

Compound 32 was isolated as a colorless oil, following the general procedure. Rr = 0.6 (20%
EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) & 8.11 (d, J = 8.3 Hz, 1H), 8.00 (d, J = 8.4 Hz, 1H),
7.71-7.64 (m, 1H), 7.55-7.47 (m, 1H), 7.25-7.10 (m, 6H), 3.21-3.12 (m, 2H), 3.12-3.03 (m, 2H);
BCNMR (101 MHz, CDCl3) § 161.9, 148.9, 142.7, 141.3, 130.5 129.4, 128.6, 126.9, 126.3, 125.1,
124.1, 121.9, 40.9, 35.8; HRMS (ESI) calcd for Ci7H;sCIN' [M+H]" 268.0888, found 268.0888.
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Compound 33 was isolated in 20% yield (9.9 mg) as a colorless oil, following the general
procedure. Rr= 0.6 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) 6 9.78 (s, 1H), 8.19 (d, J =
7.7 Hz, 1H), 8.04 (d, J = 8.4 Hz, 1H), 7.79-7.71 (m, 1H), 7.65-7.55 (m, 1H), 7.40 (s, 1H), 3.04-2.93
(m, 2H), 2.56-2.46 (m, 2H), 1.95-1.82 (m, 2H), 1.81-1.71 (m, 2H); '*C NMR (101 MHz, CDCl;) &
202.4,162.2, 148.9, 142.9, 130.5, 129.3, 127.0, 125.2, 124.1, 121.4, 43.8, 38.7, 29.1, 22.0; HRMS
(ESI) caled for  Ci4HisCINO' [M+H]" 248.0837, found 248.0834.

Cl
N

b

N
34

Compound 34 was isolated in 18% yield (10.0 mg) as a colorless oil, following the general
procedure. Rr= 0.3 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) § 8.18 (dd, J= 8.4, 1.0 Hz,
1H), 8.04 (d, J = 8.4 Hz, 1H), 7.77-7.69 (m, 1H), 7.62-7.54 (m, 1H), 7.39 (s, 1H), 2.98-2.90 (m,
2H),2.43 (t,J=7.4 Hz, 2H), 2.12 (s, 3H), 1.86-1.79 (m, 2H), 1.69-1.59 (m, 2H), 1.46-1.36 (m, 2H);
3CNMR (101 MHz, CDCl3) § 209.1, 162.8, 148.9, 142.7, 130.4, 129.3, 126.8, 125.1, 124.1, 121.5,

43.7, 39.0, 30.0, 29.6, 29.1, 23.7; HRMS (ESI) caled for C16H1sCINO* [M+H]" 276.1150, found
276.1149.

Cl
X

7

N

35

Compound 35 was isolated in 52% yield (22.6 mg) as a colorless oil, following the general
procedure. Rr= 0.5 (10% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) § 8.17 (dd, J= 8.4, 1.0 Hz,
1H), 8.07 (d, J = 8.4 Hz, 1H), 7.76-7.70 (m, 1H), 7.60-7.54 (m, 1H), 7.43 (s, 1H), 3.89-3.77 (m,
1H), 2.49-2.40 (m, 4H), 2.19-2.06 (m, 1H), 2.02-1.91 (m, 1H); *C NMR (101 MHz, CDCl;) &
165.2, 148.8, 142.7, 130.3, 129.5, 126.8, 125.1, 124.0, 119.9, 42.6, 28.3, 18.4; The Spectra data
consistent with those reported in the literature.*
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Cl

71%, 32.9 mg (from 36a)
NT 75%, 34.8 mg (from 36b)

36

Compound 36 was isolated as a colorless oil, following the general procedure. Ry = 0.7 (20%
EtOAc/hexanes); 'H NMR (400 MHz, CDCl;) & 8.17 (d, J = 8.3 Hz, 1H), 8.04 (d, J = 8.4 Hz, 1H),
7.76-7.68 (m, 1H), 7.60-7.52 (m, 1H), 7.43 (s, 1H), 3.42-3.28 (m, 1H), 2.24-2.11 (m, 2H), 1.95-1.81
(m, 4H), 1.81-1.69 (m, 2H); >*C NMR (101 MHz, CDCl3) § 166.4, 148.7, 142.6, 130.3, 129.5, 126.7,

125.2, 124.0, 120.4, 48.8, 33.6, 26.1; The Spectra data consistent with those reported in the
literature.?

Cl
X
Pz
N
37

Compound 37 was isolated in 73% yield (37.9 mg) as a colorless oil, following the general
procedure. Ry= 0.7 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) § 8.17 (d, J= 8.3 Hz, 1H),
8.04 (d, J = 8.4 Hz, 1H), 7.76-7.68 (m, 1H), 7.60-7.52 (m, 1H), 7.39 (s, 1H), 3.14-2.97 (m, 1H),
2.10-1.97 (m, 2H), 1.90-1.57 (m, 10H); *C NMR (101 MHz, CDCl;) § 168.5, 148.6, 142.7, 130.3,

129.4,126.6, 125.1, 124.0, 120.0, 49.5, 35.0, 28.1, 27.4; HRMS (ESI) calcd for Ci16HioCIN™ [M+H]"
260.1201, found 260.1200.

Cl

N

38

Compound 38 was isolated in 20% yield (11.9 mg) as a white solid, following the general
procedure. Ry= 0.8 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) § 8.17 (d, J= 8.3 Hz, 1H),
8.07 (d, /= 8.4 Hz, 1H), 7.75-7.68 (m, 1H), 7.60-7.53 (m, 2H), 2.16 (br s, 3H), 2.10 (br s, 6H), 1.83
(br s, 6H); *C NMR (101 MHz, CDCl3) § 169.3, 148.7, 142.5, 130.0, 129.9, 126.7, 125.0, 123.9,
118.3,41.9,40.1, 36.9, 28.9; HRMS (ESI) calcd for C19H21CIN™ [M+H]" 298.1357, found 298.1355.
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Compound 39-major was isolated in 53% yield (40.1 mg) as a white solid, following the general
procedure. Rr= 0.6 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) § 8.18 (dd, J= 8.3, 0.7 Hz,
1H), 8.12-8.01 (m, 3H), 7.79-7.69 (m, 1H), 7.64-7.53 (m, 2H), 7.50-7.40 (m, 3H), 4.24 (d, /= 6.3
Hz, 2H), 2.97-2.86 (m, 1H), 2.20-2.02 (m, 4H), 2.01-1.89 (m, 1H), 1.79-1.65 (m, 2H), 1.44-1.26
(m, 2H); '*C NMR (101 MHz, CDCl3) § 166.8, 166.2, 148.8, 142.9, 133.0, 130.6, 130.4, 129.7,
129.5, 128.5, 126.9, 125.3, 124.1, 119.9, 69.9, 47.2, 37.0, 32.0, 29.7, HRMS (ESI) calcd for
C23H23CINO: " [M+H]" 380.1412, found 380.1409.

Compound 39-minor was isolated in 21% yield (16.7 mg) as a white solid, following the general
procedure. Rr= 0.8 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) § 8.19 (dd, J= 8.5, 0.6 Hz,
1H), 8.08-8.03 (m, 3H), 7.79-7.69 (m, 1H), 7.62-7.54 (m, 2H), 7.50-7.40 (m, 3H), 4.41 (d, /=74
Hz, 1H), 4.17 (d, J = 6.4 Hz, 1H), 3.13-2.95 (m, 1H), 2.3-2.14 (m, 1H), 2.09-1.86 (m, 5H), 1.84-
1.74 (m, 2H), 1.23-1.06 (m, 1H); *C NMR (101 MHz, CDCl3) § 166.9, 165.8, 148.8, 142.8, 133.0,
130.6, 130.3, 129.7, 129.6, 128.5, 126.9, 124.7, 124.0, 120.1, 67.0, 33.3, 29.1, 27.8, 26.7; HRMS
(ESI) caled for  Ca3Ha3CINO>" [M+H]" 380.1412, found 380.14009.

Cl
X

p7
N

40-1

Compound 40-1 was isolated in 27% yield (13.9 mg) as a white solid, following the general
procedure. Rr= 0.9 (20% EtOAc/hexanes); '"H NMR (400 MHz, CDCl3) § 8.16 (d, J = 8.3 Hz, 1H),
8.05 (d, J = 8.4 Hz, 1H), 7.77-7.67 (m, 1H), 7.60-7.51 (m, 1H), 7.43 (s, 1H), 3.06-2.94 (m, 1H),
2.60-2.53 (m, 1H), 2.47-2.37 (m, 1H), 2.29-2.19 (m, 1H), 1.79-1.70 (m, 1H), 1.69-1.57 (m, 3H),
1.51-1.42 (m, 1H), 1.38-1.29 (m, 1H), 1.23-1.16 (m, 1H); *C NMR (101 MHz, CDCl;) § 166.1,
148.6,142.3 130.1, 129.7, 126.6, 125.0, 123.9, 121.2, 50.2,43.2, 36.9, 36.4, 36.1, 30.6, 29.3; HRMS
(ESI) caled for Ci16Hi7CIN' [M+H]" 258.1044, found 258.1044.

cl
X

N H

40-2 OH
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Compound 40-2 was isolated in 39% yield (22.4 mg) as a white solid, following the general
procedure. Rr= 0.2 (20% EtOAc/hexanes); '"H NMR (400 MHz, CDCl3) § 8.14 (d, J = 8.3 Hz, 1H),
8.03 (d, J = 8.4 Hz, 1H), 7.75-7.68 (m, 1H), 7.59-7.52 (m, 1H), 7.39 (s, 1H), 3.87-3.73 (m, 2H),
3.39-3.30 (m, 1H), 2.66 (br s, 1H), 2.40 (br s, 1H), 2.36-2.21 (m, 2H), 1.86-1.74 (m, 1H), 1.71-1.57
(m, 2H), 1.35-1.22 (m, 1H), 0.80-0.69 (m, 1H); '3*C NMR (101 MHz, CDCl3) § 165.8, 148.3, 142.6,
130.3,129.2, 126.7, 124.9, 124.0, 121.1, 63.8, 44.7,43.2,42.1, 37.2,37.1, 36.0, 32.9; HRMS (ESI)
caled for Ci7H19CINO™ [M+H]" 288.1150, found 288.1146.

Compound 41 was isolated in 37% yield (32.5 mg) as a colorless oil, following the general
procedure. Only one diastereomer was obtained, the configration was assigned as shown above
without further confirmation. R¢ = 0.2 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl;) & 8.17
(d, /= 8.3 Hz, 1H), 8.07 (d, J = 8.4 Hz, 1H), 7.76-7.68 (m, 1H), 7.60-7.52 (m, 1H), 7.29 (s, 1H),
3.57-3.45 (m, 1H), 3.20 (dd, J = 8.4, 2.4 Hz, 1H), 2.33-2.16 (m, 2H), 2.08-1.95 (m, 1H), 1.87-1.66
(m, 3H), 1.58-1.49 (m, 3H), 1.47-1.37 (m, 4H), 1.35-1.28 (m, 3H), 1.26-1.19 (m, 3H), 1.07-1.03 (m,
1H), 1.02 (s, 3H), 0.84-0.79 (m, 1H), 0.77 (s, 3H), 0.51-0.28 (m, 2H); '*C NMR (101 MHz, CDCl5)
8 165.3, 148.5, 141.4, 130.0, 129.8, 126.6, 124.9, 123.9, 122.3, 71.4, 58.0, 53.8, 50.6, 46.6, 44.9,
38.3, 37.0, 36.1, 35.5, 32.7, 31.6, 29.4, 28.9, 27.2, 26.5, 21.6, 21.1, 12.4; DEPT 90 (101 MHz,
CDCl3) 6 130.04, 129.84, 126.59, 123.93, 122.33, 71.39, 57.98, 53.84, 50.56, 44.85, 36.09; HRMS
(ESI) calcd for C2sH37CINO™ [M+H]" 438.2558, found 438.2555.

6. Mechanism studies

6.1 Alcoholysis of BI-OAc for preparation of compound 42.

S 0
O—I—0Ac O—I—=0

0 (2.0 eqzuiv) o)
60 °C,5h
6 42
(2.0 mmol) 62%
Scheme S5

A mixture of BI-OAc (612.2 mg, 2.0 mmol, 1.0 equiv) and Cyclohexylmethanol (456.8 mg, 4.0
mmol, 2.0 equiv) was stirred at 60 ° C for 5 h. Then it was diluted with anhydrous diethyl ether (15

mL) to give a white solid, which was filtered and washed repeatedly with diethyl ether. The resulting
S19



solid is dried under dry air and gave the desired compound 42 in 62% yield (446.6 mg) as a white
solid. "H NMR (400 MHz, CDCls) & 8.28 (d, J = 7.6 Hz, 1H), 7.89 (t,J = 7.7 Hz, 1H), 7.77 (d, J =
8.1 Hz, 1H), 7.70 (t, J = 7.4 Hz, 1H), 4.06 (d, J = 6.4 Hz, 2H), 1.87-1.68 (m, 5H), 1.35-1.26 (m,
2H), 1.2-1.14 (m, 2H), 1.09-0.96 (m, 2H); *C NMR (101 MHz, CDCl;) § 168.1, 135.2, 133.0,
131.1, 130.8, 126.1, 119.1, 80.3, 41.7, 29.9, 26.6, 25.9. HRMS (ESI) calcd for Ci4H3I03" [M+H]"
361.0295, found 361.0292.

6.2 Minisci alkylation reaction using compound 42.

Cl Cl

N L O—I—O/O Ru(bpy)sCl, (0.1 mol%) N
)
" % HFIP (0.7 mL), Ar NG

23 W CFL,30°C, 24 h

1 42
(1.75 equiv)

Scheme S6

4-Chloroquinoline 1 (32.6 mg, 0.2 mmol, 1.0 equiv) and compound 42 (126.1mg, 0.35 mmol, 1.75
equiv) were added to a solution of Ru(bpysCl, (0.128 mg, 0.0001 mmol, 0.1 mol%) in HFIP (0.7
mL). The reaction vial was purged with Ar for 1 min and sealed with PTFE cap, then the mixture
was stirred at 30 °C under the fluorescent light irradiation (23 W CFL) for 24 h. The solvent was
removed in vacuo and the residue was dissolved in DCM (1 mL). To the solution was added K,CO3
(approximate 120 mg), and the resulting mixture was vigorously stirred for 10 min. Then the mixture
was filtrated through a pad of Celite and washed with DCM. The filtrate was concentrated in vacuo
and the residue was purified by preparative thin layer chromatography (10% EtOAc/hexanes, R¢0.5)
to afford compound 3 in 63% yield (31.1 mg).

6.3 'H NMR analysised alcoholysis procedure of BIOAc with alcohol.

The solution of Cyclohexylmethanol 2 (11.4 mg, 0.1 mmol, 1.0 equiv) and BI-OAc 6 (30.7 mg, 0.1
mmol, 1.0equiv) in CDCl; (2.0 mL) was added into a NMR tube. The tube was kept at 30 °C for 10
h, then the mixture was analysised by "H NMR. The results indicated that compound 42 formed in
50% yield. When Cyclohexylmethanol 2 (11.4 mg, 0.1 mmol, 1.0 equiv) and BI-OAc 6 (30.7 mg,
0.1 mmol, 1.0equiv) was mixed in HFIP at 30 °C, compound 42 can be observed in 41% yield
analysised by 'H NMR spectra after 2 hours.
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6.4 Radical clock experiment

Cl BI-OAc (2.0 equiv) Cl

X > Ru(bpy)3Cl; (0.1 mol%) X
* OH
N HFIP, Ar N/ =

23 W CFL, 30°C,24 h
1 43 44
25% (isolated yield)

Scheme S6

4-chloroquinoline 1 (32.7 mg, 0.2 mmol, 1.0 equiv), 2-cyclopropylethan-1-ol 43 (30.1mg, 0.35
mmol, 1.75 equiv) and BI-OAc 6 (122.4 mg, 0.4 mmol, 2.0 equiv) were added to a solution of
Ru(bpy);Cl> (0.128 mg, 0.0002 mmol, 0.1 mol%) in HFIP (0.7 mL). The reaction vial was purged
with Ar for 1 min and sealed with PTEF cap, then the mixture was stirred at 30 °C under the
Compact Fluorescent Lamps irradiation (23 W) for 24 h. The solvent was removed in vacuo and
the residue was dissolved in DCM (1 mL). To the solution was added KoCOj3 (approximate 150
mg), and the resulting mixture was vigorously stirred for 10 min. Then the mixture was filtrated
through a pad of Celite and washed with DCM. The filtrate was concentrated in vacuo and the
residue was purified by preparative thin layer chromatography or flash chromatography on silica

gel to afford compound 44 (11.0 mg, 25%) as a colorless oil.

Cl
X

\
\
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R¢= 0.7 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCI3) § 8.19 (d, J = 8.4 Hz, 1H), 8.05 (d, J
= 8.4 Hz, 1H), 7.79-7.71 (m, 1H), 7.63-7.55 (m, 1H), 7.41 (s, 1H), 5.99-5.85 (m, 1H), 5.09 (d, J =
17.1 Hz, 1H), 5.01 (d, J = 10.2 Hz, 1H), 3.10-2.99 (m, 2H), 2.59 (dd, J = 14.8, 7.2 Hz, 2H); 1*C
NMR (101 MHz, CDCI3) 6 162.1, 149.0, 142.7, 137.5, 130.5, 129.4, 126.9, 125.2, 124.1, 121.6,
115.7, 38.4, 33.6; HRMS (ESI) calcd for CI3H13CIN+ [M+H]+ 218.0731, found 218.0731.

6.5 Competitive experiment

Cl BI-OAc (2.0 equiv) Cl
N H Ru(bpy);Cl; (0.1 mol%) N
.
N OH 23 W CFL, 30 °C, 24 h N
1 (Ar) 45 (1.75 equiv) 46

47a, 33% (~1:1dr) 47b, not observed

Scheme S7

4-chloroquinoline 1 (32.7 mg, 0.2 mmol, 1.0 equiv), 2-ethylhexan-1-o0l 45 (45.6 mg, 0.35 mmol,
1.75 equiv) and BI-OAc 6 (122.4 mg, 0.4 mmol, 2.0 equiv) were added to a solution of Ru(bpy);Cl»
(0.128 mg, 0.0002 mmol, 0.1 mol%) in HFIP (0.7 mL). The reaction vial was purged with Ar for 1
min and sealed with PTEF cap, then the mixture was stirred at 30 °C under the Compact Fluorescent
Lamps irradiation (23 W) for 24 h. The solvent was removed in vacuo and the residue was dissolved
in DCM (1 mL). To the solution was added K»COs (approximate 150 mg), and the resulting mixture
was vigorously stirred for 10 min. Then the mixture was filtrated through a pad of Celite and washed
with DCM. The filtrate was concentrated in vacuo and the residue was purified by preparative thin
layer chromatography or flash chromatography on silica gel to afford compounds 46 (11.0 mg, 25%)
as a colorless oil, compounds 47a-1 (10.5 mg, 18%) as a colorless oil, and compounds 47a-2 (9.0
mg, 15%) as a colorless oil. No compound 47b was observed.

Cl
X

—

N

46

Compound 46 was isolated in 45% yield (23.5 mg) as a colorless oil, following the general
procedure. Rr= 0.9 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) §8.19 (dd, J = 8.4, 0.9 Hz,
1H), 8.08 (dd, J = 8.5, 0.5 Hz, 1H), 7.78-7.69 (m, 1H), 7.62-7.54 (m, 1H), 7.36 (s, 1H), 2.89-2.74
(m, 1H), 1.84-1.67 (m, 4H), 1.35-1.21 (m, 3H), 1.17-1.05 (m, 1H), 0.83 (t, J = 7.4 Hz, 6H); 13C
NMR (101 MHz, CDCl3) 3166.4, 148.9, 142.6, 130.2, 129.6, 126.7, 125.3, 124.1, 120.4, 50.7, 35.2,
30.0,28.7,23.0, 14.1, 12.3; HRMS (ESI) calcd for Ci6H21CIN™ [M+H]" 262.1357, found 262.1355.
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Cl

X
—
N i\(\
47a OH
(~1:1 dr)

Compound 47a-1 was isolated in 18% yield (10.5 mg) as a colorless oil, following the general
procedure. Ry= 0.3 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) § 8.19 (d, J= 8.3 Hz, 1H),
8.05 (d, J = 8.4 Hz, 1H), 7.78-7.70 (m, 1H), 7.63-7.56 (m, 1H), 7.41 (s, 1H), 3.52-3.34 (m, 2H),
3.03-2.94 (m, 1H), 2.19-2.08 (m, 1H), 1.84-1.71 (m, 2H), 1.65-1.56 (m, 1H), 1.45-1.36 (m, 2H),
1.34-1.26 (m, 1H), 0.92-0.83 (m, 6H); 3*C NMR (101 MHz, CDCl3) § 165.8, 148.4, 143.0, 130.6,
129.2, 127.0, 125.3, 124.1, 121.3, 65.4, 47.9, 41.0, 35.1, 30.0, 24.5, 11.9, 11.4; HRMS (ESI) calcd
for C17H23CINO™ [M+H]" 292.1463, found 292.1460.

Compound 47a-2 was isolated in 15% yield (9.0 mg) as a colorless oil, following the general
procedure. Ry= 0.2 (20% EtOAc/hexanes); 'H NMR (400 MHz, CDCl3) § 8.19 (d, J= 7.7 Hz, 1H),
8.05 (d, J = 8.6 Hz, 1H), 7.78-7.70 (m, 1H), 7.64-7.56 (m, 1H), 7.40 (s, 1H), 3.62-3.51 (m, 1H),
3.50-3.42 (m, 1H), 3.15-3.00 (m, 1H), 1.93-1.82 (m, 1H), 1.82-1.69 (m, 2H), 1.38-1.33 (m, 1H),
1.30-1.19 (m, 3H), 0.93-0.75 (m, 6H); 3*C NMR (101 MHz, CDCl3) & 166.0, 148.3, 143.3, 130.6,
129.2, 127.0, 125.3, 124.1, 120.1, 65.7, 47.3, 40.0, 37.2, 29.3, 24.8, 12.3, 11.4; HRMS (ESI) calcd
for C17H23CINO™ [M+H]" 292.1463, found 292.1460.

7. References

1 G.-X. Li, C. A. Morales-Rivera, F. Gao, Y. X. Wang, G. He, P. Liu and G. Chen, Chem. Sci., 2017,
8, 7180.

2 M. V. Vita and J. Waser, Org. Lett., 2013, 15, 3246.

3 G.-X. Li, C. A. Morales-Rivera, Y. X. Wang, F. Gao, G. He, P. Liu and G. Chen, Chem. Sci., 2016,
7, 6407.

4 G. A. Molander, V. Colombel and V. A. Braz, Org. Lett., 2011, 13, 1852.

5 A. P. Antonchick and L. Burgmann, Angew. Chem., Int. Ed., 2013, 52, 3267.

6 L. Z. Zhang, Z. Q. Liu, Org. Lett., 2017, 19, 6594.

7 J. G. Samaritoni, Org. Prep. Proced. Int. 1988, 20, 117.

8 H.-J. Lim, D. Myung, I. Y. C. Lee and M. H. Jung, J. Comb. Chem., 2008, 10, 501.

9 M. Z. Li, W. Jin, C. Jiang, C. Zheng, W. D. Tang, T. P. You and L. G. Lou, Bioorg. Med. Chem.
Lett., 2009, 19, 4107.

10 G. E. Tumambac, and C. Wolf, J. Org. Chem., 2004, 69, 2048.

S23



8.'H and “C NMR Spectra

818

00}

9.0 85 80 7.5 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15
 (ppm)

9.5

€192~
95927

£826—

GG ir—

89
9ViL
8yiL

€661
€021

AN
€19z~
PrEZL—
oeoel””

GLTPL—

leeyl—

2699}

Cl

10

T
90 80
1 (ppm)

T
100

T
10

T T T
180 170 160

T
190

S24



Elya
wmn/
nwn/
6F'L
(X3

¥9°L
99 »W
89
€647

G6°L
€08
908

=100
e
20

E0')
)

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

86'81—
5292~
6992
96'26—

9L'ir—

¥89L
9biL
8yl

90z 1
69 mSW
TN
942z~

0621 —
o621/

GEPPL—
GLivl—

59991 —

10

T T
20 80
1 (ppm)

T
100

T
110

S25



oy
e}
88’}
1l
8yl
8yl
151
5
95}
09°}1
29°11
8')
8 L
18°11
Z6°1
61
6°1
6 IW
661~

661
EN%

0T
0T

UT—
£
e
37e
62€
0EE
44
GEE

Elya
wN\./
9F'L
8r'L
052
¥9°L
99°L

108~
08"

=90'e

Feot

=860

001
El

o0C

35 3.0 25 20 15 10 0.5 0.0

9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0
1 (ppm)

9.5

0462
9y mmw
8042
LLEE—

26'8e—

¥89L
9biL
8yl

LT
56721
6252}
e
8887 b~
12621

EEBYI—
BEEGI—

G685 1 —

10

20

130 120 10 100 90 80 70 60 50
1 (ppm)

140

180 170 160

190

S26



oy
[4N3
EE}
el
SEL
9E'}
051
05}
N3
£5°1
51
EENS
9971
8L
81
181
2871
£671A
€61
G6')
9671
661
e

ST T T —

e
STE
9e

8ze
0EE
0EE
SEE

9z'L
6E'L
S5
SG°L
1§
152
652
652
197
197
69°2

73
208~
s08~"

Fie
sy
friy
Friy

ooy

9.0 85 80 7.5 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

9292~
16927

£5'EE—

LVBE—

¥89L
9biL
8yl

€T
Iy HEV
€6'5Z b~
92924
€624
YO0E L

0L2¥L—

868F1—

269G 1—

Br

7/

10

20

130 120 10 100 20 80 70 60 50
1 (ppm)

140

180 170 160

190

S27



LA
9zl
27
8zl
621
e}
1€
€l
€6°1]
e
91
91
28714
0F 1~
[
11
1
1
71
oyl
1w
8r'l
61
051
151
551
551
81
81
19°4
29l
9'l
59°)
L
10
10
8.l
6.1
08’}
08’
18°
18°
;8
88l
68°
06'
16

66}
00T
0T
€07
8T
€87
8T
87
987
87
887
687

922
er
ShL
ap'L
8rL

T

0524
0521
92
1l
6L
611
208
€08
08
908

10

e sanral
oo o

ISR RERS]
o oo

ooy

480
760

=480
060

9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 20 15
1 (ppm)

9.5

b9z~
55927

622e—

iy

¥89L
9biL
8yl

69°201
€6 E_.v

wmou—
mmumvw
190zh
€092}
¥zl
20ZEL
:~va.

88'Iy 1
¥6 —va.
18571

1565~
£0Z9 1~
92991

8z mm—Vr

10

10

T T
20 80
1 (ppm)

T
100

T
110

S28



~
@
)

£5€
£5€
£5€
¥5€
95€
95€
95€
15¢€
65€
65€
65E
09e

9L
SpL
Wi
6pL
052
952
97
852
852
092
092
2L
€92
€92
€9°2
59°2
592
190
1972

892
082
4: s
128
e

ire
mv,mw
058

4

1

Fey
Feee

Fooe
Foo'y

Feso

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

692~
20z

eLee—

99 by —

y8'9L
9biL
8yl

W0sH—
1892}
WOz i:
£6924—F
892217
1962}

1S9E1L—

07—

¥8GIL—

4

1

10

20

T T
920 80
1 (ppm)

T
100

T
110

S29



oy
ol
erl
Ll
9L
6}
1571
[
€51
55°11
95°}1
651
621
08°}
08°}+
€8°1
€y
€6}
s
86}
66°)
007
07
e

£5€
¥5€
S5€
95€
15
85€
65€
09e

0y —

874
002
[y
79
€Lt

9ze
37e
8ze
ore

0

COMe

X

12

26E

¥l
8.9

eVl

e

3.0 25 20 15 10 0.5 0.0

35

9.0 85 80 75 7.0 65 6.0 55 5.0 45
 (ppm)

9.5

6192~
16927

seze—
8Leyr—

2826—

¥89L
9biL
8yl

S52Z1
60°GZ1
mm,\.m_‘”
m—mN—V.
6L6Z1
£20EL
FL9EL—

6L0¥ L —

G299~
20291

COMe

12

10

T T
920 80
1 (ppm)

T
100

T
110

S30



8e 6

Z=Z
7\

13

Foiu

= Fesz

- =860

=880

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

9292~
9692

GPZeE—

L80v—

¥89L
9biL
8yl

E9ETI

m—mva
LL9TV 7
e NN_.\
BLIEVF
1€ va\.

92051 —

POEIL—

Z=Z
7\

13

10

T T
920 80
1 (ppm)

T
100

T
110

S31



cZ
L
e
iy
oLt
[
el
€l
91
6211
0911
2911
1611
1611
61
614
50 TW
502+
802~
gz~
ne-

997
897
697

022
1224

1752
€7
(754
754

81T

9z'L
ShL
aF'L

0L
it
Si'L
9L
8Lt
A
628

AR

Fe60

9.0 85 80 7.5 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

98'62
:.mNW.
0l0e—

86—

¥89L
9biL
8yl

16021~
9E9Z1
razl
£5LTV

08¥EL—
196¥1—

9L091L—
90°F91—

10

20

130 120 110 100 90 80 70 60 50
1 (ppm)

140

180 170 160

190

S32



Lhi—

8L —

CF3

Fovz
s
Tere
07y
S0y

661

=06}

9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 1.0 0.5 0.0
1 (ppm)

9.5

FA%:I4
6592

66C26—

€9y —

y8'9L
9biL
8yl

LOELL
POELL
B9ELL
VLELL

9P 6L —
sLzzL—
68YTL—
1974z —

GEBEL
89°BEL
006E}

EEBEL

EL9L—

|0

N

CFy

10

.
90 80 70
1 (ppm)

T
100

T
110

S33



oy b
ErL
EL
05'h
e
¥Sh
551
951
151
851
09}

81

881

00

fAxA

15

09°€
09e
9
9%¢€
£9°€
¥9°€
S9°E
S9°€
99€
89°€

ga47
i)
1820

[N
918"

8-
€€ m\.
£58

558
$9°8
998

ZN

I 16

QerOo
SEs<TE
o e

oot

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

D..muil
mc.nu\.
Syze—

yLer—

y8'9L
9biL
8yl

LTl
Wwze
8 ETI
88T
vnmuvv
¥zl
N:.m_‘\

6v8C1
200€l
oloel

9Leel
SOvpL—

BESIL—

=N
I 16

10

20

T T
920 80
1 (ppm)

T
100

T
110

S34



ve v
LE°)
oF’L
1970
[<N3
¥9'L
S9°1
1870
8L
€81
8L

N3
26 Fv

¥6 —\.
S6°)

ey T—
LT
LT
SLT
8.7
1T
BLT
6.7
08?7
18T
8T
T

89—

9l

Me N,
7
K/I
N
Me

17

-

~6ee

~eee
v
el

oo9

Fes0

=960

10

15

85 8.0 75 7.0 6.5 6.0 5.5 5.0 45 40 35 3.0 25 20
1 (ppm)

9.0

95

LIRIAN
8092~
evoz
1076—

SLiy—

¥89L
9biL
8yl

9F L —

GPogL—

80vLL—

Me N,
7
TYI
N

Me

17

-

10

T T
920 80
1 (ppm)

T
100

T
110

S35



EoNs
8’k
[
0E'}
[h)
(41
EE'L
SE'}
9E'}
Wl
EFL
Ly
ELNS
ELAS
FAN

681
€6 —/
16}
16}
16}

087
18T
€87
€87
8T
987
987
87
68T
687
067
k4
6T

9T~
YL

Cl

/3 =

Cl

ooy

=60

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

6252~
1e92"

68'1E—

9z 0y —

¥89L
9biL
8yl

0z'LeL—

88y L—

5951~
8951

Cl

Z

I3,

Cl

L g

10

T T
920 80
1 (ppm)

T
100

T
110

S36



19

Cx

96°0

160
860

9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 20 15
1 (ppm)

9.5

26'52
om.mmv
95'ee—

85°Ey—

¥89L
9biL
8yl

19124
FRAAAS
29z
16521

BIVEL—

9ZEG—

Vitlb—

Cx

19

10

T T
920 80
1 (ppm)

T
100

T
110

S37



37e

1

o0'e
=00'e

oo
Feot

=960

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

86—
88'02—
L10e—

i

¥89L
9biL
8yl

6912
v
69z 1—
w6521/

18 ¥EL—

2es—

908LL—

N
D
S

CC

20

10

T T
920 80
1 (ppm)

T
100

T
110

S38



(433
e
9le

9L —

oe8—

Me
Me

o
|
P

21

Fore
2260
Aizg
DNezz
ReL)
Su

160

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

6EEL—

L6'GT
0¥'92

yz8z-7
E.mm“
seze

Py —

¥8'9L
9l RW
8yl

88EL—
ey l—

085 1—
OEE9L—

e

Me

Me

g

21

T T T
110 100 90 70 50 40 30 20
1 (ppm)

T
140

T
160

T
190

T
210

LR

S39



¥8°0
980

0e'}

191
891
Py
6L}
18

69T
mmm/
8T

87

887
067
6T
e
Ele
She
e

9'L—

88—

Me
Me

T

22

=¥60

9.0 85 80 7.5 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

4310
GEEL

68'6L—
8282~

90627
mm.mu.\

05 b—

¥8'9L

9Ll
8yl

ZEBEL—
[UR 32

8185 1—
2Ge9—

96°L02—

20

50

T
100 90
1 (ppm)

T
110

T
140

T
160

T
190

T
210

LR

S40



€87 ——===="_ a0’}

9L

6F'L
052

- .
a — .
o —= =0
€574
08
s08 oo
508 =we
908
908
80e

608
oLe
0L8
e
e

7 N

(o]
23

Cl

9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 20 15
1 (ppm)

9.5

60'92~,
15927

69°Ce—

SPir—

¥89L
9biL
8yl

20T~
GLETL

Prszi~
997071~
8r'e8zi"

ZE9EL—
S9CrL—

ey L—

£2891—

Cl

=

Cl

23

10

T T
920 80
1 (ppm)

T
100

T
110

S41



BE'}
34 vv
e
e
£
e
e
STE
e

£6€
S6€
96°€
16€
0y
oy
90
90t

9z'L
£rL
¥5'L
8L
§6°L
864
187
15
152
1§
908
908
e
rie

cl

Cl

OH

bWl

=

=
=

L

80°E

(49}

12e

66°0
66°0
66°0
[

 (ppm)

10

13 12

14

YLl —

62—

67'99—

¥89L

9Vik
8yl

21z)
08 NEN
65521~

Siezi
e vaV
698 —

YSEPLI—
szerl—

£8991—

cl

Cl

OH

10

20

130 120 110 100 90 80 70 60 50
1 (ppm)

140

180 170 160

190

S42



o
¥ZL
@Z
el
el
L)
oF’L
£F'L
05'h
2571
EEN
851
[79 %
S
1871
¥81
06°1§

eT
Nmmw
EET
04T

ELT~:
9T

LR
EVET
w—m\

0LEe~
6LE—

68
vaW
6y
296
¥9°G
59
99°G
89
69°G
e
¥LG

¥hL
omn/.
223

L
€2
9L

6L
881~
0627

MeO

oL
Sgoe

Feoz

—00Z

0L
201

FE6°0

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

0V —
¥89L
9biL
8yl

9bloL—

S0GH~
680117
ZIzl—
16924~

0Z'1EL—

Wivl—
98ErI—
Shivl—

25—

B6EIL—

MeO

10

T T
920 80
1 (ppm)

T
100

T
110

S43



AN
eee—
W

FLG~
816"

91—
€92
99,
LIVEN
8Lt
082
08
173 ml\/\
528

e60
0

960

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

86—

pro
E.RW
801

LLLE
98 vmw.
88'lE

82'05—

15°99—

¥6ZL
«.m.mn}//
m—.R

8y il

i6—

8EBLL~
el
04z1
i 5%
00DE L~
960EL—

[VE:TI0N
0287V~
696717
16051
Y5251
19264

ThrLL—

10

T T
920 80 70
1 (ppm)

T
100

T
110

S44



1970
08’k
N3
€8’
[4%4
Lix4
Elya
x4

W
9EE
e
e
6rE
IS€
G

-

15€
£8°€
¥8E
S8E
8¢
88e
68°€

=0

Bz—N/_‘\N
0=g

EB8LL

=80

Feos
oy
000
Frie

0l

=004

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

y8'9L
9biL
8yl

2992}
8984~
€624
6162}
19 ::\
ZEEE
18EE )
sri—

ety
s QS%

05€E5—

68—

—

B z—N/—\

=0

0=g

Xy
=

27a

10

20

T T
920 80
1 (ppm)

T
100

T
110

S45



16107

27

Fooy
060
Mey

7160
680

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

GEcdt
or9zi
85921
Erpat
8081~
66717
sroeLf
o NE\
BLTE

oryE—

10

T T
920 80 70
1 (ppm)

T
100

T
110

S46



* Le
e
88h~ -
prig Q F065 |
Lo 15— -
0
M
e Le— -
8lLe 1
0ze =
1ze L -
e —=mmet’ Loy
e -
ae L@
8ze «
LS
3
v89L
Lo 9L
= avis
Lo
.
E
g
L o™
I
Le
P
%zl 2N
evs
o L« 20Tl
e @ STGT I
o 929z~
ag 6 6C1
s | o 0E0E
2
652
Vet
¥
614 Lo 08 Zyi—
€Lt
v 1apL—
Lt
508 Le
20 mV @
9187
618
Lo
@ 82291 —
o % o L2 o % o
~ o ~N
Lw
&
L2

10

20

80 70 60 50

90

1 (ppm)
S47

130 120 110 100

140

180 170 160

190




-

9L

818

cl

29

=00"

6

1 (ppm)

10

13 12

14

EL0E—

6e'8E—

y8'9L
9biL
8yl

198~
18EZ)

08 vﬁk
82921~

1862}
10 Dnvv

werl—

Gherl—

05691

cl

29

e

10

T T
920 80 70
1 (ppm)

T
100

T
110

S48



880
06 DW
160

GE'L
rite

(79}
181
€81
S8°1
98}

€6
56 NW
167
867
00€
wne

9L
6E'L
§6°2

952
5
51
1571
8521
6521
0Ll
7y
[7e
[ Ve
Ve
€41
[ Y
[V
508~
208
a8

8

818

618

cl

30

o
P
885
Soo

iy

e

60°E

90}
S04

004

€6°0

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

6ZC1—

9€'02—

96'62—

E9Fr—

y8'9L
9biL
8yl

6861~
20921

AT
219z~
05621~
szoel”

0LT¥L—

ogerl—

L9

Cl

30

10

20

T T
920 80
1 (ppm)

T
100

T
110

S49



e
6LE
e
e
e
e
€€
SZe

¥6€
96
6
16€
86€
86€
S0
S0
S0y
S0

0
207

80%
Y

9z'L
Ev'L
852
85
09°2
092

9L
€L
ELL
SL'L
St
L
Lt
ne
08
8ie

0ze 3 /N

OH
Me

Cl
31

e

=00€

Fooy

ek
B0l

660

9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 20 15 10 0.5 0.0
1 (ppm)

9.5

9eLL—

29Ty

29'99—

y8'9L
9biL
8yl

15021
NZEM
RTINS
wit—
SE6zL—
pa e

EEFI—
Zherl—

1969 1—

Cl

OH

Me

3

10

T T
920 80 70
1 (ppm)

T
100

T
110

S50



S0€
0e
80€
60
e
e
ale
e
8LE
oze

1%
€rL
SLL
aLL
8lL
0z'L
141
€L
9211
621
621
1521
1572
€572
€521
592
Ey
190
190
692
692
662~
108>
018
z1e

Cl

Ph

N
32

e
e

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

96—

L80v—

y8'9L
9biL
8yl

89°ITL

0Lzl
:mz/
9IS
€692 41—
19821/
e 2%
8y 0El

6 L¥ I~
29281

£68F1—

G819 —

Cl

Ph

N
32

10

20

T T
920 80
1 (ppm)

T
100

T
110

S51



9zL
0t
16771
1571
6521
652
19°2
192+
2Ly
€474
Vil
(7%
it
522
SIVE
QNNA
920

mcm“
508
816
0z

e L

86—

Cl

0L
bl
90}

oLl
=660

=680

9.0 85 80 7.5 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

G6'1Z—
0L6Z—

yige—
1ger—

¥8'9L
9l RW
8yl

LTl

:«:W
GLGTI~
96 mN—“
0E6TL

¥5 Dm—\
68ZFI—

88F1—

6L291L—

Wwzoz—

Cl

20

50

T
100 90
1 (ppm)

T
110

T
140

T
160

T
190

T
210

LR

S52



[
€1
or'l
Wl
erl
A
09}
2l
¥9°)
9971
89°11
621
08'}1
18°
281
€8'1
8°1
871~
981

(XA

732N
ez
e

6T
¥6 NW
96T

9z'L
6E'L
8r's

9G°L
18
85
852
85
09°2
09°2
23
23
€11
€L
ELiA
VLN

521~%
Ve
€08~
508~
e
e
618
618

Cl

Me

34

861

9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 20 15
1 (ppm)

9.5

ELET~
L0'62
09'62
1008~

L6'8E—
0L'er—

y8'9L
9biL
8yl

Wil

80 wu_.”
60°GZ I~
£8°9Z1—
0EBZ V-7
L om_..\.

ELTYL—

6887 1—

62291 —

Cl

Me

7

10

20

T T
920 80
1 (ppm)

T
100

T
110

T
190

S53



167}
[4:N3
€61
¥6'L
G6°1
9671
16}
66}
oz
00z
202
202+
60T
e
Z1Z
ELT
LT
LT
LT

92t
Er'L
852
G582
67
1519
1572
6529
652
bl
Vi
798
€L Tﬁ
BLLN

Sii~%
st
908
808
a8
a8
818
618

cl

35

o
604

iy

Fooh

T
558
<o

7'

&S
oo

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

rel—

0e'8Z—

yozyr—

¥89L
9biL
8yl

066h~_
€0z )

0LGZI~
52971 —
05621~
eeoel””

SOy

ogerl—

1egL—

cl

35

10

T T
920 80
1 (ppm)

T
100

T
110

T
190

S54



69°)
EL)
173
(N
Sl
Gl
L
&l
611
1871
28}

8'1
18°1
88°1
68°1
061~
6L
(1%
(1%
e
81T
1%
0z
127
0EE
mn,n/
PEE—F
1£€
6EE

9zl
erL

5L

5L

9521
9521
8571
8521
042
042
[y
3 TW
[0

(TR N
[V
€08
508~

8L8

cl

36

Faz
ey

602

ooy

W
@ o
220
coco

o

58

oo

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

01'92—

65'€E—

L18y—

y8'9L
9biL
8yl

SE 0TI
wovel

RAIAN
19924 —

9 6zL—
gzoel”

95T I—

weri—

ragL—

cl

36

|

|

10

20

T T
920 80
1 (ppm)

T
100

T
110

T
190

S55



vy
£9°)
G9°)
91
(733
vl
SLL
GL)
8L}
64714
1871
28°1
8’1
5871
9871
1871
202
202

€02
0T
0T
S0T

867
00e
ne
wne
£0€
$0€
S0€

80€
80€
e

9z'L
6E'L
¥5'L
¥5'L
952

852
85,
0Lt
0t
79
79
[y
[y
€08~
908
a1g
81e

A

T

[od]
37

9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 20 15
1 (ppm)

9.5

Wiz~
50827

£0'GE—

EGBY—

y8'9L
9biL
8yl

9661
16621

[IRTAENS
9921 —
0y 621~
azoet”

Weyl—

8G8YI—

Shegl—

10

20

50

60

70

80

90

1 (ppm)
S56

130 120 110 100

140

Cl
170 160

37
180

190




€81 —

0T~
9z

845
Y
YRS
08
w08

aie
aie

10 0.5 0.0

15

20

6.0 55 5.0 45 40 35 3.0 25
 (ppm)

65

7.0

7.5

P o

@o  oe

oo o«
80

!
nl

Cl
85

9.0

9.5

£6'82—

P6'9E—
S00F~
VB

10

20

50

60

70

¥89L
m_..RV.
8yl

e8I —
06ETL
86 «&_.V
0£9ZV—
06621
66621

6P Ty —

rieyl—

eI

Cl

80

90

1 (ppm)
S57

130 120 110 100

140

180 170 160

190




w0y
6601
201
50l
0
oLl
Ll
a1l
EAS
8y 11
691
051
151
651
1971
758\
€21
21
524
91
1214
1
8Ll
62k
8°H
681
€61
91z

WE~
e

S S

vy
9y

9L

Wi
mwNW
ShL
ES'L-F
SG°L
152

€08
wamv

ooz

E66°)

© =
53
o~

i

06}

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

98'82
m_..muv

£5°26—
50—

8589~
0004~
y8'9L
9biL
8yl

9821~
59621~
g DS“
167261

10

T T
920 80 70
1 (ppm)

T
100

T
110

S58



0E'}
[
EE}
el
9E'}
81
€
6E}

50T
S0T
807
60T

154
e

87
887
68T
067
k4
6T
S6T

ey
vmvv

9L

L
L
9F'L
8r'L
SG°L
952

15
157
85
85
85

654
09°2
09°2
L]
Tty
PLLA

9L~
921
508
s0e
908
e
608
608
18
8ie
618
oze

o}

7

OCOPh

39-major

Fez

Mgz

9L

= ey
- g0

ooz

|

9.0 85 80 7.5 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

69'62~
561"
6698~

ETLr—

68'69—
¥89L
9biL
8yl

mwm:
mn_ vN—/
EEGTL
98921

25821
iy vaW
0L6Z1
oy om_‘\‘
85 om—;\‘
E0EEL
98Ty L—

£88F1—

€2991~
82991~

cl

OCOPh

39-major

10

20

130 120 110 100 90 80 70 60 50
1 (ppm)

140

180 170 160

190

S59



80k
1 L

@
S
o

——

9521
852
652
09°24
19°2

123
173
€11
(Vs

b2
[V
@NL
91t

08
508}

Tyt rAp——

908
9081
109
28
1N
08
08

Cl

OCOPh

39-minor

= Feoy
- =62}

35 3.0 25 20 15 10 0.5 0.0

9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0
1 (ppm)

9.5

6992~
€822
N—.mu.\
8zee"

66'99—

$0'0.

8yl

0Lz

¥0 vu—/
69 vmv/
5891

05 mﬁ./
65 mNFV.

0L6Z1
143 om_‘\
85 om—\
I0EEL
9LTrL—

6L8YI—

187691~
9899}~

Cl

OCOPh

39-minor

10

T
90 80
1 (ppm)

T
100

T
110

S60



9z'L
Evi
¥G'L
¥G'L
954

852
852
0Lt
0Lt
79
7y
€Ll
€Ll
P08~
908"
518
e

Cl

4041

Y

9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 20 15
1 (ppm)

9.5

ST6Z~
G8°0e"
z1ee
LE'9E
mm.mm\‘
er—

05—

y8'9L
9biL
8yl

LVIT
vmmmv”

LBFTL~
£9°9Z1—
B696TL-F
39:1\.

&Zer—

£98F 1 —

90991 —

Cl

401

10

T T
920 80 70
1 (ppm)

T
100

T
110

S61



690
Lo
£L0
¥L0
GL0
9.0
L0

ST'h
8z —W

29'h
99}
89}
LT

ST
mNNV

omm\
rma\
orz
997

YEE
PEE
YEE
YEE

GLE
i mV

08e
18
£8°€
e
98¢

9z'L
6E'L
€572
€52

SG°L
187
152
69°L
69°L
7

¥
erl
208~
08—
€rg
sig

Cl

wl

960

el

e
o0
288
-23

v
&=
ee

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

E8'E9—

y8'9L
9biL
8yl

S0'LZ

66 nmv”
BT~
L9V
[4aI 4 s
43 umT\.

SGTrI—

szerl—

1869 1—

Cl

OH

10

20

T T
920 80
1 (ppm)

T
100

T
110

S62



|
I 1
||I I ! ||
S o et

T
o
N
o

r

D NND MWD~ © =
CTHNTHARNETED
R R R R

660

Feot

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

BE'LL—
¥89L
9biL
8yl

YETTL
I6ETH
06 wuvl/l
85971
¥B6Z1
200E

Py L—

G8YL—

10

T T
920 80
1 (ppm)

T
100

T
110

S63



IZR88 @ owo w0 =
C13DEPT90 =gt 3 338 8 3
S2&8 = P S P
ooooy = 588 3 8
i/ AN

r T T T T T T T T T T
0 190 180 170 160 150 140 130 120 10 100 90
1 (ppm)

T T T T T

80 70 60 50 40 30 20 10 0 -1

S64



847
[Ty

9Ll

8LL~¢
8LF
e
828~
6287

i

0—I1-0

42

el

2560
5860
S0

=860

35 3.0 25 20 15 10 0.5 0.0

9.0 85 80 7.5 7.0 65 6.0 55 5.0 45 40
 (ppm)

9.5

88'52~
15927
98'62~

89 by —

¥8'9L

8yl
Z.om.\

806 —

90°9Z I~
€8°0E}
FLLEL
POEEL—
GLGEL

oLegl—

Cy

N

0—I1-0

42

10

20

130 120 10 100 90 80 70 60 50
1 (ppm)

140

180 170 160

190

S65



95T
857
09T
29T

£0€
momW
0e

00
206\
2067

&%
08°s
685
085
165
%G
€65
165
565

9z'L
Wi
652
652
1972
192

[ 73]
ENW
[
Y08~
908"

818
0ze

cl

ez

50

Rl

b=%-3

-c

Fooy

W

o
@@
oo

- =
S35
~--0o

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

9ee—
rge—

¥89L
9biL
8yl

L9GH—
51T

60 wm_.”.
GLGZI~
68°9Z1—
BEBTL-7
9 nm—\

iEL—
69Ty L—

G68FL—

0bZgL—

10

T T
920 80
1 (ppm)

T
100

T
110

S66



vou =}

€80

60°b
0k
[
€21
¥Z'L L
ST'h
2Z°
8Z'1
0B}
0E "}~

281

¥iL
9L}
9L}
8L}
08’k
08’k

0.5

E'TI~ -
ThyL— -

Faus

10

Fooy 56'22— -
Foze

15

o8z =
- 16627
Lizp 91'GE~ -

25

6.7

087 [ 49'05— -
18T .

8T ——=== 760

8T -
8T
987

3.0

¥89L
9biL
8yl

4.0

T
45
1 (ppm)

T
55 5.0

=)
&
~
6.0

88024~
90zl

952 IR
852 19zh—

851 Lo w6zl
85 ° zoer’

e 6528 h—

8871—

608 Pr 99—

08 _ _
028 o Y= ¢ o Y= ¢

10

20

80 70 60 50

90

1 (ppm)
S67

130 120 110 100

140

180 170 160

190




9L
Wi
iy
187
654
1972
19
(29
it
L

9Ll
Y08~
908~
818
0z

7 N

47a-1

Eul

Fegy

9.0 85 80 7.5 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

6E LI~
ve L

25—
00'0e—
80'5e—
E0' by —

¥y —

EFGO—

¥89L

8yl

Ear)
I :FM
RS
0Lzl —
616217
090e”

A

PrerL—

62691 —

7 N

47a-1

10

20

130 120 110 100 90 80 70 60 50
1 (ppm)

140

180 170 160

190

S68



6.0

0z’
[44 —V

9L
052
952
852
852
652
092

€9°2]
2]
173
[73n
SLL
91k
08
908

e ——

8L8
oze

Fres

gt
@
ae
-

Lian

260

il

Py
=&
-o

9.0 85 80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 0.5 0.0
 (ppm)

9.5

EF b~
szTLVT

Bre—
2E6T—

0z ie—
or—

yeir—

59'G9—

¥89L
9biL
8yl

TN
60Z1

I
Y0LTh—

2 6zL—
g5 0t

L2Zer—
9z8yl—

0099 }—

OH

Cl
=
P

47a-2

10

T T
920 80
1 (ppm)

T
100

T
110

S69



