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1. General Methods

Commercial reagents were used without any purification. All reactions were
performed using common anhydrous, inert atmosphere techniques. Reactions were
monitored by TLC which was performed on glass-backed silica plates and visualized
using UV, KMnO4 stains, H3PO4 12MoO3/EtOH stains, H>SO4 (conc.)/
anisaldehyde/ EtOH stains. Column chromatography was performed using silica gel
(200-300 mesh) eluting with EtOAc/petroleum ether. 'H NMR spectra were recorded
at 400 MHz (Varian and Bruker) and 600 MHz (Agilent), 1*C NMR spectra were
recorded at 100 MHz (Bruker) and 150 MHz (Agilent) using CDCl; (except where
noted) with TMS as standard. Infrared spectra were obtained using KCI plates on a
VECTOR?22. High-resolution mass spectral analyses performed on Waters Q-TOF.
CHCl> were distilled from CaH», THF were distilled from Na. All spectral data

obtained for new compounds are reported here.
2. Experimental Procedures and Spectral Data of Products

2.1. Synthesis of 1

| i-PrMgCl Br OH Br HMDS.l2 Me,si OH  SiMey
THF, -78 °C CH,Cly, 1t
b T e T
2-Br-CgH,CHO Me,SiCl, n-Buli
6 -78 °C to rt 7 THF, -78 °C to rt 1

To a solution of 2-bromo-iodobenzene 6 (14 g, 50 mmol, 6.3 mL) in THF (500 mL) at
-78 °C under argon was added i-PrMgCl (27 mL, 2.0 M in THF). The reaction stirred
for 30 min before adding 2-bromobenzaldehyde (9.25 g, 50 mmol, 6.1 mL) at -78 °C.
The mixture was warmed to room temperature and reacted overnight. The reaction
was quenched with sat. aq. HCI (15 mL, 1 N) and extracted with EtOAc (3 x 100 mL).
The combined organic layers were dried over Na;SOs, filtered and concentrated under
reduced pressure to afford bis(2-bromophenyl)methanol 7 (17 g) as a colorless solid,

which was used for the next step without purification.

A solution of bis(2-bromophenyl)methanol 7 (17 g, 50 mmol), hexamethyldisilazane
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(7.3 mL, 35 mmol) and ten crystals of iodine in CH>Cl> (100 mL) was stirred at room
temperature for 15 min. The reaction was quenched with Na>S,03 (20 g). After
stirring for 30 min, the mixture was passed through a short pad of silica and
concentrated under reduced pressure to give the crude silyl ether, which was used for

the next step without purification.

To a solution of the crude silyl ether and chlorotrimethylsilane (38 mL, 300 mmol) in
dry THF (500 mL) was added n-butyllithium (2.5 M in hexanes, 60 mL, 150 mmol)
over 30 min dropwise at —78 °C. The resulting mixture was warmed to room
temperature overnight. The reaction was quenched with H>O (100 mL) and extracted
with EtOAc (3 x 100 mL). The combined organic layers were dried over NaxSOg,
concentrated under reduced pressure. The residue was purified by silica gel flash
column chromatography (gradient eluent: petroleum ether/EtOAc = 500:1—100:1) to
afford 1 as a colorless liquid (10.3 g, 63% from 6).

IH NMR (400 MHz, CDCl3) § 7.65 — 7.61 (m, 2H), 7.31 — 7.25 (m, 4H), 6.99 (d, J =
7.2 Hz, 2H), 6.23 (d, J = 4.8 Hz, 1H), 2.16 (d, J = 4.8 Hz, 1H), 0.32 (s, 18H);

BCNMR (100 MHz, CDCls) § 149.0, 139.2, 135.0, 128.9, 127.8, 126.9, 75.1, 0.9;
IR (neat) cm™ 3350, 3054, 2952, 2897, 1433, 1246, 1121, 835;

HRMS (ESI-TOF, m/z) calcd for C19H230Si> (M+Na)': 351.1576, found 351.1570.
2.2. Preparation of 3a-3f

Preparation of 3a

= OH SiMe;

3a

3a: To a solution of Cul (10 mg, 0.05 mmol) and phenanthroline (12 mg, 0.05 mmol)
in DMF (1.0 mL) was slowly added #-BuOLi (0.15 mL, 1.0 M in THF) at 0 °C under

argon atmosphere. The reaction mixture was stirred at room temperature for 10 min. 1
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(33 mg, 0. mmol) was added with stirring for 5 min before adding
3-chloroprop-1-ene (15 pL, 0.15 mmol). The mixture was stirred at room temperature
for 30 min before quenching with aq. HCI (0.2 mL, 1 N) and extracting with EtOAc
(3 x 5 mL). The combined organic layers were washed with H,O (3 x 2 mL), dried
over NaxSQs, filtered and concentrated under reduced pressure. The residue was
purified by silica gel flash column chromatography (gradient eluent: petroleum

ether/EtOAc = 300:1—100:1) to afford 3a (27 mg, 90% yield) as a colorless liquid.

'H NMR (400 MHz, CDCls) 8 7.60 (t, J = 4.8 Hz, 1H), 7.35 — 7.20 (m, 6H), 7.13 (t, J
=3.6 Hz, 1H), 6.25 (d, J = 3.6 Hz, 1H), 5.93 — 5.83 (m, 1H), 5.04 (d, /= 10 Hz, 1H),
4.96 (d, J=17.2 Hz, 1H), 3.38 (dd, J = 6.0, 6.4 Hz, 1H), 3.28 (dd, J = 6.0, 6.4 Hz,
1H), 2.08 (d, J = 4.4 Hz, 1H), 0.33 (s, 9H);

3C NMR (100 MHz, CDCI3) & 148.1, 140.9, 139.0, 137.5, 137.1, 135.2, 129.9, 129.3,
127.7,127.3,127.2,127.1, 126.2, 116.1, 72.5, 36.6, 0.8;

IR (neat) cm™ 3391, 3057, 2953, 1248, 1010, 834, 751;
HRMS (ESI-TOF, m/z) calcd for C19H240Si (M+Na)": 319.1489, found 319.1487.

Preparation of 3b

Me OH SiMe;

3b

3b: Using the same procedure as that used for 3a: Cul (10 mg, 0.05 mmol),
phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); #BuOLi (0.15 mL, 1.0 M in
THF); 1 (33 mg, 0.1 mmol), 3-chloro-2-methylpropene (15 pL, 0.15 mmol) at room

temperature for 0.5 h afforded 3b (28 mg, 89% yield) as a colorless liquid.

'H NMR (400 MHz, CDCls) § 7.61 — 7.59 (m, 1H), 7.30 — 7.14 (m, 7H), 6.24 (d, J =
4 Hz, 1H), 4.86 (s, 1H), 4.57 (s, 1H), 3.33 (d, J = 16 Hz, 1H), 3.24 (d, /= 16 Hz, 1H),
2.17 (d, J = 4Hz, 1H), 1.67 (s, 3H), 0.31 (s, 9H);
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3C NMR (100 MHz, CDCI3) § 148.1, 145.2, 141.5, 138.9, 137.1, 135.2, 130.2, 129.2,
127.6,127.3,127.1, 126.3, 112.6, 72.5, 40.8, 22.7, 0.7,

IR (neat) cm™ 3436, 3005, 1275, 1260, 837, 764, 750,
HRMS (ESI-TOF, m/z) caled for C20H260Si (M+Na)*: 333.1645, found 333.1647.

Preparation of 3c

Et OH SiMes

3c: Using the same procedure as that used for 3a: Cul (10 mg, 0.05 mmol),
phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); #~BuOLi (0.15 mL, 1.0 M in
THF); 1 (33 mg, 0.1 mmol), iodoethane (36 pL, 0.15 mmol) at room temperature for
0.5 h afforded 3¢ (25 mg, 88% yield) as a colorless liquid.

'"H NMR (400 MHz, CDCl3) § 7.62 — 7.60 (m, 1H), 7.45 — 7.43 (m, 1H), 7.30 —7.20
(m, 5H), 7.08 — 7.06 (m, 1H), 6.26 (d, J = 3.6 Hz, 1H), 2.61(ddd, J = 7.6, 15.2, 15.2
Hz, 1H), 2.46 (ddd, J = 7.6, 15.2, 15.2 Hz, 1H), 2.01 (d, J= 4.4 Hz, 1H), 1.11 (t, J =
7.6 Hz, 3H), 0.37 (s, 9H);

3C NMR (100 MHz, CDCl3) § 148.5, 141.5, 140.5, 139.1, 135.3, 129.3, 128.4, 127.6,
127.3,127.2,126.7, 125.7, 72.4, 25.0, 14.7, 0.8;

IR (neat) cm™ 3361, 2962, 1452, 1275, 1249, 837, 751;
HRMS (ESI-TOF, m/z) calcd for C1gH240Si (M+Na)": 307.1489, found 307.1485.

Preparation of 3d

Bn OH SiMes

3d: Using the same procedure as that used for 3a: Cul (10 mg, 0.05 mmol),
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phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); #~BuOLi (0.15 mL, 1.0 M in
THF); 1 (33 mg, 0.1 mmol), (bromomethyl)benzene (18 pL, 0.15 mmol) at room

temperature for 0.5 h afforded 3d (27 mg, 77% yield) as a colorless liquid.

'H NMR (400 MHz, CDCl3) & 7.60 — 7.58 (m, 1H), 7.38 — 7.35 (m, 1H), 7.31 — 7.28
(m, 2H), 7.25 — 7.14 (m, 6H), 7.06 — 7.03 (m, 3H), 6.23(d, J = 3.2 Hz, 1H), 3.97 (d, J
=16 Hz, 1H), 3.92 (d, J= 16 Hz, 1H), 2.01 (d, J = 4.4 Hz, 1H), 0.24 (s, 9H);

3C NMR (100 MHz, CDCI3)  148.1, 141.1, 140.2, 139.3, 138.6, 135.3, 130.5, 129.3,
129.0, 128.5, 127.7, 127.3, 127.3, 127.2, 126.3, 126.1, 72.7, 38.4, 0.7,

IR (neat) cm™ 3403, 3058, 2953, 1723, 1451, 1249, 1009, 837;
HRMS (ESI-TOF, m/z) calcd for C23H260Si (M+Na)': 369.1645, found 369.1642.

Preparation of 3e

Ph
A
OH SiMe,

3e

3e: Using the same procedure as that used for 3a: Cul (10 mg, 0.05 mmol),
phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); ~BuOLi (0.15 mL, 1.0 M in
THF); 1 (33 mg, 0.1 mmol), 1-(p-Tosyloxy)-3-phenyl-2-propyne (43 mg, 0.15 mmol)

at room temperature for 0.5 h afforded 3e (30 mg, 80% yield) as a colorless liquid.

'H NMR (400 MHz, CDCl3) § 7.63 — 7.61 (m, 2H), 7.40 — 7.26 (m, 10H), 7.16 — 7.14
(m, 1H), 6.31 (d, J = 4 Hz, 1H), 3.83 (d, J = 18.8 Hz, 1H), 3.65 (d, J = 18.8 Hz, 1H),
2.17 (d, J = 4.4 Hz, 1H), 0.34 (s, 9H);

3C NMR (100 MHz, CDCl3) § 147.6, 140.5, 139.3, 135.3, 134.4, 131.6, 129.5, 129.2,
128.2,128.0, 127.8, 127.4, 127.2, 126.8, 123.5, 87.2, 83.4, 72.5, 23.3, 0.8;

IR (neat) cm™ 3407, 2920, 2850, 1275, 1260, 764, 750;

HRMS (ESI-TOF, m/z) calcd for C25sH260Si (M+Na)™: 393.1645, found 393.1649.
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Preparation of 3f

Me3Si

OH SiMe,

3f

3f: Using the same procedure as that used for 3a: Cul (10 mg, 0.05 mmol),
phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); #~BuOLi (0.15 mL, 1.0 M in
THF); 1 (33 mg, 0.1 mmol), 3-bromo-1-(trimethysilyl)-1-propyne (25 pL, 0.15 mmol)

at room temperature for 0.5 h afforded 3f (27 mg, 70% yield) as a colorless liquid.

'H NMR (400 MHz, CDCls) & 7.63 — 7.54(m, 2H), 7.35 — 7.26 (m, 5H), 7.14 — 7.10
(m, 1H), 6.23 (d, J = 4 Hz, 1H), 3.68 (d, J = 18.8 Hz, 1H), 3.43 (d, /= 19.2 Hz, 1H),
2.21(d, J=4.4 Hz, 1H), 0.35 (s, 9H), 0.16 (s, 9H);

3C NMR (100 MHz, CDCl3) § 147.5 140.6, 139.2, 135.3, 134.0, 129.4, 129.0, 127.9,
127.3,127.2,127.1, 126.8, 103.9, 87.8, 72.4, 23.8, 0.9, 0.0;

IR (neat) cm™! 3366, 3056, 2956, 2174, 1248, 1122, 834, 757;
HRMS (ESI-TOF, m/z) calcd for C22H300Si> (M+Na)*: 389.1727, found 389.1725.
2.3. Synthesis of 3g-3i

Preparation of 3g

OMe

‘ OH SiMe,

39

3g: To a solution of Cul (10 mg, 0.05 mmol) and tetrakis(triphenylphosphine)
palladium (6 mg, 5 mol%) in DMF (1.0 mL) was slowly added -BuOLi (0.15 mL, 1.0

M in THF) at 0 °C under argon atmosphere. The reaction mixture was stirred at room
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temperature for 10 min. 1 (33 mg, 0.1 mmol), 4-iodoanisole (35 mg, 0.15 mmol) was
added successively and kept stirring at room temperature for 1 h. The reaction was
quenched with aq. HCI (0.2 mL, 1 N) solution, extracted with EtOAc (3 x 5 mL) and
washed with H>O (3 x 2 mL). The combined organic layers were then dried over
NaxSOs, filtered and concentrated under reduced pressure. The residue was purified
by silica gel flash column chromatography (gradient eluent: petroleum ether/EtOAc =

300:1—100:1) to afford 3g (33 mg, 92% yield) as a colorless liquid.

'H NMR (400 MHz, CDCls) § 7.54 (d, J = 7.2 Hz, 1H), 7.44 — 7.41 (m, 1H), 7.35 —
7.32 (m, 4H), 7.29 — 7.23 (m, 2H), 7.14 (d, J = 8.4 Hz, 2H), 6.84 (d, J = 8 Hz, 2H),
6.05 (d,J=4.0 Hz, 1H), 3.08 (s, 3H), 2.11 (d, J = 4.4 Hz, 1H), 0.06 (s, 9H);

3C NMR (100 MHz, CDCl3) § 158.9, 148.6, 141.3, 140.6, 139.0, 135.2, 133.2, 130.7,
130.5, 128.9, 127.8, 127.6, 127.4, 127.2, 126.9, 113.5, 72.3, 55.3, 0.37,

IR (neat) cm™ 3460, 2953, 1611, 1515, 1479, 1244, 1178, 835, 764;
HRMS (ESI-TOF, m/z) calcd for C23H2602Si (M+Na)™: 385.1594, found 385.1601.

Preparation of 3h

Me

‘ OH SiMes

3h

3h: Using the same procedure as that used for 3g: Cul (10 mg, 0.05 mmol),
tetrakis(triphenylphosphine)palladium (6 mg, 5 mol%), DMF (1.0 mL); #~BuOLi
(0.15 mL, 1.0 M in THF); 1 (33 mg, 0.1 mmol), 4-iodotoluene (33 mg, 0.15 mmol) at
room temperature for 1 h afforded 3h (28 mg, 80% yield) as a colorless liquid.

'H NMR (400 MHz, CDCl3) § 7.55 — 7.27 (m, 8H), 7.14 — 7.08 (m, 4H), 6.05 (d, J =
4.0 Hz, 1H), 2.36 (s, 3H), 2.06 (d, J = 4.0 Hz, 1H), 0.06 (s, 9H);

3C NMR (100 MHz, CDCI3)  148.6, 141.6, 140.6, 139.0, 137.9, 136.9, 135.2, 130.5,
8
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129.2,128.9, 128.7, 127.8, 127.7, 127.4, 127.2, 126.9, 72.3, 21.1, 0.4;
IR (neat) cm’! 3443, 2953, 2853, 1724, 1249, 1006, 837, 821, 759;
HRMS (ESI-TOF, m/z) calcd for C23H260Si (M+Na)": 369.1645, found 369.1649.

Preparation of 3i

Me .
OH SiMej;

3i

3i: Using the same procedure as that used for 3g: Cul (10 mg, 0.05 mmol),
tetrakis(triphenylphosphine)palladium (6 mg, 5 mol%), DMF (1.0 mL); #~BuOLi
(0.15 mL, 1.0 M in THF); 1 (33 mg, 0.1 mmol), 2-bromopropene (14 uL , 0.15 mmol)
at room temperature for 1 h afforded 3i (27 mg, 90% yield) as a colorless liquid.

"H NMR (400 MHz, CDCI3) § 7.59 (t, J = 4.8 Hz, 1H), 7.40 (t, J = 4.8 Hz, 1H), 7.29
—7.25 (m, 4H), 7.16 — 7.11 (m, 2H), 6.28 (d, J = 3.6 Hz, 1H), 5.12 (s, 1H), 4.72 (s,
1H), 2.25 (d, J=4.4 Hz, 1H), 1.93 (s, 3H), 0.34 (s, 9H);

13C NMR (100 MHz, CDCl3) § 148.8, 144.9, 143.0, 139.8, 139.2, 135.2, 129.1, 128.3,
127.7,127.6, 127.3, 126.9, 126.8, 115.9, 72.5, 25.2, 0.8;

IR (neat) cm™! 3436, 2954, 1433, 1249, 1121, 1006, 838, 763;
HRMS (ESI-TOF, m/z) calcd for C19H240Si (M+Na)": 319.1489, found 319.1488.
2.4. Synthesis of 5a — 5m

Preparation of 5a

= OH
5a
5a: To a solution of Cul (10 mg, 0.05 mmol) and phenanthroline (12 mg, 0.05 mmol)
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in DMF (1.0 mL) was slowly added +-BuOLi (0.15 mL, 1.0 M in THF) at 0 °C under
argon atmosphere. The reaction mixture was stirred at room temperature for 10 min. 1
(33 mg, 0.1 mmol), 3-chloroprop-1-ene (10 pL, 0.1 mmol) was added successively
and kept stirring at room temperature for 0.5 h. Then TBAF (0.15 mL, 1.0 M in THF),
t-BuOLi (0. 2 mL, 1.0 M in THF), 3-chloro-2-methylpropene (15 pL, 0.15 mmol)
were added successively. The resulted mixture was stirred at room temperature for 1 h.
The reaction was quenched with sat. aq. NaCl (2 mL), extracted with EtOAc (3 x 5
mL) and washed with H>O (3 x 3 mL). The combined organic layers were dried over
NayS0s, filtered and concentrated under reduced pressure. The residue was purified
by silica gel flash column chromatography (gradient eluent: petroleum ether/EtOAc =
100:1—20:1) to afford S5a (21 mg, 77% yield) as a colorless liquid.

'"H NMR (400 MHz, CDCl3) § 7.36 (dd, J = 1.6, 2 Hz, 1H), 7.26 — 7.17 (m, 7H), 6.25
(d, /=4 Hz, 1H), 5.98 — 5.87 (m, 1H), 5.07 — 5.03 (m, 1H), 5.01 —4.95 (m, 1H), 4.87
(s, 1H), 4.58 (s, 1H), 3.40 — 3.26 (m, 4H), 2.17 (d, /=4 Hz, 1H), 1.73 (s, 3H);

13C NMR (100 MHz, CDCl3) § 145.6, 141.2, 140.7, 137.4, 137.2, 137.1, 130.6, 129.9,
127.7,127.7,127.2, 126.9, 126.7, 126.5, 115.9, 112.1, 69.3, 41.0, 36.7, 22.8;

IR (neat) cm™' 3347, 2928, 2850, 1260, 1016, 764, 750;
HRMS (ESI-TOF, m/z) calcd for C20H220 (M+Na)™: 301.1563, found 301.1560.

Preparation of 5b

= OH Ph

5b
S5b: Using the same procedure as that used for Sa: Cul (10 mg, 0.05 mmol),
phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); #BuOLi (0.15 mL, 1.0 M in
THF); 1 (33 mg, 0.1 mmol), 3-chloroprop-1-ene (10 pL, 0.1 mmol). Then TBAF (0.15

mL, 10 M in THF), #BuOLi (0. 2 mL, 1.0 M in THF),

2-phenylallyl-4-methylbenzenesulfonate (43 mg, 0.15 mmol) at room temperature for
10
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1 h afforded Sb (24 mg, 70% yield) as a white solid. (mp. 56.9 °C — 57.6 °C)

'H NMR (400 MHz, CDCls) 8 7.38 — 7.26 (m, 8H), 7.25 — 7.18 (m, SH), 6.26 (s, 1H),
5.97 - 5.83 (m, 1H), 5.49 (s, 1H), 5.00 — 4.92 (m, 2H), 4.82 (s, 1H), 3.77 (s, 2H), 3.41
~3.25 (m, 2H), 2.12 (s, 1H);

3C NMR (100 MHz, CDCI3) § 146.9, 140.9, 140.8, 140.6, 137.7, 137.3, 136.9, 130.5,
130.0, 128.3, 127.9, 127.7, 127.6, 127.2, 127.0, 126.7, 126.6, 125.9, 116.0, 114.4,
69.5,37.9,36.7;

IR (neat) cm™! 3336, 3059, 2919, 2850, 1485, 1451, 1260, 1014, 751;
HRMS (ESI-TOF, m/z) caled for C2sH240 (M+Na)™: 363.1719, found 363.1713.

Preparation of 5c

Z  OH ¢

5c
S5c: Using the same procedure as that used for Sa: Cul (10 mg, 0.05 mmol),
phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); #BuOLi (0.15 mL, 1.0 M in
THF); 1 (33 mg, 0.1 mmol), 3-chloroprop-1-ene (10 pL, 0.1 mmol). Then TBAF (0.15
mL, 1.0 M in THF), #BuOLi (0. 2 mL, 1.0 M in THF),

3-chloro-2-chloromethyl-1-propene (18 uL, 0.15 mmol) at room temperature for 1 h

afforded 5c¢ (21 mg, 66 % yield) as a colorless liquid.

'H NMR (400 MHz, CDCls) § 7.32 — 7.27 (m, 3H), 7.24 — 7.17 (m, 5H), 6.26 (d, J =
4 Hz, 1H), 5.98 — 5.87 (m, 1H), 5.22 (s, 1H), 5.07 — 4.96 (m, 2H), 4.81 (s, 1H), 3.99
(d, J=3.2 Hz, 2H), 3.51 (d, /= 3.2 Hz, 2H), 3.44 — 3.28 (m, 2H), 2.15 (d, J = 4.4 Hz,
1H);

3C NMR (100 MHz, CDCl3) § 144.6, 141.1, 140.6, 137.5, 137.3, 135.9, 130.6, 130.0,
127.9,127.9,127.4, 127.0, 126.5, 116.6, 116.1, 69.3, 47.9, 36.6, 36.2;
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IR (neat) cm™! 3337, 3072, 2922, 1602, 1451, 1260, 1013, 913, 751;
HRMS (ESI-TOF, m/z) calcd for C20H2;0CI (M+Na)": 335.1179, found 335.1176.

Preparation of 5d

Ph

= OH

5d
5d: Using the same procedure as that used for 5a: Cul (10 mg, 0.05 mmol),
phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); #BuOLi (0.15 mL, 1.0 M in
THF); 1 (33 mg, 0.1 mmol), 3-chloroprop-1-ene (10 puL, 0.1 mmol). Then TBAF (0.15
mL, 1.0 M in THF), +~BuOLi (0. 2 mL, 1.0 M in THF), cinnamyl chloride (21 pL,

0.15 mmol) at room temperature for 1 h afforded 5d (20 mg, 60% yield) as a colorless

liquid.

'H NMR (400 MHz, CDCls) 8 7.36 — 7.28 (m, 5H), 7.25 — 7.17 (m, 8H), 6.36 — 6.21
(m, 3H), 5.98 — 5.87 (m, 1H), 5.06 — 4.93 (m, 2H), 3.57 — 3.34(m, 4H), 2.13 (s, 1H);

13C NMR (100 MHz, CDCl3) § 140.7, 140.7, 137.8, 137.6, 137.3, 137.3, 131.1, 130.1,
128.8, 128.5, 128.4, 127.9, 127.9, 127.2, 127.1, 127.1, 126.6, 126.6, 126.1, 116.1,
69.5, 36.7, 35.9;

IR (neat) cm™ 3337, 3025, 2920, 2850, 1450, 1260, 914,750;
HRMS (ESI-TOF, m/z) caled for C2sH240 (M+Na)":363.1719, found 363.1716.

Preparation of Se

|
= OH
S5e
12
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Se: Using the same procedure as that used for Sa: Cul (10 mg, 0.05 mmol),
phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); #BuOLi (0.15 mL, 1.0 M in
THF); 1 (33 mg, 0.1 mmol), 3-chloroprop-1-ene (10 puL, 0.1 mmol). Then TBAF (0.15
mL, 1.0 M in THF), -BuOLi (0. 2 mL, 1.0 M in THF), 1-chloro-3-methyl-2-butene
(17 pL, 0.15mmol) at room temperature for 1 h afforded Se (20 mg, 70% yield) as a

colorless liquid.

'H NMR (400 MHz, CDCls) & 7.37 — 7.17 (m, 8H), 6.27(d, J = 2.8 Hz, 1H), 6.00 —
5.88 (m, 1H), 5.23 (t, J = 7.2 Hz, 1H), 5.08 — 4.96 (m, 2H), 3.42 — 3.27 (m, 4H), 2.13
(d, J=4.4 Hz, 1H), 1.72 (s, 3H), 1.66 (s, 3H);

3C NMR (100 MHz, CDCls) § 140.7, 139.5, 137.4, 137.2, 133.0, 130.0, 129.9, 129.4,
127.9, 127.7, 127.1, 127.0, 126.9, 126.5, 126.2, 123.0, 116.0, 69.3, 36.7, 31.4, 25.7,
17.9;

IR (neat) cm-1 3313, 2918, 2851, 1638, 1451, 1276, 1014, 913, 750;
HRMS (ESI-TOF, m/z) calcd for C21H240 (M+Na)™: 315.1719, found 315.1715.

Preparation of 5f

= OH (N
T
5f
5f: Using the same procedure as that used for Sa: Cul (10 mg, 0.05 mmol),
phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); #~BuOLi (0.15 mL, 1.0 M in
THF); 1 (33 mg, 0.1 mmol), 3-chloroprop-1-ene (10 uL, 0.1 mmol). Then TBAF (0.15
mL, 1.0 M in THF), ~BuOLi (0. 2 mL, 1.0 M in THF), geranyl chloride (28 uL, 0.15

mmol) at room temperature for 1 h afforded 5f (22 mg, 60% yield) as a colorless

liquid.

'H NMR (400 MHz, CDCl3) & 7.35 — 7.33 (m, 1H), 7.25 — 7.15 (m, 7H), 6.27 (d, J =
4.0 Hz, 1H), 5.98 — 5.88 (m, 1H), 5.26 — 5.22 (m, 1H), 5.04 — 4.97 (m, 3H), 3.48 —
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3.25 (m, 4H), 2.13 (d, J=4.4 Hz, 1H), 2.07 — 1.99 (m, 4H), 1.68 (s, 3H), 1.65 (s, 3H),
1.56 (s, 3H);

3C NMR (100 MHz, CDCl3) § 140.7, 139.5, 137.4, 137.2, 133.0, 130.0, 129.9, 129.4,
127.9,127.7,127.0, 126.9, 126.5, 126.2, 123.0, 116.0, 69.3, 36.7, 31.4, 25.7, 17.9;

IR (neat) cm™ 3313, 2966, 2917, 2852, 1638, 1602, 1451, 1014, 913, 751;
HRMS (ESI-TOF, m/z) caled for: C26H3,0 (M+Na)™: 383.2345, found 383.2344.

Preparation of 5g

t-Bu
=

AN oH N
59

5g: Using the same procedure as that used for 5a: Cul (10 mg, 0.05 mmol),

phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); #BuOLi (0.15 mL, 1.0 M in

THF); 1 (33 mg, 0.1 mmol), 3-chloroprop-1-ene (10 pL, 0.1 mmol). Then TBAF (0.15

mL, 1.0 M in THF), #BuOLi (0. 2 mL, 1.0 M in THF),

1-chloro-6,6-dimethyl-2-heptyene-4-alkyne (25 pL, 0.15 mmol) at room temperature
for 1 h afforded 5g (21 mg, 62% yield) as a colorless liquid.

'H NMR (400 MHz, CDCls) & 7.32 — 7.27 (m, 2H), 7.24 — 7.16 (m, 6H), 6.22 (d, J =
4.4 Hz, 1H), 6.15 — 6.08 (m, 1H), 6.02 — 5.92 (m, 1H), 5.43 — 5.38 (m, 1H), 5.10 —
4.98 (m, 2H), 3.45 — 3.33 (m, 4H), 2.10 (d, J = 4.8 Hz, 1H), 1.22 (s, 9H);

3C NMR (100 MHz, CDCI3) § 140.6, 140.6, 140.4, 137.5, 137.3, 136.9, 130.1, 130.1,
127.9, 127.9, 127.1, 127.0, 126.7, 126.6, 116.1, 111.5, 98.1, 77.2, 69.4, 36.7, 35.7,
31.0, 27.8;

IR (neat) cm™! 3298, 2968, 2923, 1452, 1266, 1015, 915, 759;
HRMS (ESI-TOF, m/z) caled for C2sHasO (M+Na)': 367.2032, found 367.2031.

Preparation of 5h
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Ph

|
OH Me
5h
5h: Using the same procedure as that used for 5a: Cul (10 mg, 0.05 mmol),
phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); #~BuOLi (0.15 mL, 1.0 M in
THF); 1 (33 mg, 0.1 mmol), cinnamyl chloride (14 pL, 0.1 mmol). Then TBAF (0.15
mL, 1.0 M in THF), ~~BuOLi (0. 2 mL, 1.0 M in THF), 3-chloro-2-methylpropene (15

uL, 0.15 mmol) at room temperature for 1 h afforded Sh (30 mg, 84 % yield) as a

colorless liquid.

'H NMR (400 MHz, CDCl3) & 7.45 — 7.40 (m, 2H), 7.33 (d, J = 4.0 Hz, 4H) , 7.29 —
7.26 (m, 2H), 7.24 — 7.15 (m, 5H), 6.34 — 6.28 (m, 1H), 6.25 — 6.18 (m, 1H), 6.06 (s,
1H), 4.86 (s, 1H), 4.54 (s, 1H), 3.50 — 3.30 (m, 4H), 2.19 (s, 1H), 1.72 (s, 3H);

3C NMR (100 MHz, CDCl3) § 145.4, 143.2, 141.9, 137.3, 136.9, 131.1, 130.6, 129.9,
128.7, 128.4, 128.3, 127.8, 127.7, 127.4, 127.3, 127.1, 126.8, 126.5, 126.1, 112.1,
72.6,41.0, 35.9, 22.8;

IR (neat) cm’! 3363, 2918, 2154, 1449, 1264, 1013, 893;
HRMS (ESI-TOF, m/z) caled for C26H260 (M+Na)': 377.1876, found 377.1875.

Preparation of 5i

|
OH Me
5i
5i: Using the same procedure as that used for Sa: Cul (10 mg, 0.05 mmol),

phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); #BuOLi (0.15 mL, 1.0 M in

THF); 1 (33 mg, 0.1 mmol), 1-chloro-3-methyl-2-butene (12 pL, 0.1 mmol). Then
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TBAF (0.15 mL, 1.0 M in THF), +~BuOLi (0. 2 mL, 1.0 M in THF),
3-chloro-2-methylpropene (15 pL, 0.15 mmol) at room temperature for 1 h afforded

5i (22 mg, 72% yield) as a colorless liquid.

'H NMR (400 MHz, CDCls) § 7.32 — 7.12 (m, 8H), 6.25 (d, J = 2.4 Hz, 1H), 5.24 —
5.19 (m, 1H), 4.85 (s, 1H), 4.57 (s, 1H), 3.40 — 3.20 (m, 4H), 2.22 (d, J = 4.4 Hz, 1H),
1.71 (s, 6H), 1.64 (s, 3H);

13C NMR (100 MHz, CDCls) § 145.5, 141.2, 140.6, 139.3, 137.1, 133.0, 130.5, 129.3,
127.7, 127.6, 127.1, 126.9, 126.6, 126.2, 122.9, 112.1, 69.3, 41.0, 31.3, 25.7, 22.7,
17.8;

IR (neat) cm™! 3345, 2925, 1484, 1260, 1013, 763;
HRMS (ESI-TOF, m/z) caled for C22Hz60 (M+Na)': 329.1876, found 329.1875.

Preparation of 5j

SiMe3
=

Me OH

5j
5j: Using the same procedure as that used for Sa: Cul (10 mg, 0.05 mmol),
phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); #BuOLi (0.15 mL, 1.0 M in
THF); 1 (33 mg, 0.1 mmol), 3-chloro-2-methylpropene (10 pL, 0.1 mmol). Then
TBAF (0.15 mL, 1.0 M in THF), #BuOLi (0. 2 mL, 1.0 M in THF),

3-bromo-1-(trimethylsilyl)-1-propyne (25 pL, 0.15 mmol)at room temperature for 1 h
afforded 5j (23 mg, 66% yield) as a colorless liquid.

'H NMR (400 MHz, CDCl3) § 7.49 — 7.46 (m, 1H), 7.39 — 7.36 (m, 1H), 7.32 — 7.28
(m, 2H), 7.25 — 7.18 (m, 4H), 6.28 (d, J=4 Hz, 1H), 4.87 (s, 1H), 4.60 (s, 1H), 3.62 (d,
J = 18.8 Hz, 1H), 3.45 — 3.30 (m, 3H), 2.4 (d, J = 4 Hz, 1H), 1.71 (s, 3H), 0.17 (s,
9H);

3C NMR (100 MHz, CDCI3) § 145.6, 140.6, 140.4, 137.3, 133.8, 130.6, 129.0, 127.9,
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127.8,127.1, 126.9, 126.8, 112.3, 104.1, 87.7, 69.1, 41.0, 23.7, 22.7, 0.01;
IR (neat) cm’! 3314, 2921, 2174, 1452, 1250, 1017, 842, 759;
HRMS (ESI-TOF, m/z) calcd for C23H230Si (M+Na)™: 371.1802, found 371.1802.

Preparation of 5k

= OH Et

5k

5k: Using the same procedure as that used for 5a: Cul (10 mg, 0.05 mmol),
phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); #BuOLi (0.15 mL, 1.0 M in
THF); 1 (33 mg, 0.1 mmol), 3-chloroprop-1-ene (10 puL, 0.1 mmol). Then TBAF (0.15
mL, 1.0 M in THF), #~BuOLi (0. 2 mL, 1.0 M in THF), iodoethane (36 pL, 0.15 mmol)

at room temperature for 1 h afforded 5k (15 mg, 60% yield) as a colorless liquid.

'H NMR (400 MHz, CDCls) & 7.36 — 7.34 (m, 1H), 7.29 — 7.26 (m, 1H), 7.24 — 7.16
(m, 6H), 6.27 (d, J = 4.4 Hz, 1H), 6.02 — 5.92 (m, 1H), 5.10 — 4.98 (m, 2H), 3.45 —
3.43 (m, 2H), 2.68 — 2.50 (m, 2H), 2.03 (d, J = 4.4 Hz, 1H), 1.16 (t, J= 7.6 Hz, 3H);

13C NMR (100 MHz, CDCls) § 141.6, 141.0, 140.1, 137.5, 137.3, 130.0, 128.6 127.8,
127.8,127.1, 126.7, 126.6, 125.9, 116.0, 69.3, 36.8, 25.1, 14.9;

IR (neat) cm’! 3289, 2964, 2924, 1638, 1452, 1260, 1016, 751;
HRMS (ESI-TOF, m/z) caled for CigH200 (M+Na)": 275.1406, found 275.1407.

Preparation of 51

= OH Bn

51

51: Using the same procedure as that used for Sa: Cul (10 mg, 0.05 mmol),
phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); #BuOLi (0.15 mL, 1.0 M in
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THF); 1 (33 mg, 0.1 mmol), 3-chloroprop-1-ene (10 puL, 0.1 mmol). Then TBAF (0.15
mL, 1.0 M in THF), -BuOLi (0. 2 mL, 1.0 M in THF), (bromomethyl)benzene (18 uL,
0.15 mmol) at room temperature for 1 h afforded 51 (20 mg, 59% yield) as a colorless
solid. (mp. 64.5 °C — 65.3 °C)

'H NMR (400 MHz, CDCls) § 7.33 — 7.26 (m, 4H), 7.23 — 7.09 (m, 9H), 6.27 (d, J =
4.0 Hz, 1H), 5.87 — 5.76 (m, 1H), 5.00 — 4.84 (m, 2H), 4.03 (d, J = 16 Hz, 1H), 3.98
(d,J=16 Hz, 1H), 3.22 — 3.12 (m, 2H), 1.93 (d, J = 4.4 Hz, 1H);

3C NMR (100 MHz, CDCI3) § 140.9, 140.5, 140.3, 138.4, 137.5, 137.1, 130.8, 129.9,
128.7,128.5, 127.8, 127.8, 127.3, 126.9, 126.8, 126.5, 126.2, 116.0, 69.34, 38.6, 36.5;

IR (neat) cm™! 3335, 2918, 2152, 1452, 1275, 1014, 763;
HRMS (ESI-TOF, m/z) caled for C23H220 (M+Na)': 337.1563, found 337.1560.

Preparation of 5m

Ph
A

OH N

5m
Sm: Using the same procedure as that used for Sa: Cul (10 mg, 0.05 mmol),
phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); #BuOLi (0.15 mL, 1.0 M in
THF); 1 (33 mg, 0.1 mmol), 1-(p-Tosyloxy)-3-phenyl-2-propyne (29 mg, 0.1 mmol).
Then TBAF (0.15 mL, 1.0 M in THF), #BuOLi (0. 2 mL, 1.0 M in THF),

3-chloroprop-1-ene (15 pL, 0.15 mmol) at room temperature for 1 h afforded Sm (23

mg, 69% yield) as a yellow liquid.

'H NMR (400 MHz, CDCls) & 7.47 — 7.28 (m, 7H), 7.23 — 7.08 (m, 6H), 6.12 (d, J =
3.2 Hz, 1H), 5.79 — 5.69 (m, 1H), 5.07 (d, J = 12.8 Hz, 1H), 4.93 — 4.90 (m, 1H), 4.82
~4.72 (m, 2H), 3.24 — 3.05 (m, 2H), 2.04(d, J = 3.6 Hz, 1H);

3C NMR (100 MHz, CDCl3) & 141.6, 140.8, 137.3, 137.2, 136.0, 134.6, 130.7, 129.5,

128.5,128.2,127.9, 127.7, 127.5, 127.1, 127.1, 126.6, 126.4, 115.7, 106.0, 77.8, 69.6,
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36.6, 29.7;

IR (neat) cm™ 3366, 2923, 2218, 1969, 1260, 915, 750;

HRMS (ESI-TOF, m/z) caled for C2sH22O (M+Na)™: 361.1563, found 361.1561.
2.4. Synthesis of 5n — 5q

Preparation of 5n

= OHI

5n

5n: To a solution of Cul (10 mg, 0.05 mmol) and phenanthroline (12 mg, 0.05 mmol)
in DMF (1.0 mL) was slowly added #-BuOLi (0.15 mL, 1.0 M in THF) at 0 °C under
argon atmosphere. The reaction mixture was stirred at room temperature for 10 min.
Then 1 (33 mg, 0.1 mmol), 3-chloroprop-1-ene (10 pL, 0.1 mmol) was added
successively and kept stirring at room temperature for 0.5 h. Then TBAF (0.15 mL,
1.0 M in THF), Cul (10 mg, 0.05 mmol), tetrakis(triphenylphosphine)palladium (6 mg,
5 mol%), +BuOLi (0. 2 mL, 1.0 M in THF), iodobenzene (17 pL, 0.15 mmol) were
added successively. The resulted mixture was stirred at room temperature for 1 h. The
reaction was quenched with sat. aq. NaCl (2 mL), extracted with EtOAc (3 x 5 mL)
and washed with H,O (3 x 3 mL). The combined organic layers were then dried over
NazS0s, filtered and concentrated under reduced pressure. The residue was purified
by silica gel flash column chromatography (gradient eluent: petroleum ether/EtOAc =
100:1—20:1) to afford Sn (20 mg, 65% yield) as a colorless liquid.

'H NMR (400 MHz, CDCl3) & 7.54 — 7.29 (m, 9H), 7.23 — 7.05 (m, 4H), 6.01 (s, 1H),
5.60 — 5.50(m, 1H), 4.84 — 4.64(m, 2H), 2.95 — 2.85 (m, 2H), 2.09 (s, 1H);

3C NMR (100 MHz, CDCI3) § 141.6, 141.5, 140.7, 140.1, 137.2, 136.9, 130.1, 129.7,
129.3, 128.1, 127.7, 127.5, 127.5, 127.2, 126.7, 126.3, 115.5, 69.5, 36.4;

19

S19



IR (neat) cm™ 3330, 2922, 2852, 1450, 1275, 1260, 1007, 750;
HRMS (ESI-TOF, m/z) caled for C22H200 (M+Na)™: 323.1406, found 323.1405.

Preparation of 50

Me

= OH

50

50: Using the same procedure as that used for Sm: Cul (10 mg, 0.05 mmol),
phenanthroline (12 mg ,0.05 mmol), DMF (1.0 mL); #BuOLi (0.15 mL, 1.0 M in
THF); 1 (33 mg, 0.1 mmol), 3-chloroprop-1-ene (10 puL, 0.1 mmol). Then TBAF (0.15
mL, 1.0 M in THF), Cul (10 mg, 0.05 mmol), tetrakis(triphenylphosphine)palladium
(6 mg, 5 mol%), t-BuOLi (0. 2 mL, 1.0 M in THF), 4-iodotoluene (33 mg, 0.15mmol)

at room temperature for 1 h afforded 50 (22 mg, 70% yield) as a colorless liquid.

'H NMR (400 MHz, CDCls) 8 7.55 — 7.52 (m, 1H), 7.42 — 7.31 (m, 3H), 7.23 — 7.17
(m, 7H), 7.08 — 7.06 (m, 1H), 6.02 (d, J = 3.6 Hz, 1H), 5.60 — 5.50 (m, 1H), 4.84 —
4.65 (m, 2H), 2.97 — 2.86 (m, 2H), 2.40 (s, 3H), 2.07 (d, J = 4.4 Hz, 1H);

3C NMR (100 MHz, CDCl3) § 141.6, 141.5, 140.2, 137.8, 137.2, 136.9, 136.9, 130.2,
129.6, 129.1, 128.8, 127.5, 127.5, 127.5, 126.6, 126.3, 115.5, 69.6, 36.4, 21.2;

IR (neat) cm™ 3336, 2922, 2852, 1668, 1450, 1275, 1007, 821, 751;
HRMS (ESI-TOF, m/z) caled for C23H20 (M+Na)™:337.1563, found 337.1559.

Preparation of 5p

20

S20



t-Bu

= OHI

S5p

S5p: Using the same procedure as that used for 5m: Cul (10 mg, 0.05 mmol),
phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); #BuOLi (0.15 mL, 1.0 M in
THF); 1 (33 mg, 0.1 mmol), 3-chloroprop-1-ene (10 puL, 0.1 mmol). Then TBAF (0.15
mL, 1.0 M in THF), Cul (10 mg, 0.05 mmol), tetrakis(triphenylphosphine)palladium
(6 mg, 5 mol%), +-BuOLi (0. 2 mL, 1.0 M in THF), 1-(tert-butyl)-4-iodobenzene (27
pL, 0.15 mmol) at room temperature for 1 h afforded Sp (24 mg, 68% yield) as a

colorless liquid.

'H NMR (400 MHz, CDCls) § 7.54 — 7.28 (m,7H), 7.24 — 7.20 (m,4H), 7.06 — 7.04
(m,1H), 6.02 (s, 1H), 5.58 — 5.48 (m,1H), 4.81 — 4.58 (m, 2H), 2.90 — 2.87 (m,2H),
2.06 (s, 1H), 1.36 (s, 9H);

13C NMR (100 MHz, CDCl3) § 150.1, 141.6, 140.3, 137.7, 137.3, 137.0, 130.1, 129.7,
128.9, 127.5,127.5, 127.5, 126.7, 126.3, 125.0, 115.3, 69.5, 36.5, 34.5, 31.4, 29.7;

IR (neat) cm™! 3337, 3005, 2851, 1363, 1275, 1260, 764;
HRMS (ESI-TOF, m/z) calcd for CagH230 (M+Na)™: 379.2032, found 379.2030.

Preparation of 5q

Ph

= OHl

5q

5q: Using the same procedure as that used for Sm: Cul (10 mg, 0.05 mmol),
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phenanthroline (12 mg, 0.05 mmol), DMF (1.0 mL); #~BuOLi (0.15 mL, 1.0 M in
THF); 1 (33 mg, 0.1 mmol), 3-chloroprop-1-ene (10 puL, 0.1 mmol). Then TBAF (0.15
mL, 1.0 M in THF), Cul (10 mg, 0.05 mmol), tetrakis(triphenylphosphine)palladium
(6 mg, 5 mol%), +-BuOLi (0. 2 mL, 1.0 M in THF), 4-iodobiphenyl (42 mg, 0.15
mmol) at room temperature for 1 h afforded 5q (28 mg, 74% yield) as a colorless

liquid.

'"H NMR (400 MHz, CDCl3) § 7.60 — 7.51 (m, 4H), 7.46 — 7.44 (m, 1H), 7.41 — 7.37
(m, 3H), 7.31 — 7.22 (m, 7H), 7.15 — 7.13 (m, 1H), 7.10 — 6.98 (m, 1H), 5.99 (d, /=4
Hz, 1H), 5.52 — 5.42 (m, 1H), 4.74 — 4.55 (m, 2H), 2.88 — 2.85 (m, 2H), 2.40 (d, J =
4.4 Hz, 1H),

3C NMR (100 MHz, CDCl3) § 141.5, 141.2, 140.7, 140.2, 140.1, 139.7, 137.3, 136.9,
130.1, 129.7, 129.7, 128.8, 127.8, 127.6, 127.6, 127.4, 127.1, 126.8, 126.7, 126.4,
115.5, 69.6, 36.4;

IR (neat) cm™! 3365, 3006, 2920, 1478, 1006, 1260, 764;
HRMS (ESI-TOF, m/z) calcd for CogH240 (M+Na)™: 399.1719, found 399.1714.
2.6. Synthesis of 5r-5t

Preparation of 5r

S5r: To a solution of Cul (10 mg, 0.05 mmol) and tetrakis(triphenylphosphine)
palladium (6 mg, 5 mol%) in DMF (1.0 mL) was slowly added -BuOLi (0.15 mL, 1.0
M in THF) at 0 °C under argon atmosphere. The reaction mixture was stirred at room
temperature for 10 min. 1 (33 mg, 0.1 mmol), 4-iodoanisole (24 mg, 0.1 mmol) were

added successively and kept stirring at room temperature for 1 h. Then TBAF (0.15
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mL, 1.0 M in THF), +BuOLi (0. 2 mL, 1.0 M in THF), 3-chloroprop-1-ene (15 uL,
0.15mmol) were added successively. The resulted mixture was stirred at room
temperature for 1 h. The reaction was quenched with sat. aq. NaCl (2 mL), extracted
with EtOAc (3 x 5 mL) and washed with H,O (3 x 3 mL). The combined organic
layers were then dried over Na>SOys, filtered and concentrated under reduced pressure.
The residue was purified by silica gel flash column chromatography (gradient eluent:
petroleum ether/EtOAc = 100:1—20:1) to afford 5r (22 mg, 67% yield) as a white
solid. (mp. 105.5°C — 106.3°C).

'H NMR (400 MHz, CDCl3) & 7.54 (d, J = 7.2 Hz, 1H), 7.41 — 7.38 (m, 1H), 7.31 (t, J
= 4.8 Hz, 2H), 7.26 — 7.21 (m, 1H), 7.07 (d, J = 7.6 Hz, 1H), 6.91 (d, J = 8 Hz, 2H),
6.01 (s, 1H), 5.61 — 5.51(m, 5H), 4.38 (d, J = 10 Hz, 1H), 4.68 (d, J = 16.8 Hz, 1H),
3.84 (s, 3H), 2.98 — 2.87 (m, 2H), 2.12 (s, 1H);

3C NMR (100 MHz, CDCI3) § 158.9, 141.5, 141.3, 140.2, 137.2, 136.9, 133.1, 130.4,
130.3,129.7, 127.6, 127.5, 127.5, 127.4, 126.6, 126.3, 115.5, 113.6, 69.6, 55.3, 36.4;

IR (neat) cm™ 3367, 2917, 1611, 1515, 1480, 1178, 1036, 750;
HRMS (ESI-TOF, m/z) calcd for C23H2202 (M+Na)*: 353.1517, found 353.1509.

Preparation of 5s

I OH Me

5s

Ss: Using the same procedure as that used for Sr: Cul (10 mg, 0.05 mmol),
tetrakis(triphenylphosphine)palladium (6 mg, 5 mol%), DMF (1.0 mL); #~BuOLi
(0.15 mL, 1.0 M in THF); 1 (33 mg, 0.1 mmol), 4-iodotoluene (22 mg, 0.1 mmol).
Then TBAF (0.15 mL, 1.0 M in THF), +~BuOLi (0. 2 mL, 1.0 M in THF),
3-chloro-2-methylpropene (15 pL, 0.15 mmol) at room temperature for 1 h afforded

5s (21 mg, 64% yield) as a colorless liquid.
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'H NMR (400 MHz, CDCl3) § 7.50 — 7.17 (m, 11H), 7.06 — 7.03 (m, 1H), 6.01 (d, J =
3.6 Hz, 1H), 4.64 (s, 1H), 4.28 (s, 1H), 2.86 (s, 2H), 2.38 (s, 3H), 2.14 (d, J = 4 Hz,
1H), 1.44 (s, 3H);

3C NMR (100 MHz, CDCI3) § 145.3, 141.9, 141.5, 140.2, 137.8, 136.8, 136.8, 130.2,
130.1, 129.1, 128.8, 127.4, 127.4, 127.3, 126.9, 126 .4, 111.8, 69.5, 40.3, 22.3, 21.1.

IR (neat) cm™ 3359, 3061, 3023, 2918, 1649, 1480, 1447, 1006, 750,
HRMS (ESI-TOF, m/z) calcd for C24H240 (M+Na)™: 351.1719, found 351.1720.

Preparation of 5t

® o
OH x

5t

5t: Using the same procedure as that used for Sr: Cul (10 mg, 0.05 mmol),
tetrakis(triphenylphosphine)palladium (6 mg, 5 mol%), DMF (1.0 mL); #~BuOLi
(0.15 mL, 1.0 M in THF); 1 (33 mg, 0.1 mmol), 4-iodotoluene (22 mg, 0.1 mmol).
Then TBAF (0.15 mL, 1.0 M in THF), ~BuOLi1 (0. 2 mL, 1.0 M in THF), cinnamyl
chloride (21 pL, 0.15 mmol) at room temperature for 1 h afforded 5t (27 mg, 70%

yield) as a colorless liquid.

'H NMR (400 MHz, CDCls) § 7.67 — 7.65 (m, 1H), 7.38 — 7.22 (m, 8H), 7.20 — 7.10
(m, 8H), 6.07 (d, J = 4 Hz, 1H), 5.96 — 5.92 (m, 1H), 5.85 — 5.78 (m, 1H), 3.03 — 3.00
(m, 1H), 2.39 (s, 2H), 2.11 (d, J = 4 Hz, 1H);

3C NMR (100 MHz, CDCI3) § 141.7, 141.6, 140.1, 137.8, 137.4, 137.2, 137.0, 130.4,
130.3 129.8, 129.3, 129.0, 128.6, 128.3, 127.9, 127.6, 127.6, 127.5, 126.9, 126.3,
126.3, 126.0, 69.6, 35.6, 21.2;

IR (neat) cm™ 3359, 3024, 2851, 1516, 1480, 1262, 1007, 759;

HRMS (ESI-TOF, m/z) calcd for C2oHa60 (M+Na)*: 413.1876, found 413.1877.
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2.7. Synthesis of Diaryketones 8a-8c

Preparation of 8a

= O Et

8a

8a: To a solution of 5k (13 mg, 0.05 mmol) in CH>Cl> (1 mL) was added Dess-Martin
periodinane (32 mg, 0.075 mmol) at room temperature. The reaction was stirred for
12 h before extraction with EtOAc (3 X 5 mL) and washing with H>O (3 x 2 mL). The
combined organic layers were dried over Na;SOs, filtered and concentrated under
reduced pressure. The residue was purified by silica gel flash column chromatography
(gradient eluent: petroleum ether/EtOAc = 500:1—300:1) to afford 8a (12 mg, 94%

yield) as a colorless liquid.

'H NMR (400 MHz, CDCls) § 7.46 — 7.28 (m, 5H), 7.24 — 7.17 (m, 3H), 6.03 — 5.92
(m, 1H), 5.05 — 5.00 (m, 2H), 3.64 — 3.62 (m, 2H), 2.86 — 2.80 (m, 2H), 1.23 (t, J =
7.6 Hz, 3H);

13C NMR (100 MHz, CDCl3) § 200.6, 144.6, 140.3, 139.0, 138.7, 137.2, 131.3, 131.2,
130.8, 130.7, 130.4, 129.9, 125.7, 125.2, 116.0, 37.6, 26.6, 15.9;

IR (neat) cm™! 3062, 2965, 2871, 1662, 1572, 1483, 1235, 1255, 924;
HRMS (ESI-TOF, m/z) calcd for C1gHi30 (M+Na)™: 273.1250, found 273.1240.

Preparation of 8b

Me

l (0] Me

8b

8b: Using the same procedure as that used for 8a: Ss (17 mg, 0.05 mmol) and
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Dess-Martin periodinane (32 mg, 0.075 mmol) in CH2Cl, (1 mL) at room temperature
for 12 h afforded 8b (16 mg, 96% yield) as a colorless liquid.

'H NMR (400 MHz, CDCls) 8 7.56 — 7.10 (m, 12H), 4.81 (s, 1H), 4.51 (s, 1H), 3.54
(s, 2H), 2.27 (s, 3H), 1.68 (s, 3H);

3C NMR (100 MHz, CDCI3) § 200.2, 145.1, 141.9, 140.4, 140.1, 138.2, 137.6, 136.8,
131.4,131.2, 130.7, 130.6, 130.4, 129.6, 128.8, 128.6, 126.7, 125.3, 112.2, 41.0, 22.7,
21.0;

IR (neat) cm™ 3020, 2918, 2849,1661, 1443, 931, 819, 757;
HRMS (ESI-TOF, m/z) caled for C24H220 (M+Na)': 349.1568, found 349.1560.

Preparation of 8c

8c: Using the same procedure as that used for 8a: 5t (20 mg, 0.05 mmol) and
Dess-Martin periodinane (32 mg, 0.075 mmol) in CH>ClL, (1 mL) at room temperature

for 12 h afforded 8¢ (19 mg, 98% yield) as a colorless liquid.

'H NMR (400 MHz, CDCl3) & 7.56 — 7.52 (m, 2H), 7.42 — 7.39 (m, 2H), 7.35 — 7.27
(m, 4H), 7.22— 7.10 (m, 6H), 7.06 — 7.00 (m, 3H), 6.42 (d, J= 16 Hz, 1H), 6.34 — 6.27
(m, 1H), 3.72 (d, J = 6.8 Hz, 2H), 2.23 (s, 3H);

3C NMR (100 MHz, CDCI3) § 200.4, 141.9, 141.0, 140.1, 137.8, 137.6, 137.6, 136.9,
131.4, 131.1, 131.1, 130.7, 130.4, 130.3, 129.6, 129.3, 128.8, 128.7, 128.4, 127.0,
126.8, 126.1, 125.4, 36.8, 21.1;

IR (neat) cm™ 3057, 2850, 1660, 1446, 1107, 819,766;

HRMS (ESI-TOF, m/z) calcd for C20H240 (M+Na)': 411.1725, found 411.1722.
26

S26



1000
900
~800
—=700
600
~500
~400
~300
~200
~100
~—100

—0

€09¢ —_ -
m_\wN\ D =80°1L

mov.ﬁ
@Zu.@;
YAWE
IVAWE
A WA
mm_‘.ﬁ
L1617, s
L0211 — ——= F160
TN
vGN.N/
| L6C° L .

| T
o 9152 O - — g

mmm.m
1 9¥€°L

€qe’.

| 7AW O
Nmm.m

965G,

2019-5-13

1

H

OH Br

Br

HTB-5-114_CDC

0.0 -0.5

0.5

3.0 2.5 2.0 1.5 1.0

3.5

S27

4.0
f1 (ppm)

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5




HTB-5-114_CDCI3_13C_2019-5-14

65000

60000

55000

50000

45000

~40000

~35000

30000

25000

~20000

~15000

10000

~5000

OO~ AN« L
NANOWS<TFO M OO ANLW
® M QLK — O ®
ONDONM MO © -
< O ANANNN NN O <
T T T T MN’NMMDM
N s o
Br OH Br
7
s L -v'.r
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
$28



60 k =08l [
6512 ) :
Lz Y FzolL|
GZZ9
/€29
¥86°9
. 200°.
® 62 .
© 292/ ~ — = 0071
® GJ2.
Q ¥8TL .
m_ 062 o %
1621 = = :

_ 66|
o 808L . & — E 9Z¥
s moo.) S - €L’z
C_ 029'L ¢ O - 14
N 8292 )
© V9L =
m zZv9°/

E o159y

-1.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

8.0

f1 (ppm)

S29



HTB-5-92_13C_CDCI3_2019-5-14

900

~800

—=700

~600

~500

~400

~300

~200
~100

L68°0—

68.°9.
ooo.mmﬂ
ATV

680°G.
\

168921~
SLL LTk
216821

9e0'Gel”
pgL6sL’

686 81| —

OH SiMes

MesSi

20 10

30

70 60 50

80

T
110

T
130

T
140

T
150

T
190

T
200

f1 (ppm)

S30



HTB-5-92_CDCI3_DEPT 2019-5-14

f1 (ppm)
S31

N 0O N

<t NMNO 2] -240

QN © 0 N~

0 0 M~ © o gg

MO ANNAN T} )
T T N o | 290

NN \ \
200

Ml e oS OH SiMesg
(J
1 160
1140
1120
1100
80
60
L 40
20
e Vi oAt Vb A A Mwiwe T, i i % MMWW*' A bl A *MMLIMM -0
--20
T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10



2019-5-5

-~

I
™

HTB-6-89_CDCI

36000
~34000
~32000
30000
28000
~26000
~24000
22000
~20000
~18000
16000
14000
12000
10000
8000
~6000
~4000
~2000
-0
~—2000

9z ——— Fi06 |

1202
2802,
6vZ€
G9T°€ |
06Z°€
G0E'E

$GE'€ < JL 166°0

0L€°€]
G6E'€
oL'e
6€6'Y|
28671
STA
0S0°G
€€8'GH
6¥8°G1
658'G
G98'S:
G/8°G
168°G
106°G
L06°G W
L16°G
2€6'G
AZAL)
1GZ'9
WA
A WA
L.
oom.L =
8L’ LA
0¥ L
! 16T’ L
| SLT L
1821
862/
€L
0S€’.
bac-s &
€092
GL9'.

= 700l
660

s

//

e

OH  Sikdes

3a

M 1670
G6°0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

8.0

S32



2019-7-1

_
O
™

HTB-6-89_CDCI3

130000
—~120000

—~110000

100000

~90000

80000
70000
60000
~50000
40000
30000
~20000
10000

~—10000

1Z8°0—

81.G°9¢€—

€899/
ooo.mmw
8LELL

ONm.Nm/
A\

cEL 9Ll —
GeCcocl
vel'Lcl
G8l'Lcl
GLeLcl
8.9°/¢l
g8le6ct
6v8'6¢1
¢cc Gl
GG0'LEL
90G°L¢E1
8€0'6¢El
ce60vl

™
(90]
—
0
<
-

OH  Sikdes

et

3a

20 10

30

70 60 50

80

T
110

T
130

T
140

T
150

T
190

T
200

f1 (ppm)

S33



HTB-6-89_CDCI3_DEPT 2019-7-1

OANONMNOO O WO «—
OANTTNMNTOMOMmM o 0
QN®QMOM~ ~— N A ™ Py L 16000
NOOONMNNMNMNO© 0 0 S
OMOANANANANANNON «— AN (o) d
Sl ol el i S wl vl el el o N~ (ep) o
\W | | | | L 14000
™ OH SiMes 12000
G O —~10000
3a
—~8000
—~6000
|
4000
—~2000
v " " " W " " W ™ " - hd ™ [ " ” _0
—-2000
~-4000
——-6000
~—8000
~—10000
T T T T T T T T T T T T T T T T T T T T T ]
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
S34



2019-7-2

18000
17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

—=7000

~6000

~5000

~4000

~3000

~2000
1000

-0

~—1000

T

e 0)
o
NN~
~

~

OH  SiMeg

ke

3h

FeL6 |

Froe |

860 |

F66°0

FLO'L

F00°L

-0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

6.0 5.5 5.0

6.5

7.0

7.5

f1 (ppm)

S35



HTB-6-84_CDCI3_13C_2019-7-2
N WO
0 O
< O

~320000

~300000

126.345
—112.583
77.318
77.001

76.683

72.501
—40.760
—22.719
—0.748

/
\
\

280000

260000

Me OH SiMes ~240000

O O ~220000

3b ~200000
180000
~160000
140000
—~120000
100000
80000
60000

~40000

il | .

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
S36



HTB-6-84_CDCI3_DEPT_2019-7-20

O~ MWUMO L 160000
N<TO N« © o o) N~
—N=I0MS® 0 Q 10 - @
WLOONMNNNO N L N N~ NI
L vt el el el el el el o N < AN o B
T | \ \ \ \
~120000
he OH  SiMes
—~100000
~80000
3b
—60000
i ~40000
~20000
L M v _0
——20000
~—40000
——60000
~—80000
~—100000
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ]
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
S37



H_2019-7-22

HTB-7-25-2_CDCI

32000

30000

28000
~26000

~24000

~22000

~20000

18000

16000

—14000

12000

10000

~8000

~6000

~4000

2000

~—2000

L

OH  SiMes

Et

S/

3c

L6 |

=00°€ |

1670 |

v 10’}

FLCG |

=860
keoL

-1.0

-0.5

0.0

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

6.5

8.0 7.5 7.0

8.5

S38



HTB-7-25-2_CDCI3_13C_2019-7-23

—~400000

350000

~300000

~250000

200000

150000

—~100000

50000

6€8°0—

VL Vl—

€66 vC—

mwm.wm/
mww.mm/
_\oo.mmw
LVE L)

059°'GZ
8/9'9Z1
WANrA)
90€°/21
ov9° 221
607821
1£€°621 \
8GZ'GEl
6L1L°6EL
197071
Vv Lyl

Rad

OH  Sikes

3c

Et

|

A

20 10

30

70 60 50

80

T
110

T
130

T
140

T
150

T
190

T
200

f1 (ppm)

S39



HTB-7-25-2_CDCI3_DEPT_2019-7-23
— - - ~130000

—~120000

135.259
129.331
128.409
127.646
127.307

127.170
126.678
125.649

—~110000

—72.387
—24.993
—14.746
—0.839

100000

Et OH SiMes 90000

G O -80000

e 70000

60000
50000
40000
| 30000
20000

10000

. -0

~—10000

~—20000

~—30000

~—40000

~—50000

~—60000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
S40



HTB-7-25-1_CDCI3_1H_2019-7-22

~40000

35000

~30000

~25000

~20000

~15000

10000

5000

~—5000

GEC0—

ANV AN
€20C’

006°€
ov6E
956°C
166°€ |
6£0°L
@mo.ﬁ
€90°/ |
6SL/]
I
091"/
vl /]
Nm_\.ﬁ
2eT L]
622 L
L€T L
eva L
8121
€8z,
2621
00€°.
90¢°/
258/

Log s b
omm.@
5162
08G°/
186G/
€66,
166G/
209°/

/
OH  Sites

3d

Bn

J

668

=00'1)

001l
WMvm.o

-1.0

0.0 -0.5

0.5

2.0 1.5 1.0

2.5

4.0 3.5 3.0

f1 (ppm)

4.5

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

S41



2019-7-23

_
O
™

1
_

HTB-7-25-1_CDCI3

(=) o (e) o
(=) o [e) (=) o o (=) o o (=) o o o
(=) o (e} (=) o (=] (=) o (=] (=) o (=] (=)
(=) (] (=) (=) o (=] (=) o (=] (=) (=) (=] o
N — o (=) o o (=) (=] (=] (=) (=) (] —
— — — > co o~ © Lo < g} [aN} — (=} |
1 1 1 1 L 1 1 1 1 1 1 1 1 1 1
=
—
—

Ove 8E—

¢899/
ooo.mmﬂ
L1€L.

€292,
\
\

GL1'9cl
LL2°9CL
INYAIRA"
€6c'Lcl
€99°/¢l
CcGv'8Cl—
ve0'6¢l
L0E'6CL
€LY 0EL
Gecael
61G°8C1
vcc6cl
9cl ovi
680 Lyl
c90'8vl

OH  Sites

3d

Bn

‘llll \

1

|

20 10

30

70 60 50

80

T
110

T
130

T
140

T
150

T
190

T
200

f1 (ppm)

S42



HTB-7-25-1_CDCI3_DEPT_201

©
N
N
w

~140000

130000

135.236
130.474
129.300
129.036
128.452
127.665
127.293
127.218

—~120000

126.271

126.115
—72.621
—38.340
—0.691

|
|

110000

B OH SiMeg 100000
;90000

G G 50000
3d 70000
;60000
50000
;40000

| 30000

~20000

10000

A o 1 A L0

~—10000
-—20000

~—30000

;*40000
;—50000
;—60000
;*70000
;—80000
;*90000

~—100000

~—110000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

S43



6500
6000
5500

5000

~4500

4000

~3500

3000

~2500

~2000

~1500

1000

500

~0
=500

6G€°0—

9Q9lL¢
ANl

1C9°¢

vmo.m%
y08°€--
_‘mw.m\

L0E'9:
LLEO
L L]
VG2
€91/
652 L
0.2 L
6121
98Z° L
10€" L
Smjk
m_\m.N/

eees |
b L

= 1082

™' z8¢'/
63€°/

862
L0V’ L
119/
LL9°L
€89’/

H_2019-11-21

HTB-7-25_CDCI

yd

OH SiMes

Je

L 228

~——F 660!

Lw 00} |

=k e

hezol

Mw 6670 |
—T 560

r 06°)

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

8.5

S44

f1 (ppm)



~40000
~30000
~20000
10000

"

10

126

20

128 127
f1 (ppm)
30

40

129
50

60

70

oy /98921
962°€2 DN
86€° /2]
€28 /21
266°.2)
v/18217
891°6Z)
/8621 —
805°2/
mwo.ﬁ/
LS 1)
Bm.m@
€91°/8
BLG €T
Ly8'9T1 1
08122}
86€ /211
me.NN_‘/f
N@@.NNJW
vt.wmcﬁ
891°621 \ﬁ
Evmmé
o 26SLEL
mmmv.vmi o
< pZegel =
S g6768L ’ (D
m_ VES OVl = S
86G° /11
T
| ) &
4
£

HTB-7-25_CDCI3_1

T
110 100 90 80
f1 (ppm)
S45

120

130

140

190 180 170 160 150

200




_
—
_

™

H_2019-7-31

DCI

@)
™

HTB-7-11

28000

~26000
~24000

~22000

20000

~18000

16000

~14000

12000

10000

8000

6000

~4000

~2000

—0

~—2000

€910
6v€ 0
60cC°¢
0cc'¢

S —

GLy'E

%A%
1482
169°€

0¢c9
0€C9
86072
yAVL
viL'.
8LL'.
¢ccl’t
0€L’.
Lyl L
v9cC L
04LC°L
¢li’L
18C.
€6 L
962,
00€'.
€0e’.
60€°L
¢ce’l
YRANY
cee’.
Lve L
ove'.L
0G¢’.
vGe .
A4 Wi
yAS| W
096,
€96/
16G L
109
609/
€19,
119/
XA
A%

—

|
|
]
]
1
]
i
1
)

T

OH SiMes

SN

N

3

o

F6G'8 |
F17'8

=c0'l

FLOL |
F66°0 |

FOo0'L

~Z0') |
hgg'g I

Fv0'c

-1.0

0.0 -0.5

0.5

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
S46

8.0

8.5



HTB-7-113_CDCI3_13C_2019-8-1

—~100000
~90000

80000

~70000

60000

50000

~40000

~30000

20000

~10000

0

~—-10000

0€0°0~
080"

€LLEC—

6.€¢CL
mwo.wm/

OO

UUVU L L

8l€.LL
0v8/8—

0v6°€0lL —

8£8'9Z1
AWEA)
251'.2)
6v€ 221\
0¥6'L2L
610621
GEY'62)
2€0' vl
10€°GE)
S1Z'6EL
0SS 0¥l
6817 L)

Me 55i

OH SiMes

3

A

W

o}

-

NN AL Pl

Ty -
ad

I

20 10

30

70 60 50

80

T
110

T
130

T
140

T
150

T
190

T
200

S47



2019-6-3

I

D

™

HTB-6-42_CDCI

L4, 0% 107

L 3. 5% 107

3. 0% 107
L2.5X107
-2.0Xx 107
-1.5%107
-1.0%x 107
5.0 10°

~0.0

qcl’ :
Y9172
1724
66C €
€0€°¢1
80€°¢"
61LE¢C
6EEE

R
GSEE
65€°E
GGV
G98'Y
1S6'Y
296'Y
0005 |
700G
8€0'S 1
Zh0'S
€90°G
190°G

(L1 —

888°G
vL6°G
L€6'G
8¥C'9;
89¢'9"
8LL "L+
g8l L1
16111
661°L

NON.Nﬁ
802 L1
A YAVR
vec L
8¢¢C LA

rrrl—!_é

———————

—_—

XA
GeT .
0¥z .
2z
_vaNM
| €5TL
G5Z'.
omNN%
Y9TL
25€'L]
1S€'.

o n

1262
G/E .

"

/

/

oH
ha

12 TAV !

8Ll

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

8.5

f1 (ppm)

S48



2019-6-3

O
™

HTB-6-42_CDCI3

130000
—~120000

110000
—~100000

~90000
80000

~70000
60000
50000

40000
~30000
~20000
10000

~—10000

¢6L¢C—

LG9°9E€—
LG6°0V—

082'69
289'9/
Q00 //

~50000

667 9¢l—
869°9CL
Ov6'9¢L
vec LEl—
www.mmv/
\€L°LCL—

|
T T T T T T T T
127.0 126.5 126.0 125.5
1 (ppm)

T
127.5

—
128.0

T
128.5

8LE€LL

ovLZiL—
8Y6'GLL
667921

869'9Z1

9Y6'9Z |
vez L2l
889221 |
eLLEL
06862}
£29'0EL 1
61 /E1

Nmmsmi
09€LE1-
859'071
V8l Iyl ]

I | IR

1

(0))
(0 0]
oy
0
<
-

OH

ha

el

10

30

40

70

80

T
110

T T
140 130

T
150

T T T
190 180 170

T
200

f1 (ppm)

S49



45000
~40000

35000

30000

~25000

~20000

15000

10000

~5000

~0

[/

Iy

/

/

Fh

oH
Ah

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

8.5

f1 (ppm)

S50



~70000
65000

60000
~55000
50000

~45000
40000

~35000

199°9€~
6.8,

6LV'69-
2899/
000° .

50000

~40000
~30000

~20000

10000

G88'GCL~ _

¥G9'9Z)
¢66'9Z 1
S5122)]
£19'22)1
oL 1Z1

SSN;
262921

Bm.mmi
0/%°0E1

89Z°/€1
G19'/€1

86591
it

—

R—

81L€LL

A
909kl
G88'Zh
86592}
75992}
266°921
G5l L2)
€19°22)
SIWEAL
$06°LZ)
262°821

| LG6'621

Q 0y'0€L

~ £06'9EL |
892 LEL
SL9'L€}

795 0pL
818'0V1

J

2019-7-9

re6 0vL
¢l89Yl

HTB-7-120_CDCI3

Fh

OH

Ah

~30000
~25000
20000
15000
10000
5000

——5000

10

130 128 126
30 20

138 136 134 132
f1 (ppm)
50 40

60

140

70

100 90 80
S51

f1 (ppm)

T
110

120

130

140

150

160

WY

170

180

AN i

190

200

PR



2019-7-9

_
—
Ll
D_

P

HTB-7-120_CDCI3

~30000
~25000

20000

L 15000
L10000
L5000
Lo

L5000

~—10000

~—15000

~—20000

899°9€~.
6.8,

6.7°69—

Sty Ll
LY09LL"
G88'GZl

865°9Z| -
%@.@N&
266'921 |
951221 \\_
G19/21

Y INAR
SEN;
262821

8G6'621
LY 0S) ]
0.Z'.€)

1T Tl

W

-

Al

Fh

oH
Ah

10

30

40

50

T
110

T T T T T T T
190 180 170 160 150 140 130

T
200

f1 (ppm)

S52



~70000
65000

60000

~55000

~50000

45000

40000

35000

~30000

~25000

20000

~15000

10000

~5000

-0

~—5000

SYLT,
9G1 ¢
GZee
0£E°S
08e°e
LYee
2.8°¢
9/8°¢
08€°¢
88¢°¢
mam.L
805°€
91G°€
586°
€66°C
AR
656
¥96'Y
200°G
900°G
180°G
1Y0°G
S¥0'G
290°G
990G
0.0°S
A
226'S
886G
95Z°9
99Z°9
L6L"L,
961/
1Lz L]
2L
SLZ'L
1221
1221
€8z’ )
| mmm.%
T 92
o RN.&
O 6871
S62°L
| oomi
A
LLE .
€z

S

2019-10-9

HTB-8-4_CDC

I

AAL

o0’

=G6°0 |

FGee

FG6°0 ¢

Fery
F00'1

reCS |

Rol'e

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.5

S53



2019-10-9

_
O
™

HTB-8-4_CDCI3

—~120000
110000

100000

~90000

80000
~70000

60000

50000

40000

~30000
~20000
10000

~—10000

¥G1L'9E~
Ge99g”

A WA

16269
€89'9/

L00 L\
g1e/.”

190911~
2659117
Y 9Zh
166921 F
S rd)
058°/Z1
698°/Z1
€16'6Z1
G09'0€1
258°GEl
00€° L€
505 /€1
885 0 |1

Ni._‘wi

%)
©
0
#
v
J

Cl

OH

hc

—~100000

50000

cva9Cl—

1669217
L0V 121~
058221
69821

T T T T T T T
127.5 127.0 126.5 126.0
f1 (ppm)

—
128.0

—
128.5

70 60 50 40 30 20 10

80

T
110

T
130

T
140

T
150

T
190

T
200

f1 (ppm)

S54



34000
32000
30000
28000
26000
24000
22000
20000
- 18000
16000
- 14000
12000
10000
8000
6000
4000
2000
-0

2000

8¢l ¢
6.€°€
¥8€°¢1
JASIONN
LY €1
9L¥'€1
L1G €
IXARS
V6P

_ N
el 3
:

6167
78611
6967
€661 ~
¥20°'S
620°G
€e0'G
670°S1 I
pS0'G
wmo.mg
¢90°G1
/88°G
€16°G I
626'G
1229
1GZ'9 -
992°9
2829
0Z£°9 ~
1€€°9
099
Ve
8/1/
881L ]
261" L
861 7L
€Lz L
0£Z'2
| €271 o
= gL
@ vre L
€5z
/T .
867
mmmi -
9gg’/ .
LYE L
655/

FL0°L

I
|
Il
| HH I
U
AN
<

/

_
Fh

H_2019-10-8

oH
5d

,/
J T

=
T

HTB-7-53-D_CDCI

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

3.5

4.0
S55

7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

8.0

8.5



¥80°9Z1 —
S09'9Z1-. E
W99ZL”
€V6'GE 601221 N
ev.9e” 8¢ Leh NG
081221 N
206°2Z1~ ‘ -
126'22L" e
68769
€89'9/
000°LZ w
8lLe L. m
090°9LL —
¥80°9Z)
S09°'9ZL .
999z} =
60L°L2) W
< 8EL/Z1 -
. 08L°/Z)
< 206°/Z)
> 1z6'L2)
m_ 22y 8Tl £
O PS8zl —
@ @E.wmi (Y
gl
3 sz 8L Y
e
A €LTL€1 \
&b 009°LEL
@ GG LEL]
& 7690Vl
= EEL OV

20 10

30

70 60 50

80

T
110

T T
140 130

T
150

T T T
190 180 170

T
200

f1 (ppm)

S56



2019-9-5

' LT L
~ €521

™

HTB-7-46_CDCI

1900
1800
1700
1600
1500
—1400
~1300
~1200
1100
~1000
900
~800
~700
~600
500
~400
~300

~200

~100

~0
~—100

€99'L
9Ll
91z
1€1'Z
s
11C ¢
682°€
LLee
LLE€E
12€°€
LEC'E .
coe'e i
19€°€ |
11€°€]
08€°€ ]
Bm.m{
]

O e S—

/

Y96V
ommcj
9/6't|
800G
ZL0'GH
610G,
6£0°G
€v0°GH
¢G0S
790°G
890°G
0€c's

vmm.o/
(WAAR)
691°L-
921"/
8817/
761 L]
€02
80¢ .1
612
@NNN/
8eT LN /=

/

-/

/I

he

292
0/2°1
82 L %
mmmi
oW
1GE" L
$9¢°,

OH

686 |

FE0'L

A

Fovy |

0.0

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

8.5

f1 (ppm)

S57



HTB-7-46_CDCI3_13C_2019-9-6

806°9Z 1 o
986°9Z1 B )
190°221 o s
288 L1’ €eL LT E “
mmw”mm/ 058221~ o D—
AN L~ 2 E—
9899¢- 5 &
0Sv'6ZL— o
888'6Z1 s
266'62L— <
6769 )
€89'9/ .
000°L. N
LVELL
956'GLL1
966'2Z)
L§T9T 1
@@.@N:/ L
806°9Z 1
owo.mm: ]
€42 | B
068221 -L P
0SY'62L T —
www.aﬁ\ i
266'62) —
8L0'eEl
612 LEL
20V LEL
881 6E )
/9L9°0%1 =
| g

OH

20 10

30

70 60 50

80

T
110

T
130

T
140

T
150

T
190

T
200

f1 (ppm)

S58



35000

30000

25000

~20000
15000
10000

~5000

685'L-
691
289'L 1
810'C]
GE0°T
SY0°Z-
€50°ZH
0L0°Z
YA
LELT
887°€
G0E°€E
Kot
9e€e]
LYEe
1G]
L9€°€
2LEE
8LE°€
pBee
88¢€°¢
G6E°E
996'Y
04611
600G
€L0°G
110°G |
9€0°G-L
0v0'S~
8€T'S”
292'9
2.2'9
9L 'L
781" L
881"/
c6l Ly
002°L
902 'L

=

T

2019-10-9

T ecel|

122 L]
9cZ’/
ovmi

| GYT L
Rmi
AW
e L
0S¢/

HTB-7-101_CDCI3

//
—
~
N
8lc'L {
_ N—
) ()
-

gIe

6T

e |

Wmm.N
ecy
H/vr._\

iadl

Fov'e
=201

Fery
=00']

FI0'ZL |

)

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

8.5

f1 (ppm)

S59



HTB-7-101_CDCI3_13C_2019-10-10

189221 [ |
0LZ'9L AR ZA) - ) -
/891 SENF/ - B - 1
€69°GZ- L0S9ZL - o 4
¥8Y 9z~ 0¥6°9Z) - = i 3
0z Le evLiel ;- -8
60.9E€— 808121 ) h
21968 09e62L 3 I8

168621, N I :

129°LEL = L
PEE 69 ]
¥89'9/

e 117
¥66'SL1
189°22Z1
AR zA)
/61°9Z1
105°92Z1 ]
0¥6'9Z1 D
cy1 121 _
808221 |
09£'621
168°62) 7
L29'LEL |
¥0.'9¢1 \ﬁ
€22 L} ]
8ey /€l \
wov.mmi ;
29071
|
969°0¥ ) O
_ 5 =
_ %,

20 10

30

70 60 50

80

T
110

T
130

T
140

T
150

T
190

T
200

f1 (ppm)

S60



2019-10-9

~30000

~28000

26000

~24000
~22000

~20000

18000

16000

~14000

12000

10000

8000

6000

~4000
2000

~—2000

m—

/

[/

~

1

FET6 |

=G60

F5ov |

Fir1e

Fv6°0

al'l

660

001

Wmm.m i

o] 4

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

8.5

f1 (ppm)

S61



2019-10-10

O
™

< LeropL

HTB-7-104_CDCI3

100000

~90000

80000

70000

60000

~50000

~40000

~30000

20000

10000

~—10000

| 6GZ°LE L

v28'12-
2.6°0€~
L€1°GE~
€z.9¢”

m :V.mm/
€899/
000°2.
00c’..
8LELL

vyl 86—

€% LLL—
9,091 —
665921
AN TAR
vmosm%
pLO'LZL]
2.8 .21
y06°22L
GS0°0Sl \
AN
/68°9€E 1

0 m

ovm.mml

mom.oi
985°0¥ |

-Hu

~40000
30000

20000

10000

L68°9€L
6GC LEL
ovG LEL~

OH
39

136.0 135.5

138.5 138.0 137.5 137.0 13§.5

f1 (ppm)

20 10

30

70 60 50

80

T
110

T
130

T
140

T
150

T
190

T
200

f1 (ppm)

S62



38000
~36000

~34000
32000
~30000

~28000

26000
~24000

~22000

20000

~18000

16000

—14000

12000

10000

~8000

~6000

~4000

~2000
~—2000

oLLL
18l°C
9621
Z1e°¢
9eee ]
6SEE
18€°¢E
G6E'E
€0v'e
oL¥'e
Gev'e
0S¥'€
€SY'e
GOP'E
18Y'C
Nvm.j
GG8'Y
9091
1619
122°9
1€C° 9
25291
Sm.ﬁ
€LE'Y,
1Y€
€Sl /1
IR
AVE
9/l
G8l'/
002
502,
G512/
022,
1€T 1
952’/
0.2
282/
€622
€ze .
m_ mmm.&\
© y0p'/
0Ly L
8Ly .
kadh
oS/
vy L
A R

/

—

——

2019-9-5

HTB-7-47_CDCI

—

Fh

sl

b e

OH

5h

Aio.r

—= =10l

- =8¢’

=c0°€ |

= Ly |

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

8.5

f1 (ppm)

S63



2019-9-6

O
™

HTB-7-47_CDCI3

~700
650

~600

550

~500

450

~400

350

~300

~250

~200

~150

100

-0

-=50

981°¢C—

8GR GE—
L1960V —

@Nm.mm/
wwm.om/
ooo.mmﬂ
A YAV

TARA
¥50'9Z1
G95'9Z1
618°9Z]
601221
pLE/Z1
288121
€99'/Z1
2817121
6vE'8Z1
Ovi'8zl
€G/'8Z1
/S6°621

K@.omi

/98°9¢€
90Z' /€1
' 126' 111
6SLEVL
9et'GY L

(o]
o}
o
—
™
—

O N B

Fh

b e

OH

5h

20 10

30

70 60 50

80

T
110

T
130

T
140

T
150

T
190

T
200

f1 (ppm)

S64



2019-9-2

' 85C°L
~ 692,
9/¢ N\%

™

DCI

@)

HTB-7-32

/G622

45000

40000
35000
30000
25000

20000

15000

10000

~5000

ev9'L
0bL b
12T
¥22'T
G61°€
ZLTe
mmN.L
1GZ°€]
8.2°€
062°€
eLee
62E€;
8E€E
mmm.m/

|

69¢€'¢C
NNm.m/

96€°€ |
7L Y
25871
16L°G
161G
pLTG]
1€Z'S
@mm.m/
mvmi
1629
G912
1211

8811
v0cZ L1
6lLC /.
€cc L
€ec’ L
6E€C L
EN.L

_\wNN\

00€.
90€",
wrmi
€z,

|
&
W
mwr.j/

/

J

v

b e

/

OH
i

Wro.m

919 |

860 |

Fziy
FSLL

Frol

ML F00'L

Feeg

0.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

8.0

S65



2019-9-3

HTB-7-32_CDCI

o' ere6el
B_ 8190V}
« 0LZ Lyl

~3200
3000

~2800

2600

~2400
~2200

2000

~1800
1600

~1400

1200

1000

~800

~600
~400
~200

=200

8¢8 Ll —
0€L¢c—
099°G¢—
G6C'LE—

80601 —

82€'69-
€899/

00022\
g1e2.”

RA
¥£6°Z21
151921 |
229921 .
006921
880" 2ZL
285°/Z1
821121
6LE 621
205°0€ |
200°€E L
950° L€}

65t Gl

2000
1500

~1000

~500

V€622
1517921
229921
ooa.om;
880°.2L -\
Nwm.krw
TANEA)
6LE62L7
20s 0L

c00°€EL—

120

125

130

f1 (ppm)

WWMMMWWMWMM ;0

b e

OH

i

ULML‘AWWWWMM i ;MLW podii gy

T
140

20 10

30

50

60

70

80

T
110

T
130

T
150

T
190

T
200

f1 (ppm)

S66



24000
~23000
~22000

21000

~20000

19000

~18000

;17000
;16000
;15000
;14000
;13000
;12000
;11000
;10000
—~9000
~8000
—7000
6000
;5000
~4000
~3000
~2000

~—2000

D
N
-+
D

60.°1
mw#.ﬂ
NM#.N;
N@N.mg
LEE'E
G8E €1
L0V €1
va.m;
LyY'€)
6659°¢"
9v9'¢€
L09'Y
CL8Y
612°9
682 91
€81°.1
8817/
661 /L1
¢02 L1
JAVTAVA
0¢Z L1
TAAN
0vZ L1
@#N.ﬁ
08C°L
98¢ L
862 L
€0e’L
LLE L
12€ L
€ce L
€9¢’L
1 89€"/
18E€°L
98¢’ /L
A1 7WA
Qv L
8917 L
08¥'L
a8y,

m mrrr

—

D

™

_1H_2019-9-25
e | e —————————

HTB-7-73_CDCI

[

SiMe

3

ke

FOO€ |

=001

Fsoe |
F960 |

F60°L
F80°L

F00'L

S0y
MNO.N .

H/vo |

86°0 |

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

7.0

7.5

S67



2019-10-15

O
™

1
_

HTB-7-73_CDCI3

-650
~600

550

~500

450

~400

~350

—300

~250

~200

~150

~100

~—50

6000—

c0L°¢c
vyl €T’

98601 —

66069~

8819/
00024

AYAVi

999°/8—

14407 5

0zEZLL
01892}
pv6'9Z)
801°/2)
€08'22) ¢
/88171 \
86682}
265°0E)
Sveect
1GZ' L€
PEY 0P )
€/G0p)
19G°Gh )

Silles

OH

ke

10

30

40

70

80

90

T
130

T
140

T
150

f1 (ppm)

S68



36000
~34000

32000

~30000

~28000
~26000

~24000

22000

~20000

18000

16000

14000

12000

10000

~8000

6000

~4000

~2000
~—2000

LEVL
9G1L L1
SLL 1Y
620
0v0Z
9€5°¢)
vmm.ﬁz
€15
029
8€9°¢1
1G9°¢C
TAR>
el
€er' e
LYYE]
e
6YbE,
mmm.j
166
GE0'G |
0¥0°G1
v¥0°GH
£90°G ]
190°G
vwo.m:
wwo.m/
A

[l

260G
G96°'G
286G
0829
1629
AAWE
8.1/,
G81°L4
Y6l L
00¢ .y
LLe Ly
orN.N/

mT

2019-10-18

- omm.ﬁw
982
™' 6ETL
vmmi
Tl
8E€L
Zvel
1GE L
19"/

HTB-7-81_CDCI

[/

ocg L\

OH Et

=

3k

Fe6l'¢

=¢0°€¢ |

WMWS.N

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.5

f1 (ppm)

S69



—~170000

—~160000

150000

~140000

130000

120000

110000

100000

~90000

80000

~70000

60000

~50000

40000

~30000

~20000

10000

0

~—10000

HTB-7-81_CDCI3_13C_2019-10-21
OO MOOOTTLLONDONMN—L
N OTOTOTONNMN O M~ OO ANM < (o] (Q\
QOr-BWNOWAON—OBDG 9O ®Q © W ¥
~—~ONNOOMMNIMNOOLLO MO Om ™~ Qo o
TITTOOOANNANANANANN — NNMNOO O O <
Ll el il wnl ol i nal vl el el el i el MNMN’MNO© o™ (q\] ~
—_—— | ~Ne— \ \ \
o ([@eeo] (e 0] O M~
e 3 ™ S © 150000
0 M~ — ((oNTp} B
N I~ N O ©O
AN N AN AN N
D i < <
5k N | \ / 100000
~50000
Il | |
M_O
T T T T
128.0 127.5 127.0 126.5
f1 (ppm)
I
v ﬂ%hﬂ \ v) | 1 I Lo ) .
T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

S70



H_2019-10-15

HTB-7-82_CDCI

15000
—14000
13000

12000

11000

10000
9000
8000
~7000
6000
~5000
~4000
~3000
~2000
1000

0

~—1000

o
h w
™
N\\

o m

OH  Bn

L N

|

4.0

al

-0.5

0.5

1.0

1.5

=660 L

2.0

3.0

FlVC |

3.5

FOLZ |

4.5

Fogz

5.0

F90°L

6.5

7.0

8.5

f1 (ppm)

S71



~75000
~70000
65000

60000

55000

~50000
~45000

40000

~35000

30000

~25000

~20000

~15000

10000
5000

~—5000

80G9¢€~
0€9°8E~

06€69-
2899/

00022\
81e2.”

876'GLL—
yeZ 91

605921\,
05.°921
01L6'92)
Gz /2l
681121
818,21
6£5'821
22,921
898621
1618701
Q evL el
~, 087 /EL
a2 mmm.wmi
EVEOvL
©, 825011 ]
N //8°07)

C_2019-10-17

DCI

70000

60000
50000
40000

30000

20000

~10000

~0

OH  Bn

e

veC 9Cl
mom.om_\/
0G2°9C1~:
0L6°9CL—
TANA N
68.°LC|
8 rw.mwr\
6€G '8¢l

¢cl8cl
898°6¢1 —

618°0€L—

129 128 127 126
f1 (ppm)

130

131

al

q

10

30

40

50

T
110

T T T T T
190 180 170 160 150

T
200

f1 (ppm)

S72



H_2019-9-24

L2, 2% 107
2. 0% 107

L1.8% 107

1. 6% 107

-1, 4% 107
-1.2Xx107
-1.0x 107
8. 0% 108
6. 0% 10°
-4, 0X 106

L 2. 0% 10°

~0.0

L2, 0x10°

iyl

|

Fh

/

e

OH

hm

Wmm._\
€o’l
oy

FLol

=001

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

8.5

f1 (ppm)

S73



9.£92L— 2
19921 =
€L LT L
689°62— LeLl2L- L
. A A ey,
€98°221” -
612821 o
AL R A B
Em.%/
€89°9/
0002/
mow.t\
¥20°901L—
LELSLL—
9.€'92)
19°9Z1
AAKA) =
LELL2) B
kA i}
< 79921 -
2 €98/2)
- 612821
@ Z¥58ZL
m_ 987621 y
o' 702 0EL
® 9L9'VE | O
' BE0'9E L 5 E
O 6¥Z LEL
Q @R.Ri B
o 7080V | V4
S 165 Lyl

Fh

20 10

30

70 60 50

80

T
110

T
130

T
140

T
150

T
190

T
200

f1 (ppm)

S74



H_2019-10-15

16000

15000

14000

13000

12000
11000
10000

9000
~8000
~7000
6000
~5000
4000
~3000
~2000
~1000

~—1000

—

N B

J

RS

in

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

8.0

8.5

S75



188921 E .
769°9Z) B
p0T LT "
905221 -
NN@.NNQ <2 ,
12€°9€ 00 22Lr - =2 D
91821 -
AEA AR =
969'6ZL - H
60L°0SL— .
£VG 69~ .
289'9.
100" LL
8Le /L
!
L0S'GLL—
L£€°9Z1
¥69'9Z1 -\
¥0Z 221
905221
12512V
~ 001221
= 9€1'8z)
< 2LTeTL
2 969'62}
R 60108}
o G269€ -
S O0ve LEL
ol 80L°0VL OH ()
o NE.oi 5 s
S Lyl
m_ 109" L) G

HTB-7-9

20 10

30

70 60 50

80

T
110

T
130

T
140

T
150

T
190

T
200

f1 (ppm)

S76



2019-10-17

~21000

~20000

;19000
;18000
;17000
;16000
;15000
;14000
;13000
;12000
;11000
;10000
9000
8000
~7000
;6000
;5000
~4000
~3000
~2000
;1000
;—1000
;—2000

~0

[

=
— M =90'})
—

.um F60°¢ |

N

LN

89l

— F06°0

m 10}

S

/

j
/// = = F06'9 |

g

z

\

Fogz .

% 1.0

=l

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

8.0

8.5

S77



=
168 wmf BEE
GE1 62 — _
. €69’ 62l 1 m E -
25€9e— P[L2 -
088981y T ore
106°9€] g
mvmxi E
. 181°/€1
6569 ) ]
€89°9/ :
Lo/ / =
gLe 2.7 i
i
99%'GLL— - .
062°9Z1 ”
029'9Z1 P
90 /21 - =
687121
€621 —
o L£8°82) —
% GEL'6ZI
S €£9'6Z1
© 961°0¢1 i
S 088’ @mi }
o' L06° @mr m
3 ShZ IE) u
1827 € 1] O O i
O 80Z°0vL] - _ t
Q 6.1 :i © E ;
_
3 989’ L YL C |
7“ / F
=
T H

20 10

30

70 60 50

80

T
110

T
130

T
140

T
150

T
190

T
200

f1 (ppm)

S78



H_2019-10-9

1

HTB-7-92_CDCI3_

~22000
21000

~20000

19000

18000

17000

16000
~15000
14000

~13000

12000

11000

10000

9000

8000

~7000

6000

~5000

4000

~3000

~2000
1000
~—1000
—-—2000

-0

09¢€’L
€.8¢
118°¢C
688°¢C
€68°¢
168¢
G8a'v
065GV
829V
€e9'y
LLLY
¢8LY
€08y
L08'Y
¢c09
8€0L
A4\
960,
0902
G6l°.
6612
90c¢'.
AT
L1CL
Lec L
9¢c'.
vee'.L
6€C’.
¢8c¢'L
88¢'.
G6C 'L
L0€°.
61EL
Gee'l
0€e’.L
9ee’L
cve'L
8.€°L
86€°L

|

]
|
i
)
]

1
|
1
|
|
|
1
1

|
]

|
|
|

—

_ LEV N/ — "

| LEV'LF
mvv L
A4
 VSv L
omm L
|4
8€G'.
A% WA

J
J
J
]
I

W

J

£Bu

ave

DH

Sp

+06'8 |
F0L0 |
——=F96"|

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

8.0

8.5

S79



tm.@ﬁm -
169921 ~ <
65t L2)
LIV 12) . <
889'67 6L5°.2) -
G9e'LE 6£6'82) 2
GESVE ¥89'62) =2
8/v9g’ L1L°0El .=
100 L€~ . -
95z’ LEL— = .
. L1028 E
02569
€89'9/
[aTaTa N
8Le//
pEC'GLL—
6v0°SC)
L1921\
169°9ZLf
65t L2)
L1V 1Z)
61521
Q 6£6'82
2 ¥89°621
© JLL0EL ;
Q 100°LEL u
oloszer] LMY
S JLLLEL - X
- 18207) ° &
/GG L)1 &
L01°0G1" \

HTB-7-92_CDCI

20 10

30

70 60 50

80

T
110

T
130

T
140

T
150

T
190

T
200

f1 (ppm)

S80



4. 0x 107
-3.8% 107
-3.6X 107
-3.4%107

Nmo.ﬁ
810
258°C
1G8'C
298'C;
998'C;
118°2
G/8°Z]
686G
666G
6669
AAW)
LEL .
RAWE
€G-
0€C .1
AR
RzAVA
VAR
NeraVl
GOZ /-
1121
€87/
987/
682'.
G6Z' .
00€".
elLel
€le)
L1€)
68€°.L
€6E'.
201,
90",
AN
6EY 'L
S L
ISt
_ 29,
AR

m_ Sm.nw
™ 825/
265,

_ mvmi
81G .

256" 2]

996"/

695/

—

2019-10-18

HTB-7-89_CDCI

i
[

OH

5q

LL_JUJLJ_'
o ' '

U'(JJ
s
A vl
=
D
2.0 1.5

T
e
v
~
AN

T
0.0

-0.5

0.5

2.5

6.0 5.5 5.0 4.5 4.0 3.5 3.0

6.5

8.5

f1 (ppm)

S81



C_2019-10-18

™

<~

HTB-7-89_CDCI3

140000
130000

120000

—~110000

—~100000
90000

80000

~70000
60000
50000
~40000
30000
20000
10000

~—10000

CeEV 9E—

829'69

€899/
000°LL

L1E€1L.
81LGGlLL
999°¢cl
09€°9¢|
9€.°9¢l
L¥8°9CL
690°L¢l
YASIWXA®
LGG LCl
WA WRA"
9.1.°LC)

128821 T

L11°6¢l
6v.6Cl

¥60°0€ ) \

006°9€
oomgmi
9£/°6€)
Eo.oi
1 G1LZ0b)
L 0vL

| Nom.:i
LIV Ll

Fh

DH

5q

40 30 20 10

50

70

T T T T T T T
190 180 170 160 150 140 130

T
200

L0

f1 (ppm)

S82



2019-7-2

I

<~

™

HTB-6-71_CDCI

11000
—~10000

9000

8000
~7000

6000

~5000

~4000

~3000

~2000

~1000

~—1000

GG0'0—

GoL' ¢
9Lz’

€08°¢c—

L¥0'9
LG0'91
£€8'9;
€G89,
CTAWA
0G1"L1
0€C L,
Lve L
T8

89¢'.
9/¢°L
18CL

€cel
{

loge .
_ :&.Q
weL,
vy L
027 L
12V
IS¥1

F
-

mmmi
IvS L

N

e

A4l

£€6°0 |

Fzoe |

FooL

H\mm._\

[zt

00V |

Ry
oL
H:o.r

-1.0

0.0 -0.5

0.5

2.0 1.5 1.0

2.5

4.0 3.5 3.0

f1 (ppm)

4.5

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

S83



HTB-6-71_CDCI3

—
w
O
S
—
P
o
N

139.009 I,
135.223

158.858
133.215

148.617
141.330 !
140.626
130.656
130.497
128.940
127 .814
127.607
127 437

127173

e ) S —

I
|

126.875
—113.473

e

Citl e

‘ OH SiMes

3g

77.318
77.000
76.682
72.306

/
\
\

~130.656
130.497

—55.274

—128.940
127.814
127.607

~127.437

/
|

127173

126.875

150000

100000

50000

—
130

R
129 128

£1 (ppm)

—0.369

240000
;230000
;220000
;210000
;200000
;190000
;180000
;170000
;160000
;150000
;140000
;130000
;120000
;110000
;100000
;90000
;80000
;70000
;60000
;50000
;40000
;30000
;20000
;10000

~0
~—10000

~—20000

T T T T
200 190 140 130

T
110

T
100
f1 (ppm)

T
90

S84

80 70 60

-10



H_2019-10-9

1

HTB-7-88_CDCI3

~14000
13000
12000

11000
10000
9000

8000

~7000

~6000

~5000

4000

~3000

~2000

1000

~—1000

-0

mmo o
8G0'¢
890°¢

6G€°¢C
8709
8309
6.0°L
€80°.
00L°.
0LL'.
(019 2
8cl'.
99¢'.
0LCL
v.C L
182 L
88¢' .1
v6Z L1
00€° L1
v0€ L1
90€° .
14%WA
1{AWA
YXAWA
€ee’s
8ee’.L
Gre L
A1 WA
Gee'L
yASI S
0LE°L
9/¢€°/L
08€’L
801'.
9Lv'.
Lev L
9cv'L
6CV'L
AN )

ey L T

—

O S N IO B RO |
—

L

v
-
) LO
I~
=/

o' ezg &
GZG'L

825L
'9eG7s
L¥G’ g
£7GL]
MG L

J |

=818

= FEcc’}

)

Fzoc |

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

8.5

f1 (ppm)

S85



26870 —
¥98'9Z1 " = _
€60°LC— 287121 = i S
S TR - 3
199'22L 5 E
0SL°2L~
62,821
Slez) Y6821 2 .
N@@.EW 602621 B
000'2L ¢ —
8Le /]
¥98°9Z1
rAXAIA)
SOV 2L
199'/Z1
067221 ]
62,7821\ I
L¥6°82L | -
602°62) \ —
025705t |
o ZOLSEL
S 068'9€L- :
% L06'LEL,
S 0L06E)
N 229 0vL ]
Q vv@._i L
~ £95°8Y|

HTB-7-88_CDCI3

OH SiMes

3h

20 10

30

70 60 50

80

T
110

T
130

T
140

T
150

T
190

T
200

f1 (ppm)

S86



—2100
~2000

~1900

~1800

—1700

1600
~1500

—1400

~1300

~1200

1100

~1000

900

800

~700

~600

500

~400

~300

~200

~100
~0

~—100

LECO0—

GC6 L~
¢cec'c
mmN.NV

OLLv—

2zLG—
8/2°9
182°9
S0L°/
i
AV
peLL
evLL
8L/
oGL°L
A
1692’/
G1Z')
1882°/
Geg'/
96¢ /1
| wovi
¥8G'/
€66/
09/

HTB-7-3_CDCI3_1H_2019-7-12

OH SiMes

J

3i

|

Fece|

Bcl'e

F6L Lt

oLt
FLzL|

FooLf

20T

GO'v|

al'l

00L|

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

8.5

f1 (ppm)

S87



1180 : E EE— d
918'9Z1 = L
GE6'9Z)L— B
ZAATA 162 221~ o
9857 /21~ s —
€69'/21” o &
662821 — E -
/S0°62L— B
2oVl -
€89'0L
So.tw -
gLe /.
006°GLL—
918921 =
GE6'9ZL ) E
162221 JL
985° /21
€69 /21 H
662821 R —
v 150621 ]
T 6LzGEL
o 0LL°6EL
S 281°6EL
N v86°Z1 L I
Q ev6 vyl = G
~ LLL8YL e
o =
| ) &,

HTB-7-3_CDCI3

20 10

30

70 60 50

80

T
110

T
130

T
140

T
150

T
190

T
200

f1 (ppm)

S88



HTB-7-3_CDCI3_DEPT_2019-7-15

1
%
| 8 160000
> O
N
A

135.220
128. 301
127.655
127.587
127.291
126.937
126.819

140000

—115.901
—72.463
—25.224
—0.817

é

120000

OH TMS

l i —~100000

80000
60000
40000

~20000

-—20000

~—40000

~—60000

——80000

~—100000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
S89



~900

~800

~700
~600

500

~400

~300

~200
100
~0

9lLL'e
G98'Z
088°Z
906'Z
026°C1
9€6'C
856'Z
G/6'C
178'€
159t
6691
128'Y1
98 ¥
L0G'S
€25'G
mmm.mg
6ES'G
6YS'G
99G°G
G/G'G
28G°G
166G/
B@.m\
509,
/169
6.0°.
602°L
622 'L
A
_O@N.Nv
T Smi
o ELEL
Gze'l
p8e .
| 68"/
_ wmmi
h 9¥G.

mrr

L —

2019-7-12

—noonm

| S—

1_CDC

HTB-7

Jor_

— F€0'l

— ravz|

)

o 60°G |
— MQ.N

= el
H/wo.v

=80°¢ |

M Fz6°0 |
== 060

c0¢

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

8.5

1 (ppm)

S90



HTB-7-1_CDCI3_13C_2019-7-15

~90000
80000

~70000
60000

~50000

~40000

30000

~20000

10000

1 989°9€ 1

1 0SZ°0% )|

L9€°9E—

y0e GG —

819'69
2899/

000 2.\
615227

LLGELL~
L0G'GLL
06¢'9¢l

08G°9CL -
Lvv LCLf
A AN
L6y LCl
YA XA
699°6¢l
mmm.om:
mom.om:
860°¢El

YAV

owm.:i
€517l

1 G98'8G1

b,

T

OH

ar

20 10

30

70 60 50

80

T
110

T
130

T
140

T
150

T
190

T
200

f1 (ppm)

S91



30000

~25000

~20000
~15000

10000

5000

——5000

~—10000

-—15000

L9€°9E—

y0e GG —

81969

OLSELL
LISELL
10S°GLL

262921
085'921 ¢
vy LTl

cly'lc 1
!

*ﬁ

L6y LCL

Ll

Ll

20 10

30

70 60 50

80

T
110

T
130

T
140

f1 (ppm)

S92

© 18G°/Z1
N 699621
® 662°0S) |
S 0ze omt

150

160

HTB-7-1_CDCI3_DEPT

_ L9¢ om:
688°9¢|

TPy

T
190

T
200




2019-10-9

I

D

™

HTB-7-83_CDCI

55000

50000

~45000

~40000
35000

~30000

~25000

~20000

~15000

10000

~5000
——5000

6EY L1
9e1L'Z
oLz
¥8€°Z
958'Z
18T'¥

eY9'p
¥00°9
€109
€0°/
850°2
1502
950/
891"/
AW
9/l']
981/
1612
1611
¥0Z' .
602",
€Lz,
022,
€zZ'1
1221
1§21
9z,
R
YT 1
GGz /
162 .
¥0E"/
J0S /
0LEZ
ILE]
¥Ze',
12E1
g€’/
65/
e
6L
€S/
oG/
_ N@v&
Slv.
6.7 .
m@vi
861/

g

b e

OH

hs

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

8.0

8.5

S93



2019-10-9

O
™

™

HTB-7-83_CDCI

85€'9Z1 S :
YANAN /Y6921 - _
RRaAd 162 LT1A\ - 5 =
G L
I kA %2 -
9eE 0v— G6.8ZL~ - = - —
SLL'6ZL- — -
60L°0E L~ ) Iz
88L'0€l” “
€1G 69
€89'9/ ]
00022\ |
gLe 227
€S LLL— e
85971
I¥6°921
162121 —
¥8¢/21
I Al
G6.'821 =
G621 ]
60L°0E
881°0¢|
26.1°9¢€1
_mvwomr% .
vagmr; =
102 0%l
967" LY L o A_v
026’ L) =

_ 662Gl

hs

20 10

30

70 60 50

80

T
110

T
130

T
140

T
150

T
190

T
200

f1 (ppm)

S94



2019-10-9

' ve€'L

1
_

™

~35000
30000

~25000

~20000

15000

10000

5000

~0

HTB-7-84_CDCI

10172
AAwA
261
700°€1
800°€
02¢0°€
720°¢1
8¢0'¢C
Ge8’q
916'G
/909
.09
.60/
GoL'.
1WA
1WA
YA WA
IXAWA
LEL L]
4AWA
GGl /]
191"/
6917/
€L L
YA
/6171
10C .
¢li’ L
9.2,
082 L
1 TAVA
14 TAVA
JAYAWA
goe’L
80¢€L
LLe .
91€L
YXANA
A% A

(L

R N R RS R R W——

—

6ec L]
IYSL
A
1GE°L
:\@i
1G9/
8@.&
0.9°L

e .
.

I/

T S

M

=60°)

=8¢'¢

F00¢C

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

8.5

f1 (ppm)

S95



220000
210000

200000
—~190000

180000

170000

160000

—~150000
~140000
130000

120000

—~110000

100000

~90000

80000

70000

60000

;50000
~40000
~30000
;20000
;10000

~—10000

~—20000

VA Y

8L9°GE—

L€9'69"
€899/

100" L.\
gLe 22’

6.6'GZ)-
€62°9Z}
TR AR
G16'9Z} |
88V /Tl
629'221
6v9° L1
188" /L |
€1€°8Z1 |
085°8Z) ¢
0/6'82ZL [
062'62)

2£8°62)

282°0¢€)

6.50S)

266'9€1
wwimi
1 2LE LEL
Q1227281

~ 0L0°0¥ )
LY L) ]
6v. Ll

T

2019-10-9

HTB-7-84_CDCI3

Fh

20 10

30

70 60 50

80

T
110

T
130

T
140

T
150

T
190

T
200

f1 (ppm)

S96



26000

~24000
22000
20000
~18000
16000
14000
12000
10000
8000
6000
~4000
~2000

~—2000

1H_2019-11-4

N

B

- B}

=86°C |

F10Z |

Fo6'L

Foo't

+197¢ |

Fe6v

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

8.5

f1 (ppm)

S97



816'GL— E - :
o 162'8Z1 — | ]
$19°92 oLzl E =
| c8062L - o
21928 ezLezlL - a
PYG 6zl o
€962, E i
9899 ]

G00°LL7
NNMNN\

ov0 9Ll
eveacl
IATRCTA"
698°6¢1
ccy0cl
0c.°0¢l
192°0€1
€8l LEl
Nmm.vm_\\
961°L€1
91/2°8¢1
G96°'8¢|
o LECOVL
LGS vPL

Et

1 909°00C¢—

HLY-2-86_CDCI3 13C_2019-10-1
8]
8a

Yy

—~—10000

10

30

40

70

80

T T
140 130

T
150

T T T
200 190 180

T
210

20

f1 (ppm)

S98



—1400
1300
~1200
~1100
1000

~900
~800
~700
600
~500
~400
—300
~200
~100
~—100

~0

GLO'L—
892°C
mmm.f/
€S
6081
ANA
9€0°/ |
0G0°Z1
8901
180 L1 )
L2 h

LEL 2]
S AWA
2912
ATAVA
G9Z L
WA
98¢/
mwN.ﬁ
mom.ﬁ
80€"L
8.€ L
/8€°/
06€L
96€L
90v'L
6072
vLyL -
_otl/ —= 20l |
= 187, O =
™ av% -
vrm.ﬁ o =

816'L]
AxW)
9€G/ 1
Bmi
eleley]

JJL\_JLULA I

[

L

Forz

I 960
F ool

J
| |
I

H 2019-11-5
he

Mg

HLY-2-89T_CDCI

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

3.5

4.0
S99

7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

8.0

8.5




240000
;230000
;220000
;210000
;200000
;190000
;180000
;170000
;160000
;150000
;140000
;130000
;120000
;110000
;100000
;90000
;80000
;70000
;60000
;50000
;40000
;30000
;20000
;10000
Lo

~—10000

HLY-2-89T_CDCI3_13C_2019-11-5
(c0) T OO MO ANMOTNOLOLONO N
O ANONMNTSOOODOOMOW TS OSSN M— O @ N ™ 0 O
T NN ONOMNMTNOMOOOMNMN SR X © NI
S WrOOONOT-TT-OOO O 0 WW©LWN REIN B o ~Q
o T TTOOOOOOOOMANNNANN — N N © o AN
(q\] Al i 5 sl el ol ol el — i ol el el Sl i el N~ N N <t AN NN
| — | | N
Me
I o E
8h
il
.
[ |
lﬂj”.._ .||L. J “
4 aaidllid A y o Al
\ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
L0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)
S100

-—20000

-10



12000
11000
10000
~9000
8000

~7000

~6000
5000
~4000
3000
~2000

~1000

~0

~—1000

(o]
(@))
xe
™~

H_2019-11-4

S

i

Feoe |

Foozt

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.5

f1 (ppm)

S101



2019-11-4

C

1

HTB-8-17_CDCI3_

650'LC— 6LY 8T B —
299'8Z |~
96,8217 -8 y
oo £2€'621—
28/°9¢€ oo ol -
20€ 0L\ B
A d o e =
G89'0EL~ _
N@o.:&w =
pLLLEL)
LY LEL o
2899y
000°2L ———
L€ 11
8G€'GZ 1
160°9Z 11
€18'9Z11
896'9Z 1
6118211
299821
96.'821
€2€'621 4
155621
20€'0€1
12¥0€1
G89'0€1
260°L€1
pLLLEL
LY LEL
Rerelo)
/8G /€11
€09’ mi .
| SYELEL] S
¥90°0¥1
LYO LYl O
' 106111 o 3
S8=0
¥4 002— —

10

20

40

50

70

T
190

T
200

L0

f1 (ppm)

5102





