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1. General experimental details.

Commercially available reagents were used without further purification. Solvents were treated
prior to use according to the standard methods. Unless otherwise stated, all reactions were
conducted under inert atmosphere using standard Schlenk techniques or in an argon-filled
glove-box. '"H NMR and “C NMR spectra were recorded at room temperature in CDCl; or
DMSO-dg¢ on 400 MHz instrument with tetramethylsilane (TMS) as internal standard. Flash
column chromatography was performed on silica gel (200-300 mesh). All reactions were
monitored by TLC or NMR analysis. HRMS data was obtained with Micromass HPLC-Q-TOF
mass spectrometer (ESI) or Agilent 6540 Accurate-MS spectrometer (Q-TOF). The

2-phenylpyridine derivatives and terpenes were synthesized by the known methods."

2. Typical procedure for Co-catalyzed hydroxymethylarylation reaction of terpenes.

Cp*Co(CO)l, (5 mol%) OH

AgSbFg (10 mol%) S
+ \)k + HCHO
Py AcOH (40 mol%)

' Py

dioxane, 50 °C, 16 h

1a 2 3 4a
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To a sealed tube (4 mL) was sequentially added 2-phenylpyridine la (0.20 mmol),
Cp*Co(CO)I; (5 mol%), AgSbF (10.0 mol%), AcOH (40 mol%), paraformaldehyde 3 (3.0 equiv),
dioxane (0.50 mL), and isoprene 2 (2.0 equiv). The resulting mixture was then stirred at 50 °C for
16 h. The system was diluted with DCM and washed with water. The organic phase was dried over
sodium sulfate and concentrated under reduced pressure. The residue was purified by flash column
chromatography (silica gel, petroleum ether/EtOAc = 4:1) to afford 4a (43.3 mg, 86%) as a
colorless oil.

We also evaluated other directing groups. For example, the
amide[phenyl(pyrrolidin-1-yl)methanone] and 2-phenyl-4,5-dihydrooxazole could not facilitate
the coupling, while 1-phenyl-1H-pyrazole and acetophenone oxime led to the desired products in
low yields.

Unfortunately, the employment of N-(2-Pyridinyl)pyrrole as substrate only gave a trace amount
of coupling product.

OH (E)-2,2-dimethyl-4-(2-(pyridin-2-yl)phenyl)but-3-en-1-0l (4a): colorless
©j§>( oil, 43.3 mg, 86% yield, Ry = 0.15 (petroleum ether/EtOAc 4/1). 'H NMR
Py (400 MHz, CDCl5) 6 8.67 (d, J = 4.2 Hz, 1H), 7.75 (td, J = 7.7, 1.7 Hz, 1H),
4a 7.52 (d, J = 7.3 Hz, 1H), 7.50-7.44 (m, 2H), 7.34 (pd, J = 7.3, 1.4 Hz, 2H),
7.29-7.21 (m, 1H), 6.49 (d, J = 16.2 Hz, 1H), 5.95 (d, J = 16.2 Hz, 1H), 3.35 (s, 2H), 2.70 (brs,
1H), 1.04 (s, 6H). BC NMR (100 MHz, CDCl3) 6 159.1, 149.1, 138.8, 138.4, 136.7, 136.3, 129.8,
128.8, 128.7, 127.2, 126.9, 124.5, 121.9, 71.5, 39.1, 24.0. HRMS calculated for C;7H,,NO
[M+H]" 254.1539, found 254.1534.

oH (E)-4-(benzo[h]quinolin-10-yl)-2,2-dimethylbut-3-en-1-0l  (4b): yellow
solid, m.p. 90-91 °C, 554 mg, >99% yield, Ry = 0.60 (petroleum
ether/EtOAc 5/1). 'H NMR (400 MHz, CDCls) & 8.97 (dd, J = 4.4, 1.8 Hz,
1H), 8.15 (dd, J = 8.0, 1.8 Hz, 1H), 7.81 (m, 3H), 7.67-7.58 (m, 3H), 7.47
(dd, J = 8.0, 4.4 Hz, 1H), 5.76 (d, J = 16.3 Hz, 1H), 4.47 (brs, 1H), 3.55 (s,
2H), 1.26 (s, 6H). *C NMR (100 MHz, CDCl;) § 147.8, 147.4, 139.1, 136.2, 136.1, 135.2, 134.7,
128.6, 128.4, 128.0, 127.9, 127.8, 127.7, 125.7, 121.0, 71.6, 38.8, 24.9. HRMS calculated for
C19HxNO [M+H]" 278.1539, found 278.1538.

oH (E)-2,2-dimethyl-4-(2-(pyrimidin-2-yl)phenyl)but-3-en-1-ol (4c): yellow

X oil, 20.4 mg, 40% yield, Ry = 0.30 (petroleum ether/EtOAc 2/1). 'H NMR

Ni (400 MHz, CDCl3) & 8.83 (d, J = 4.9 Hz, 2H), 7.99 (dd, J = 7.6, 1.2 Hz, 1H),
Nl\) 7.50 (d, J = 7.3 Hz, 1H), 7.47-7.35 (m, 2H), 7.22 (t,J = 4.9 Hz, 1H), 6.81 (d,
4c J = 16.3 Hz, 1H), 5.88 (d, J = 16.2 Hz, 1H), 3.40 (s, 2H), 3.15 (brs, 1H),

1.12 (s, 6H). *C NMR (100 MHz, CDCls) & 166.5, 157.0, 138.5, 138.2,
135.8, 130.8, 130.7, 130.1, 127.7, 127.3, 118.7, 71.4, 39.2, 24.1. HRMS calculated for C;¢H;sN,O
[M+H]" 255.1492, found 255.1495.

OH (E)-4-(2-(3-methoxypyridin-2-yl)phenyl)-2,2-dimethylbut-3-en-1-ol (4d):
@fvc colorless oil, 39.0 mg, 69% yield, R¢= 0.15 (petroleum ether/EtOAc 4/1). H
3-OMePy NMR (400 MHz, CDCl3) 6 8.34-8.22 (m, 1H), 7.55 (d, J = 7.1 Hz, 1H),

4d
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7.42-7.33 (m, 2H), 7.31 (dd, J = 7.3, 1.3 Hz, 1H), 7.29-7.23 (m, 2H), 6.20 (d, J = 16.2 Hz, 1H),
5.91(d, J = 16.2 Hz, 1H), 3.76 (s, 3H), 3.26 (s, 2H), 2.13 (brs, 1H), 0.96 (s, 6H). *C NMR (100
MHz, CDCL3) § 153.5, 149.2, 141.2, 137.9, 136.6, 136.0, 130.1, 128.4, 128.0, 126.8, 125.7, 123.3,
118.4, 71.3, 55.6, 39.0, 23.8. HRMS calculated for C;sH,»NO, [M+H]" 284.1645, found
284.1647.

OH (E)-2,2-dimethyl-4-(2-(4-methylpyridin-2-yl)phenyl)but-3-en-1-0l  (4e):

yellow oil, 35.3 mg, 66% yield, Ry = 0.30 (petroleum ether/EtOAc 2/1). 'H

4-MePy NMR (400 MHz, CDCl;) 6 8.52 (d, J = 5.0 Hz, 1H), 7.50 (dd, J = 7.4, 1.5

4e Hz, 1H), 7.46 (dd, J = 7.3, 1.6 Hz, 1H), 7.40-7.27 (m, 3H), 7.10-7.04 (m,

1H), 6.48 (d, J = 16.3 Hz, 1H), 5.94 (d, J = 16.2 Hz, 1H), 3.36 (s, 2H), 2.65 (brs, 1H), 2.40 (s,

3H), 1.04 (s, 6H). *C NMR (100 MHz, CDCl3) & 158.8, 148.8, 147.4, 138.5, 138.4, 136.8, 129.7,

129.2, 128.5, 127.2, 126.9, 125.4, 122.9, 71.6, 39.1, 24.0, 21.1. HRMS calculated for C;sH,,NO
[M+H]" 268.1696, found 268.1700.

!

OH (E)-2,2-dimethyl-4-(2-(4-(trifluoromethyl)pyridin-2-yl)phenyl)but-3-en-1

-ol (4f): yellow oil, 30.2 mg, 47% yield, Ry = 0.50 (petroleum ether/EtOAc

4-CF4Py 4/1). "H NMR (400 MHz, CDCl;) & 8.87 (d, J = 5.1 Hz, 1H), 7.73 (s, 1H),

af 7.57-17.52 (m, 2H), 7.49-7.46 (m, 1H), 7.44-7.34 (m, 2H), 6.46 (d, J = 16.2

Hz, 1H), 6.03 (d, J = 16.2 Hz, 1H), 3.39 (s, 2H), 2.19 (brs, 1H), 1.06 (s, 6H). *C NMR (100 MHz,

CDCl;) 6 160.3, 150.2, 139.7, 138.7 (q, J = 33.9 Hz), 137.0, 136.8, 129.9, 129.4, 128.2, 127.5,

127.3, 1242 (q, J = 273.4 Hz), 120.3 (q, J = 3.6 Hz), 117.3 (q, J = 3.5 Hz), 71.5, 39.1, 23.8. *°F

NMR (376 MHz, CDCl;) 8 -64.77. HRMS calculated for C;gH oF;NO [M+H]" 322.1413, found
322.1412.

OH  (E)-4-(3-fluoro-2-(pyridin-2-yl)phenyl)-2,2-dimethylbut-3-en-1-0l  (4Q):
X
colorless oil, 46.9 mg, 86% yield, Ry = 0.30 (petroleum ether/EtOAc 4/1). H
Py
F
4g

g

NMR (400 MHz, CDCl;) 6 8.69 (d, J = 4.3 Hz, 1H), 7.77 (td, J = 7.7, 1.8 Hz,

1H), 7.44 (d, J = 7.8 Hz, 1H), 7.30 (m, 3H), 7.03 (dq, J = 9.4, 1.8 Hz, 1H),

6.16 (d, J = 16.2 Hz, 1H), 5.96 (d, J = 16.2 Hz, 1H), 3.27 (s, 2H), 2.84 (s,
1H), 0.95 (s, 6H). *C NMR (100 MHz, CDCl;) § 161.3 (d, J = 246.1 Hz), 158.8, 153.3, 149.3,
140.2, 139.5 (d, J = 2.8 Hz), 136.2, 129.7 (d, J = 9.2 Hz), 126.9 (d, J = 3.2 Hz), 126.3 (d, J = 2.7
Hz), 122.5, 122.0 (d, J = 3.1 Hz), 114.2 (d, J = 22.9 Hz), 71.4, 39.1, 23.7. *F NMR (376 MHz,
CDCl;) 6 -117.20. HRMS calculated for C{;H;9FNO [M+H]+ 272.1445, found 272.1448.

OH  (E)-4-(3,5-difluoro-2-(pyridin-2-yl)phenyl)-2,2-dimethylbut-3-en-1-ol

F N (4h): yellow oil, 54.2 mg, 94% yield, Ry = 0.30 (petroleum ether/EtOAc
Py 2/1). *H NMR (400 MHz, CDCl3) & 8.72-8.64 (m, 1H), 7.78 (td, J = 7.7,

F 1.8 Hz, 1H), 7.48-7.37 (m, 1H), 7.34-7.23 (m, 1H), 7.16-6.99 (m, 1H),

an 6.79 (ddd, J = 9.8, 8.6, 2.5 Hz, 1H), 6.15 (d, J = 16.2 Hz, 1H), 5.99 (d, J

= 16.2 Hz, 1H), 3.29 (s, 2H), 2.68 (brs, 1H), 0.96 (s, 6H). *C NMR (100 MHz, CDCl;) 6 163.8
(dd, J = 248.6 Hz), 161.7 (dd, J = 248.4 Hz), 152.5, 149.4, 141.2, 140.9 (d, J = 4.4 Hz), 140.8 (d,
J=4.4Hz),136.3,126.4 (d,J = 2.7 Hz), 126.3 (t, J = 2.9 Hz), 122.6, 108.9 (d, J = 3.4 Hz), 108.8
(d, J = 3.4 Hz) 102.6 (d, J = 25.8 Hz), 102.3 (d, J = 25.8 Hz), 71.3, 39.1, 23.6.°F NMR (376
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MHz, CDCl3) 6 -109.96 (d, J = 8.1 Hz), -112.85 (d, J = 8.1 Hz). HRMS calculated for
Cy7H,5F,NO [M+H]" 290.1351, found 290.1349.

OH  (E)-4-(3-methoxy-2-(pyridin-2-yl)phenyl)-2,2-dimethylbut-3-en-1-ol (4i):

N colorless oil, 29.6 mg, 52% yield, Ry = 0.25 (petroleum ether/EtOAc 2/1). H

Py NMR (400 MHz, CDCls) 6 8.75-8.59 (m, 1H), 7.78 (td, J = 7.7, 1.8 Hz, 1H),

OMe 4 7.40 (d, J = 7.8 Hz, 1H), 7.35-7.26 (m, 2H), 7.16 (d, J= 7.7 Hz, 1H), 6.87 (d,

J=28.2Hz 1H), 5.97 (d, J=16.2 Hz, 1H), 5.89 (d, J = 16.2 Hz, 1H), 3.72 (s,

3H), 3.24 (s, 2H), 2.99 (brs, 1H), 0.91 (s, 6H). **C NMR (100 MHz, CDCl3) & 156.9, 155.6, 148.6,

139.4,138.5, 136.4, 129.5, 127.5, 127.3, 126.8, 122.2, 118.7, 109.7, 71.4, 55.8, 39.0, 23.7. HRMS
calculated for C;3H,,NO, [MJrH]+ 284.1645, found 284.1643.

on (E)-2,2-dimethyl-4-(4-methyl-2-(pyridin-2-yl)phenyl)but-3-en-1-ol (4j):

N\ colorless oil, 40.2 mg, 75% yield, R¢ = 0.30 (petroleum ether/EtOAc 2/1).
/©\/P?>( 'H NMR (400 MHz, CDCl3) & 8.67 (d, J = 4.2 Hz, 1H), 7.73 (td, J = 7.7,
4 1.7 Hz, 1H), 7.46 (d, J = 7.9 Hz, 1H), 7.42 (d, J = 7.9 Hz, 1H), 7.26-7.21

(m, 1H), 7.17 (d, J = 7.8 Hz, 1H), 7.17 (d, J = 7.8 Hz, 1H), 6.45 (d, J =

16.2 Hz, 1H), 5.92 (d, J = 16.2 Hz, 1H), 3.34 (s, 2H), 2.63 (brs, 1H), 2.38 (s, 3H), 1.03 (s, 6H).
B3C NMR (100 MHz, CDCly) & 159.2, 149.1, 138.3, 137.9, 137.0, 136.2, 133.8, 130.4, 129.4,

128.6, 126.7, 124.5, 121.8, 71.6, 39.0, 24.0, 21.1. HRMS calculated for C;sH,,NO [M+H]"
268.1696, found 268.1695.

on (E)-1-(4-(4-hydroxy-3,3imethylbut-1-en-1-yl)-3-(pyridin-2-yl)phenyl)

N ethan-1-one (4k): yellow oil, 48.3 mg, 82% yield, Ry = 0.20 (petroleum
\H/©\/F:>( ether/EtOAc 2/1). *H NMR (400 MHz, CDCl;) & 8.69 (d, J = 4.4 Hz,
o) " 1H), 8.05 (d, J = 1.7 Hz, 1H), 7.94 (dd, J = 8.2, 1.7 Hz, 1H), 7.80 (td, J
= 7.7, 1.7 Hz, 1H), 7.62 (d, J = 8.2 Hz, 1H), 7.52 (d, J = 7.8 Hz, 1H),

7.30 (dd, J = 7.1, 5.3 Hz, 1H), 6.50 (d, J = 16.3 Hz, 1H), 6.13 (d, J = 16.2 Hz, 1H), 3.38 (s, 2H),
2.78 (brs, 1H), 2.62 (s, 3H), 1.04 (s, 6H). *C NMR (100 MHz, CDCl3) & 197.5, 158.1, 149.2,

141.38, 141.36, 138.5, 136.6, 135.7, 130.2, 128.3, 127.6, 127.0, 124.7, 122.4, 71.4, 39.3, 26.6,
23.8. HRMS calculated for C9H,,NO, [M+H]" 296.1645, found 296.1645.

on (E)-4-(4-chloro-2-(pyridin-2-yl)phenyl)-2,2-dimethylbut-3-en-1-ol (4l):

S colorless oil, 35.6 mg, 62% yield, Ry= 0.30 (petroleum ether/EtOAc 4/1).
C|/©fF:>C 'H NMR (400 MHz, CDCl3) & 8.68 (s, 1H), 7.76 (t, J = 7.4 Hz, 1H),
4l 7.45 (d, J = 8.7 Hz, 3H), 7.32 (d, J = 8.4 Hz, 1H), 7.28 (d, J = 4.9 Hz,

1H), 6.40 (d, J = 16.2 Hz, 1H), 5.96 (d, J = 16.2 Hz, 1H), 3.35 (s, 2H),

2.75 (brs, 1H), 1.02 (s, 6H). *C NMR (100 MHz, CDCls) & 157.7, 149.3, 139.7, 139.5, 136.5,

135.2, 132.8, 129.7, 128.6, 128.2, 127.5, 124.5, 122.4, 71.5, 39.1, 23.9. HRMS calculated for
C17H;4CINO [M+H]" 288.1150, found 288.1152.

on (E)-4-(4-methoxy-2-(pyridin-2-yl)phenyl)-2,2-dimethylbut-3-en-1-ol

N (4m): colorless oil, 31.7 mg, 56% yield, Ry = 0.30 (petroleum

MeO by ether/EtOAc 2/1). *H NMR (400 MHz, CDCl5) & 8.68 (d, J = 4.0 Hz,
4m
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1H), 7.74 (qd, J = 8.8, 8.3, 1.8 Hz, 1H), 7.51-7.42 (m, 2H), 7.29-7.19 (m, 1H), 7.01 (d, J = 2.7
Hz, 1H), 6.93 (dd, J = 8.6, 2.7 Hz, 1H), 6.40 (d, J = 16.2 Hz, 1H), 5.86 (d, J = 16.2 Hz, 1H), 3.84
(d, J = 2.1 Hz, 3H), 3.34 (s, 2H), 2.48 (brs, 1H), 1.02 (s, 6H). *C NMR (100 MHz, CDCL3) &
158.85, 158.77, 149.1, 139.5, 137.0, 136.3, 129.3, 128.1, 128.0, 124.6, 122.0, 114.9, 114.6, 71.6,
55.4,39.0, 24.0. HRMS calculated for CisH,,NO, [M+H]" 284.1645, found 284.1636.

OH (E)-2,2-dimethyl-4-(5-methyl-2-(pyridin-2-yl)phenyl)but-3-en-1-ol

\©f\>( (4n): white solid, m.p. 105-106 °C, 18.8 mg, 35% yield, Ry = 0.30

Py (petroleum ether/EtOAc 2/1). *H NMR (400 MHz, CDCl3) & 8.71-8.59

4n (m, 1H), 7.73 (t,J = 7.1 Hz, 1H), 7.46 (d, J = 7.8 Hz, 1H), 7.40-7.31 (m,

2H), 7.25-7.18 (m, 1H), 7.15 (d, J = 7.7 Hz, 1H), 6.50 (d, J = 16.2 Hz, 1H), 5.94 (d, J = 16.2 Hz,

1H), 3.37 (s, 2H), 2.68 (brs, 1H), 2.40 (s, 3H), 1.05 (s, 6H). *C NMR (100 MHz, CDCl;) & 159.1,

149.1, 138.5, 138.4, 136.5, 136.3, 135.7, 129.8, 129.2, 128.1, 127.5, 124.4, 121.6, 71.6, 39.1, 24.0,
21.3. HRMS calculated for CgH,,NO [M+H]" 268.1696, found 268.1695.

Br\@fv(o'* (E)-4-(5-bromo-2-(pyridin-2-yl)phenyl)-2,2-dimethylbut-3-en-1-ol

(40): colorless oil, 48.5 mg, 73% yield, Ry = 0.40 (petroleum

Py ether/EtOAc 4/1). *H NMR (400 MHz, CDCly) & 8.66 (d, J = 4.3 Hz,

40 1H), 7.76 (t, J = 7.6 Hz, 1H), 7.66 (s, 1H), 7.45 (d, J = 7.6 Hz, 2H), 7.33

(d,J = 8.2 Hz, 1H), 7.27 (t, = 6.0 Hz, 1H), 6.42 (d, J = 16.2 Hz, 1H), 6.00 (d, J = 16.2 Hz, 1H),

3.36 (s, 2H), 2.63 (brs, 1H), 1.04 (s, 6H). *C NMR (100 MHz, CDCl;) & 157.9, 149.2, 140.1,

138.7, 137.1, 136.5, 131.4, 130.1, 129.7, 127.6, 124.4, 122.9, 122.2, 71.5, 39.2, 23.9. HRMS
calculated for C;7H;9BrNO [MJrH]+ 332.0645, found 332.0647.

C'\@f@(OH (E)-4-(5-chloro-2-(pyridin-2-yl)phenyl)-2,2-dimethylbut-3-en-1-ol

(4p): yellow oil, 29.4 mg, 51% yield, Ry = 0.30 (petroleum ether/EtOAc

Py 2/1). *H NMR (400 MHz, CDCl;) 5 8.66 (d, J = 4.4 Hz, 1H), 7.75 (td, J

4p = 7.7, 1.8 Hz, 1H), 7.50 (d, J = 2.1 Hz, 1H), 7.44 (d, J = 7.9 Hz, 1H),

7.40 (d, J = 8.2 Hz, 1H), 7.34-7.23 (m, 2H), 6.43 (d, J = 16.2 Hz, 1H), 6.00 (d, J = 16.2 Hz, 1H),

3.37 (s, 2H), 2.62 (brs, 1H), 1.04 (s, 6H). *C NMR (100 MHz, CDCls) 5 157.9, 149.2, 140.0,

138.4, 136.7, 136.5, 134.6, 131.2, 127.7, 127.2, 126.7, 124.4, 122.1, 71.5, 39.2, 23.9. HRMS
calculated for C;7H;9CINO [M+H]+ 288.1150, found 288.1154.

oo \©\/%>COH (E)-4-(5-methoxy-2-(pyridin-2-yl)phenyl)-2,2-dimethylbut-3-en-1-ol

(4q): yellow oil, 35.4 mg, 62% yield, R¢= 0.30 (petroleum ether/EtOAc

Py 2/1). *H NMR (400 MHz, CDCls) & 8.64 (d, J = 4.2 Hz, 1H), 7.72 (td,

4q J=17.7,1.8 Hz, 1H), 7.43 (dd, J = 10.7, 8.2 Hz, 2H), 7.20 (ddd, J = 7.4,

4.9, 0.9 Hz, 1H), 7.03 (d, J = 2.6 Hz, 1H), 6.88 (dd, J = 8.5, 2.6 Hz, 1H), 6.52 (d, J = 16.2 Hz,

1H), 5.96 (d, J = 16.2 Hz, 1H), 3.87 (s, 3H), 3.37 (s, 2H), 2.75 (brs, 1H), 1.05 (s, 6H). °C NMR

(100 MHz, CDCl3) 6 159.9, 158.8, 149.0, 138.8, 138.2, 136.3, 131.3, 131.2, 129.2, 124.3, 121.4,

113.0, 112.0, 71.6, 55.4, 39.1, 24.0. HRMS calculated for C;sH,,NO, [M+H]" 284.1645, found
284.1648.

FC\©\/§>COH (E)-2,2-dimethyl-4-(2-(pyridin-2-yl)-5-(trifluoromethyl)phenyl)but-3
3
Py

ar
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-en-1-ol (4r): colorless oil, 40.0 mg, 62% yield, Ry = 0.35 (petroleum ether/EtOAc 2/1). *H NMR
(400 MHz, CDCl3) & 8.70 (d, J = 4.2 Hz, 1H), 7.82-7.73 (m, 2H), 7.57 (s, 2H), 7.49 (d, J = 7.8
Hz, 1H), 7.34-7.28 (m, 1H), 6.48 (d, J = 16.3 Hz, 1H), 6.06 (d, J = 16.2 Hz, 1H), 3.38 (s, 2H),
2.63 (brs, 1H), 1.05 (s, 6H). *C NMR (100 MHz, CDCl3) § 157.7, 149.4, 141.4, 140.5, 137.5,
136.6, 130.9 (q, J = 32.4 Hz), 130.5, 130.3, 127.6, 124.5, 124.1 (q, J =272.3 Hz). 123.7 (q, J = 3.8
Hz), 122.6, 71.5, 39.2, 23.8. F NMR (376 MHz, CDCl;) & -62.59. HRMS calculated for
C5H,oF3NO [M+H]" 322.1413, found 322.1414.

- OH (E)-2,2-dimethyl-4-(3-(pyridin-2-yl)naphthalen-2-yl)but-3-en-1-ol
OO "’ (4s): yellow oil, 60.6 mg, >99% yield, R¢= 0.35 (petroleum ether/EtOAc
Py 2/1). *H NMR (400 MHz, CDCl5) & 8.79-8.60 (m, 1H), 7.92 (d, J = 6.8
4s Hz, 2H), 7.86-7.79 (m, 2H), 7.75 (td, J = 7.7, 1.8 Hz, 1H), 7.56 (d, J =
7.9 Hz, 1H), 7.51-7.40 (m, 2H), 7.25 (ddd, J = 7.5, 4.4, 1.0 Hz, 1H), 6.55 (d, J = 16.1 Hz, 1H),
6.04 (d, J = 16.1 Hz, 1H), 3.38 (s, 2H), 2.91 (brs, 1H), 1.06 (s, 6H). *C NMR (100 MHz, CDCl;)
6 159.1, 149.1, 139.0, 137.1, 136.5, 135.1, 133.4, 132.5, 129.33, 129.28, 128.0, 127.6, 126.7,
126.0, 125.7, 124.6, 122.0, 71.6, 39.2, 24.0. HRMS calculated for C,;H,,NO [M+H]" 304.1696,

found 304.1695.

- OH  (E)-2,2-dimethyl-4-(2-(pyridin-2-yl)thiophen-3-yl)but-3-en-1-ol (41):
7] colorless oil, 12.8 mg, 25% yield, Ry = 0.30 (petroleum ether/EtOAc 2/1). H
ST Spy NMR (400 MHz, CDCls) 8 8.64 (d, J = 4.2 Hz, 1H), 7.71 (td, J = 7.8, 1.8 Hz,
At 1H), 7.53 (d, J = 8.0 Hz, 1H), 7.30 (d, J = 5.3 Hz, 1H), 7.23 (d, J = 5.3 Hz,

1H), 7.20-7.15 (m, 1H), 6.87 (d, J = 16.3 Hz, 1H), 6.09 (d, J = 16.3 Hz, 1H), 3.43 (s, 2H), 1.90
(brs, 1H), 1.13 (s, 6H). *C NMR (100 MHz, CDCl;) & 153.1, 149.7, 139.0, 138.0, 137.1, 136.5,
127.2, 126.1, 123.1, 122.7, 121.7, 71.6, 39.1, 24.0. HRMS calculated for C;sH;sNOS [M+H]"
260.1104, found 260.1103.

"o \©f§>COH (E)-3-(4-hydroxy-3,3imethylbut-1-en-1-yl)-4-(pyridin-2-yl)phenol

(4u): white solid, m.p. 190191 °C, 34.2 mg, 64% yield, R; = 0.25

Py (petroleum ether/EtOAc 4/1). 'H NMR (400 MHz, DMSO-dg) 6 9.59 (s,

4u 1H), 8.66-8.60 (m, 1H), 7.81 (td, J = 7.7, 1.8 Hz, 1H), 7.42 (d, J = 7.9

Hz, 1H), 7.36-7.28 (m, 2H), 6.99 (d, J = 2.4 Hz, 1H), 6.76 (dd, J = 8.4, 2.4 Hz, 1H), 6.44 (d, J =

16.2 Hz, 1H), 6.12 (d, J = 16.2 Hz, 1H), 4.64 (s, 1H), 3.21 (s, 2H), 0.95 (s, 6H). *C NMR (100

MHz, DMSO-d¢) & 158.5, 158.0, 149.4, 139.8, 137.6, 136.6, 131.9, 130.4, 125.8, 125.0, 121.9,

114.8, 112.5, 70.7, 39.0, 24.3. HRMS calculated for C;7H,(NO, [M+H]+ 270.1489, found
270.1485.

OH P (E)-2,6-dimethyl-2-(2-(3-(pyridin-2-yl)naphthalen-2-yl)vinyl)he

N

OO pt-5-en-1-0l (6a): colorless oil, 56.5 mg, 76% yield, Ry = 0.30
Py (petroleum ether/EtOAc 4/1). *H NMR (400 MHz, CDCLy) & 8.69
6a

(d, J = 4.3 Hz, 1H), 7.92 (s, 2H), 7.83 (dd, J = 7.7, 3.1 Hz, 2H),
7.75 (td, J = 7.7, 1.7 Hz, 1H), 7.58 (d, J = 7.8 Hz, 1H), 7.51-7.40 (m, 2H), 7.29-7.24 (m, 1H),
6.54 (d,J = 16.2 Hz, 1H), 6.00 (d, J = 16.2 Hz, 1H), 5.11 (td, J = 7.1, 6.4, 3.5 Hz, 1H), 3.45 (d, J
=10.7 Hz, 1H), 3.37 (d, J = 10.7 Hz, 1H), 2.90 (s, 1H), 2.00 (m, 2H), 1.69 (s, 3H), 1.59 (s, 3H),
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1.50-1.32 (m, 2H), 1.06 (s, 3H). *C NMR (100 MHz, CDCls) § 159.0, 149.1, 138.2, 137.0, 136.5,
135.3, 133.4, 132.5, 131.3, 130.2, 129.3, 128.0, 127.6, 126.7, 126.0, 125.8, 124.9, 124.6, 122.0,
70.7,42.5,37.9, 25.8, 22.9, 20.4, 17.7. HRMS calculated for C2gH;NO [M+H]™ 372.2322, found
372.2323.

OH (E)-2,6,10-trimethyl-2-((E)-2-(3-(pyridin-2-yl)naphtha

OO N Z Z len-2-yl)vinyl)undeca-5,9-dien-1-0l (6b): colorless oil,
Py 54.9 mg, 63% yield, R¢ = 0.40 (petroleum ether/EtOAc

6b 4/1). *H NMR (400 MHz, CDCl3) & 8.69 (d, J = 4.1 Hz,

1H), 7.93 (d, J = 3.8 Hz, 2H), 7.87-7.81 (m, 2H), 7.77 (td, J = 7.7, 1.8 Hz, 1H), 7.59 (d, J = 7.9
Hz, 1H), 7.52-7.42 (m, 2H), 7.31-7.22 (m, 1H), 6.56 (d, J = 16.2 Hz, 1H), 6.01 (d, J = 16.2 Hz,
1H), 5.19-5.04 (m, 2H), 3.47 (d, J = 10.7 Hz, 1H), 3.38 (d, J = 10.7 Hz, 1H), 2.70 (brs, 1H), 2.02
(dq, J = 7.3 Hz, 6H), 1.67 (s, 3H), 1.59 (s, 6H), 1.53-1.43 (m, 1H), 1.38 (m, 1H), 1.08 (s, 3H). *C
NMR (100 MHz, CDCly) § 159.1, 149.1, 138.1, 137.0, 136.5, 135.3, 135.0, 133.4, 132.6, 131.4,
130.4, 129.3, 128.0, 127.6, 126.7, 126.0, 125.8, 124.7, 124.6, 124.3, 122.0, 70.7, 42.5, 39.7, 37.9,
26.8, 25.7, 22.7, 20.4, 17.7, 16.0. HRMS calculated for C3,;HssNO [M+H]" 440.2948, found
440.2947.

OH (5E,9E)-2,6,10,14-tetramethyl-2-((E)-2-(3-(py

OO N “ Z Z ridin-2-yl)naphthalen-2-yl)vinyl)pentadeca-5
Py ,9,13-trien-1-ol (6¢): colorless oil, 77.5 mg,

6c 76% yield, Ry = 0.40 (petroleum ether/EtOAc

4/1). *H NMR (400 MHz, CDCls) § 8.69 (d, J = 4.1 Hz, 1H), 7.93 (d, J = 1.8 Hz, 2H), 7.87-7.81
(m, 2H), 7.77 (td, J = 7.7, 1.8 Hz, 1H), 7.59 (d, J = 7.9 Hz, 1H), 7.53-7.41 (m, 2H), 7.30-7.22 (m,
1H), 6.56 (d, J = 16.2 Hz, 1H), 6.01 (d, J = 16.2 Hz, 1H), 5.12 (dt, J = 13.8, 7.0 Hz, 3H), 3.47 (d,
J=10.7 Hz, 1H), 338 (d, J = 10.7 Hz, 1H), 2.87 (brs, 1H), 2.03 (m, 10H), 1.67 (s, 3H), 1.59 (s,
9H), 1.53-1.33 (m, 2H), 1.08 (s, 3H). *C NMR (100 MHz, CDCly) § 159.1, 149.1, 138.1, 137.0,
136.5, 135.3, 135.04, 134.99, 133.4, 132.6, 131.3, 130.5, 129.3, 128.0, 127.6, 126.7, 126.0, 125.8,
124.7, 124.6, 124.4, 124.2, 122.0, 70.7, 42.5, 39.7, 37.9, 26.8, 26.7, 25.7, 22.8, 20.4, 17.7, 16.1.
HRMS calculated for C3gHysNO [M+H]™ 508.3574, found 508.3583.

OH (5E,9E,13E,17E,21E,25E,29E)-2,6,10,14,18,22,26,30,3

OO N PN 4-nonamethyl-2-((E)-2-(3-(pyridin-2-yl)naphthalen-2-
Py yl)vinyl)pentatriaconta-5,9,13,17,21,25,29,33-octaen-1

6d -ol (6d): colorless oil, 25.6 mg, 30% yield, Ry = 0.30

(petroleum ether/EtOAc 5/1). 'H NMR (400 MHz, CDCl;) 6 8.71 (d, J = 4.2 Hz, 1H), 7.94 (s,
2H), 7.85 (d, J = 9.0 Hz, 2H), 7.83-7.78 (m, 1H), 7.63 (d, J = 7.8 Hz, 1H), 7.48 (p, J = 6.9 Hz,
2H), 7.34-7.27 (m, 1H), 6.57 (d, J = 16.2 Hz, 1H), 6.02 (d, J = 16.2 Hz, 1H), 5.11 (t, J = 6.6 Hz,
8H), 3.49 (d, J =10.7 Hz, 1H), 3.40 (d, J = 10.7 Hz, 1H). 2.07 (m, 16H), 1.98 (m, 16H), 1.60 (s,
30H). *C NMR (100 MHz, CDCl3) & 159.0, 149.0, 138.1, 136.9, 136.7, 135.3, 135.1, 135.05,
134.96, 134.94, 134.93, 134.91, 134.88, 133.5, 132.6, 131.2, 130.5, 129.3, 128.0, 127.6, 126.7,
126.0, 125.8, 124.6, 124.4, 124.27, 124.26, 124.24, 124.16, 122.0, 70.7, 42.6, 39.8, 39.7, 37.9,
26.8, 26.72, 26.69, 25.7, 22.7, 20.4, 17.7, 16.1, 16.04, 16.02. HRMS calculated for Cs;HgsNO
[M+H]" 848.6704, found 848.6703.
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OH : (E)-2,6,10,14-tetramethyl-2-(2-(3-(pyridin-2-

OO X yl)naphthalen-2-yl)vinyl)pentadecan-1-ol (6e):
Py colorless oil, 60.5 mg, 59% vyield, R¢ = 0.40
6e (petroleum ether/EtOAc 4/1). *H NMR (400

MHz, CDCls) § 8.70 (d, J = 4.4 Hz, 1H), 7.92 (s, 2H), 7.83 (t, J = 6.9 Hz, 2H), 7.76 (td, J = 7.7,
1.5 Hz, 1H), 7.58 (d, J = 7.8 Hz, 1H), 7.46 (dt, J = 15.4, 6.7 Hz, 2H), 7.26 (dd, J = 7.5, 5.4 Hz,
1H), 6.54 (d, J = 16.2 Hz, 1H), 6.00 (d, J = 16.2 Hz, 1H), 3.45 (d, J = 10.7 Hz, 1H), 3.36 (d, J =
10.7 Hz, 1H). 2.80 (brs, 1H), 1.52 (m, 1H), 1.45-1.10 (m, 17H), 1.06 (d, J = 8.5 Hz, 6H),
0.94-0.75 (m, 12H). *C NMR (100 MHz, CDCls) & 159.1, 149.1, 138.5, 137.0, 136.5, 135.3,
133.5, 132.6, 130.2, 129.3, 128.0, 127.6, 126.7, 126.0, 125.8, 124.6, 122.0, 70.8, 42.5, 39.4, 38.14,
38.13, 37.95, 37.93, 37.55, 37.53, 37.50, 37.3, 32.83, 32.78, 32.76, 28.0, 24.8, 24.5, 22.8, 22.7,
21.5,20.5, 19.79, 19.77. HRMS calculated for C3sHs,NO [M+H]" 514.4043, found 514.4049.

OH | OH (E)-2,6-dimethyl-2-(2-(3-(pyridin-2-yl)naphthalen-2-yl)vinyl)h
eptane-1,6-diol (6f): colorless oil, 63.5 mg, 79% yield, R¢= 0.15
Py (petroleum ether/EtOAc 1/1). 'H NMR (400 MHz, CDCl;) &

of 8.71-8.65 (m, 1H), 7.91 (d, J = 7.0 Hz, 2H), 7.83 (t, J = 7.3 Hz,
2H), 7.78 (td, J = 7.7, 1.8 Hz, 1H), 7.58 (d, J = 7.8 Hz, 1H), 7.51-7.42 (m, 2H), 7.28 (ddd, J = 7.5,
5.0,0.9 Hz, 1H), 6.49 (d, J = 16.2 Hz, 1H), 6.00 (d, J = 16.2 Hz, 1H), 3.47-3.31 (m, 2H), 2.66 (s,
2H), 1.33 (ddd, J = 13.9, 9.1 Hz, 6H), 1.16 (s, 6H), 1.02 (s, 3H). *C NMR (100 MHz, CDCl3) &
158.9, 148.9, 138.5, 136.84, 136.81, 135.2, 133.4, 132.5, 129.8, 129.3, 128.0, 127.6, 126.7, 126.0,
125.7, 124.7, 122.1, 70.9, 70.6, 4.6, 42.5, 38.1, 29.35, 29.29, 20.5, 18.8. HRMS calculated for
CasH3oNO, [M+H]" 390.2428, found 390.2427.

OH OH 2,6,10-trimethyl-2-((E)-2-(3-(pyridin-2-yl)naphthalen

OO N 2 -2-yl)vinyl)undecane-1,10-diol (6g): colorless oil, 74.0
Py mg, 81% yield, Ry = 0.15 (petroleum ether/EtOAc 1/1).

6g 'H NMR (400 MHz, CDCl3) & 8.69 (d, J = 4.2 Hz, 1H),

7.92 (d, J = 6.4 Hz, 2H), 7.84 (t, J = 6.5 Hz, 2H), 7.77 (td, J = 7.7, 1.7 Hz, 1H), 7.58 (d, J = 7.8
Hz, 1H), 7.52-7.41 (m, 2H), 7.27 (dd, J = 6.5, 4.9 Hz, 1H), 6.53 (d, J = 16.2 Hz, 1H), 6.01 (d, J =
16.2 Hz, 1H), 5.12 (t, J = 6.6 Hz, 1H), 3.51-3.33 (m, 2H), 2.46 (s, 2H), 1.98 (m, 4H), 1.57 (s, 3H),
1.51-1.33 (m, 6H), 1.17 (s, 6H), 1.07 (s, 3H). **C NMR (100 MHz, CDCls) & 159.0, 149.0, 138.2,
137.0, 136.6, 135.3, 134.9, 133.4, 132.5, 130.1, 129.3, 128.0, 127.6, 126.7, 126.0, 125.7, 124.8,
124.6, 122.0, 70.9, 70.7, 43.5, 42.5, 40.0, 37.9, 29.2, 22.73, 22.66, 20.4, 15.9. HRMS calculated
for C3,HyoNO, [M+H]" 458.3054, found 458.3056.

(E)-2-methyl-4-(3-(pyridin-2-yl)naphthalen-2-yI)-2-(2-((1S,4aS
,8aS)-5,5,8a-trimethyl-2-methylenedecahydronaphthalen-1-yl)
ethyl)but-3-en-1-ol (6h): colorless oil, 67.3 mg, 64% yield, Ry =
0.30 (petroleum ether/EtOAc 5/1). 'H NMR (400 MHz, CDCls) 6
8.69 (d, J = 4.1 Hz, 1H), 7.93 (d, J = 1.8 Hz, 2H), 7.87-7.81 (m,
2H), 7.77 (td, J = 7.7, 1.8 Hz, 1H), 7.59 (d, J = 7.9 Hz, 1H), 7.53-7.41 (m, 2H), 7.30-7.22 (m,
1H), 6.56 (d, J = 16.2 Hz, 1H), 6.01 (d, J = 16.2 Hz, 1H), 5.12 (dt, J = 13.8, 7.0 Hz, 2H),

6h (3.4:1, alkene isomers)
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3.51-3.34 (m, 2H), 2.87 (s, 1H), 2.43-2.34 (m, 1H), 2.03 (m, 2H), 1.79-1.12 (m, 13H), 1.08 (s,
3H), 0.90-0.64 (m, 9H). **C NMR (100 MHz, CDCL3) § 159.0, 149.2, 148.9, 148.8, 138.4, 138.3,
136.5, 135.4, 133.4, 132.6, 130.44, 130.36, 129.3, 128.0, 127.6, 126.7, 126.0, 125.83, 125.75,
124.6, 122.0, 106.4, 70.8, 57.9, 57.8, 55.6, 50.2, 43.0, 42.4, 42.2, 39.9, 39.1, 38.4, 37.2, 33.60,
24.5, 21.7, 20.3, 19.5, 17.9, 17.8, 14.6, 14.5, 13.7. HRMS calculated for C3sHsNO [M+H]"
508.3574, found 508.3575.

3. Mechanistic experiments® *

Py Py Py OH
NS
D D Co cat. N
+/or — ||
standard conditions X
D D Hy or Dy
1a Ds-1a D Competitive reaction: KIE = 2.0 (36% yield)

Parallel reaction: KIE =2.8 (53% yield)

To a sealed tube (4 mL) was sequentially added 2-phenylpyridine la (0.10 mmol),
[Ds]-2-phenylpyridine [Ds]-1a (0.10 mmol), Cp*Co(CO)L, (5 mol%), AgSbFs (10.0 mol%),
AcOH (40 mol%), paraformaldehyde 3 (3.0 equiv), dioxane (0.50 mL), and isoprene 2 (2.0 equiv).
The resulting mixture was then stirred at 50 °C for 8 h. The system was diluted with DCM and
washed with water. The organic phase was dried over sodium sulfate and concentrated under
reduced pressure. The residue was purified by flash column chromatography (silica gel, petroleum
ether/EtOAc = 4:1) to obtain 4a and [D4]-4a (18.2 mg, 36%) as a colorless oil.

YJ-4-51A2.10.fid

L

BN b @ o £
[eRON SN (e) o o o [0}
“S566o< o« « o ©
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

1 (ppm)

To two sealed tubes (4 mL) was sequentially added 2-phenylpyridine la (0.20 mmol) or
[Ds]-2-phenylpyridine 1a (0.20 mmol), Cp*Co(CO)I; (5 mol%), AgSbF¢ (10.0 mol%), AcOH (40
mol%), paraformaldehyde 3a (3.0 equiv), dioxane (0.50 mL), and isoprene 2 (2.0 equiv). The two
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resulting mixture was then stirred at 50 °C for 8 h. The system was diluted with DCM and washed
with water. The organic phase was dried over sodium sulfate and concentrated under reduced

pressure. And the residues of the two reactions were combined and purified by flash column
chromatography (silica gel, petroleum ether/EtOAc = 4:1) to deliver 4a and [D4]-4a (27.0 mg,

53%) as a colorless oil.

YJ-4-51BC2.20.fid

| | M I
S gegs¥g I ¢ g e
1(5.0 9‘.5 9‘0 8‘.5 éO 7‘.5 7‘ 65 E;.O 5‘45 5.0 4‘.5 4‘.0 ?;.5 3‘0 2‘.5 2‘0 1‘5 1‘.0 d.S d.O
f1 (ppm)
Py H: 50% PY H:50%
D D Co cat. D/H H/D
standard conditions D D
D D D,-4a: 18% yield
D Ds-1a D

Recovery: 35% yield

To a sealed tube (4 mL) was sequentially added [Ds]-2-phenylpyridine [Ds]-1a (0.20 mmol),
Cp*Co(CO)I; (5 mol%), AgSbF (10.0 mol%), AcOH (40 mol%), paraformaldehyde 3 (3.0 equiv),
dioxane (0.50 mL), and isoprene 2 (2.0 equiv). The resulting mixture was then stirred at 50 °C for
8 h. The system was diluted with DCM and washed with water. The organic phase was dried over
sodium sulfate and concentrated under reduced pressure. The residue was purified by flash column
chromatography (silica gel, petroleum ether/EtOAc = 4:1) to give [D4]-4a (9.0 mg, 18%) as a

colorless oil.
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Py Py

Co cat. _ N OH
standard conditions H/D
AcOD D: <10%

1a D4-4a: 70% yield

To a sealed tube (4 mL) was sequentially added 2-phenylpyridine la (0.20 mmol),
Cp*Co(CO)I; (5 mol%), AgSbF (10.0 mol%), AcOD (40 mol%), paraformaldehyde 3 (3.0 equiv),
dioxane (0.50 mL), and isoprene 2 (2.0 equiv). The resulting mixture was then stirred at 50 °C for
16 h. The system was diluted with DCM and washed with water. The organic phase was dried over
sodium sulfate and concentrated under reduced pressure. The residue was purified by flash column
chromatography (silica gel, petroleum ether/EtOAc = 4:1) to give [D;]-4a (35.0 mg, 70%) as a

colorless oil.

YJ-5-8.10.fid
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—1.0425

02T4-20190817-700.50.fid
YJ-5-9

Py
N OH
H/D
D: < 10%
2D NMR

) F
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4. Synthetic transformations.

myrcene 5a

L NS g
standard conditions OO
Py Py

6a: 1.565 g, 84% yield

1s: 5.0 mmol

mCPBA

HOTf, DCM mCPBA
OHg

N\
DCM:H,0 = 1:1 OO
[o}
: 70°C Py
Py 10 26% 9

To a sealed tube (100 mL) was sequentially added 2-phenylpyridine la (5.0 mmol),
Cp*Co(CO)I; (5 mol%), AgSbF¢ (10.0 mol%), AcOH (40 mol%), paraformaldehyde 3 (3.0 equiv),
dioxane (12.50 mL), and myrcene 5a (2.0 equiv). The resulting mixture was then stirred at 50 °C
for 16 h. The system was diluted with DCM and washed with water. The organic phase was dried
over sodium sulfate and concentrated under reduced pressure. The residue was purified by flash
column chromatography (silica gel, petroleum ether/EtOAc = 4:1) to afford 6a (1.565g, 84%) as a

colorless oil.

In a Schlenk tube (4 mL), 6a (37.2 mg, 0.10 mmol) was dissolved in DCM (1.0 mL). mCPBA
(1.5 equiv) was added, and the mixture was stirred at room temperature for 4 h. The reaction was
quenched by water and extracted with DCM. The organic phase was dried over sodium sulfate and
concentrated under reduced pressure. Purification by flash column chromatography (silica gel,
petroleum ether/EtOAc = 5:1) yielded the desired product.
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In a Schlenk tube (4 mL), 6a (37.2 mg, 0.10 mmol) was dissolved in DCM (1.0 mL). mCPBA
(1.5 equiv), HOTf (0.3 equiv) was added, and the mixture was stirred at room temperature for 1 h.
The reaction was quenched by water and extracted with DCM. The organic phase was dried over
sodium sulfate and concentrated under reduced pressure. Purification by flash column
chromatography (silica gel, petroleum ether/EtOAc = 5:1) yielded the desired product.

In a Schlenk tube (4 mL), 9 (38.8 mg, 0.10 mmol) was dissolved in DCM and water (1:1, 1.0
mL). And the mixture was stirred at 70 °C for 48 h. The reaction was quenched by water and
extracted with DCM. The organic phase was dried over sodium sulfate and concentrated under
reduced pressure. Purification by flash column chromatography (silica gel, petroleum ether/EtOAc
= 5:1) yielded the desired product.

OHy (E)-2-(2-(3,3imethyloxiran-2-yl)ethyl)-2-methyl-4-(3-(pyridin-2

OO A -yl)naphthalen-2-yl)but-3-en-1-ol (9): colorless oil, 20.9 mg,
Py 54% yield, Ry = 0.30 (petroleum ether/EtOAc 5/1). 'H NMR (400
9 MHz, CDCls) 6 8.69 (d, J = 4.2 Hz, 1H), 7.92 (s, 2H), 7.83 (d, J =

8.1 Hz, 2H), 7.78 (t, J = 7.7 Hz, 1H), 7.59 (d, J = 7.8 Hz, 1H), 7.53-7.40 (m, 2H), 7.27 (dd, J =
6.7, 4.7 Hz, 1H), 6.56 (dd, J = 16.2, 1.7 Hz, 1H), 5.99 (dd, J = 16.2, 3.1 Hz, 1H), 3.51-3.33 (m,
2H), 3.12 (s, 1H), 2.70 (t, J = 5.9 Hz, 1H), 1.72-1.37 (m, 4H), 1.30 (d, J = 2.3 Hz, 3H), 1.25 (d, J
= 5.7 Hz, 3H), 1.06 (s, 3H). *C NMR (100 MHz, CDCls) § 159.0, 149.1, 137.5, 137.0, 136.6,
135.1, 133.4, 132.6, 130.7, 129.3, 128.0, 127.6, 126.7, 126.1, 125.7, 124. 6, 122.0, 70.7, 64.7, 58.4,
42.2, 34.0, 24.9, 23.9, 20.4, 18.7. HRMS calculated for C»H3oNO, [M+H]™ 388.2271, found
388.2269.

2,2,6-trimethyl-6-((E)-2-(3-(pyridin-2-yl)naphthalen-2-yl)vinyl)ox
epan-3-ol (10): colorless oil, 14.4 mg, 37% yield, Ry = 0.30
(petroleum ether/EtOAc 2/1). 'H NMR (400 MHz, CDCI3) &

8.80-8.69 (m, 1H), 7.98 (d, J = 8.2 Hz, 2H), 7.84 (t, J = 6.7 Hz, 2H),
fg 7.75 (tt, J = 7.7, 2.1 Hz, 1H), 7.58-7.39 (m, 3H), 7.31-7.24 (m, 1H),

6.71 (d, J = 16.3 Hz, 1H), 6.31 (d, J = 16.2 Hz, 1H), 3.90 (dd, J =
11.2, 2.6 Hz, 1H), 3.28 (d, J = 11.3 Hz, 1H), 3.07 (dd, J=11.2, 2.1 Hz, 1H), 2.59 (d, J = 10.7 Hz,
1H), 1.88-1.80 (m, 1H), 1.69—1.39 (m, 3H), 1.21-0.94 (m, 9H). *C NMR (100 MHz, CDCl;) &
159.1, 149.4, 138.0, 137.7, 135.9, 134.7, 133.4, 132.5, 129.4, 128.0, 127.8, 127.6, 126.5, 125.9,
125.3, 125.1, 121.8, 84.3, 76.9, 71.8, 36.2, 36.1, 26.2, 25.2, 24.0, 22.5. HRMS calculated for
C6H30NO, [M+H]" 388.2271, found 388.2273.
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4. P. Gandeepan, P. Rajamalli, C.-H. Cheng, Angew. Chem. Int. Ed. 2016, 55, 4308.

S14



6. Copies of NMR spectra

W |

890t

0022 —
evsee
SPE6'S /
05.6'S
909
159
9L2ZL
oLz L
LST L
9857,
820,
190€"2
60zs'L |
SvzeL ]
L6ee’L |
sereL|
£09€'L |
LYOE'L 1
IR |
£28¢L |
€61 L ]
GeSYL |
21971
298y L

0605 “
z.25°L
vzl L
692.°L
ovvL L
L8V L
z€9L°L
G191
S¥99'8
05,98

YJ-3-8A.10.fid

PROTON CDCI3 {D:\NMR400\02T4} nmr 13

e

009

 Toos

Fe

Fe60

Fe60

0L
P61
161
10t
60

— loot

60 55 50 45 40 35 30 25 20 15 10 05 0.0
1 (ppm)

70 65

85 80 75

9.0

10.0 95

OH

NS

Py

4a
"H NMR (400 MHz, CDCl3)
3C NMR (100 MHz, CDCl3)

G6'€ET

L06E —

PaLL—

/8°L¢cl
05'vcl /
.8°9¢C1 /
€’ lCl
99'8¢1
08'8¢l N
c8'6¢l
geocl
0L9¢€!L
9€'8¢1
9/,°8€1
60671

90°651

C13CPD CDCI3 {D:\NMR400\02T4} nmr 57

YJ-4-4A.21 fid

NVPRETH 3 P 715 TR URARRRIININ WY NPT THRRMOTYIY SN SOV SO,

210 200 190 180 170 160 150 140 130 120 110 100 90

-10

10 O

20

80 70 60 50 40 30

f1 (ppm)

S15



2c9Tt

€V¥GS'e —

659V
61€L'G /
98116
0652
LOLY'L
06.¥'L
006+~
2165°L |
8565 L |
G609'L |
6719°L |
£829'/ |
LEE9'L |
£059°Z |
YLl L]
£96L'L |
¥518'L |
20z8'L ,W
G1€87 7

—

7ovL'8
6vvl'8
7091°8
8¥91'8
L596°8
20.6'8
19/6°8
2186'8

YJ-4-12C.10.fid

PROTON CDCI3 {D:\NMR400\02T4} nmr 45

Iseo

hoz

Tes0l

Feot

Mot

200
0'€

o'l

oo -

35 30 25 20 15 10 05 00

85 80 75 70 65 6.0 55 50 45 40

9.0

10.0 95

, CDCly)

"H NMR (400 MHz
3C NMR (100 MHz

CDCly)

98've —

€8'8€ —

99 LL—

66°0C1
0L°g¢l
clL /el
L.°/¢)
98°/¢l
00'8c¢lL
€v'8¢cl
65°8¢C1
LLYEL
€¢'gel
L1'9€L
91°9¢€1
clLeel
[APA4"
YWAVA4"

YJ-4-12C.11 fid

C13CPD CDCI3 {D:\NMR400\02T4} nmr 45

WLNWMWWMWWMWMMMWW

20 10 O -10

50 40 30

70 60

210 200 190 180 170 160 150 140 130 120 110 100 90 80

1 (ppm)

S16



1 A

86v1L'€ —
€00V’ —

€198'S
6106° |
v68L°9 |
00£8'9

1802°L
€02T'L
seeTL
659¢'L |
€18€°L |
svee’L |
866€°L |
vEOY'L |
05L¥°L |
98Ly'L |
zrevL ]
zLev L
S2SY LA
pSSy LA

Y061° L~

ﬁ

980527

7€66°L
2966°L

[42AWA
v..6°L N

6528'8
Lgegg”

YJ-4-13F.10.fid

PROTON CDCI3 {D:\NMR400\02T4} nmr 45

009

0L

Fso'L
660
812
oL

860

072

35 30 25 20 15 10

85 80 75 70 65 6.0 55 50 45 40

9.0

10.0 95

"H NMR (400 MHz, CDCl3)

13C NMR (100 MHz, CDCl3)

elve—

gl6ge—

mw.w_\_\
vaN_\/
0L°/cL
ZLocl
€L°0¢€l V
8.°0¢€1
6.°GEL s
,1°8€1 \
Ly'8€L
L6991 —

L¥'99L —

YJ-4-13F .11 fid

C13CPD CDCI3 {D:\NMR400\02T4} nmr 45

210 200 190 180 170 160 150 140 130 120 110 100 90 80

20 10 O -10

50 40 30

70 60

1 (ppm)

S17



0C96°0

LyeL'e —

86GC°€ —

9€9.°¢€ —

8988'G
¥626'S —
€919~
69129
108Z°L
698Z°L
L10€°L
6¥0€°L
661€°L]
veee' L
zeeeL
gree ]
Lzse's
Emms;
G69¢/L |

128¢ 2]
oLeeL]
66€5°L |
9155°L
28828 ]
29628 |
Le0g'g

'YJ-4-40A.10.fid

PROTON CDCI3 {D:\NMR400\02T4} nmr 41

—J o199
)

u Fsoz

foie

‘M Feot
= ho't

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
1 (ppm)

9.0

10.0 95

OH

3-OMePy

4d
H NMR (400 MHz, CDCl,)

13C NMR (100 MHz, CDCls)

z8'€c—

96'8€ —

196G —

6CLL—

wm.w:
Fm.mmr
(WRT)
€8'9zlt
66221\
vy'8elL |
vL0EL
G6'GEL
65'9€t
G6'LEL
SLLpL
oz 6yl

€59°€gl

C13CPD CDCI3 {D:\NMR400\02T4} nmr 41

YJ-4-40A.11 fid

WWWMWWMMJMLWWJLW 1000 00 o

20

-10

0

10

50 40 30

70 60

210 200 190 180 170 160 150 140 130 120 110 100 90 80

1 (ppm)

S18



L0¥0'L —

zL68T—
¥€59'C —
LG5E'E

%E.m/
5656'G

21979
€205°9
€290°L
Zv90°L
6v.,0°L
69.0°L
Y162 L
2562 L
090€"Z |
z60€'L |
celLeL
GLZE LT
6LEE L T
EYEE L ]
98YE L 1
825€
2.9€° L
LLLE LA
8EYY L
Z8pi LA
G2ov' L
1991°L ]
96 L
Emvi
b2lgL ]
09152

Eom.m\

11258

'YJ-4-33B.10.fid

PROTON CDCI3 {D:\NMR400\02T4} nmr 38

gz9

Z'€

Fes0

¥0c

0L
€0}
J20'L
e

0'L
0’}

=160

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
1 (ppm)

9.0

10.0 95

OH

N\

4-MePy

4e
"H NMR (400 MHz, CDCl3)

3C NMR (100 MHz, CDCls)

cl'le~
00've

90°6€ —

99 LL—

98221
vi'szL /
98'9Z1 W
6L°/2L
sg'ezLf
L1621 \ﬁ
€L'621
11°9€L
ch'gel
£5'8¢L
Syl
¥8'8vL

€889l

YJ-4-33B.11 fid

C13CPD CDCI3 {D:\NMR400\02T4} nmr 38

20 10 O -10

50 40 30

70 60

f1 (ppm)
S19

210 200 190 180 170 160 150 140 130 120 110 100 90 80



355 o e

€99L°C —

048¢°€ —

00L0'9~\
505097
BLEV'O\
€897
06¥€'L
2L L
158€°L
856€°L
Sviv'L
SzEY' L
€2V L
cYey'L
€525°L
95€G°L

12GS°L
GgecelL’ L
G2o8'8

8¥.8'8

YJ-4-34E.10.fid

PROTON CDCI3 {D:\NMR400\02T4} nmr 55

/

N

I

Fer9

FS6°0

koL

Hol

H\mo.N
¥€0'1
(454

0’}

F00'L

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
1 (ppm)

9.0

10.0 95

08'€c—

gl6ge—

SG'LL—

OH

4-CF4Py

mm.n:
Nm.omr/
8z'/ZL
I
&.mm@

af
"H NMR (400 MHz, CDCl)
3C NMR (100 MHz, CDCl,)

S'621
88'6Z1
€8'9€1
16°9€1
ZL6EL
120Gk \
SZ'091

C13CPD CDCI3 {D:\NMR400\02T4} nmr 5

YJ-4-34E.11 fid

| -

20

30

-10

0

50 40 10

70 60

80

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

S20



—-64.7739

'YJ-4-34E.20 fid
F19CPD CDCI3 {D:\NMR400\02T4} nmr 3

T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm)

S21



I€A4 R

Lev8'e
€LLee
08€6'S
G8.6°S
€9€L’9
89219
S900'2
00102
1920°L
6620°L
09€0°L
18¥0°L
9€G0°L
L,9T°L
1822,
S¥8CT' L
oLec’s
Ly0€’L
€ole’L
98le’L
ceee’ L
6.LEC°L
892V’ L
€ovv'L
LIvLL
12sL’L
0L9L°L
VLLL L
€98L°L
L06L°L
9/89'8
7869°8

|
|
|
1
|
)
1
1

A
1
\
;

/

=009

- 8.0

'YJ-4-40B.10.fid

PROTON CDCI3 {D:\NMR400\02T4} nmr 42

J *16'L

= — > Feo'L
- = HO'L

J =00}

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

9.0

10.0 95

OH

N

Py

F

49
H NMR (400 MHz, CDCl)

3C NMR (100 MHz, CDCl3)

G (d)
139.46| | 1 4

T T
o -10

10

20

e
N
of

o

1,06 —

9L —

L6ELL
0z b1
00221 |
€021 1
15221 |
62921 1
z€'92i
26'92
56921
wm.mmi
L9621

1Z'9eL ]
Gy '6EL ]
wv.mmi
LZ'ovl

ve6vL ]
9z'€S) |
vw.mmi
8z' 191

————

c (d)
114. 08

T
30

T
50 40

T
70 60

129. 63

oLt

4 !
20 110 100 90 80
1 (ppm)

A (d)
160. 06

rr*r 42

T

T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90

C13CPD CDCI3 {D:\NMR400\02T4}
T

YJ-4-40B.11 fid

S22



—-117.1965

'YJ-4-40B.20 fid
F19CPD CDCI3 {D:\NMR400\02T4} nmr 54

T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm)

S23



Usa0o v o
z162€ LS
8v16'G
Z510'9 ©
gzeEL'9 ro
62L1L'9
96929 *26'S - m
0582'9
81819 | ©
01629 29°€7 —
8€6.'9 °
¥518'9 F&
6150°L o
6¥50°L L@ viee
L1S0'L / < Tos0
£090'Z °
19202 | o
£180 2 oL o
Sv80°2 ° oS 1L~
00Le'L o S ° 91204
. L = I =
ot © % 28 o
¥062'L © O © ¢pzol
: | ¥ N N g89zolL
z€67'L 2 rxT 8
LL62°L os J = == ELsOL o3
8662 L [os o ¥g g 9sol R [ | N
v60E'L | or ¥ T 5680} =%
bere's] Fwo L x X 8680l el il ,
o0 : S: oy
650t 2 | ~— 304_‘\64 W quu mN.QN_\ ,nm ,nw
™ kzo'L - 2 o9z =8]8
L0ZY L ] ° . il e
8zzy L -G geoct T
vGZy L | L£921 o Eh 5 .
165L°L | - Yoot ] o zeoelf kel :
9€9L°L . — HOL[ ™ YN
¥811°1A 2 = FOLL[ L8 °0bL % o 7_
628441 E RN 980p ] E 3
Rm:% & — #00'L 060p1 | <l - 0
2208, 5 | © ) | ha
S ® Tyl | 8
) 8 vy eyl 8
ovg9'8 5 ©
8589'8 s e E.Nm; g
19698 Z - i 8l6sl | z
6.69'8 = Fo 59191 | )
20 18'€9l 23
=§ o S8
3 o
Q= o 39
3 % re Ie
>a - >0

20 10 0 -10

30

50 40

70 60

80

f1 (ppm)
S24

210 200 190 180 170 160 150 140 130 120 110 100 90




~109.9477
109.9682
-112.8437
-112.8653

{

YJ-4-33A.20.fid
F19CPD CDCI3 {DAMMR4000ZT 45 nnr 53

10 0 -0 -20 -30 -40 -50 60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 170 -180 -190 -200 -210
1 (ppm)

S25



o
Fo
le}
Fo
t€160 =00'9| W
| ©
89'el—
o
Mo
0 1688~
[N
o . _ e Lo
¥£66°C LVl o 58'G5—
¥8€Z'€ — — IR
ZSLLE L
oy D ol ® _
omvmi R €0t o 1 =3 9g'Li—
8€G6'G | [ < ) ﬁDu ﬁDu
¥v66°S | 5)
o
1858'9 | L2 N
. N
$8.8'9 | T T W
mva.E | M q \ > 3 = p .
9291°L =z o © S TLEDL
: Y -~ f |
Mwmwﬁ Lo W M ot hw_m_‘_L__r
= £g uz
688C'L | ~— — = r00'l| o b _ |
156272 1 I ——— foifo TO LTk
670€"L 1 © - L§'LZ _‘.m
£10€°L7 Fo LGBZL”
e Z9eL
LSEE L — L2 2582l
128872 — " Sr'6el
€L0% LA © Br— ™ ; /!
g8s.L°L E L hm_mwf___ﬁ
089L'L o — 19 551
8LLLL 5 Lo 68951
zz8LL g
0461°L S ™
G082 £ [w
¥G9'8 z — N Fe0h
€/¥9'8 Q L w
¥6v9'8 2
8.59'8 s8 ©
1659'8 i ro
se o
I@ o
> a

-10

0

10

30 20

80 70 60 50 40

1 (ppm)
S26

140 130 120 110 100 90

170 160 150

190 180

210 200

C12CPD CDCI2 {D\NMRA00WZT 4} nnr 3

YJ-4-34A 11.6id



-10

10 O

20

50 40 30

70 60

f1 (ppm)
S27

o
B Fo
le}
FS
o
8/20°L M 009 ~
i bz~
16'€Z
o
9 o
8L.€C— —_— Z20€| © c0'6€ —
1629 — N N Teso|
o
Fo
geree — — 02| 1
s
1 ° - S L9
1968'G | F< 5 o 3]
€LE6'G | o oo
LIEV'9 F < <N
€217°9 | £ I sz
8eoL L | 28/ & 22 csva
ee8L’L | ©= S S ozl
. b= I =
MMMM.Mg Lo ~ x 658zl
] © o )
mmmws; S = cvee
1S€2°L ] ~ —= HOLL 2 Zz o broel
Evmsg © T srect
065¢'L 7 - e 8L'9gL /
260v'L | - = Mo L6°9EL
062Y L | ° 98'LEL
£8b1 L F :
osovz | o . = 7960 Gr8EL -
0804°LA\ Q — — toLt 0
€zLLL E oef ™ GL'6SL —
€121 F — teoL °
SiEL’L & F o
SovLL g
805.'L 5 |
G199'8~\ s _ al ®
ozzo8” % - =) T
- Fo
20
s 0 0
- O [
o Z (o)
qQ m o
A Lo
> a

R PTRRRROIVML I SIS WP N prm—

210 200 190 180 170 160 150 140 130 120 110 100 90 80

C13CPD CDCI3 {D:\NMR400\02T4} nmr 30

YJ-4-21B.11 fid



PeYo'L —

128L’L ﬁ

'YJ-4-33D.20.fid

PROTON CDCI3 {D:\NMR400\02T4} nmr 4

/

/

111

/

A

=9

*G6'C
160

6L

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
1 (ppm)

9.0

10.0 95

OH

N

Py

4k
"H NMR (400 MHz, CDCl5)

o

13C NMR (100 MHz, CDCl5)

08°'€C~
y99C

L€6€—

<
A
-
N

9gzzl
S9'vZl
86'9Z1
mwsmr%
ee8zl
1Z°0EL
mﬁmmr\
£9'9€l
zs'8El
9L Lyl
8cLyl
LZ6vl

,0°85G1

16261 —

'YJ-4-33D.11.fid

C13CPD CDCI3 {D:\NMR400\02T4} nmr 39

30

-10

10 O

20

50 40

70 60

80

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

S28



N~ VWOOWNOTUMO OWA T oo} N~ v
n DT ANOOOWN~—O MO 2] ) of
N MNOFTLONO®O «~ NI 0 < 1
© NKRNRYIYOANNT OG0 © ~ g
O NNNNNNNNNOOW® © o b
N T | |

'YJ-4-40D.10.fid
PROTON CDCI3 {D:\NMR400\02T4} nmr 44

0.5 0.0

cl Py

4l
"H NMR (400 MHz, CDCl3)
13C NMR (100 MHz, CDCl5)

ONTOSNOOT O O N ©

CNNTW=NOONYO® 3 e &
NOODODOWNDDONT N 0 - ©
DT OOOMHOOMHONNNNNN ~ ] o
R LR LR LR LA ~ 5] o
e \ |

'YJ-4-40D.20.fid
C13CPD CDCI3 {D:\NMR400\02T4} nmr 53

Y Do VWA A

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

S29



o
— Fo
n
Fo
o
9Lzo'L — —= 1,9t 2
| ©
00've—
o
F
. L1688~
8Y8Y'C — / | WN_. VL N
vivee
orre’s | o _
1688°G 4 ® Sirai=iohy
rsic0 — s
o™
€216'9 _ _
cele9 - neel o x cRCHNN-EY]
v O A
LE€6'9 88
S0v6'9 © >
6200°L R Iz
G600°L — 3 s =
. > £
8Y10°.] Log / g §gs
sere s = TS zgvlly
£eve L | 0 ¥ x Nadd!
0€SZ'2 Fw s L8Pl
1 s ) L
sssz s - R ZZ foezh
56522 1 17601 2 o IO Llevell
Nmow,n; m = £0'8ZLy,
1S9Z° L -~ — 60| © 50'8Z 1
61122 | [© 62621
mmmwm; _ — ol _qm_mﬁ_\____m
] B Yo [~ 66951
A IR 0L I
A - - o . i
T NN - I k> B 8r'eel |
cvi] E fg0'z| ™~ LBl
Lz6v'L & - TS RO LL'85)]
S62L°L g F o 58’85}’
oveLL g
88y, L 5 L
€€SL°L = — -= 00’} ®
189i°2 z °
9zLLL = F o
v0.9'8 20
v089'8 s§ | 9
m z o
3e o
A Lo
o

-10

0

10

80 70 60 50 40 30 20

1 (ppm)
S30

L

140 130 120 110 100 90

‘ﬂ“

160 150

170

190 180

210 200

C12CPD CDCI2 {D\NMRA00WZT 4} nnr 4

YJ-4-34B 11.fid



o
Fo
n
Fo
o
2050t 009 ~
n '
r— 9z L2~
LOvZ
o
[N
€66€Z — =g0e | LO'BE
6829 — / - Tm.o
o
o
g89e°e — - - 6L | 0
. -3 65h
(@] aa
0 o ©
r< N N
- T .
S 3 z £9'1L21
og s = . _
28 4/ 252 g 9wl
T QS sk
L % m“\ @ mo”wm_‘
¥0Z6°G 2 s e
~ - = 660 2 L8'82|
S L
0196°'G © 1u.n BC MM”MM:_
o n W
cezeo” - - F66°01 © b5 9E |
goeL’L ° seeeh
09512 _ B MOV mmmmww
V0T LT < = B - : -
ozl ¢ = = L@ @
zveT L] g ~ B0'BGL— E
. F — T =
zvee iﬁ 53 ° F
685€°. 1 g " @ K
€862 | ] g
8251 L | & | © 2
[ee] w
Nmnvi 2 — —— 960 =
60LL°L & o =
oomni Y fo e
€ovLL =8 25
oomoi co -3 = m
£659'8 mm S
D~ o e
32 e iz
> o - 20

-10

0

10

80 70 60 50 40 30 20

1 (ppm)
S31

140 130 120 110 100 90

170 160 150

190 180

210 200




OANOULTONNIIT—FTO O LW N~ [©]
VO ONIIO—-——TO0OOONOWUVLLWY < 0
OUNULOOVWOITNOOLL MO N~ O N
CONNNOIYOONNNT®MOO @ ©
WONNMNNNNNNNNN O O © 0 ] N
R RN | |

'YJ-4-40H.10.fid
PROTON CDCI3 {D:\NMR400\02T4} nmr 47

T NOSD § I & & @
- OO0~ o o (2] o (o}
C O« [ < - 0
T T T T T T T T T T T T T T T T T T T T T
10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)
OH
Br N\
Py
40

"H NMR (400 MHz, CDCls)
13C NMR (100 MHz, CDCl5)

157.94
149.22
140.10
138.68
137.14
136.52
131.39
130.10
129.68
127.59
124.43
122.91
122.19
—71.48

|
!
\

YJ-4-40H.11 fid
C13CPD CDCI3 {D:\NMR400\02T4} nmr 47

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

S32



601

0619C —

GL9E°EC —

166G |
96109 |
0EL'9 |
SESH'9 |
89vZ'L |
652 1
99z’ 1
81L2L 1
0€8Z°L |
8622 1
se0e24
806€°L ]
A |
0SEv 2 1
ovSY L
066%°L
Zr0S L 7
seeL L

N

69€L°L ;
81GL°L
29G.L°L
VVLL L
GSLL°L

16598~
102987

PROTON CDCI3 {D:\NMR400\02T4} nmr 52

'YJ-4-20B.10.fid

40 35 30 25 20 15 1.0

OH

55 50 45
1 (ppm)
R
Py
4p
"H NMR (400 MHz, CDCl3)

6.0
3C NMR (100 MHz, CDCl3)

85 80 75 70 65
Cl

9.0

10.0 95

18°€C—

8lL'6E€ —

6V LL—

-10

10 O

20

50 40 30

70 60

vzl
28z
1921
oL'/ZL
V21217
LLLEL
09'vEL
L¥°9EL

i
v.9¢€l
o¥'8€l
86°6€1 \

€cevl
€6°.G1

f1 (ppm)
S33

210 200 190 180 170 160 150 140 130 120 110 100 90 80

1| -

C13CPD CDCI3 {D:\NMR400\02T4} nmr 52

YJ-4-20B.11 fid



9¢S0°L —

86¥.'C —

<
<
[52]
T Q
- NN~
e

'YJ-4-20C.10.fid

PROTON CDCI3 {D:\NMR400\02T4} nmr 53

| A_JLL

A

//H// /

/

=009

fsort
1€0'T

¥Lle

Mot
2201
=0l
Fo0'L
0T
490°L

660

10.0 95

55 50 45 40 35 30 25 20 15 1.0
1 (ppm)

85 80 75 70 65 6.0

9.0

OH

S

MeO

Py

4q
"H NMR (400 MHz, CDCls)

13C NMR (100 MHz, CDCl5)

B6'CC—

80’8t

LS5

8514

Z0Zhh
LBZhI
b1z
IR AR
AR TARN
ZTIELT
ze el
mm_@m%
618217
64'82}
668y,
8.'8517
88'651’

C12CPD CDCI2 {D:\NMR400WZT 4} nnr 53

YJ-4-20C. 11 fid

-10

0

10

30 20

80 70 60 50 40

140 130 120 110 100 90

170 160 150

190 180

210 200

1 (ppm)

S34



16¥0°L —

9€€9'C —

29.e°€ —

09€0'9
992097
895¥'9 \
vi6v'97
9882,

ﬁom.n%
850€L

S8Le L

[Si=7A 42
gS6v'L

10.S°L
V9L L
898/L°L
L06L°L
0908°L
0018,
8689'8
€00.°8

|

YJ-4-21D.10.fid

PROTON CDCI3 {D:\NMR400\02T4} nmr 27

*16'S

Fee0

*€6'l

Tzl
0L
#SLL
101

2z0z

Rozz

00't

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
1 (ppm)

9.0

10.0 95

OH

NS

FiC

Py

4r
"H NMR (400 MHz, CDCl5)
3C NMR (100 MHz, CDCl3)

z8'€c—

vc6e —
ov'LL—

gs5'zel
0L'€2L
v.€C)
AR
V9 LTl ~
Leoct
Gs0El
/8°0€}
95'9¢)
ov'LEL
61 0v1
il
LE°6¥1
69'LS)

C13CPD CDCI3 {D:\NMR400\02T4} nmr 27

YJ-4-21D.11 fid

30

-10

10 O

20

50 40

70 60

80

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

S35



—-62.5861

YJ-4-21D.20.fid
F19CPD CDCI3 {D:\NMR400\02T4} nmr 18

T T T T T T T T T T T T T T T T T T T T T
10 0 -10 20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm)

S36



09V b
88.€°€
51209
21909
LLES
v1L159
YreT L
6922
Yy L
Yove L
zZ6vT L
0€sZ'L
95622
¥59Z'L
6192
0S5l L
LIV L
LZev'L ﬁ
LGEY' L

zZISv' L

ovSY L

116V

LELV L

0LLY L

oL6V' L

ovev L

€255

02.5°L |
VIV
zeeL L
0LyL L
YLGL LT
€997/ 1
L0117 LA
9€18°/ 1
91281
v.28° L
££€8°/
9LY8 L
9E1L6'L |

/

/

L0€6°L ~

¥¥89°8
€989'8
G969'8
¥869°8

PROTON CDCI3 {D:\NMR400\02T4} nmr 40

'YJ-4-33E.10.fid

hoo

Feso

=6’

F96°0
F96°0

SO
0z
Eu60
oL
226°L
0z

F96°0

40 35 30 25 20 15 10 05 00

OH

NS

50 45
1 (ppm)

80 75 70 65 60 55

8.5

9.0

10.0 95

Py

4s
IH NMR (400 MHz, CDCls)
13C NMR (100 MHz, CDCly)

66°€ET

0c6e —

c9'LL—

66°LZ1 |
Y9Vl |
LLGZL Y
66'GZL Y
19°921 ,W
1G22
Lo'gzL
wm.mm&
ce6zl

vgzel ]
€PEEL |
80'sEl ]
0S'9€L 1
ZL €L
mo.mmg
04 6vL |
S0'6GL

e

Wi \MMW O e e e

C13CPD CDCI3 {D:\NMR400\02T4} nmr 40

YJ-4-33E.11 fid

o -10

10

70 60 50 40 30 20

210 200 190 180 170 160 150 140 130 120 110 100 90 80

f1 (ppm)
S37



-10

10 O

20

50 40 30

70 60

L1l

o
ro
[Te]
Fo
Lo
09ZL’'L =009| *
[Te]
" 66°€Z —
8968°L — S~ < Brilo
© 90'6€ —
Mo
o
Fo
oceyr'€ — —_— — =6 | %
B - - LS
vorro] 5 28

2] 0 o ©
98v8'9 | L2 NN
6889 | £ Tz
€591 °L | o // . _.SS
9LLL L ©= o ¥Yo8 sg9lel
8181°L 1 o — T T wvreen
681 'L Lo o« :

" © P x £ ez
Soor 2] = 90'921
N@Qx; o zZz .

2222 L1 -~ — g0 | © O S¢ NNF/

A T < egoel
€5€T°L
¥68Z°4 1 S Sd&/
920€°L | : 86°LEL 7
mﬁm‘:ﬁ o - @Mm.w L2 voeet/
sses il _ - = doy VL6~
6892 % = = ol o eal
b69'L £ — — gy [~
160L°L ¥ ™ - Beyy
€ELLL N Lo
¥8zL 'L 2
8ceL'L 3 0
geeosy S o g0, [®
09v9'8” z .

.2
20
2§ Lo
83
35 o
A Lo
>

210 200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)
S38

C13CPD CDCI3 {D:\NMR400\02T4} nmr 41

YJ-4-23D.11 fid



20860

060Z°€
wumm.j/
1260'9
SLEL'9
Lizy'9
zzov'e
vovL'9
9252'9
ViSi'9
mm\.ho;
18869 1
L1669 1
8887/ 1
016221
LL0E2 ]
€€0€°. 1
SL0€2 1
960€"2 1
e |
8EYEL |
¥90Y'L |
Loz |
906.°2 |
bS6L°L
66082
evieL
16282 \
ogee’L
L€29'8
9529'8
95€9'8

0€65°6 —

/

PROTON DMSO {D:\NMR400\02T4} nmr 47

'YJ-4-40E.20 fid

009

=16°L

Heo

F00'L

=860

40 35 30 25 20 15 1.0

OH

55 50 45
1 (ppm)
N
Py
4u
1H NMR (400 MHz, DMSO-dg)

6.0
HO

85 80 75 7.0 65
13C NMR (100 MHz, DMSO-dj)

9.0

10.0 95

veve —

00°6€ —

-10

10 O

20

120~

Z5ZLL
8.3%
mw.&r/
£0'gel
0g'geL
8e'0EL —
68'LEL w
@m.omr\
wmsmr\
6L6E1
S 6L
20'851
G851

50 40 30

70 60

f1 (ppm)
S39

WA
T T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 90 80

C13CPD DMSO {D:\NMR400\02T4} nmr 22

'YJ-4-40E.30.fid



6€90°L
vLGEL
YriEL
128€°L
666€°L
z8riL
ovor'L
¥065'L
waw.v%
8€.6'L
9886°'L
10002
15102
vese'e
z6LE€
eirbe
L89b'e
9801'G
8LLL'G
0SLL'G
1€86'S |
6£20'9 |
9159 |
18559 ]
LT L
VEST L]
915221
§0.2°L 1
6VEY L |
BLEV L]
6ESY L ]
€861/ 1
8291/ ]
181V L]
0Z8Y'L
L9BY L
819G/
v18G L
GTEL LA
89 'L ]
L1627
095.'2
oLLLL
€511
2L18°L ]
128 L
$9€8°/ 1
evre L]
1816°L ]
61898 1
1269'8°

—

e

J

=

'YJ-4-43A.30.fid

PROTON CDCI3 {D:\NMR400\02T4} nmr 35

|

!

oo
Jsee
¥EL'E
B>
61T

660

iz

0L

€0}
20}
o

L'z
w\mmc
MLT

10'C

0L

10.0 95

55 50 45 40 35 30 25 20 15 1.0
1 (ppm)

6.0

85 80 75 70 65

9.0

OH

N\
Py 6a

"H NMR (400 MHz, CDCl3)
3C NMR (100 MHz, CDCls)

VoL
9¢'0Z~
18227
1157’

068~
052k~

0L04
00°Zghy
09'vZ 1|
Z6'vzZl
9.'8Z1
00'9zZ1L
69921
98'L21
£0'8Z1
8C'6Zl
£¢'0el
0elel
58°Zel
rreel

LE'5el
P59
c0Lel

Bl BBl -

LO'BSL—

C12CPD CDCI2 {D:\NMR400WZT 4} nnr 23

YJ-4-43A 11.fid

-10

0

10

30 20

80 70 60 50 40

140 130 120 110 100 90

170 160 150

190 180

210 200

1 (ppm)

5S40



68101
LLBE L q
8265’1 1
€EL9'L |
G096°L 1
6..6°L ;
G.66°L 1
9Leoc|
G/€0°C

95502 |
9v.0'C ,W
659€°€ |
126E°€E |
TYSYE |
0L8v'E |
¥¥60°S |
ZSLLS %
6EEL'S |

22667 |

92€0'9 1
19ES9) ]
5959 |
vevz'L

81922

L9z L

18922 ﬁ
£0.22 1

S08Z°L |
9282 L 1
zevi L]
09 L] |
2291 L ]
e |
GBIV L ]

958/ 1
188%'/
¥28G'/
02092
6LYL LA
€2S. 'L
1292717
SLL24
ovze L]

YJ-4-63C.10.fid

PROTON CDCI3 {D:\NMR400\02T4} nmr 21

/

/

!

A

Fsoz

860

60 55 50 45 40 35 30 25 20
1 (ppm)

80 75 70 65

8.5

9.0

10.0 95

OH

6b

S

Py

TH NMR (400 MHz, CDCl3)

13C NMR (100 MHz, CDCls)

C13CPD CDCI3 {D:\NMR400\02T4} nmr 21

YJ-4-63C.11.fid

WMMWWWW mewmm Y/ A——

-10

0

10

30 20

50 40

70 60

80

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

S41



01801
ZL6S’L
G86S'L |
€LL9')
6896°L
6886°| |

6600
91€0°¢C Y
0lso'c

S690°Z
28802 AW
LP9E°E |
SLBEE |
6ESYE |
108¥°€ |
6v60°S |
LZLL's %
¥8EL'S |
68867 |
£620°9 1
ELrS9 ]
81859 |
8vvz L
S6vT L
16521
029Z'L ﬁ
19922 1
£892°/ |
G8.T°L 1
S08Z°L 1
Sevi L] |
2SPi L]
e |
89V L 1
289%'/
Yh8Y L
S/8% L
L€8G 2
1209°L ~
€0SL°LF
159272
S69.2 1
8vz8'L “
Gzeg'L
28€8°. |
Y8 L
¥258°L 1
9526°L |
206°L |
2.89°8 1
G/69'8"

— [ —

=

YJ-4-63D.10.fid

PROTON CDCI3 {D:\NMR400\02T4} nmr 20

F 2o

85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

9.0

10.0 95

OH

Py

6¢c
"H NMR (400 MHz, CDCl3)

3C NMR (100 MHz, CDCl5)

5091y
ZLLL
60|
90727
EL'GT
99'9z+
6oz
6 LEN,
SL6E~
ve Zh
ZL0L
867 LZ)
AR
Wz
e anll
89T}

8L'STH
00°9Z H
69°9Z
954z}
108z}
876z}
9 0E} 1
92 LE L
IS°ZE M
PrEE)
66 PE}
PO GE )
oe'sel-f
£5°9e}F
v0' L))
go°ge}
grerl”

90651 —

C12CPD CDCI2 {DANMRA00W0ZT 4} nnr 20

YJ-4-63D.11.fid

mEl.

-10

0

10

80 70 60 50 40 30 20

120 110 100 90

160 150 140 130

190 180 170

210 200

1 (ppm)

S42



26651
1//9°L

8v.6°L
Lv66°)L ~\
€090°¢
€8.0°¢C

B\.m.m /
S90p°¢ \
LGLY'E \
020S°€

S960'S\
9eLL'S
9621°G
8000'9
:vo.o/
9/¥5'9
08859
€162L
260€°L
0zzeL
by L
Sot;ﬁ
LisyL
10052
6152
829’ L %
erv9s ]
01082
19182
1028 |
PLY8 L
8698/ |
6ZV6°L ]
590,
LLLL8

=

PROTON CDCI3 {D:\NMR400\02T4} nmr 51

'YJ-4-70A.10.fid

I ays

I

€T LT
~eeg
rCC9k

“eg9

Fooz

E LG

Fgeo

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

9.0

10.0 95

Py 6d
TH NMR (400 MHz, CDClj)

13C NMR (100 MHz, CDCls)

'YJ-4-70AC.10.fid

C13CPD CDCI3 {D:\NMR400\02T4} nmr 24

hik

WV

T T T T T T T T T T T T T
80 70 60 50 40 30 20 10 O -10
1 (ppm)

T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90

S43



=

YJ-4-69A.10.fid

PROTON CDCI3 {D:\NMR400\02T4} nmr 50

Jr i/ s

Ezeo

Fveo

35 30 25 20 15 10 05 00

4.0

85 80 75 70 65 60 55 50 45

9.0

10.0 95

6e
"H NMR (400 MHz, CDCl3)

Py

13C NMR (100 MHz, CDCl5)

LL OV

6761 1
6502 |
€512 |
1922 1
107227
€5VT
€892 1
00'8Z
9L72¢ |
8Lze |
€8'ze

LeL€

omsmwﬁ
€52

ss/€ ]
6 h&
Ov'6E |
zsTy

6L°0L~

8612k |
65V |
IRAR
86'521 |
19'9ZL 1
9221 |
20871 |
62621 |
81°0%H 1
SSZEL
sreet |
zeseL
0s'9gL
vo'zeL
ovgeL

ZL6vL —

90'651 —

YJ-4-69A.11 fid

C13CPD CDCI3 {D:\NMR400\02T4} nmr 50

-10

0

10

30 20

50 40

70 60

80

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

S44



9810°L 1 o
YE9L'L 1 ro
L9621 | °
860€°L | e
0€zE '} |
BLYE L o
LIGE T %N.m -
LZ9€E"L % T - = Mzo| © 928~
gLee’L’ F e g0z
12892 el
LLECE] S mm.mmv
0p9e°E | ey
12LPE ° Al
96EH°€ ; Fa NS0
256G — forz
95109 L2
20L¥'9
e — fosrlle o
vpoz L o =3 mm.mwv
SvlT . L m &) m )
6922 - w o rreek
80822 0 o SN v
ze8zL B NI sz
€€62L € o S = P09
§G62°L L w w © 3 S mn.omf
oser 2| 4 32 sz
LOVY'L |0 & Y x 0082
6962 1 o = W €e6zl |
LiovL ; . O = 8L 62} |
vS59¥L | -~ 60" @ T sveely
SL8Y 'L O - P'eel |
mvw:; e oL'gel
2867 L 1 ~ F60r o LeoEL
L10G°L o v8'9E}
LLLS LY o[~ 05°8€ !
L065'L o — o se'syl —
. ? 16)

81927/ = — Mmm.o L@
299272 H — oL 18'851 —
Li8L L g —— - % i
ssars | 8 - HMW L2
¥008°2 ]
6082 3 )
Nmrmﬁ 2 — res0| ©
y1e8'L ; s o
16¥8L oy P
leoeZ| 239
902621 §O Lo
6..981 3
s6Lo8| % 5 )
66898' & re

> o

-10

0

10

30 20

50 40

70 60

80

1 (ppm)
S45

WHLAJLM o O oo BN

210 200 190 180 170 160 150 140 130 120 110 100 90

C13CPD CDCI3 {D:\NMR400\02T4} nmr 43

YJ-4-82A.22 fid



1S90'L
25911 |
209¢'L |
£99€'} |
G06€E'L
L10V'L

190V T

€LY LA
g8cyL

ovey'L
z8vyL
z0.5°L ﬂ
0£z6'L ]
00¥6'L
8556'L 1
9186'L |
€166°L
z8002’
6.5€€
L¥8EE
0LrPE
8ELPE
09LL'G
S¥66'S |
05€0°9 4/

22059
18YS'9 |
¥SSZ'L |
2L9T L]
zuzL ;
8€8Z°L |

Y6EY L ]
6Lip L
€861/ |
SZ9¥ LA
899/
Lesy L
0981 L\
TELS LT
mmmms\W
8ovL L]

Z162°L ]
thi
Y0LL L

€618, ]
¥Ge8L |
9168/ ]
05162 |
60€6°L |
11898 1
1269'8"

—

>

'YJ-4-82B.10.fid

PROTON CDCI3 {D:\NMR400\02T4} nmr 39

;s

/

/

llrif

/

10.0 95

55 50 45 40 35 30 25 20
1 (ppm)

6.0

85 80 75 70 65

9.0

OH

OH

O

Py 6g
"H NMR (400 MHz, CDCl3)
13C NMR (100 MHz, CDCl3)

08'Ghy
€07+
99°ZZ-)
crzz’

[FA:TA
B8 LE
Z0' 0P~
05 ZHF
B e’

B9°0LY
08044
s0'Zziy
197

v8've

EL'ST)]
10'9Z 11
19T
95121
108z}

82 621

sl 0gl

52611
EVEEL]
6 Ve
e
£9°9E1
1e9elL
€281’

206rL—

168G —

C12CPD CDCI2 {DANMR400W0ZT 4} nnr 29

YJ-4-82B.11.fid

‘——J-JMWMWW

-10

0

10

80 70 60 50 40 30 20

120 110 100 90

160 150 140 130

190 180 170

210 200

1 (ppm)

S46



YJ-4-69B2.10.fid

PROTON CDCI3 {D:\NMR400\02T4} nmr 49

7

i) s y

s

P
- F g9’

-~ F 2T

7.5

et

8.0

35 30 25 20 15 10 05 00

4.0

60 55 50 45

6.5

7.0

8.5

9.0

10.0 95

6h (3.35:1, alkene isomers)

"H NMR (400 MHz
3C NMR (100 MHz

, CDCl3)

CDCls)

=

YJ-4-69B.11 fid

C13CPD CDCI3 {D:\NMR400\02T4} nmr 53

VA

o -10

10

30 20

50 40

70 60

80

1 (ppm)
S47

210 200 190 180 170 160 150 140 130 120 110 100 90



9550°L
v L
18ST'L
€262 L
186Z'L
65Tyl
zLLsL
9s¥S'L
L0SG°L
109G}
86451 \
S599'L
51892
mwa@m/
AT A
808¢e’e
9/0t'€ /
LEVPE
€0Sb'e
Y0Lt'E
LLIY'E
9296 |
G066 |
LE00'9 |
60109 |
69€5°9 ]
ZLYS'9 |
v11G'91
L1859
S8GZ'L
S69Z°L |
SYIT L
1282 L7
€zevL
L6¥1 LA
9694/
S IR
G681 L
126V'L
690G°L “
16052
90/52 1
2965°L |
88G/°L 1
18227, ]
€161°L
8128, ]
0st8°L ]
6L16L ]
66.9°8 1
€069'8"

e

=

/

/

PROTON CDCI3 {D:\NMR400\02T4} nmr 39

YJ-4-64BB3.10.fid

v0'€
P77

eLe

FeoL

Feo'L

L
%r.m
Fo0'1
0l
20T
10T

F00'L

35 30 25 20 15 10 05 00

13)

~
-

4.0
OHo

50 45
1 (ppm)

NS

55
Py 9

"H NMR (400 MHz, CD(
3C NMR (100 MHz, CDCl3)

85 80 75 70 65 60

9.0

10.0 95

Y o
89'81 |
LY0Z |
2502 ]
18°€Z ]
68'EZ |
€6'v2 |
68°Ee |
ORCR
6LZY ]
£¥'85
L¥'8G ]
9919 ]
0L%9
19°0L
vo'zel
95l
85zl
visel
6L62L
10921
vL'9Z) |
§5'L2L
15221
6621 |
00821 |
0£'62! 1
99°'0€! |
6901 |
1G°ZEL
6EEEL |
90'S€l
29'9¢1 1
evLEL A}
Ly IEL -

— o —

—

LO'6VL —

c0'6Sl —

-10

0

10

30 20

50 40

70 60

80

210 200 190 180 170 160 150 140 130 120 110 100 90
1 (ppm)
S48

C13CPD CDCI3 {D:\NMR400\02T4} nmr 39

YJ-4-64BB3.11.fid



€860
6960'L |
659L°L |
6ELL') Y
Gs8L'L Y
LLBL'L Y

45447
7891 L /

8250°€ |
8/50°€ |
£080°€ |
0980°€ |
0492°€ |
2s62°¢ |
¥888°¢ |
¥882°9
062¢'9
¥169'9
0zeL'9
695Z'L
¥692'L
12222
09222
88.2'L
£882°2
6062 L
SLEV'L]
ovey'L ]
S0SP'L |
6YSYL |
9652 |
€611 1
181%1
0£05 2 |
25052
8v2s L |
662L°L
Yoyl L

—r—

V6L LA
0828°L

oy’ L
L1981
9696°L
0066°L
8Lv.'8
6EVL'8
6Sv.'8
0o8v.'8
6€G.L'8
19G.'8
18G.'8

PROTON CDCI3 {D:\NMR400\02T4} nmr 38

YJ-4-64BB2.10.fid

40 35 30 25 20 15 10
OH

10

50 45
H NMR (400 MHz, CDCls)

1 (ppm)
Py

6.0 55
3C NMR (100 MHz, CDCl5)

85 80 75 70 65

9.0

10.0 95

PLBY 22,
mqmo.qm,”.,.
1802 G2~
Lag1'9z’
800} 9€
18529

888 1L
EBLEOLY
Z05Z kg

£ZES 1T
TR E
1B5T 6T}

1262'GZ 1
BEZ5 9Z1 |
IPeS LZ)

9291127}

LLED'BT
09.£ 6Z 1
WIS ZE L
ovogee it
LEEL PEL
9088 GE b~
geeL LeL
gezoegl’

£80% 67—

Z5EL 651

-

C12CPD CDCI2 {DANMR4A00W0ZT 4} nnr 38

YJ-4-64BB2 11 fid

-10

0

80 70 60 50 40 30 20 10

f1 (ppm)
S49

120 110 100 90

160 150 140 130

190 180 170

210 200



