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1. General information

Optical rotations were reported as follows: [o]'p = (c: g/100 mL, in CH>Cl,). '"H NMR spectra were
recorded on commercial instruments (400 MHz or 600 MHz). Chemical shifts were recorded in ppm
relative to tetramethylsilane and with the solvent resonance as the internal standard. Data were reported
as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet),
coupling constants (Hz), integration. '>*C{'H} NMR data were collected on commercial instruments (101
MHz or 151 MHz) with complete proton decoupling. Chemical shifts were reported in ppm from the
tetramethylsilane with the solvent resonance as internal standard. °F{'H} NMR spectra were collected
on commercial instruments (376 MHz or 565 MHz) with complete proton decoupling. IR spectra were
recorded on BRUKER TENSOR II IR spectrophotometer. Enantiomeric excesses (ee) were determined
by HPLC analysis by using the corresponding commercial chiralpak column as stated in the experimental
procedures at 25 °C, and SFC at 35 °C with UV detector at 230 nm. HRMS was recorded on a
commercial apparatus (FTMS+c ESI). Reagents, solvents and metal salts obtained from commercial
sources were used without further purification. Chromatography: Qingdao Haiyang silica gel,
HG/T2354-92, H CP.



2. Synthesis of the starting materials.

a) General procedure for the synthesis of glyoxals monohydrates
Glyoxal monohydrates were prepared according to the methods reported in the literature.!

1. SeO,, 1,4-dioxane o

O
J\ H50, reflux _ RJ\(OH
R 2. recrystalization from H,O OH
Sub 1 A1-A38

SeO; (24 mmol, 1.2 equiv), 1,4-dioxane (30 mL) and water (2 mL) were added to a 100 mL round
bottom flask and fitted it with a condenser. The mixture was heated to 50-55 °C and stirred until the solid
dissolved. It was followed by addition of Sub 1 (20 mmol, 1.0 equiv) and the reaction was maintained at
reflux temperature. After the reaction was complete, as monitored by TLC, the mixture was filtered
through a pad of Celite. The filtrate was evaporated to afford a crude product that was purified by
distillation under reduced pressure to give a yellow liquid. This liquid was dissolved in hot water (20 mL)
and allowed to crystallize to afford glyoxals monohydrates.

A22: 4-(2,2-dihydroxyacetyl)benzaldehyde

0 Yellow solid, 37% yield.
] OHOH IH NMR (400 MHz, DMSO-d6) & = 10.11 (s, 1H), 8.25 (d, /= 8.2 Hz, 2H), 8.04
I (d,J=8.3 Hz, 2H), 6.93 (d, J= 7.1 Hz, 2H), 5.69 (t, J = 7.0 Hz, 1H).
13C NMR (101 MHz, DMSO-d6) 6 = 196.5, 193.5,139.2, 138.5, 130.4, 129.8,
90.2.

ESI-HRMS Calculated for [CoHsO4+Na"] = 203.0315, found: 203.0315.
A26: 1-(4-ethynylphenyl)-2,2-dihydroxyethan-1-one
0 Yellow solid, 56% yield.
OH " 1H NMR (400 MHz, DMSO-d6) 5 =8.07 (d, J= 8.4 Hz, 2H), 7.62 (d, /= 8.4 Hz,
= o 2H), 6.85 (d, J=7.1 Hz, 2H), 5.65 (t,J=7.1 Hz, 1H), 4.48 (s, 1H).
13C NMR (101 MHz, DMSO-d6) 6 = 196.0, 133.9, 132.2, 130.1, 126.7, 90.0, 84.4, 83.3.

ESI-HRMS Calculated for [C10HsO3+Na*] = 199.0366, found: 199.0366.

b) General procedure for the synthesis of the silicon starting materials.

The desired substituted bis(2-methylallyl)silanes were prepared according to reported procedure.?



)\/MgCI

1
\Si/CI R THF \S'/Cl 2.5 equiv g
_Si_ + — _ = N i
Cl Cl ng 0°C.2h R1 | cl THE \”/\ ||/\H/
0°C-rt, 24 h
10 mmol 1.0 equiv B1-B22

Method A: To a solution of methyl trichlorosilane (10.0 mmol) in THF (20 mL), Grignard reagent
R'-MgX (10.0 mmol) was added at 0 °C under argon atmosphere. After the resulting mixture was stirred
at 0 °C for 2 h, a solution of (2-methylallyl)magnesium chloride (0.5 M in THF, 2.5 equivalent, 25 mmol)
was added at 0 °C. The reaction mixture was gradually warmed up to rt and stirred for 24 h. After the
completion that was indicated by TLC, the reaction was quenched with sat. aq. NH4Cl and extracted with
petroleum ether. The combined organic phases were dried over Na;SQg, filtrated and dried under reduced
pressure. Purification of the crude by silica gel chromatography with petroleum ether afforded the desired

substituted bis(2-methylallyl)silane B1-B22.

MgCl
1. EtMgClI (1.0 equiv) )V g

cl cl 2. PhMgBr (1.0 equiv) Et. Cl 2.5 equiv Ph
Cl THF, 0°C, 2 h Ph™~>CI THF N
10 mmol 0°C-rt, 24 h B23

Method B: To a solution of silicon tetrachloride (10.0 mmol) in THF (20 mL), ethyl magnesium
chloride (10.0 mmol) was added at 0 °C under argon, and the resulting mixture was stirred at 0 °C for 2
h. Phenyl magnesium bromide was then added to the prepared ethyl trichlorosilane via syringe. After 2 h
at 0 °C, a solution of (2-methylallyl)magnesium chloride (0.5 M in THF, 2.5 equivalent, 25 mmol)
prepared beforehand was added to the mixture at 0 °C. The reaction mixture was gradually warmed up to
room temperature and stirred for 24 h. After the completion that was indicated by TLC, the reaction was
quenched with sat. aq. NH4ClI and extracted with petroleum ether. The combined organic phases were
dried over NaxSOQg, filtrated and dried under reduced pressure. Purification of the crude by silica gel
chromatography with petroleum ether afforded the desired product B23.

Ph\Si/CI /[\/B In (2.0 equiv) FI)_h
H el * ' \H/\S.'Y
DMF, rt, 4 h H

1 mmol 3.0 equiv B24

Method C: 3-Bromo-2-methylpropene (3.0 mmol) and indium (2.0 mmol) in dry DMF (2 mL) were
added to a round bottom flask with stirring at room temperature under a nitrogen atmosphere. The mixture

was stirred for about 1 h. Phenyldichlorosilane (1.0 mmol) was added dropwise. The reaction mixture



was stirred for 4 h and then was quenched with 0.1 M hydrochloric acid (2 mL). The resulting mixture
was extracted with diethyl ether (3 X 5 mL), the diethyl ether solution was washed with saturated NaCl
(2 X 5 mL) and dried over Na;SO4. The solvent was removed by evaporation under reduced pressure.
Purification of the crude by silica gel chromatography with petroleum ether afforded the desired product
B24.

B1: methylbis(2-methylallyl)(naphthalen-2-yl)silane

‘ Colorless oil, 65% yield.
O '"H NMR (400 MHz, CDCl3) § = 8.01 (s, 1H), 7.89 — 7.74 (m, 3H), 7.61 (dd, J = 8.1,
. 0.9 Hz, 1H), 7.53 — 7.42 (m, 2H), 4.67 — 4.56 (m, 2H), 4.55 — 4.43 (m, 2H), 1.91 (s,
YSII/\[( 4H), 1.57 (s, 6H), 0.46 (s, 3H).
I3C NMR (101 MHz, CDCl3) & = 143.1, 135.4, 134.8, 133.9, 132.98, 130.4, 128.3, 127.9, 127.0, 126.5,
126.0, 109.6, 26.4, 25.5, -5.0.
ESI-HRMS Calculated for [C19H24Si+Na'] = 303.1539, found: 303.1539.

B3: methylbis(2-methylallyl)(o-tolyl)silane

Colorless oil, 23% yield.
©\ 'H NMR (400 MHz, CDCl3) & = 7.44 (dd, J= 7.7, 1.3 Hz, 1H), 7.28 — 7.25 (m, 1H),
\HAS“/\H/ 7.16 —7.13 (m, 2H), 4.58 (dd, J= 2.2, 1.4 Hz, 2H), 4.53 — 4.45 (m, 2H), 2.50 (s, 3H),
1.99 — 1.83 (m, 4H), 1.57 (s, 6H), 0.42 (s, 3H).
I3C NMR (101 MHz, CDCl3) 8 = 143.7, 143.4, 136.0, 135.2, 130.1, 129.5, 125.0, 109.6, 26.8,25.3, 23.6,
-3.6.
ESI-HRMS Calculated for [C16H24Si +Na*] = 267.1539, found: 267.1541.

B4: (2-methoxyphenyl)(methyl)bis(2-methylallyl)silane

Colorless oil, 40% yield.

@0/ 'H NMR (400 MHz, CDCL3) = 7.37 — 7.33 (m, 2H), 6.93 (t, /= 7.3 Hz, 1H), 6.81 (d,
\HAS['/\H/ J=8.5 Hz, 1H), 4.56 — 4.50 (m, 2H), 4.47 — 4.41 (m, 2H), 3.82 (s, 3H), 1.96 — 1.81 (m,
4H), 1.56 (s, 6H), 0.33 (s, 3H).
13C NMR (101 MHz, CDCL3) § = 164.3, 144.0, 135.7, 131.2, 125.6, 120.6, 109.4, 108.8, 54.9, 26.2, 25.2,
4.9,

ESI-HRMS Calculated for [C16H240Si+Na'] = 283.1489, found: 283.1486.



BS5: methylbis(2-methylallyl)(m-tolyl)silane

Colorless oil, 67% yield.
©/ H NMR (400 MHz, CDCl3) § = 7.32 (s, 2H), 7.25 — 7.20 (m, 1H), 7.17 (d, J= 7.6 Hz,
\HA?'/\H/ 1H), 4.60 (s, 2H), 4.49 (s, 2H), 2.35 (s, 3H), 1.82 (t, J = 13,8 Hz, 4H), 1.58 (s, 6H),
0.35 (s, 3H).
13C NMR (101 MHz, CDCL) § = 143.2, 137.7, 137.1, 134.7, 131.1, 130.0, 127.7, 109.4, 26.3, 25.5, 21.7,
5.0,
ESI-HRMS Calculated for [Ci6H24Si +Na'] = 267.1539, found: 267.1544.

B6: (3-methoxyphenyl)(methyl)bis(2-methylallyl)silane

O._ Colorless oil, 43% yield.
©/ 'TH NMR (400 MHz, CDCl3) 6 = 7.32 — 7.26 (m, 1H), 7.14 — 7.09 (m, 1H), 7.07 (d, J
Ysl'/\[( =2.6 Hz, 1H), 6.91 — 6.88 (m, 1H), 4.63 — 4.56 (m, 2H), 4.54 — 4.44 (m, 2H), 3.81 (s,
3H), 1.82 (s, 4H), 1.58 (s, 6H), 0.36 (s, 3H).
I3C NMR (101 MHz, CDCl3) 6 = 158.9, 143.1, 139.5, 129.0, 126.4, 119.7, 114.3, 109.5, 55.2, 26.3, 25.5,
-5.0.
ESI-HRMS Calculated for [C16H240Si +Na"] = 283.1489, found: 283.1489.

B7: (3-chlorophenyl)(methyl)bis(2-methylallyl)silane

Cl  Colorless oil, 42% yield.
©/ TH NMR (400 MHz, CDCl3) § = 7.47 (s, 1H), 7.39 (dt, J = 7.0, 1.1 Hz, 1H), 7.40 —
\ﬂﬂsl'/\ﬂ/ 7.38 (m, 1H), 7.29 (d, J = 7.3 Hz, 1H), 4.65 — 4.56 (m, 2H), 4.52 — 4.44 (m, 2H), 1.82
(s, 4H), 1.58 (s, 6H), 0.37 (s, 3H).
13C NMR (101 MHz, CDCLy) § = 142.6, 140.6, 134.2, 133.8, 132.1, 129.3, 129.3, 109.9, 26.1, 25.5, -5.1.
ESI-HRMS Calculated for [C15H2 CISi+NH, '] = 282.1439, 284.1410, found: 282.1437, 284.1409.

B9: (4-methoxyphenyl)(methyl)bis(2-methylallyl)silane
~0 Colorless oil, 70% yield.
'"H NMR (400 MHz, CDCl3) 6 = 7.52 — 7.37 (m, 2H), 6.97 — 6.81 (m, 2H), 4.59 (dq, J
=2.7,1.3 Hz, 2H), 4.52 — 4.43 (m, 2H), 3.81 (s, 3H), 1.82 — 1.78 (m, 4H), 1.59 — 1.55

\HASI'/\[( (m, 6H), 0.34 (s, 3H).



I3C NMR (101 MHz, CDCl3) § = 160.6, 143.3, 135.5, 128.5, 113.6, 109.3, 55.1, 26.5, 25.5, -4.9.
ESI-HRMS Calculated for [C16H240Si +Na*] = 283.1489, found: 283.1490.

B10: (4-chlorophenyl)(methyl)bis(2-methylallyl)silane
Cl Colorless oil, 35% yield.
'"H NMR (400 MHz, CDCl3) & = 7.46 — 7.41 (m, 3H), 7.34 — 7.32 (m, 2H), 4.60 (s,
. 2H), 4.47 (s, 2H), 1.81 (s, 4H), 1.57 (s, 6H), 0.36 (s, 3H).
\”AS“/\[( 13C NMR (101 MHz, CDCl3) 6 = 142.6, 135.8, 135.3, 128.2, 128.0, 109.6, 26.1, 25.4,

-5.2.
ESI-HRMS Calculated for [CisH2iCISi+NH4"] = 282.1439, 284.1410, found: 282.1437, 284.1417.

B12: (4-(tert-butyl)phenyl)(methyl)bis(2-methylallyl)silane
Colorless oil, 33% yield.
'TH NMR (400 MHz, CDCl3) & = 7.46 (d, J = 8.2 Hz, 2H), 7.36 (d, J = 8.2 Hz, 2H),
4.65 —4.56 (m, 2H), 4.50 (s, 2H), 1.82 (d, /= 2.9 Hz, 4H), 1.59 (s, 6H), 1.31 (s, 9H),
TSN 035, 3m)
13C NMR (101 MHz, CDCl3) 6 = 152.2, 143.3, 134.2, 133.9,124.8, 109.4, 34.8, 31.4, 26.3, 25.5, -4.9.
ESI-HRMS Calculated for [C19H30Si+Na"] = 309.2009, found: 309.2012.

B13: benzo[d][1,3]dioxol-5-yl(methyl)bis(2-methylallyl)silane
00—\ Colorless oil, 61% yield.
° 'TH NMR (400 MHz, CDCl3) & = 7.06 — 6.92 (m, 2H), 6.84 (d, J =7.6 Hz, 1H), 5.94 (s,
_ 2H), 4.66 — 4.56 (m, 2H), 4.52 — 4.43 (m, 2H), 1.79 (s, 4H), 1.58 (s, 6H), 0.33 (s, 3H).
YS'I/\[( I3C NMR (101 MHz, CDCl3) 6 = 148.6, 147.4, 143.1, 130.7,128.3, 113.4, 109.5, 108.6,
100.7, 26.5, 25.5, -4.8.
ESI-HRMS Calculated for [C16H220,Si+Na"] =297.1281, found: 297.1283.

B14: (3,5-dimethylphenyl)(methyl)bis(2-methylallyl)silane

Colorless oil, 26% yield.

TH NMR (400 MHz, CDCls) & = 7.12 (s, 2H), 6.99 (s, 1H), 4.60 (dd, J = 2.2, 1.4 Hz,
\Hﬂsf'/\[( 2H), 4.51 —4.45 (m, 2H), 2.31 (s, 6H), 1.85 — 1.77 (m, 4H), 1.59 (s, 6H), 0.34 (s, 3H).



13C NMR (101 MHz, CDCl3) 6 = 143.4, 137.6, 137.0, 131.8, 131.0, 109.3, 26.3,25.5, 21.5, -5.0.
ESI-HRMS Calculated for [C17H26Si+Na'] = 281.1696, found: 281.1703.

B15: (3-chloro-4-fluorophenyl)(methyl)bis(2-methylallyl)silane
F Colorless oil, 39% yield.
“ '"H NMR (400 MHz, CDCl3) 6 = 7.51 (dd, J = 7.8, 1.4 Hz, 1H), 7.39 — 7.35 (m, 1H),
_ 7.16 —7.07 (m, 1H), 4.62 (s, 2H), 4.47 (s, 2H), 1.81 (s, 4H), 1.58 (s, 6H), 0.37 (s, 3H).
\”Asl“/\[( I3C NMR (101 MHz, CDCl3) 8 = 159.0(d, Jcr = 251.2 Hz), 142.4, 136.2, 135.3, 134.0
(d, Jcor = 6.7 Hz), 121.0 (d, Jcr = 16.5 Hz), 116.4 (d, Jcr = 19.7 Hz), 110.0, 26.2, 25.5, -4.9.
F NMR (376 MHz, CDCl3) § = -114.4.

ESI-HRMS Calculated for [CisH2CIFSi+H"] = 283.1080, 285.1050, found: 283.1079, 285.1053.

B16: methylbis(2-methylallyl)(3,4,5-trimethoxyphenyl)silane
~0 Colorless oil, 27% yield.

\

A

IH NMR (400 MHz, CDCls) & = 6.73 (s, 2H), 4.69 — 4.59 (m, 2H), 4.53 (s, 2H), 3.87
(d, J=2.1 Hz, 9H), 1.83 (s, 4H), 1.61 (s, 6H), 0.36 (s, 3H).

Si
\”/\ |

26.4,25.6, -4.6.

13C NMR (101 MHz, CDCls) 8 = 153.0, 143.2, 139.3, 132.8, 110.9, 109.6, 61.0, 56.3,
ESI-HRMS Calculated for [C1sH2303Si+Na"] = 343.1700, found: 343.1704.

B17: methylbis(2-methylallyl)(phenanthren-1-yl)silane
O White solid, 54% yield.
Q 'H NMR (400 MHz, CDCl3) & = 8.89 (s, 1H), 8.73 (d, J = 8.3 Hz, 1H), 7.90 — 7.85
O (m, 2H), 7.77 —7.71 (m, 3H), 7.70 — 7.64 (m, 1H), 7.64 — 7.55 (m, 1H), 4.66 — 4.61
YSK\[( (m, 2H), 4.55 (s, 2H), 1.97 (t,J = 14.2 Hz, 4H), 1.59 (s, 6H), 0.53 (s, 3H).
| 13C NMR (101 MHz, CDCl3) & = 143.2, 136.0, 132.6, 132.3, 131.6, 130.4, 129.5,
128.9, 128.8, 127.7, 127.6, 127.0, 126.8, 126.7, 122.6, 109.7, 26.6, 25.6, -4.7.
ESI-HRMS Calculated for [C23H26Si+H] = 331.1877, found: 331.1880.

B18: 1-methyl-5-(methylbis(2-methylallyl)silyl)-1H-indole



N \ Colorless oil, 37% yield.
'H NMR (400 MHz, CDCls) 8 = 7.81 (s, 1H), 7.42 — 7.30 (m, 2H), 7.03 (d, J= 3.1 Hz,
1H), 6.55 - 6.36 (m, 1H), 4.58 (dd, J=2.4, 1.4 Hz, 2H), 4.50 (s, 2H), 3.79 (s, 3H), 1.87
\”ASII/\[( (d,J=0.8 Hz, 4H), 1.57 (s, 6H), 0.41 (s, 3H).
3C NMR (101 MHz, CDCl3) 8 = 143.7, 137.5, 128.8, 128.5, 127.4, 126.9, 126.5, 109.1, 108.9, 101.2,
32.9,26.9,25.6,-4.7.

ESI-HRMS Calculated for [C1gH2sNSi+Na'] = 306.1648, found: 306.1646.

B19: benzofuran-5-yl(methyl)bis(2-methylallyl)silane
o) \ Colorless oil, 30% yield.

'H NMR (400 MHz, CDCl3) 6 =7.78 (s, 1H), 7.61 (d, J=2.2 Hz, 1H), 7.55 — 7.41 (m,

_ 2H), 6.77 — 6.76 (m, 1H), 4.59 (dd, J = 2.2, 1.4 Hz, 2H), 4.51 — 4.46 (m, 2H), 1.90 —

\”AS“/\[( 1.83 (m, 4H), 1.56 (s, 6H), 0.41 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 155.9, 144.9, 143.2, 131.3, 130.0, 127.4, 127.3, 111.1, 109.4, 106.6,

26.7,25.5,-4.7.

ESI-HRMS Calculated for [C17H220Si+Na"] = 293.1332, found: 293.1332.

B20: benzo[b]thiophen-5-yl(methyl)bis(2-methylallyl)silane

S \ Colorless oil, 31% yield.

TH NMR (400 MHz, CDCl3) 8 = 7.99 (s, 1H), 7.88 (d, /= 8.0 Hz, 1H), 7.48 (d, /= 8.1

. Hz, 1H), 7.42 (d, /= 5.4 Hz, 1H), 7.34 (d, /= 5.4 Hz, 1H), 4.63 — 4.57 (m, 2H), 4.50
\”AS“/\[( (s, 2H), 1.88 (s, 4H), 1.57 (s, 6H), 0.43 (s, 3H).
13C NMR (101 MHz, CDCls) & = 143.1, 140.8, 139.3, 133.0, 129.7, 129.4, 126.1, 124.1, 122.0, 109.5,
26.5,25.6, -4.85.
ESI-HRMS Calculated for [C17H22SSi+Na'] = 309.1104, found: 309.1104.

B23: ethylbis(2-methylallyl)(phenyl)silane

Colorless oil, 63% yield.
'"H NMR (400 MHz, CDCl3) 8 =7.56 — 7.48 (m, 2H), 7.39 — 7.30 (m, 3H), 4.64 — 4.58
si
\HAI'EI,[ (m, 2H), 4.53 (s, 2H), 1.86 (s, 4H), 1.58 (s, 6H), 1.03 (t, J = 7.5 Hz, 3H), 0.97 — 0.90

(m, 2H).



I3C NMR (101 MHz, CDCl3) § = 143.2, 136.9, 134.4, 129.2, 127.8, 109.7, 25.6, 24.2, 7.5, 3.9.
ESI-HRMS Calculated for [C16H24Si+Na'] = 267.1539, found: 267.1547.

B24: bis(2-methylallyl)(phenyl)silane

Colorless oil, 50% yield
© "H NMR (400 MHz, CDCl3) 4 = 7.59 — 7.50 (m, 2H), 7.43 — 7.30 (m, 3H), 4.65 — 4.59
\”AEI/\[( (m, 2H), 4.58 — 4.52 (m, 2H), 4.40 (p, J = 3.6 Hz, 1H), 1.92 — 1.83 (m, 4H), 1.68 (s,
6H).

13C NMR (101 MHz, CDCl3) 6 = 142.8, 135.0, 134.9, 129.7, 128.0, 110.0, 24.9, 23.9.
ESI-HRMS Calculated for [C14H20Si+Na'] = 239.1226, found: 239.1227.

3. General procedure for the synthesis of the chiral N,N'-dioxide ligands*’

(a) synthesis of 2,6-dicyclohexylaniline
NH,

O
Br Br NH,
THF, r.t. Pd(dba),, SPhos, THF, r.t.
52% vyield 1

(b) synthesis of N,N"-dioxide ligand L4-RaCy,

m_ CO.B (Boc),0, EtsN <:|\/>—co 5 H,, balloon, Pd/C m_co H
n —> n
N 2 CH2C|2 N 2 MeOH N 2

: o
H  Hel 99% yield Boc 99% vyield boc
a b c

EtsN, CH,Cl, 2) 2 M NaCOH
69% vyield (c-e)

MeO/O\OMe D\\‘
o ' ij m-CPBA O S o

NaBH(OAc)s, DCE HN CH,Cl,, -20 °C N, O é N

; o /N = VAN

74% yield 37% vyield R H H R
L4-RaCy,

R =2,6- Cy2C5H3

OCy
/ﬁ/ O\/H 1) TFA, CH,Cl, <:E>-—/(
—<: > N HN—<§ >
H
e-1 Cy

Z+

R = 2,6 Cy2C6H3

2,6-dicyclohexylaniline (S1)



Cyclohexylmagnesium chloride (30.8 mL, 40 mmol, 4.0 equiv., 1.3 M in THF) was added dropwise
to a 250 mL round bottom flask charged with anhydrouszinc chloride (8.19 g, 60 mmol, 6.0 equiv.) and
N-ethylpyrrolidinone (6.6 mL) dissolved in THF (30 mL) under Ar over 5 min. The mixture was stirred
for another 2 h. Meanwhile, an oven-dried 100 mL round bottom flask was charged with 2,6-
dibromoaniline (2.51 g, 10 mmol, 1.0equiv.), Pd(dba), (575 mg, 1.0 mmol, 0.1 equiv.) and SPhos (410
mg, 1.0 mmol, 0.1 equiv.), evacuated, and back-filled with Ar (x3). THF (20 mL) was added and the
mixture was stirred for 20 min. Then, this solution was added to the solution of organozinc reagent
dropwise over 15 min. The reaction was stirred for 14 h at room temperature, then quenched with saturated
aqueous NH4Cl. The mixture was transferred to a separatory funnel with EtOAc. After phase separation,
the aqueous layer was extracted with EtOAc. The combined organics were washed with water, brine,
dried over anhydrous Na>SOQs, filtered, and concentrated in vacuo. The crude product was purified by
silica gel chromatography (Petroleum/EtOAc = 100/1 and 50/1, v/v) to give the product (1.34 g) in
approximate 52% yield as a white solid.

Chiral N,N'-dioxide ligand L4-RaCly:

To the solution of L-ramipril a (8.46 g, 30 mmol) in CH>Cl, (50 mL) was added Et;N (3.64 g, 36.0
mmol, 1.2 equiv.) at 0 °C (ice bath). After stirring for 30 min, (Boc)>O (7.86 g, 36.0 mmol, 1.2 equiv.)
was added. The reaction mixture was stirred overnight at room temperature. Next, the mixture was washed
with 1 M KHSOj4 solution, the combined organics were washed with saturated NaHCOj3 solution, brine,
dried over anhydrous Na>SOs, filtered, concentrated in vacuo, and directly used for the next step (10.3 g,
99% yield).

To a 100 mL round bottom flask was added b (10.3 g, 30 mmol), 10% Pd/C (0.64 g) and a stir bar.
The flask was sealed with a rubber plug, evaluated, charged with two H> balloon, and then methanol (40
mL) was added. The reaction mixture was stirred at room temperature and detected by TLC until the
reaction was finished. Then, the reaction mixture was filtered, Pd/C was recycled and the filtrate was
concentrated in vacuo, and directly used for the next step (7.58 g, 99% yield).

To the solution of ¢ (5.10 g, 20 mmol, 1.0 equiv.) in CH2Cl> (30 mL) was added Et;N (2.23 g, 22
mmol, 1.1 equiv.) and isobutyl carbonochloridate (3.01 g, 22 mmol, 1.1 equiv.) at 0 °C (ice bath) under
stirring. After 30 min, 2,6-dicyclohexylaniline S1 (9.27 g, 36 mmol, 1.2 equiv.) was added. The reaction
mixture was stirred at room temperature and detected by TLC. After 4 days, the mixture was washed with
1 M KHSO4 solution, saturated NaHCO3 solution and brine in succession, dried over anhydrousNa;SOs,
filtered, concentrated in vacuo, and directly used for the next step.

TFA (20 mL) was added to the solution of crude amide d-1 in CH>Cl> (15 mL) at 0 °C (ice bath), the
reaction was warmed to room temperature and stirred until the reaction was finished (30 min). Then,
CH2Cl> (20 mL) was added. The pH value of the mixture was brought into the range of 10-12 by the
addition of 2 M NaOH solution. The aqueous phase was extracted with CH2Clz. The combined organics
were washed with brine, dried over anhydrous Na>SOs, filtered and concentrated, the residue was
subjected to flash column chromatography on silica gel and eluted with petroleum ether/EtOAc (9/1 and
4/1 and 2/1, v/v) to give the white solid e-1 (5.48 g, 69% yield).

A round-bottom flask was charged with 2,5-dimethoxytetrahydrofuran (0.66 g, 5.0 mmol, 0.5 equiv.)
and hydrochloric acid solution (1 M, 5 mL). The mixture was stirred at 60 °C for 45 min. Upon cooling
to room temperature, the pH value of the mixture was brought into 7 by the addition of saturated NaHCOj3
aqueous solution. Then, a solution of e-1 (3.94 g, 10.0 mmol, 1.0 equiv.) in DCE (5 mL) was added to the
aqueous solution. After stirring for 30 min at room temperature, sodium triacetoxyborohydride (21.2 g,
100.0 mmol, 10.0 equiv.) was added at 0 °C. The reaction mixture was stirred overnight at room
temperature. The solution was quenched with the addition of saturated NaHCO3 aqueous solution. The



aqueous phase was extracted with CH»Cl,. The combined organic phase was washed with brine, dried
over anhydrous NaxSQOs, filtered and concentrated, the residue was subjected to flash column
chromatography on silica gel and eluted with petroleum ether/EtOAc (9/1 to 2/1, v/v) to give the white
solid f-1(3.12 g, 74% yield).

Finally, m-CPBA (1.35 g, 7.8 mmol, 2.1 equiv.) was added to the solution of compound f-1 (3.12 g,
3.7 mmol, 1.0 equiv.) in CH2Cl, (10 mL) at =20 °C, the resulting reaction mixture was stirred at—20 °C
for 30 min. The solvent was removed in vacuo, and the residue was subjected to flash column
chromatography on silica gel and eluted with petroleum ether/EtOAc (4/1 to 1/1, v/v) to provide the
desired N,N'-dioxide ligand L4-RaCy: as a white solid (1.19 g, 37% yield).

(Cs6Hs2N404) White solid; [o] °p = -47.8 (¢ = 0.46 g/100 mL, in CH2Cly).

'H NMR (400 MHz, CDCl3) § = 12.65 (s, 2H), 7.26 — 7.19 (m, 2H), 7.13 (d, J = 7.6 Hz, 4H), 4.02 — 3.80
(m, 4H), 3.61 (t, J = 10.1 Hz, 2H), 3.44 — 3.24 (m, 2H), 2.86 — 2.76 (m, 2H), 2.74 — 2.53 (m, 8H), 2.46
(q,J = 12.2 Hz, 2H), 2.31 (d, J = 9.0 Hz, 2H), 2.05 (d, J = 6.2 Hz, 2H), 1.88 — 1.53 (m, 30H), 1.44 — 1.20
(m, 20H).

BCNMR (101 MHz, CDCl3) 8 = 166.6, 131.5, 127.7, 124.0, 82.9, 79.8, 68.1, 53.6, 42.5, 39.8, 35.3 32.5,
27.8,27.6,26.8,26.4,22.1.

HRMS (ESI) m/z: [M + Na]" Calculated for [CssHs2N4Os+Na'] = 897.6228 found 897.6232.

IR (neat):3439, 2926, 2851, 1662, 1589, 1521, 1448, 795, 735, 650 and 549 cm™".

(c) synthesis of N,N'-dioxide ligand Ls-RaCy,

K
%4@ "o Oﬁ\;\l;l NN ° m-CPBA

HN
NaBH(OAc);, DCE = R CH,Cl,, -20 °C

82% yield . 6f'C2;y o 40% yield
- £,0° 2ve6'13

~S - TSN
N . . N
\H, _ \H/
<\ §\Cy l 5
Ls-RaCy, CY

Chiral N,N'-dioxide ligand Ls-RaCy:2

A round-bottom flask was charged with glutaraldehyde (0.40 g, 2.0 mmol, 0.5 equiv.) and DCE (5
mL). Then e-1 (1.58 g, 4.0 mmol, 1.0 equiv.) was added to the mixture. After stirring for 30 min at room
temperature, sodium triacetoxyborohydride (8.48 g, 40 mmol, 10.0 equiv.) was added at 0 °C. The
reaction mixture was stirred overnight at room temperature. The solution was quenched with the addition
of saturated NaHCO3 aqueous solution. The aqueous phase was extracted with CH2Cl,. The combined
organic phase was washed with brine, dried over anhydrous Na>SOyg, filtered and concentrated, the residue
was subjected to flash column chromatography on silica gel and eluted with petroleum ether/EtOAc (9/1
to 2/1, v/v) to give the white solid f-2(1.41 g, 82% yield).

Finally, m-CPBA (586 mg, 3.4 mmol, 2.1 equiv.) was added to the solution of compound f-2 (1.41 g,
1.6 mmol, 1.0 equiv.) in CH2Cl, (5 mL) at —20 °C, the resulting reaction mixture was stirred at—20 °C for
30 min. The solvent was removed in vacuo, and the residue was subjected to flash column



chromatography on silica gel and eluted with petroleum ether/EtOAc (4/1 to 1/1, v/v) to provide the
desired N,N'-dioxide ligand Ls-RaCy: as a white solid (583 mg, 40% yield).

(Cs57Hs4N404) White solid; [o] *°p = -43.6 (¢ = 0.46 g/100 mL, in CH2Cly).

'TH NMR (400 MHz, CDCl3) 8 = 12.72 (s, 2H), 7.25 — 7.20 (m, 2H), 7.13 (m, 4H), 3.97 (m, 2H), 3.89 (m,
2H), 3.58 (td, J=12.1, 3.9 Hz, 2H), 3.25 (td, J = 11.8, 4.9 Hz, 2H), 2.86 — 2.77 (m, 2H), 2.66 (m, 8H),
2.44 (m, 2H), 2.31 (m, 2H), 2.08 (m, 2H), 1.85 — 1.63 (m, 30H), 1.32 (m, 22H).

I3C NMR (101 MHz, CDCl3) 6 = 166.7, 131.6, 127.7, 124.0, 83.3, 80.0, 68.5, 42.5, 39.8, 35.3, 32.5, 27.8,
27.6,27.4,27.1,26.4,24.9, 24.5.

HRMS (ESI) m/z: [M + Na]" Calculated for [Cs7HsaN4Os+Na']=911.6385 found 911.6387.

IR (neat): 3441, 2925, 2851, 1663, 1589, 1522, 1448, 1314, 949, 790, 734, 649, 549 and 495 cm™'.

4. General procedure for the preparation of the racemic products.

Ni(OTf),/rac-L3-PiPr,

0 O
1 OH (1:1, 10 mol%)
R * Si-Ar
OH R? MeCN (0.1 M)
0°C, 24 h
A B c

L3-PiPry: Ar = 2,6-i-Pr,CgH5

A dry reaction tube was charged with Ni(OTf)2/rac-Ls-PiPr; (1:1, 10 mol%,) and A (0.10 mmol). Under
N> atmosphere, anhydrous MeCN (1.0 mL) was added and the solution was stirred at 35 °C for 0.5 h. The
mixture was cooled to 0 °C for 5 min. Then B (0.10 mmol) was added under stirring and the reaction

mixture continued stirring at 0 °C for 24 h. The residue was concentrated under reduced pressure and
purified by flash chromatography on silica gel (petroleum ether/ethyl acetate = 7/1, v:v).

5. General experimental procedure for the catalytic asymmetric reaction.

0 (& Ni(NTf,),/L4-RaCy, \\
1:1, 10 mol%) +
)&Si-Ar ( L WSI \H/ O\\ : \\‘Ri o
= MeCN (0.1 M) : 5 N
2 - / N
0°C, 48h O g
A B c : L4 RaCy,: R = 2,6-Cy,CgH5

A dry reaction tube was charged with Ni(NTf2)>/Ls-RaCy; (1:1, 10 mol%) and A (0.10 mmol). Under
N> atmosphere, anhydrous MeCN (1.0 mL) was added and the solution was stirred at 35 °C for 0.5 h. The
mixture was cooled to 0 °C for 5 min. Then B (0.20 mmol) was added under stirring and the reaction
mixture continued stirring at 0 °C for 48 h. The residue was concentrated under reduced pressure and
purified by flash chromatography on silica gel (petroleum ether/ethyl acetate = 7/1, v:v).



6. Optimization of the reaction conditions.

Table S1. The exploration of metal salts®

CICH,CH,CI (0.1 M) OH
0°C, 24 h
B1 Q c1 O

9 E

O Metal salt/L;-PiEt, ' :
o )k/Si\)k (1:1, 10 mol%) Ph)J\./\H/\Si‘ \H/ '

v 7 : :

OH Q :

A1 L3-PiEt,: Ar = 2,6-Et,CgHs
entry Metal salt yield (%)” ee (%)° dre
1 Mg(OTH). 27 96/94 62:38
2 Co(OTf) 58 99/98 63:37
3 Ni(OTf): 57 99/99 64:36
4 Cu(OTf) 36 96/97 58:32
5 Zn(OT1): 68 96/94 63:37
6 Sc(OTf)3 16 16/25 49:51
7 La(OTf)s 36 -27/-6 54:46

“The reactions were performed with A (0.10 mmol), B (0.10 mmol), metal salt/Ls-PiEt2 (1:1, 10 mol%), in CH>CICH,Cl
(1.0 mL) under nitrogen at 0 °C for 24 h. *Yield of isolated product. ‘Determined by SFC with chiral chromatography

column.

Table S2. The exploration of solvent’

0 Ni(OTf),/L3-PiEt, | |
OH + )J\/Si\)J\ (1:1, 10 mol%) Ph)l\;/\ﬂ/\sr\\”/ E

/ i O :

0 OH |

— 2 4
H Solvent (0.1 M) © - 2 ©
Q 0°C, 24 h ‘ Al H NG,
A1 B1 Q c1 O Ly-PiEty: Ar = 2,6-Et,CgH3
entry solvent yield (%)° ee (%)° dr*
1 THF 7 99/99 67:33
2 Et,O 7 99/99 60:40
3 Toluene trace -- --
4 EtOAc 33 99/99 69:31
5 CICH2CH:C1 50 99/99 64:36
6 CH:Cl, 52 99/99 63:37
7 CHCl3 47 99/99 61:39
8 MeOH trace - --
9 MeCN 47 99/99 72:28

“The reactions were performed with A (0.10 mmol), B (0.10 mmol), Ni(OTf),/Ls-PiEtz (1:1, 10 mol%), in solvent (1.0
mL) under nitrogen at 0 °C for 24 h. *Yield of isolated product. ‘Determined by SFC with chiral chromatography column.



Table S3. The exploration of ligand*

O Ni(OTf)./Ligand
OH ksk)k (1:1, 10 mol%)
* /
OH MeCN (0.1 M)
0°C, 24h
A1 B1 Q
> < GG
Ox N\/\ N (0] O N\/\\\"N (0]
I Yy I /
N (o) 0. /N\
H H A

N _ 7 .
Ar/\l AT Ny

r H “H

L3-PrEt,: Ar = 2,6-Et,CgHj L3-PiEty: Ar = 2,6-Et,CgHs

L3'PeEt2: Ar = 2,6-Et206H3

L3'RaEt2: Ar = 2,6-Et2C6H3, m=1
L3;-RaMe,: Ar = 2,6-Me,CgH3, m = 1

N o Q\J : Ly-RaPry: Ar = 2,6-i-PryCqHa, m = 1
N O N, N (0] L3-RaCy,: Ar = 2,6-Cy,CgH3, m =1
|

O ltl -

j‘[\\j\H,—;O_ O N, 3 5 4 LeRaPhyAr=2,6-PhyCohg m= 1

Ar H™ A W T O, LeRaBts A= 24,6-EtoCo m = |

L3-TqEt,: Ar = 2,6-Et,CqH3 L4-RaCy,: Ar = 2,6-Cy,CgH3, m =2

Ls-RaCy,: Ar = 2,6-Cy,CgH3, m =3

entry ligand yield (%)” ee (%)° dr
1 L3-PrEt: 37 99/99 69:31
2 Ls-PiEt: 47 99/99 72:28
3 Ls-PeEt: 38 84/74 69:31
4 L3-TqEt: 46 99/99 72:28
5 Ls3-RaEt: 46 99/99 75:25
6 L3-RaMe: 33 95/92 62:38
7 L3-RaPr: 43 97/89 82:18
8 L3-RaCy: 54 99/99 89:11
9 L3-RaPh:2 47 99/99 88:12
10 Ls3-RaEts 36 99/99 57:43
11 L4-RaCy: 56 99/99 90:10
12 Ls-RaCy: 47 99/99 90:10

“The reactions were performed with A (0.10 mmol), B (0.10 mmol), Ni(OTf)./ligand (1:1, 10 mol%), in MeCN (1.0 mL)
under nitrogen at 0 °C for 24 h. *Yield of isolated product. “Determined by SFC with chiral chromatography column.

Table S4. The exploration of the counterions of metal salts”

(0]
o Metal salt/L4-RaCy, !
OH | )k/si\)k (1:1, 10 mol%) Ph)l\:/\”/\sr \H/
7 :
o OH

o
e

\\‘\‘ N,\/H{\vﬁ 0
Q MeCN (0.1 M) O ; N ¢ é N
0°C, 24 h R/ \H' — _xH/ \R
A1 B1 Q c1 O ! L,-RaCyy: R = 2,6-Cy,CeHs
entry Metal salt yield (%)° ee (%)° dr¢
1 Ni(BF4)2-6H,O 55 92/73 89:11
2 Ni(ClO4)2-6H20 73 93/67 90:10
3 Ni(acac)2-:2H20 trace -- --
4 Ni(OAc)2-4H>0 trace -- --
5 Ni(NTf2)2 67 99/99 90:10
6 Ni(OTf), 56 99/99 90:10




7 NiF» trace - -
8 NiCl, 60 99/99 89:11
9 NiBr 57 97/99 90:10

“The reactions were performed with A (0.10 mmol), B (0.10 mmol), Metal salt/Ls-RaCy2 (1:1, 10 mol%), in MeCN
(1.0 mL) under nitrogen at 0 °C for 24 h. *Yield of isolated product. “Determined by HPLC with chiral chromatography
column.

Table S5. The exploration of metal salt/ligand ratio”

0 Ni(NTf,),/L4-RaCy, o I | D\|
OH )J\/Si\)J\ (x:y) Ph)J\./\H/\Si“\H/ : Lo .
* 7 5 P OSTTNG RGNNSO
m OH ' \\ Z 4
H R

MeCN (0.1 M) b
0°C, 24h ‘ A L _O\H/N\
A1 B1 Q c1 O | LyRaCyj: R =2,6-Cy,CoHs
entry Xy yield (%)° ee (%)° dre
1 1.5:1 56 90/70 89:11
2 1.2:1 59 95/87 89:11
3 1.1:1 60 93/93 89:11
4 1:1 67 99/99 90:10
5 1:1.1 60 99/99 90:10
6 1:1.2 54 99/99 90:10
7 1:1.5 60 99/99 90:10

“The reactions were performed with A (0.10 mmol), B (0.10 mmol), Ni(NTf,)./Ls-RaCy:2 (x:y), in MeCN (1.0 mL) under
nitrogen at 0 °C for 24 h. ®Yield of isolated product. ‘Determined by SFC with chiral chromatography column.

Table S6. The exploration of additive’

o Ni(NTf,),/L4-RaCy, ? ' | \\|
OH )J\/Si\)J\ (1:1,10 mol%) Phwsi' \”/ : o\v@” + o
/ OH oY __’\/(")Z\\VN
OH Q MeCN (0.1 M) ‘ ; N_ 0 L
Q 0°C, 24h ; g H - _xH/ \R

additive O !
A1 B1 c1 | L4RaCy;: R = 2,6-Cy,CeHs

entry Additive yield (%)” ee (%)° dr
1 3A MS 64 99/99 89:11
2 4 AMS 64 99/99 89:11
3 5 AMS 67 99/99 89:11
4 LiNTf; 67 99/99 90:10
5 NaBAr', 67 99/99 90:10
6 PhCOOH 59 95/80 90:10
7 K2COs trace - -
8 H>O 59 99/99 90:10
9 - 67 99/99 90:10

“The reactions were performed with A (0.10 mmol), B (0.10 mmol), Ni(NTf,),/L4-RaCy2 (1:1, 10 mol%), additive
(molecular sieve 20 mg, other additive 20 mol%), in MeCN (1.0 mL) under nitrogen at 0 °C for 24 h. *Yield of isolated
product. ‘Determined by SFC with chiral chromatography column.



Table S7. The exploration of the ratio of A and B*

0 Ni(NTf,),/Ls-RaCy, Q . | B
OH )J\/Si\)J\ (11, 10 mot%) Ph)l\;/\ﬂ/\Si‘ \”/ Q\ +
’ / OH O5 N SNN\0
OH Q ; y

! NG R
e AT
A1 B1 Q c1 O ! L,-RaCyy: R = 2,6-Cy,CeHs
entry A:B yield (%)” ee (%)° dre
1 2:1 67 99/99 93:7
2 1.5:1 68 99/99 92:8
3 1:1 67 99/99 90:10
4 1:1.5 68 99/99 90:10
5 1:2 76 99/99 90:10
6 1:3 76 99/99 90:10
7 1:2 81 99/99 90:10
gd 1:3 79 99/99 90:10

“The reactions were performed with A (x mmol), B (y mmol), Ni(NTf,),/Ls-RaCy:2 (1:1, 10 mol%), in MeCN (1.0 mL)
under nitrogen at 0 °C for 24 h. ?Yield of isolated product. ‘Determined by SFC with chiral chromatography column.
Performed at 0 °C for 48 h.

Table S8. The exploration of Temperature®

0 f <
o) Ni(NT,),/Ls-RaCy, | | ~ \I
OH )J\/Si\)J\ (1:1, 10 mol%) Ph)J\./\”/\Si‘\\”/ : Q“\ +
H L O
' ! OH O RSN ARGNTYO
OH Q | )
/

e o A A
A1 B1 Q c1 O L,-RaCy,: R = 2,6-Cy,CqHs
entry T °C yield (%)° ee (%)° dr*
1 -20 73 99/99 90:10
2 -10 75 99/99 90:10
3 0 81 99/99 90:10
4 10 80 99/99 87:13
5 20 91 99/99 86:14

“The reactions were performed with A (0.1 mmol), B (0.2 mmol), Ni(NTf,),/L4-RaCy: (1:1, 10 mol%), in MeCN (1.0
mL) under nitrogen at T °C for 48 h. ?Yield of isolated product. “Determined by SFC with chiral chromatography column.

Figure S1. Control experiment

o o) Ni(NTf,),/L4-RaCy, HO Ph Ph OH

. 0,
Ph)J\/OH + Phwgi‘\Y (1:1, 10 mol%) recycled C1 + sli
OH OH MeCN (0.1 M)
0°C, 24h .
O 64% yield O
95/5 dr
A1 c1 O 99%/99% ee O
0.05 mmol

0.1 I
mmo o1

90/10 dr .
99%/99% ee 32% yield

A dry reaction tube was charged with Ni(NTf2)2/L4-RaCy2 (1:1, 10 mol%) and A1 (0.05 mmol).
Under N; atmosphere, anhydrous MeCN (1.0 mL) was added and the solution was stirred at 35 °C for 0.5
h. The mixture was cooled to 0 °C for 5 min. Then C1 (0.10 mmol) was added under stirring and the




reaction mixture continued stirring at 0 °C for 24 h. The residue was concentrated under reduced pressure
and purified by flash chromatography on silica gel (petroleum ether/ethyl acetate = 7/1, v:v).

7. X-ray crystal data.

7.1 The X-Ray diffraction of compound G.

Crystals suitable for the X-ray crystal structure analysis were obtained from a solution of compound
G in THF and petroleum ether at rt. CCDC 2393874 contains the supplementary crystallographic data for
this paper. These data are provided free of charge by The Cambridge Crystallographic Data Centre.

The colourless crystal in rod-shape, with approximate dimensions of 0.140 x 0.142 x 0.652 mm?,
was selected and mounted for the single-crystal X-ray diffraction. The data set was collected by Bruker
D8 Venture Photon II diffractometer at 143(2)K equipped with micro-focus Cu radiation source (Kq =
1.54178A). Applied with face-indexed numerical absorption correction, the structure solution was solved
and refinement was processed by SHELXTL (version 6.14) and OLEX 2.3 program package®!!. The
structure was analyzed by ADDSYM routine implemented in PLATON suite and no higher symmetry
was suggested'?.

Proeb = 50
Temp = 143

79 Y

(220824)

PLATON-Oct 9 10:39:46 2024 -

Z -15 gsl032 P21 R =0.04 RES= 0 116 X

Crystallographic Data for G.

Formula C70HesBraNsO4Si12
Formula mass (amu) 1273.30
Space group P2y (No. 4)
a(A) 7.1097(2)

b (A) 31.4596(10)
c(A) 14.5274(4)
a (deg) 90

B (deg) 97.891(1)

y (deg) 90

V(A3) 3218.55(16)
VA 2



A (R) 1.54178

T (K) 143(2)

Pealed (g €M) 1.314

Y7, (mm‘l) 2.369
Transmission factors 0.374-0.869
6 max (deg) 68.437

No. of unique data, including Fo*> < 0 11760
No. of unique data, with F,> > 20(F,%) 11527

No. of variables 791
R(F) for Fo? > 20(F,?) ¢ 0.0428
Rw(Fo?)° 0.1170
Goodness of fit 1.058
Flack Parameter 0.042(5)

“R(F) = 2|\Fol — [Fel| / 2|F%l.

b RW(FPH) = [D[w(Fo? — F)? I SwF*V2; wl = [6X(F?) + (Ap)? + Bp), where p = [max(F,2,0) + 2F2] /
3.

7.2 The X-Ray diffraction of Ls-RaCy2/Ni(NTf2)2 complex.

Crystals suitable for the X-ray crystal structure analysis were obtained from a solution of Las-
RaCy2/Ni(NTfz): complex in THF and n-hexane at rt. CCDC 2418295 contains the supplementary
crystallographic data for this paper. These data are provided free of charge by The Cambridge
Crystallographic Data Centre via.

The colourless crystal in rod-shape, with approximate dimensions of 0.128 x 0.243 x 0.862 mm?,
was selected and mounted for the single-crystal X-ray diffraction. The data set was collected by Bruker
D8 Venture Photon II diffractometer at 173(2)K equipped with micro-focus Cu radiation source (K, =
1.54178A). Applied with face-indexed numerical absorption correction, the structure solution was solved
and refinement was processed by SHELXTL (version 6.14) and OLEX 2.3 program package®'!. The
structure was analyzed by ADDSYM routine implemented in PLATON suite and no higher symmetry
was suggested!?.

Prob = 50
Temp = 173

-28 Y

(220824)

PLATON-Rug 23 15:08:04 2024

~

150 gsl024 P21 R = 0.06 RES= 0 -54 X




Crystallographic Data for L4-RaCy2/Ni(NTf2). complex.

Formula C72 H106 F12 N6 Ni O15 S4
Formula mass (amu) 1710.57
Space group P21

a(A) 14.5272(5)
b (A) 18.2708(6)
c(A) 16.2000(5)
o (deg) 90

p (deg) 111.107(1)
y (deg) 90

V(A% 4011.4(2)
VA 2

2 (A) 1.54178

T (K) 173K
Pealed (g cm™) 1.416

4 (mm™) 2.132
Transmission factors 0.544,1.000
0 max (deg) 79.435

No. of unique data, including F,><0 16319
No. of unique data, with F,> > 20(F,%) 15473

No. of variables 1001
R(F) for F* > 20(F?) ¢ 0.0611
Ry(F2)" 0.1737
Goodness of fit 1.029

“R(F) = 2|Fo| = |Fel| / X|Fo.
b RW(FP) = [Z[W(Fo? — F2) | TwELMY2, wt = [62(Fo?) + (Ap)* + Bp], where p = [max(F,2,0) + 2F?] /
3.

8. Scale synthesis and transformation of products.

8.1 Experimental procedure for the gram-scale reaction.

0]

NI(NTf2)2 /L4'RaCYZ '
Br OH Jv/sk)k (1:1, 10 mol%) Br . Si‘\\ﬂ/
+ > z
OH MeCN (0.1 M), 0 °C OH
Q 48 h O
A9 B1 co O

1.34g, 90% yield
3.0 mmol 6.0 mmol 90:10 dr, 99%/99% ee

An oven-dried round-bottom flask was charged with L4s-RaCy2 (0.3 mmol, 10 mol%), Ni(NTf>),
(0.3 mmol, 10 mol%) and A9 (3.0 mmol), extract and replace nitrogen three times, and acetonitrile (30
mL) was added under nitrogen atmosphere. The mixture was cooled to 0 °C for 10 min after stirring at
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35 °C for 120 min. Next, B1 (6.0 mmol,) was added into the flask and the reaction mixture was stirred at
0 °C for 48 h. Then the solvent was removed in vacuum, the residue was subjected to column
chromatography (petroleum ether/ethyl acetate = 7:1, v:v) to afford the desired product.

8.2 Experimental procedure for further transformation.
o]
!

Br N Br ',‘\
: S \H/ CH4PPhgl, n-BuLi : S \H/
OH il OH

O THF, 0~20 °C, 4 h O
9 e
Cc9

85% yield,
90:10 dr, 99%/99% ee 90:10 dr, 99%/99% ee

The reaction was carried out with methyltriphenylphosphonium iodide (404 mg, 1.0 mmol) in a dried
tube under nitrogen atmosphere. After addition of THF (1.0 mL), the reaction was cooled to 0 °C. n-BuLi
(333 uL, 0.8 mmol, 2.4 M in THF) was added dropwise to the solution at 0 °C, and the mixture was stirred
for 30 min at the same temperature. A solution of C9 (41.5 mg, 0.10 mmol) in THF (0.5 mL) was charged
into the solution at 0 °C. The mixture warmed up to 20 °C and was stirred for 3.0 h. The resulting solution
was quenched with saturated aqueous NH4Cl and extracted with EtOAc. The organic layer was washed
with brine, dried over Na;SOs, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 9:1, v:v) to afford the desired product D (35.1 mg, 85%
yield).

0 o)
! B !
Br L R-COOH 0 0

: Si \H/ 0 o]

o1 DIC, DMAP

O CH,Cly, 0°C, 24 h U = O o O
@ U ﬁ N
-
Cl E 0 F

92% yield, 94% vyield,
90:10, 99%/99% ee 89:11, 99%/99% ee
(from indomethacin) (from (S)-(+)-Ibuprofen)

To a solution of C9 (49.3 mg, 0.1 mmol) and carboxylic acid-based drug (0.12 mmol, 1.2 equiv) in
CHCl> (1.0 mL) were added DMAP (1.2 mg, 0.01 mmol) and DIC (15.1 mg, 0.12 mmol). The resulting
suspension was stirred at 0 °C for 24 h. After adding H>O, the reaction mixture was extracted with CH>Cl..
The combined organic layers were dried over NaxSQO4, and concentrated under reduced pressure to give
the residue, which was purified by flash column chromatography to afford the drug derivatives (E: 76.6
mg, 92% yield; F: 64.1 mg, 94% yield).

NG OH 4-BrPhCONHNH, R ; Si\\\ﬂ/
‘ EtOH, r.t, 12 h OH
O NC ‘
84% yield,
88:12 dr, 99%/99% ee
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To an oven-dried reaction tube were added C20 (45.9 mg, 0.10 mmol), 4-bromobenzhydrazide (36.2
mg, 0.20 mmol) and EtOH (2.0 mL). After the resulting suspension was stirred at room temperature for
12 h, the reaction solvent was removed under the reduced pressure. The obtained residue was purified by
silica gel column chromatography (petroleum ether/ethyl acetate = 3:1, v:v) to afford the desired product
(53.4 mg, 84 % yield).

9. Biological activity studies

Cell culture.

Liver cancer cell line HCCLM3 was cultured in DMEM (Hyclone, Utah, USA) supplemented with
10% fetal bovine serum (FBS, Gibco, New York, USA). The cell was purchased from Procell and
maintained in a humidified atmosphere with 5% CO, at 37 °C. To prevent potential contamination, 1%
penicillin-streptomycin (Beyotime, Shanghai, China) was added to culture medium.

CCK-8 in cell assay.

HCCLM3 cells were kept in DMEM supplemented with 10% FBS in 96-well plates in triplicate at
5000 cells per well and treated for 24 h with DMSO or various concentrations of the test compound (0.39
— 50 uM) at 37 °C with 5% CO.. Then cells were incubated for 1 — 4 h after adding 10% (v/v) CCK-8
reagent (Beyotime, Shanghai, China) to each well. These plates were put into a microplate detector
(Thermo Fisher Scientific, USA) to measure their absorbance values at 450 nm. All ICso values were
calculated with GraphPad Prism 8.0 software. The IC50 values of C35 and C36 towards HCCLM3 were
23.23 uM and 11.69 uM (Figure S2.), respectively.
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Figure S2. ICso values of C35 (left) and C36 (right) towards HCCLM3.

, ©
e
2]

0.0 0.5 1.0 15 2.0

o
3]

23



10. Proposed transition states.

%
Si-face attack 0 Si-face attack
C
g Lo
/O — />
o----Hi O~H
TS1 TS2
favored disfavored
(S,S)-C20 (S,R)-C20
2+
Re-face attack —I Re-face attack
NC>/\
e j/ \
"Si (0]
7
<
H1 O
TS3 TS4
disfavored disfavored
(R,S)-C20 (R,R)-C20

Figure S3. Proposed transition states.
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11. Characterization of the products.

C1: (S)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)-1-phenylpent-4-en-
1-one
0

SEASAS
4

(C27H300:8Si) Colorless oil; 33.6 mg, 81% yield, 99/99% ee, 90:10 dr; [o.] *°p = +27.7 (¢ = 0.26 g/100 mL,
in CH2Cl).

SFC (Daicel Chiralcel IF-3, CO2/MeOH = 95/5, 1.5 mL/min, A =230 nm), #; = 19.58 min, £ =21.33 min,
t3=22.93 min, 2= 25.30 min.

TH NMR (400 MHz, CDCl3) 6 = 7.98 (s, 1H), 7.88 — 7.75 (m, 3H), 7.59 (t, J = 8.3 Hz, 3H), 7.52 — 7.45
(m, 3H), 7.20 (t, J = 7.7 Hz, 2H), 5.07 (ddd, J = 9.3, 6.6, 3.5 Hz, 1H), 4.72 (d, J = 9.8 Hz, 2H), 4.59 (s,
1H), 4.48 (s, 1H), 3.63 (d, J= 6.6 Hz, 1H), 2.31 (dd, J = 14.6, 3.1 Hz, 1H), 2.08 — 1.96 (m, 3H), 1.88 (s,
2H), 1.55 (s, 3H), 0.42 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 201.6, 142.8, 142.1, 135.0, 134.9, 133.9, 133.6, 133.0, 130.3, 128.8,
128.6, 128.3, 127.9, 127.2, 126.7, 126.2, 112.4, 109.8, 72.0, 44.2, 26.5, 25.5, 24.5, -5.3.

HRMS (ESI) m/z: [M + Na]" Calculated for [C2sH320,Si +Na*] = 437.1907 found 437.1908.

IR (neat): 3475, 3053, 2921, 1682, 1635, 1497, 1257, 1162, 1084, 974, 862, 813 and 743 cm™.

0.10]

Retention Time Area % Area
1 18.591 2095228 26.32
2 20.221 1845209 23.18
3 21.970 2126377 26.71
4 24.327 1895124 23.80
0.10+
&
2 0.05 3 § § E\.
0.00*L,,L i E f
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
Minutes
Retention Time Area % Area
1 19.580 2434786 90.53
2 21.327 247610 9.21
3 22.929 6093 0.23
4 25.297 1085 0.04
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C2: (S)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)-1-(o-tolyl)pent-4-
en-1-one

(C2sH320,Si) Colorless oil; 37.9 mg, 84% yield, 99/99% ee, 87:13 dr; [a] "o =+43.3 (¢ =0.36 g/100 mL,
in CH2Cl).

SFC (Daicel Chiralcel AYH, CO2/EtOH = 90/10, 1.0 mL/min, A = 230 nm), #; = 21.07 min, t» = 22.43
min, £3=28.94 min, #4= 32.18 min.

TH NMR (400 MHz, CDCl3) § = 7.92 (s, 1H), 7.84 — 7.76 (m, 2H), 7.73 (d, J = 8.1 Hz, 1H), 7.50 (dd, J
=6.9,3.0 Hz, 3H), 7.31 (t, J = 7.4 Hz, 1H), 7.19 (t, J = 6.5 Hz, 2H), 6.94 (t, ] = 7.6 Hz, 1H), 4.99 (ddd, J
=9.0,5.6,3.4 Hz, 1H), 4.68 (d, J = 9.6 Hz, 2H), 4.57 (s, 1H), 4.47 (s, 1H), 3.70 (d, ] = 5.8 Hz, 1H), 2.30
(d, J=8.5 Hz, 3H), 2.11 (dd, J = 14.6, 2.6 Hz, 1H), 1.99 (d, J=13.8 Hz, 1H), 1.94 (d, /= 9.6 Hz, 1H),
1.92 — 1.87 (m, 1H), 1.85 (d, J =4.6 Hz, 2H), 1.54 (s, 3H), 0.36 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 204.8, 142.8, 142.2, 139.1, 134.9, 134.8, 134.2, 133.9, 132.9, 132.2,
132.1, 130.2, 128.3, 128.2, 127.9, 127.1, 126.1, 125.8, 112.1, 109.7, 77.5, 73.3, 43.1, 26.3, 25.5, 24.5,
21.0,-5.4.

HRMS (ESI) m/z: [M + Na]" Calculated for [C2sH320,Si +Na'] = 451.2064 found 451.2059.

IR (neat): 3462, 3051, 2923, 1683, 1635, 1251, 1160, 1085, 971, 863, 813 and 741 cm™.

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.0C
Minutes

Retention Time Area % Area
1 20.972 7098496 13.17
2 22.190 19977937 37.06
3 28.433 19744856 36.63
4 32.014 7082456 13.14
0.30
0.20+
P( 0.10 % 8
0.00 Vv Afg %1

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00

Minutes

Retention Time Area % Area
1 21.067 1788456 12.25
2 22.425 4044 0.03
3 28.941 12798808 87.65
4 32.180 10073 0.07
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C3:(S)-2-hydroxy-1-(2-methoxyphenyl)-4-(((S)-methyl(2-methylallyl)(naphthalen-2-
yDsilyl)methyl)pent-4-en-1-one

(C2sH320;38Si) Colorless oil; 35.3 mg, 80% yield, 99/95% ee, 85:15 dr; [a] b = -42.8 (¢ = 0.44 g/100 mL,
in CH2Cl).

HPLC (Daicel chiralcel OXH, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 230 nm), #; = 23.56 min, £, =
25.13 min, 3=38.29 min, 74 = 46.39 min.

TH NMR (400 MHz, CDCl3) & = 7.93 (s, 1H), 7.78 (q, J = 4.8 Hz, 2H), 7.74 — 7.67 (m, 2H), 7.53 — 7.40
(m, 4H), 7.01 — 6.91 (m, 1H), 6.83 (d, /= 8.3 Hz, 1H), 5.20 (ddd, /= 8.8, 6.1, 3.2 Hz, 1H), 4.72 (q, J =
7.8, 6.4 Hz, 2H), 4.59 — 4.54 (m, 1H), 4.48 — 4.43 (m, 1H), 3.78 (d, J = 6.1 Hz, 1H), 3.70 (s, 3H), 2.29
(dd, J=14.5,2.6 Hz, 1H), 2.00 — 1.94 (m, 2H), 1.90 (dd, /= 14.4, 8.9 Hz, 1H), 1.87 — 1.82 (m, 2H), 1.53
(s, 3H), 0.38 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 203.1, 158.5, 142.9, 142.6, 135.1, 134.8, 134.7, 133.8, 132.9, 131.3,
130.3, 128.2, 127.8, 126.9, 126.5, 126.0, 124.4, 121.1, 111.6, 111.6, 109.6, 75.8, 55.6, 43.1, 26.2, 25.5,
24.5,-5.1.

HRMS (ESI) m/z: [M + Na]" Calculated for [C2sH3203Si +Na'] = 467.2013 found 467.2015.

IR (neat): 3473, 3073, 2917, 1663, 1597, 1486, 1291, 1247, 1162, 1085, 1021, 976, 859, 814 and 753 cm"
1

38.200

Retention Time Area % Area
1 23.464 26975058 37.69
2 25.070 8894152 12.43
3 38.200 26968970 37.68
4 46.331 8737866 12.21

° g A S

Retention Time Area % Area
1 23.563 47763 0.43
2 25.134 29401 0.26
3 38.286 9648655 86.91
4 46.390 1376407 12.40
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C4: (S)-1-(2-fluorophenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-
yDsilyl)methyl)pent-4-en-1-one
F O

(C27H29FO2Si) Colorless oil; 36.5 mg, 84% yield, 99/93% ee, 89:11 dr (determined by SFC); [a] b =
+4.9 (¢ =0.43 g/100 mL, in CH2Cl,).

SFC (Daicel Chiralcel IG-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 230 nm), #; = 8.27 min, 2 = 8.98 min,
t3=9.64 min, #2= 10.40 min.

TH NMR (400 MHz, CDCls) 8 = 7.95 (d, J = 6.8 Hz, 1H), 7.83 — 7.68 (m, 4H), 7.54 (d, J = 8.2 Hz, 1H),
7.51 —7.43 (m, 3H), 7.16 (t, J= 7.6 Hz, 1H), 6.95 (dd, J=11.1, 8.4 Hz, 1H), 5.04 (ddt, J=8.7,5.7, 2.5
Hz, 1H), 4.72 (s, 2H), 4.58 (s, 1H), 4.49 (s, 1H), 3.61 (d, /= 6.3 Hz, 1H), 2.26 (d, /= 14.4 Hz, 1H), 2.05
—1.96 (m, 2H), 1.93 (d, /= 3.7 Hz, 1H), 1.90 (d, /= 4.4 Hz, 2H), 1.56 (s, 3H), 0.41 (s, 3H).

13C NMR (101 MHz, CDCl3) & = 200.1 (d, Jc-r = 4.3 Hz)., 161.4 (d, Jc.r = 255.1 Hz)., 142.9, 141.9,
135.5 (d, Jc.r =9.3 Hz)., 134.9, 134.9, 133.8, 132.9, 131.1 (d, Jc.r = 2.6 Hz)., 130.3, 128.3, 127.8, 127.0,
126.5, 126.0, 124.9 (d, Jc.r = 3.3 Hz)., 122.5 (d, Jc.r = 13.0 Hz)., 116.7 (d, Jcr = 23.4 Hz)., 112.4, 109.7,
75.4 (d, Jcr=9.0 Hz)., 43.2, 26.1, 25.5, 24.3, -5.2.

1F NMR (376 MHz, Chloroform-d) & = -108.2.

HRMS (ESI) m/z: [M + Na]* Calculated for [C27H20FO2Si +Na"] = 455.1813 found 455.1808.

IR (neat): 3483, 3050, 2919, 1681, 1610, 1483, 1452, 1281, 1247, 1159, 1086, 976, 865, 813 and 769 cm"
1

2.00
1.50]
2 1.00]

2

0.50

L e e e L e e U L S e B e S
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00

Retention Time Area % Area
1 8.196 30676128 37.45
2 8.910 9843380 12.02
3 9.477 31658755 38.65
4 10.342 9736056 11.89

Retention Time Area % Area
1 8.271 12047112 89.06
2 8.983 1363456 10.08
3 9.643 69821 0.52
4 10.395 46563 0.34
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C5: (S)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)-1-(m-tolyl)pent-4-
en-1-one
0

(C2sH320,Si) Colorless oil; 37.5 mg, 87% yield, 99/99% ee, 88:12 dr; [a] ®p = +10.5 (c = 0.54 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel IG, CO2/MeOH = 90/10, 1.5 mL/min, A =230 nm), #;=22.93 min, £, = 24.63 min,
t3=29.13 min, t4= 31.24 min.

TH NMR (400 MHz, CDCl3) § = 7.97 (s, 1H), 7.83 — 7.74 (m, 3H), 7.63 (s, 1H), 7.56 (dd, J= 8.1, 1.0 Hz,
1H), 7.50 - 7.46 (m, 2H), 7.33 (t,J= 7.4 Hz, 2H), 7.06 (t, /= 7.7 Hz, 1H), 5.09 (ddd, J= 8.7, 6.6, 3.4 Hz,
1H), 4.72 (d, J = 3.3 Hz, 2H), 4.60 — 4.57 (m, 1H), 4.50 — 4.46 (m, 1H), 3.64 (dd, J = 6.6, 2.3 Hz, 1H),
2.35(s,3H), 2.31 (d,J=3.0 Hz, 1H), 2.06 —2.02 (m, 1H), 1.99 (d, /=4.0 Hz, 1H), 1.99 — 1.93 (m, 1H),,
1.87 (s, 2H), 1.55 (s, 3H), 0.41 (s, 3H).

I3C NMR (101 MHz, CDCIs) 6 = 201.8, 142.8, 142.2, 138.8, 134.9, 134.9, 134.8, 133.9, 133.7, 133.0,
130.2, 129.1, 128.7, 128.3, 127.9, 127.1, 126.6, 126.1, 125.7, 112.3, 109.7, 72.1, 44.3, 26.3, 25.5, 24.6,
21.4,-2.8.

HRMS (ESI) m/z: [M + Na]" Calculated for [C2sH320,Si +Na'] = 451.2064 found 451.2065.

IR (neat): 3471, 3050, 2919, 1680, 1635, 1406, 1275, 1164, 1085, 859, 814 and 745 cm™.

1.20

1.004

0.80

AU

0.60
0.404

0.20

] 29.117
] 31.104

0.00+
———— —————————— [ 1
0.00 5.00 10.00 15.00 20.00

T T T T T T T T
30.00 35.00 40.0C

Retention Time Area % Area
1 22914 27646460 37.95
2 24.488 8761767 12.03
3 29.117 27627215 37.92
4 31.104 8818317 12.10
2.00
2 1.00—: § & L
1 S = =
0.00-} — c‘\‘w‘;
0.00 5.60 10.‘00 154‘00 20.‘00 25.‘00 30.‘00 354‘00 40.0C
Minutes
Retention Time Area % Area
1 22.926 76889940 88.98
2 24.626 9499772 10.99
3 29.126 13445 0.02
4 31.243 6638 0.01
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C6: (S)-2-hydroxy-1-(3-methoxyphenyl)-4-(((S)-methyl(2-methylallyl)(naphthalen-2-
yDsilyl)methyl)pent-4-en-1-one

(C2sH320;38Si) Colorless oil; 37.0 mg, 83% yield, 99/99% ee, 87:13 dr; [a] "o =+20.1 (¢ =0.58 g/100 mL,
in CH2Cl).

SFC (Daicel Chiralcel IG, CO2/MeOH = 90/10, 1.5 mL/min, A =230 nm), #;=29.27 min, £, =31.01 min,
t3=34.98 min, 2= 36.38 min.

TH NMR (400 MHz, CDCl3) 6 = 7.97 (s, 1H), 7.85 — 7.70 (m, 3H), 7.56 (dd, J=8.2, 1.0 Hz, 1H), 7.52 —
7.45 (m, 2H), 7.35 (d, J=1.9 Hz, 1H), 7.24 — 6.99 (m, 3H), 5.07 (ddd, /= 8.7, 6.7, 3.4 Hz, 1H), 4.72 (d,
J=4.5 Hz, 2H), 4.61 — 4.53 (m, 1H), 4.48 (s, 1H), 3.79 (s, 3H), 3.60 (d, J= 6.7 Hz, 1H), 2.32 (dd, J =
14.3, 3.1 Hz, 1H), 2.07 — 2.02 (m, 1H), 2.02 — 1.99 (m, 1H), 1.99 — 1.94 (m, 1H), 1.90 — 1.83 (m, 2H),
1.55 (s, 3H), 0.41 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 201.5, 160.0, 142.8, 142.1, 135.0, 134.9, 134.9, 133.9, 133.0, 130.2,
129.8, 128.3, 127.9, 127.1, 126.6, 126.1, 121.0, 120.5, 112.7, 112.4, 109.7, 72.2, 55.5, 44.3, 26.3, 25.5,
24.6,-5.3.

HRMS (ESI) m/z: [M + Na]" Calculated for [C2sH3203Si +Na'] = 467.2013 found 467.2016.

IR (neat): 3476, 3073, 2917, 1682, 1635, 1590, 1431, 1273, 1165, 1085, 859, 815 and 789 cm™.

0.20

AU

0.00—

Retention Time Area % Area
1 29.506 11254465 38.77
2 31.136 3340183 11.51
3 35.029 11143920 38.39
4 36.439 3287086 11.32

Retention Time Area % Area

1 29.274 23031440 90.16
2 31.009 2480204 9.71
3 34.982 30736 0.12
4 36.377 3220 0.01
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C7: (S)-1-(3-fluorophenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-
yDsilyl)methyl)pent-4-en-1-one

(C27H290F0,Si) Colorless oil; 34.6 mg, 80% yield, 99/99% ee, 85:15 dr; [a] b = +14.4 (c = 0.52 g/100
mL, in CH2Cl).
SFC (Daicel Chiralcel ODH, CO2/i-PrOH = 95/5, 1.0 mL/min), t; =42.41 min, £, =44.11 min, 3=45.71

min, #4= 48.79 min.

TH NMR (400 MHz, CDCl3) 6 = 7.98 (s, 1H), 7.85 — 7.71 (m, 3H), 7.57 (dd, J=8.1, 1.0 Hz, 1H), 7.53 —
7.45 (m, 3H), 7.25 (dd, J="7.2, 1.6 Hz, 1H), 7.22 — 7.15 (m, 1H), 7.06 (td, J = 8.0, 5.5 Hz, 1H), 5.02 (ddd,
J=28.8,6.7,3.6 Hz, 1H), 4.73 (s, 1H), 4.72 — 4.66 (m, 1H), 4.63 — 4.56 (m, 1H), 4.51 — 4.48 (m, 1H),
3.49 (dd, J=6.7, 1.9 Hz, 1H), 2.27 (dd, J = 14.2, 3.2 Hz, 1H), 2.07 — 2.02 (m, 1H), 2.00 (d, /= 6.3 Hz,
1H), 1.98 — 1.94 (m, 1H), 1.91 — 1.85 (m, 2H), 1.56 (s, 3H), 0.43 (s, 3H).

I3C NMR (101 MHz, CDCl3) 8 =200.6 (d, Jcr = 2.0 Hz)., 162.9 (d, Jc.r = 248.8 Hz), 142.8, 141.9, 135.8
(d, Jc.r = 6.5 Hz), 134.9, 133.9, 133.0, 130.6 (d, Jcr = 7.5 Hz)., 130.2, 128.3, 127.9, 127.2, 126.7, 126.2,
124.2 (d, Jcr = 2.9 Hz)., 121.0 (d, Jc-r = 21.6 Hz)., 115.3 (d, Jcr = 22.5 Hz), 112.6, 109.8, 72.2, 44.0,
26.3,25.5, 24.6, -5.3.

1F NMR (376 MHz, Chloroform-d) & = -110.9.

HRMS (ESI) m/z: [M + Na]* Calculated for [C27H20FO2Si +Na"] = 455.1813 found 455.1817.

IR (neat): 3480, 3071, 2918, 1686, 1635, 1587, 1443, 1267, 1161, 1084, 862, 810 and 744 cm™.
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000 e e e e e
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3 45.714 3031 0.03
4 48.791 7530 0.07
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C8: (S)-1-(3-chlorophenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-
yDsilyl)methyl)pent-4-en-1-one
0

(C27H29C10,Si) Colorless oil; 36.2 mg, 80% yield, 99/95% ee, 88:12 dr; [a] ’p = +15.8 (¢ = 0.46 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel IG-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 230 nm), #; = 10.61 min, » = 11.46
min, 3= 14.11 min, 4= 15.29 min.

TH NMR (400 MHz, CDCl3) § = 7.97 (s, 1H), 7.84 — 7.72 (m, 4H), 7.57 (dd, J=8.1, 0.9 Hz, 1H), 7.52 —
7.44 (m, 3H), 7.33 (d, J= 7.8 Hz, 1H), 7.02 (t, J= 7.9 Hz, 1H), 5.02 (ddd, /= 8.8, 6.6, 3.5 Hz, 1H), 4.73
(s, 1H), 4.70 (s, 1H), 4.60 (s, 1H), 4.50 (s, 1H), 3.48 (d, /= 6.6 Hz, 1H), 2.26 (dd, /= 14.3, 3.1 Hz, 1H),
2.03 (d,J=13.5Hz, 1H), 1.99 (d, /= 8.5 Hz, 1H), 1.97 — 1.92 (m, 1H), 1.88 (d, J=4.9 Hz, 2H), 1.56 (s,
3H), 0.43 (s, 3H).

I3C NMR (101 MHz, CDCIs) 6 = 200.5, 142.8, 141.8, 135.3, 135.3, 134.9, 134.9, 133.9, 133.8, 133.0,
130.2, 130.1, 128.6, 128.3, 127.9, 127.2, 126.7, 126.5, 126.2, 112.6, 109.8, 72.2, 44.0, 26.3, 25.5, 24.6, -
5.3.

HRMS (ESI) m/z: [M + Na]" Calculated for [C27H29C102Si +Na"]=471.1518,473.1488, found 471.1523,
473.1497.

IR (neat): 3480, 3072, 2918, 1687, 1635, 1570, 1419, 1252, 1160, 1084, 859, 813 and 743 cm™.

AU

3

[=]

3 14239

&

g 15.104
5

8

Retention Time Area % Area
1 10.658 21354098 38.23
2 11.499 6560406 11.74
3 14.239 6714360 12.02
4 15.104 21231258 38.01

KT‘A—A‘H“ “““““““““““

Retention Time Area % Area
1 10.607 22779994 88.76
2 11.455 2777895 10.82
3 14.111 70360 0.27
4 15.286 37118 0.14
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C9: (S)-1-(3-bromophenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-
yDsilyl)methyl)pent-4-en-1-one
0

Br. ; Si.\\ﬂ/
OH

(C27H29Br0;Si) Colorless oil; 44.8 mg, 90% yield, 99/99% ee, 90:10 dr; [a] *p = +14.8 (¢ = 0.59 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel AZ-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 230 nm), #; = 9.49 min, ©» = 10.84
min, 3= 12.14 min, 4= 15.26 min.

TH NMR (400 MHz, CDCl3) § = 7.96 (dd, J= 5.7, 4.0 Hz, 2H), 7.84 — 7.74 (m, 3H), 7.64 — 7.59 (m, 1H),
7.59 —7.54 (m, 1H), 7.52 — 7.46 (m, 2H), 7.37 (d, /= 7.8 Hz, 1H), 6.95 (t, /= 7.9 Hz, 1H), 5.01 (ddd, J
=8.8,6.6,3.5 Hz, 1H), 4.73 (s, 1H), 4.70 (s, 1H), 4.60 (s, 1H), 4.50 (s, 1H), 3.47 (d, /= 6.6 Hz, 1H), 2.25
(dd, J=14.3,3.1 Hz, 1H), 2.03 (d, J=13.4 Hz, 1H), 1.98 (d, J= 7.1 Hz, 1H), 1.97 — 1.92 (m, 1H), 1.88
(d, J=4.9 Hz, 2H), 1.57 (s, 3H), 0.43 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 200.4, 142.8, 141.8, 136.7, 135.5, 134.9, 134.9, 133.9, 133.0, 131.6,
130.3,130.2, 128.3, 127.9, 127.2, 126.9, 126.7, 126.2, 123.3, 112.7, 109.8, 72.1, 44.0, 26.3, 25.5, 24.6, -
5.3.

HRMS (ESI) m/z: [M + Na]" Calculated for [C27H20BrO»Si+Na*]=515.1012, 517.0992, found 515.1018,
517.0999.

IR (neat): 3477, 3070, 2918, 1685, 1635, 1415, 1252, 1162, 1084, 980, 860, 813 and 744 cm™.

AU

12.159
5
8

15.223
5
8

/\

Retention Time Area % Area
1 9.399 31706324 38.17
2 10.774 9768104 11.76
3 12.159 9683074 11.66
4 15.223 31904986 38.41

Retention Time Area % Area
1 9.489 8222578 89.61
2 10.835 948992 10.34
3 12.136 2206 0.02
4 15.261 1987 0.02
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C10: (S)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)-1-(3-
nitrophenyl)pent-4-en-1-one

N .
O3 ; S \”/
OH O

(C27H29NO4Si) Colorless oil; 34.6 mg, 75% yield, 99/99% ee, 85:15 dr; [a] Yp = +5.7 (¢ = 0.39 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel OZ-3, CO2/EtOH = 90/10, 1.5 mL/min, A = 230 nm), ¢#; = 10.51 min, ©» = 12.44
min, 3= 26.71 min, 4= 30.46 min.

TH NMR (400 MHz, CDCl3) 6 = 8.62 (t,J= 1.9 Hz, 1H), 8.31 —8.21 (m, 1H), 7.94 (d, J = 21.2 Hz, 1H),
7.82 — 7.66 (m, 4H), 7.56 (dd, J = 8.1, 1.0 Hz, 1H), 7.52 — 7.46 (m, 2H), 7.22 (t, J = 8.0 Hz, 1H), 5.04
(ddd, J=8.9, 6.5, 3.7 Hz, 1H), 4.76 (s, 1H), 4.70 (s, 1H), 4.64 —4.57 (m, 1H), 4.53 — 4.44 (m, 1H), 3.35
(d,/J=6.4Hz, 1H), 2.23 (dd, J = 14.3, 3.2 Hz, 1H), 2.07 — 2.02 (m, 1H), 2.01 (d, /= 7.3 Hz, 1H), 1.99 —
1.95 (m, 1H), 1.91 (s, 2H), 1.58 (s, 3H), 0.44 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 199.6, 148.4, 142.7, 141.6, 135.2, 134.9, 134.8, 133.9, 133.8, 132.9,
130.2, 130.0, 128.2, 127.9, 127.9, 127.2, 126.8, 126.3, 123.5, 113.0, 109.9, 72.3, 43.8, 26.2, 25.5, 24.6, -
5.3.

HRMS (ESI) m/z: [M + Na]* Calculated for [C27H20NO4Si +Na*] = 482.1758 found 482.1761.

IR (neat): 3484, 3079, 2920, 1692, 1631, 1533, 1349, 1252, 1161, 1084, 863, 814 and 713 cm™.

0.30]
- 3
2

0.10]

I
;ﬁg}
> 26.685
>30 a1

— T T T T T T — B S e B B e T e e S e e L A B e A o B
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00
Minutes

Retention Time Area % Area
1 10.449 7147827 35.67
2 12.367 2959364 14.77
3 26.685 7125059 35.56
4 30411 2804194 14.00

E A il Z

Retention Time Area % Area
1 10.511 8685365 85.95
2 12.442 1407806 13.93
3 26.711 5453 0.05
4 30.462 6877 0.07
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C11:(S)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)-1-(p-tolyl) pent-4-
en-1-one
(0]

oY
4

(C2sH320,Si) Colorless oil; 36.8 mg, 86% yield, 98/95% ee, 89:11 dr; [a] "*p =+18.8 (c=0.51 g/100 mL,
in CH2Cl).

HPLC (Daicel chiralcel ADH, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 230 nm), #; = 14.33 min, t, =
15.11 min, 13=17.92 min, #4= 19.73 min.

'H NMR (400 MHz, CDCls3) 6 = 7.99 (s, 1H), 7.84 — 7.73 (m, 3H), 7.60 (dt, J = 8.2, 1.7 Hz, 1H), 7.53 —
7.43 (m, 4H), 6.92 (d, J = 8.0 Hz, 2H), 5.04 (ddd, J = 9.7, 6.6, 3.4 Hz, 1H), 4.72 (d, J = 7.9 Hz, 2H), 4.61
—4.56 (m, 1H), 4.49 (s, 1H), 3.69 — 3.65 (m, 1H), 2.32 (s, 3H), 2.28 (d, J = 4.3 Hz, 1H), 2.09 — 2.08 (d, J
=13.9 Hz, 1H), 2.00 (d, J = 7.5 Hz, 1H), 1.97 (d, J = 8.5 Hz, 1H), 1.90 — 1.86 (m, 2H), 1.56 (s, 3H), 0.42
(s, 3H).

I3C NMR (101 MHz, CDCl3) 6 = 201.1, 144.9, 142.8, 142.2, 135.1, 134.9, 134.0, 133.0,130.9, 130.3,
129.5,128.6, 128.3, 127.9, 127.2, 126.7, 126.1, 112.4, 109.7, 71.7, 44.4, 26.5, 25.5, 24.3, 21.8, -5.3.
HRMS (ESI) m/z: [M + Na]" Calculated for [C2sH320,Si +Na'] = 451.2064 found 451.2064.

IR (neat): 3467, 3049, 2919, 1676, 1635, 1607, 1270, 1175, 1085, 973, 859, 815 and 745 cm™.

1.40

17.883

1.20
1.00]

0.80

AU

o.zoé /\
Retention Time Area % Area
1 14.302 8348046 11.32
2 15.062 28492116 38.63
3 17.883 28544137 38.70
4 19.674 8372460 11.35
o AN
Retention Time Area % Area
1 14.326 84764 0.26
2 15.105 254623 0.78
3 17.921 28945341 88.82
4 19.733 3304869 10.14
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C12: (S)-1-(4-ethylphenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-

yDsilyl)methyl)pent-4-en-1-one
0

(C29H340,8Si) Colorless oil; 34.9 mg, 79% yield, 99/98% ee, 90:10 dr; [a] *'p = +23.4 (¢ = 0.42 g/100 mL,
in CH2Cl).

HPLC (Daicel chiralcel OXH, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 230 nm), ¢; = 8.88 min, > =
9.80 min, 13=13.91 min, 4= 15.71 min.

'H NMR (400 MHz, CDCls) 6 = 8.00 (s, 1H), 7.87 — 7.73 (m, 3H), 7.62 (t, J = 9.9 Hz, 1H), 7.56 — 7.42
(m, 4H), 6.93 (d, J = 8.1 Hz, 2H), 5.04 (ddd, J = 9.6, 6.6, 3.4 Hz, 1H), 4.73 (d, J = 8.8 Hz, 2H), 4.59 (s,
1H), 4.49 (s, 1H), 3.68 (d, J = 6.6 Hz, 1H), 2.60 (g, J = 7.6 Hz, 2H), 2.40 — 2.24 (m, 1H), 2.09 (d, J =13.8
Hz, 1H), 2.02 (s, 1H), 1.97 (d, J = 12.0 Hz, 1H), 1.88 (s, 2H), 1.56 (s, 3H), 1.19 (t, J = 7.6 Hz, 3H), 0.42
(s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 201.1, 151.1, 142.8, 142.3, 135.1, 134.9, 134.0, 133.0, 131.0, 130.3,
128.8, 128.3,127.9, 127.2, 126.7, 126.2, 112.4, 109.7, 71.7, 44.4, 29.1, 26.6, 25.5, 24.2, 15.2,-5.4.

HRMS (ESI) m/z: [M + Na]" Calculated for [C29H340,Si +Na'] = 465.2220 found 465.2223.
IR (neat): 3469, 3050, 2966, 2927, 1677, 1606, 1411, 1265, 1168, 1085, 976, 814 and 744 cm.

A

.00-

0.80—

1m

0.60-

A

0.40—

= A
Retention Time Area % Area
1 7.604 2945031 10.96
2 8.077 10464927 38.96
3 12.712 10474137 38.99
4 14.218 2976876 11.08
o 2 L A
Retention Time Area % Area
1 8.878 66159 0.09
2 9.797 72845 0.10
3 13.908 64236753 89.64
4 15.710 7284049 10.16
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C13: (S)-1-(4-(tert-butyl)phenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-

yDsilyl)methyl)pent-4-en-1-one
0
.
: Si
T

(C31H330,Si) Colorless oil; 37.6 mg, 80% yield, 99/98% ee, 89:11 dr; [a] "o =+25.7 (¢ =0.53 g/100 mL,
in CH2Cl).

HPLC (Daicel chiralcel OXH, n-hexane/MEOH = 80/20, 1.5 mL/min, A =230 nm), ¢#; = 13.29 min, ©, =
13.89 min, 3= 20.43 min, 4= 21.61 min.

'H NMR (400 MHz, CDCIs) 6 = 8.03 (s, 1H), 7.88 — 7.75 (m, 3H), 7.69 — 7.61 (m, 1H), 7.55 — 7.48 (m,
2H), 7.45 (d, J =8.5 Hz, 2H), 7.11 (d, J = 8.5 Hz, 2H), 5.04 (ddd, J = 9.8, 6.6, 3.5 Hz, 1H), 4.74 (s, 1H),
4.72 (s, 1H), 4.59 (t, J = 3.7 Hz, 1H), 4.48 (s, 1H), 3.69 (t, J = 6.3 Hz, 1H), 2.44 — 2.25 (m, 1H), 2.13 (d,
J=13.8 Hz, 1H), 2.07 — 1.93 (m, 2H), 1.87 (s, 2H), 1.56 (s, 3H), 1.26 (s, 9H), 0.42 (s, 3H).

I3C NMR (101 MHz, CDCls) & = 201.1, 157.9, 142.8, 142.3, 135.2, 134.9, 133.9, 133.0, 130.7, 130.3,
128.6, 128.3, 128.0, 127.3, 126.8, 126.3, 125.8, 112.5, 109.7, 71.6, 44.3, 35.3, 31.1, 26.8, 25.5, 24.1, -5.5.
HRMS (ESI) m/z: [M + Na]" Calculated for [C31H3302Si +Na"] = 493.2533 found 493.2537.

IR (neat): 3472, 3052, 2962, 1677, 1636, 1604, 1408, 1269, 1162, 1086, 977, 856, 815 and 746 cm™.

2.00
o
1.50 8
2 1.001 a
0.50
s s
0.00 2.00 4.00 6.00 8.00 10.00 12,00 14.00 16.00 18.00 ‘ ‘ 24.00
Minutes
Retention Time Area % Area
1 13.332 12931759 12.37
2 13.906 38757925 37.07
3 20.514 39651791 37.92
4 21.727 13223510 12.65
1.50
1.001
2
= 0.50] § § S :é:
“ o S
o bt L /*\ — :
0.00 2.00 4.00 6.00 8.00 10,00 12100 14.00 16.00 18,00 20.00 22,00 24.00
Minutes
Retention Time Area % Area
1 13.290 26787 0.09
2 13.886 110467 0.39
3 20.430 25599469 90.30
4 21.606 2613662 9.22
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C14: (S)-2-hydroxy-1-(4-methoxyphenyl)-4-(((S)-methyl(2-methylallyl)(naphthalen-2-
yDsilyl)methyl)pent-4-en-1-one

(C23H320;3Si) Colorless oil; 38.5 mg, 86% yield, 98/93% ee, 89:11 dr; [a] "o =+30.6 (¢ =0.52 g/100 mL,
in CH2Cl).

SFC (Daicel Chiralcel IF-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 230 nm), #; = 14.34 min, > = 16.63
min, 3= 18.52 min, 4= 20.29 min.

TH NMR (400 MHz, CDCl3) & = 8.02 (s, 1H), 7.84 (td, J = 8.8, 8.0, 5.5 Hz, 3H), 7.69 — 7.62 (m, 1H),
7.54 —7.44 (m, 4H), 6.56 — 6.50 (m, 2H), 4.99 (ddd, J=9.9, 6.7, 3.5 Hz, 1H), 4.74 (s, 1H), 4.72 (s, 1H),
4.61 —4.57 (m, 1H), 4.51 —4.47 (m, 1H), 3.79 (d, /= 30.0 Hz, 3H), 3.72 (d, /= 6.7 Hz, 1H), 2.29 (dd, J
=14.4,3.2 Hz, 1H), 2.12 (d,/J=13.8 Hz, 1H), 2.03 (d, /= 7.2 Hz, 1H), 2.00 — 1.95 (m, 1H), 1.88 (s, 2H),
1.57 (d, J= 6.3 Hz, 3H), 0.43 (s, 3H).

I3CNMR (101 MHz, CDCl3) 8 = 199.83, 164.09, 142.80, 142.35, 135.27, 134.88, 133.94, 133.03, 130.90,
130.33, 128.35,127.95,127.25, 126.69, 126.19, 113.99, 112.41, 109.72, 71.28, 55.66, 44.51, 26.67,25.49,
24.15, -5.48.

HRMS (ESI) m/z: [M + Na]" Calculated for [C2sH3203Si +Na'] = 467.2013 found 467.2010.

IR (neat): 3462, 3073, 2918, 1670, 1600, 1511, 1258, 1170, 1085, 1026, 975, 876, 814 and 746 cm’".

0.00 A~
000 200 | a00  'e&00 800 | 1000 | '12'00 1400 1600 18000 20000 2200 24!00 |
Minutes
Retention Time Area % Area
1 14.138 28709975 36.86
2 16.287 9301729 11.94
3 17.581 28967395 37.19
4 19.754 10903766 14.00
0,007\‘——4/—\,
Retention Time Area % Area
1 14.336 10683443 90.98
2 16.629 927300 7.90
3 18.521 100113 0.85
4 20.288 31585 0.27
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C15: (S)-2-hydroxy-1-(4-hydroxyphenyl)-4-(((S)-methyl(2-methylallyl)(naphthalen-2-
yDsilyl)methyl)pent-4-en-1-one
o)

T
; Si'
MI il

(C27H3003Si) Colorless oil; 30.9 mg, 72% yield, 99/99% ee, 90:10 dr; [o.] **p = +38.1 (¢ =0.39 g/100 mL,
in CH2Cl).

SFC (Daicel Chiralcel IG, CO2/MeOH = 85/15, 1.5 mL/min), A =230 nm, t; = 14.31 min, to = 16.15 min,
t3 = 17.44 min, t4 = 22.28 min..

'TH NMR (400 MHz, CDCl3) 8 = 7.99 (s, 1H), 7.87 — 7.71 (m, 3H), 7.60 (dd, J = 16.6, 8.4 Hz, 1H), 7.50
(d, J=8.4 Hz, 4H), 6.54 (d, J = 8.6 Hz, 2H), 6.35 (s, 1H), 5.01 (td, /J=8.2, 6.9, 3.4 Hz, 1H),4.73 (d, J =
4.6 Hz, 2H), 4.59 (s, 1H), 4.48 (s, 1H), 3.84 (d, J = 6.6 Hz, 1H), 2.29 (dd, J = 14.6, 2.7 Hz, 1H), 2.05 (d,
J=13.8 Hz, 1H), 1.98 (dd, /= 14.2, 7.1 Hz, 2H), 1.88 (s, 2H), 1.55 (s, 3H), 0.42 (s, 3H).

IBCNMR (101 MHz, CDCl3) 8 =199.74, 161.09, 142.79, 142.03, 135.08, 134.86, 133.93, 133.01, 131.22,
130.28, 128.34, 127.95, 127.21, 126.67, 126.17, 126.06, 115.70, 112.53, 109.77, 71.40, 44.50, 26.43,
25.50, 24.39, -5.37.

HRMS (ESI) m/z: [M + Na]" Calculated for [C27H3003Si +Na'] = 453.1856 found 453.1849.

IR (neat): 3297, 3072, 2922, 1667, 1599, 1514, 1443, 1272, 1166, 1084, 976, 814 and 744 cm.
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Retention Time Area % Area
1 14.354 2753100 38.36
2 16.145 817426 11.39
3 17.432 2779746 38.73
4 22.308 827015 11.52
1.00
o.so—f
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2 0.40—? ©
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00Mmu(e516.00 18.00 20.00 22.00 24.00 26.00 28.00 30.0C
Retention Time Area % Area
1 14.309 24310249 89.89
2 16.150 1691 0.01
3 17.443 6116 0.02
4 22.276 2726631 10.08
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C16: (S)-1-(4-fluorophenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-
yDsilyl)methyl)pent-4-en-1-one
0

(C27H29FO2Si) Colorless oil; 35.7 mg, 82% yield, 99/99% ee, 88:12 dr; [a] "p = -28.9 (¢ = 0.49 g/100
mL, in CH2Cl).

HPLC (Daicel chiralcel OXH, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 230 nm), #; = 10.31 min, ©, =
11.13 min, 3= 12.58 min, #4= 14.58 min.

'H NMR (400 MHz, CDCls) § =8.00 (s, 1H), 7.87 — 7.71 (m, 3H), 7.69 — 7.58 (m, 1H), 7.52 (tt, J = 6.8,
3.7 Hz, 4H), 6.75 (t, J = 8.6 Hz, 2H), 4.99 (ddd, J = 10.0, 6.7, 3.6 Hz, 1H), 4.75 (s, 1H), 4.70 (s, 1H), 4.64
—4.55 (m, 1H), 4.50 (s, 1H), 3.57 (d, J = 6.6 Hz, 1H), 2.24 (dd, J = 14.5, 3.1 Hz, 1H), 2.07 (d, J = 13.8
Hz, 1H), 1.99 (d, J = 9.2 Hz, 1H), 1.96 (d, J = 9.4 Hz, 1H), 1.89 (s, 2H), 1.57 (s, 3H), 0.43 (s, 3H).

I3C NMR (101 MHz, CDCl3) 8 =200.0, 166.1 (d, Jc-r = 256.4 Hz)., 142.8, 142.0, 135.1, 134.9, 133.9,
133.0, 131.2 (d, Jcr =9.5 Hz)., 130.2, 129.9 (d, Jcr=2.9 Hz)., 128.3, 127.9, 127.3, 126.8, 126.3, 116.0
(d, Jcr=22.0 Hz), 112.6, 109.8, 71.6, 44.1, 26.5, 25.5, 24.4, -5.5.

1F NMR (376 MHz, Chloroform-d) & = -103.2.

HRMS (ESI) m/z: [M + Na]* Calculated for [C27H20FO2Si +Na"] = 455.1813 found 455.1816.

IR (neat): 3475, 3073, 2918, 1682, 1635, 1597, 1506, 1408, 1236, 1157, 1085, 976, 847, 814 and 745 cm™
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Retention Time Area % Area
1 10.250 24216768 36.84
2 11.061 8628945 13.13
3 12.506 8226510 12.52
4 14.515 24657543 37.51

VAN

Retention Time Area % Area
1 10.314 1499 0.01
2 11.128 2709463 10.56
3 12.582 4273 0.02
4 14.578 22951341 89.42
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C17: (S)-1-(4-chlorophenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-
yDsilyl)methyl)pent-4-en-1-one

¢

(C27H29C10,Si) Colorless oil; 40.7 mg, 88% yield, 99/98% ee, 88:12 dr; [a] b = +14.4 (¢ = 0.52 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel IG, CO2/MeOH =90/10, 1.5 mL/min, A =230 nm), t; =41.50 min, to =44.53 min,
t3 = 49.02 min, t4 = 56.69 min

'TH NMR (400 MHz, CDCl3) 8 = 7.99 (s, 1H), 7.87 — 7.73 (m, 3H), 7.61 — 7.49 (m, 3H), 7.49 — 7.34 (m,
2H), 7.07 — 7.00 (m, 2H), 5.03 — 4.92 (m, 1H), 4.75 (s, 1H), 4.70 (s, 1H), 4.63 —4.56 (m, 1H), 4.54 — 4.44
(m, 1H), 3.53 (d,/=6.6 Hz, 1H), 2.22 (dd, /= 14.5, 3.4 Hz, 1H), 2.06 (d, /= 13.8 Hz, 1H), 1.99 (s, 1H),
1.97 — 1.93 (m, 1H), 1.89 (s, 2H), 1.57 (s, 3H), 0.42 (s, 3H).

13C NMR (101 MHz, CDCls) 8 = 200.4, 142.7, 141.9, 140.4, 135.0, 134.9, 133.9, 133.0, 131.8, 130.2,
129.8, 129.2, 128.3, 127.9, 127.3, 126.9, 126.3, 112.7, 109.8, 71.7, 44.0, 26.5, 25.5, 24.4, -5.5.

HRMS (ESI) m/z: [M + Na]" Calculated for [C27H29Cl02Si +Na"]=471.1518, 473.1488, found 471.1519,
473.1493.

IR (neat): 3476, 3072, 2918, 1682, 1634, 1590, 1399, 1257, 1162, 1089, 976, 877, 858, 814 and 744 cm’
1

0.10]
0.05-] i ]
o} 4
Ed ] ~ ﬁ\
¥ A

44.374
56.512

o.oo—fw—v YA
0.700‘ o ‘5.(‘)0‘ o ‘10.‘00‘ o ‘15.‘00‘ o ‘20.‘00‘ o ‘25.‘00‘ o ‘30.‘00‘ o ‘35.‘00‘ o ‘40.‘00‘ o ‘45.‘00‘ o ‘50.‘00‘ o ‘55.‘00‘ s
Minutes
Retention Time Area % Area
1 41.419 5160044 38.47
2 44374 1570341 11.71
3 48.794 5134889 38.28
4 56.512 1547747 11.54
0.15j
0.10;
= oo =R < z
0.00E/‘/'\[ A1 i /*\
O.’OO‘ ' ' ‘5.60‘ ' ' ‘10.‘00‘ ' ' ‘15.‘00‘ ' ' ‘20.‘00‘ ' ' ‘25.‘00‘ ' ' ‘30.‘00‘ ' ' ‘35.‘00‘ ' ' ‘40.‘00‘ ' ' ‘45.‘00‘ ' ' ‘50.‘00‘ ' ' ‘55.‘00‘ '
Minutes
Retention Time Area % Area
1 41.504 8936 0.10
2 44.528 8273 0.09
3 49.022 8117310 89.27
4 56.689 958370 10.54
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C18: (S)-1-(4-bromophenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-
yDsilyl)methyl)pent-4-en-1-one

(C27H29Br0;Si) Colorless oil; 44.9 mg, 90% yield, 99/97% ee, 89:11 dr; [a] p = +9.5 (¢ = 0.57 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel OJ-3, CO2/MeOH = 95/5 , 1.5 mL/min, A = 230 nm), ¢#; = 12.57 min, ©» = 14.91
min, 3= 16.59 min, 4= 19.31 min.

TH NMR (400 MHz, CDCl3) & = 7.99 (s, 1H), 7.87 — 7.73 (m, 3H), 7.63 — 7.56 (m, 1H), 7.55 — 7.49 (m,
2H), 7.40 — 7.28 (m, 2H), 7.19 (d, J = 8.5 Hz, 2H), 4.96 (ddd, J = 10.0, 6.7, 3.6 Hz, 1H), 4.75 (s, 1H),
4.70 (s, 1H), 4.60 (s, 1H), 4.50 (s, 1H), 3.53 (d, /= 6.6 Hz, 1H), 2.21 (dd, J = 14.5, 3.3 Hz, 1H), 2.07 (d,
J=13.8 Hz, 1H), 1.99 (d, /= 3.5 Hz, 1H), 1.96 — 1.92 (m, 1H), 1.90 (s, 2H), 1.58 (s, 3H), 0.42 (s, 3H).
I3C NMR (101 MHz, CDCls) 6 = 200.7, 142.7, 141.9, 135.0, 134.9, 133.9, 133.0, 132.2, 132.1, 130.2,
129.9, 129.2, 128.3, 127.9, 127.3, 126.9, 126.4, 112.7, 109.8, 71.7, 44.0, 26.5, 25.5, 24.3, -5.5.

HRMS (ESI) m/z: [M + Na]" Calculated for [C27H20BrO»Si+Na*]=515.1012, 517.0992, found 515.1022,
517.1001.

IR (neat): 3474, 3070, 2920, 1683, 1635, 1585, 1397, 1258, 1163, 1080, 976, 870, 816 and 744 cm™.

Retention Time Area % Area
1 13.778 28107769 38.61
2 15.971 27077147 37.19
3 17.558 9758717 13.40
4 20.399 7862701 10.80
0.40
0.30: §
<D( 0.20+ b
S g &
0.00 A e T
0.00 ' ' ' 260 ' ' ' 460 ' ' ' 660 ' ' ' 860 ' ' ‘10‘00‘ ' ‘12.‘00‘ ' ‘14.‘00‘ ' ‘16‘00‘ ' ‘18‘00‘ ' ‘20‘00‘ ' ‘22‘00‘ ' ‘24‘00‘
Minutes
Retention Time Area % Area
1 12.568 7548421 88.84
2 14.905 9605 0.11
3 16.594 12927 0.15
4 19.308 925821 10.90
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C19: (S)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)-1-(4-
nitrophenyl)pent-4-en-1-one

(C27H29NO4Si) Colorless oil; 36.7 mg, 80% yield, 98/96% ee, 85:15 dr; [a] #*p = +39.7 (¢ = 0.41 g/100
mL, in CH2Cl).

HPLC (Daicel chiralcel OXH, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =230 nm), ;= 17.76 min, t, =
19.04 min, 3= 26.79 min, #4= 33.00 min.

TH NMR (400 MHz, CDCl3) & = 7.99 (s, 1H), 7.85 — 7.67 (m, 5H), 7.66 — 7.57 (m, 1H), 7.58 — 7.43 (m,
4H), 4.97 (ddd, J=9.9, 6.4, 3.8 Hz, 1H), 4.78 (s, 1H), 4.70 (s, 1H), 4.65 — 4.58 (m, 1H), 4.52 (s, 1H),
3.38 (d,J=6.4 Hz, 1H), 2.18 (dd, J = 14.4, 3.5 Hz, 1H), 2.08 (d, /= 13.8 Hz, 1H), 2.00 (d, J = 3.6 Hz,
1H), 1.98 — 1.94 (m, 1H), 1.90 (d, /= 9.6 Hz, 2H), 1.59 (s, 3H), 0.43 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 200.4, 150.5, 142.6, 141.6, 138.2, 135.0, 134.8, 133.9, 133.0, 130.1,
129.4,128.2,127.9,127.4, 127.1, 126.6, 123.9,113.1, 110.0, 72.0, 43.4, 26.4, 25.5,24.3,-5.6.

HRMS (ESI) m/z: [M -H] Calculated for [C27H20NO4Si -H] = 458.1793 found 458.1792.

IR (neat): 3488, 3050, 2921, 1695, 1601, 1526, 1347, 1256, 1088, 979, 855, 815 and 747 cm..

AU

1.404
1.204
1.004
0.804
0.60
0.40
0.204
0.00+

10.00 12.00 14.00 16. 00 18.00 20.00 22.00 24.00 26 [e]e] 28. 00 30.00 32.00 34.00

Minutes

Retention Time Area % Area
1 17.484 36863609 3422
2 18.768 15886896 14.75
3 26.461 37242960 34.58
4 32.564 17722638 16.45
o.s0
0.707
0.607
0.507
2 0.40]
0.307 e
0.207 B 3 =5
i = -
0.00 ' 200 ' 400 = 600 800 1000 1200 ' 14/00 = 1600 = 18/00 = 20/00 = 22/00 = 24/00 = 26/00 28/00 30.00 32/00  34.00
Retention Time Area % Area
1 17.755 202128 0.66
2 19.035 78848 0.26
3 26.790 26328879 86.49
4 32.999 3830380 12.58
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C20: 4-((S)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)pent-4-
enoyl)benzonitrile

(C2sH29NO;Si) Colorless oil; 28.1 mg, 64% yield, 97/90% ee, 88:12 dr; [a] p = +11.6 (c = 0.40 g/100
mL, in CH2Cl).

HPLC (Daicel chiralcel OXH, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 230 nm), #; = 38.25 min, t, =
40.58 min, 3= 64.52 min, 4= 79.61 min.

'H NMR (400 MHz, CDCls3) 6 = 7.99 (s, 1H), 7.87 — 7.78 (m, 3H), 7.62 — 7.53 (m, 3H), 7.51 — 7.43 (m,
2H), 7.25 - 7.21 (m, 2H), 4.96 (ddd, J=9.9, 6.4, 3.7 Hz, 1H), 4.77 (s, 1H), 4.72 — 4.68 (m, 1H), 4.62 (dt,
J=27,14Hz 1H), 453 -4.49 (m, 1H), 3.39 (d, J = 6.4 Hz, 1H), 2.18 (dd, J = 14.4, 3.4 Hz, 1H), 2.06
(d,J=13.8 Hz, 1H), 1.99 (d, J = 3.1 Hz, 1H), 1.97 — 1.93 (m, 1H), 1.91 (d, J = 0.8 Hz, 2H), 1.62 — 1.58
(m, 3H), 0.44 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 200.5, 142.6, 141.6, 136.7, 135.1, 134.8, 133.9, 133.0, 132.5, 130.2,
128.7, 128.3, 128.0, 127.3, 126.5, 116.9, 113.0, 109.9, 71.9, 43.5, 26.4, 25.5, 24.3, -5.6.

HRMS (ESI) m/z: [M + Na]" Calculated for [C2sH20NO2Si +Na*] = 462.1860 found 462.1864.
IR (neat): 3479, 3070, 2920, 1690, 1635, 1407, 1255, 1162, 1086, 976, 854, 815 and 747 cm™.

0.60

0.50

0.40

0.304

AU

0.204

0.10

0.00

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 70.00 75.00 80.00 85.00
Minutes

Retention Time Area % Area
1 37.999 31286780 36.06
2 40.498 12322537 14.20
3 65.126 31295190 36.07
4 80.182 11849215 13.66

oo 8 AL

Retention Time Area % Area
1 38.246 788286 1.26
2 40.576 394949 0.63
3 64.515 53595358 85.94
4 79.609 7586244 12.16
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C21: (S)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)-1-(4-
(trifluoromethyl)phenyl)pent-4-en-1-one

FsC ‘

(C2sH29F30,S1) Colorless oil; 40.1 mg, 83% yield, 99/99% ee, 88:12 dr; [a] b = +27.9 (¢ = 0.54 g/100
mL, in CH2Cl).

HPLC (Daicel chiralcel ADH, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 230 nm), ¢#; = 7.22 min, t, =
7.83 min, t3=9.48 min, 2= 10.54 min.

'H NMR (400 MHz, CDCl3) 6 =8.01 (s, 1H), 7.86 — 7.72 (m, 3H), 7.61 (dd, J = 8.1, 1.1 Hz, 1H), 7.57 -
7.46 (m, 4H), 7.34 - 7.18 (m, 2H), 5.00 (ddd, J = 9.9, 6.5, 3.7 Hz, 1H), 4.76 (s, 1H), 4.71 — 4.67 (m, 1H),
4.64 — 4.57 (m, 1H), 4.54 — 4.46 (m, 1H), 3.54 — 3.40 (m, 1H), 2.31 - 2.16 (m, 1H), 2.09 (d, J = 13.6 Hz,
1H), 2.00 (d, J = 6.2 Hz, 1H), 1.97 (d, J = 6.1 Hz, 1H), 1.90 (s, 2H), 1.58 (s, 3H), 0.42 (s, 3H).

I3C NMR (101 MHz, CDCls) & = 200.8, 142.7, 141.8, 136.3, 135.2, 135.0, 134.9, 134.8, 133.9, 133.0,
130.2, 128.8, 128.3, 127.9, 127.3, 127.0, 126.4, 126.0 (q, Jcr= 3.6 Hz), 112.9, 109.8, 71.9, 43.7, 26.6,
25.5,24.2,-5.6.

19F NMR (376 MHz, CDCl3) & = -63.2.

HRMS (ESI) m/z: [M + Na]" Calculated for [C2sH20F30,Si +Na"] = 505.1781 found 505.1785.

IR (neat): 3482, 3073, 2919, 1690, 1635, 1411, 1324, 1256, 1170, 1132, 1068, 977, 853, 815 and 746 cm™
1

2.00-

=
=
=3

1.50]

AU

1.00

0.50

0.004

T T T T T T
0.00 1.00 2.00 3.00 4.00 5.00 6.00

Retention Time Area % Area
1 7.213 7433341 11.44
2 7.831 24992888 38.45
3 9.473 25110551 38.63
4 10.537 7458432 11.48
(o] Oi o~ =3 E
0.00’ . . » . - . - ; ﬁ'x}\;‘ 2 - /\‘ ; ;
Retention Time Area % Area
1 7.222 3926 0.04
2 7.830 997 0.01
3 9.482 9122624 89.91
4 10.544 1018969 10.04
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C22: 4-((S)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)pent-4-

enoyl)benzaldehyde
o

(C28H3003S1) Colorless oil; 33.2 mg, 75% yield, 99/99% ee, 90 10 dr; [a] >'p=+10.0 (¢ = 0.39 g/100 mL,
in CH2Cl).

HPLC (Daicel chiralcel OXH, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =230 nm), ¢#; = 22.30 min, ©, =
24.30 min, 3= 33.03 min, # = 40.34 min.

'H NMR (400 MHz, CDCl3) 8 =9.94 (d, J = 15.4 Hz, 1H), 7.99 (s, 1H), 7.85 - 7.75 (m, 3H), 7.74 — 7.58
(m, 3H), 7.57 - 7.44 (m, 4H), 5.03 (ddd, J = 9.7, 6.4, 3.6 Hz, 1H), 4.76 (s, 1H), 4.70 (s, 1H), 4.63 — 4.58
(m, 1H), 4.51 (s, 1H), 3.65—-3.38 (m, 1H), 2.31 - 2.19 (m, 1H), 2.08 (d, J = 13.8 Hz, 1H), 2.00 (t, J = 4.5
Hz, 1H), 1.99 — 1.94 (m, 1H), 1.89 (d, J = 9.1 Hz, 2H), 1.57 (s, 3H), 0.43 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 201.2, 191.4, 142.7, 141.8, 139.4, 137.9, 135.1, 134.9, 133.9, 133.0,
130.2, 129.8, 128.9, 128.3, 128.0, 127.3, 126.9, 126.4, 112.9, 109.9, 72.1, 43.7, 26 .4, 25.5, 24.3, -5.5.
HRMS (ESI) m/z: [M + Na]" Calculated for [C2sH3003Si +Na'] = 465.1856 found 465.1847.

IR (neat): 3478, 3073, 2962, 2919, 1702, 1635, 1414, 1255, 1203, 1085, 976, 815 and 745 cm’!.
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0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.0C

Retention Time Area % Area
1 22.252 7248654 37.85
2 24.236 2342369 12.23
3 33.008 7260697 3791
4 40.100 2299915 12.01
1.00{
E’( 0.50{ 8 g g
0.00] "hﬁiﬁ;i A
0.00 ' ' ' ' 5.60 ' ' ' ' 10.‘00 ' ' ' ' 15.‘00 ' ' ' ' 20.‘00 ' ‘ ' ' 25.‘00 ' ' ' ' 30.‘00 ' ' ' ' 35.‘00 ' ' ' ' 40.‘00 ' ' ' ' 45.0C
Retention Time Area % Area
1 22.300 40703 0.06
2 24.297 27428 0.04
3 33.025 57584178 88.40
4 40.343 7487545 11.49
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C23: methyl 4-((S)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)pent-4-

enoyl)benzoate
o}

(C29H32048Si) Colorless oil; 40.1 mg, 85% yield, 99/99% ee, 88:12 dr; [a] *'p = +9.1 (¢ = 0.65 g/100 mL,
in CH2Cl).

HPLC (Daicel chiralcel OZH, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 230 nm), #; = 13.85 min, £, =
15.17 min, 3= 33.75 min, t4 = 44.29 min.

TH NMR (600 MHz, CDCl3) 8 = 7.98 (s, 1H), 7.84 — 7.76 (m, 5H), 7.58 (d, J= 8.0 Hz, 3H), 7.50 (h, J =
7.1 Hz, 2H), 5.05 (ddd, J = 9.6, 6.6, 3.6 Hz, 1H), 4.74 (s, 1H), 4.69 (s, 1H), 4.60 (s, 1H), 4.49 (s, 1H),
3.95 (s, 3H), 3.53 (d, J= 6.5 Hz, 1H), 2.25 (dd, J = 14.5, 3.1 Hz, 1H), 2.06 (d, J=13.9 Hz, 1H), 1.98 (t,
J=13.1 Hz, 2H), 1.89 (s, 2H), 1.57 (s, 3H), 0.42 (s, 3H).

I3C NMR (151 MHz, CDCls) 6 = 201.3, 166.0, 142.7, 141.9, 136.9, 134.9, 134.9, 134.5, 133.9, 132.9,
130.2, 130.0, 128.4, 128.2, 127.9, 127.2, 126.8, 126.3, 112.7, 109.8, 72.1, 52.6, 43.8, 26.4, 25.5, 24 .4, -
5.5.

HRMS (ESI) m/z: [M + Na]" Calculated for [C29H3204Si +Na'] = 495.1962 found 495.1962.

IR (neat): 3483, 3073, 2917, 1725, 1687, 1635, 1436, 1279, 1109, 975, 858, 814 and 745 cm™.
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0.00-} /\
Retention Time Area % Area
1 13.780 3323086 12.95
2 15.104 9638316 37.57
3 33.769 9476320 36.94
4 44.185 3213362 12.53
ot g = &
Retention Time Area % Area
1 13.848 489 0.01
2 15.171 576 0.01
3 33.751 6803229 89.70
4 44.289 780209 10.29
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C24: (S)-1-([1,1"-biphenyl]-4-yl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-

yDsilyl)methyl)pent-4-en-1-one

(C33H340,8Si) Colorless oil; 43.1 mg, 88% yield, 94/81% ee, 90:10 dr; [o] "o =+14.4 (¢ =0.62 g/100 mL,
in CH2Cl).
HPLC (Daicel chiralcel OXH, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =230 nm), ;= 12.16 min, t, =

13.29 min, 3= 20.37 min, #4 = 22.55 min.

IH NMR (400 MHz, CDCls) § = 8.02 (s, 1H), 7.84 — 7.74 (m, 3H), 7.67 — 7.59 (m, 1H), 7.56 (d, J = 8.4
Hz, 2H), 7.53 — 7.39 (m, 7H), 7.32 — 7.23 (m, 2H), 5.07 (ddd, J = 9.8, 6.6, 3.5 Hz, 1H), 4.75 (d, J = 9.9
Hz, 2H), 4.62 — 4.55 (m, 1H), 4.49 (s, 1H), 3.68 (d, J = 6.6 Hz, 1H), 2.41 —2.29 (m, 1H), 2.13 (d, J = 13.8

Hz, 1H), 2.04 (d, J = 7.4 Hz, 1H), 2.02 — 1.98 (m, 1H), 1.89 (s, 2H), 1.57 (s, 3H), 0.44 (s, 3H).

13C NMR (101 MHz, CDCl3) & = 201.1, 146.5, 142.8, 142.2, 139.5, 135.2, 134.9, 134.0, 133.0, 132.0,
130.3, 129.1, 129.1,128.6, 128.3, 127.9, 127.4, 127.3, 127.3 126.8, 126.3, 112.6, 109.8, 71.7, 44.3, 26.7,

25.5,24.2,-5.5.
HRMS (ESI) m/z: [M + Na]* Calculated for [C33H340,Si +Na"] = 513.2220 found 513.2229.
IR (neat): 3467, 3057, 2918, 1677, 1603, 1406, 1264, 1163, 1085, 976, 855, 815 and 744 cm™.
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Retention Time Area % Area
1 12.172 13684122 11.61
2 13.287 43938234 37.29
3 20.382 46419028 39.40
4 22.592 13782376 11.70

5 8 %

Retention Time Area % Area
1 12.157 357822 1.04
2 13.289 902513 2.62
3 20.373 29707676 86.32
4 22.547 3448510 10.02
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C25: (S)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)-1-(4-
vinylphenyl)pent-4-en-1-one

(C29H320,8Si) Colorless oil; 25.3 mg, 57% yield, 99/99% ee, 90:10 dr; [a.] ?°p =+22.3 (¢ =0.31 g/100 mL,
in CH2Cl).

SFC (Daicel Chiralcel IG, CO2/MeOH = 90/10, 1.5 mL/min, A =230 nm), #;=32.41 min, £, = 35.27 min,
t3=37.47 min, t2= 39.13 min.

TH NMR (400 MHz, CDCl3) 6 = 8.00 (s, 1H), 7.87 — 7.71 (m, 3H), 7.63 (t, J = 9.5 Hz, 1H), 7.56 — 7.49
(m, 2H), 7.46 (d, J=8.3 Hz, 2H), 7.08 (d, /= 8.3 Hz, 2H), 6.75 — 6.56 (m, 1H), 5.79 (d,J=17.6 Hz, 1H),
5.40 (d, J=10.9 Hz, 1H), 5.03 (ddd, J = 9.7, 6.6, 3.5 Hz, 1H), 4.75 (s, 1H), 4.71 (s, 1H), 4.59 (s, 1H),
4.49 (s, 1H), 3.65 (d, J= 6.6 Hz, 1H), 2.38 — 2.23 (m, 1H), 2.10 (d, /= 13.8 Hz, 1H), 2.02 (s, 1H), 1.99
—1.94 (m, 1H), 1.88 (s, 2H), 1.56 (s, 3H), 0.43 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 200.9, 142.9, 142.8, 142.2, 135.8, 135.2, 134.9, 134.0, 133.0, 132.5,
130.3, 128.9, 128.4, 128.0, 127.3, 126.7, 126.5, 126.2, 117.4, 112.5, 109.8, 71.7, 44.2, 26.6, 25.5, 24.2, -
5.5.

HRMS (ESI) m/z: [M + Na]" Calculated for [C29H320,Si +Na'] = 463.2064 found 463.2061.

IR (neat): 3470, 3072, 2918, 1677, 1634, 1603, 1403, 1265, 1175, 1084, 977, 853, 815 and 744 cm™.
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C26: (S)-1-(4-ethynylphenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-

yDsilyl)methyl)pent-4-en-1-one
0

m

(C29H300,Si) Colorless oil; 35.5 mg, 81% yield, 99/99% ee, 90:10 dr; [a] *'p = +8.7 (c = 0.43 g/100 mL,
in CH2Cl).

SFC (Daicel Chiralcel IG-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 230 nm), #; = 10.76 min, £, = 11.93
min, 3= 13.19 min, 4= 14.73 min.

TH NMR (400 MHz, CDCl3) & = 7.98 (s, 1H), 7.87 — 7.71 (m, 3H), 7.60 (dd, J = 18.6, 8.2 Hz, 1H), 7.56
—7.43 (m, 4H), 7.24 (d, J = 8.5 Hz, 2H), 5.01 (ddd, /=9.9, 6.6, 3.6 Hz, 1H), 4.74 (s, 1H), 4.69 (s, 1H),
4.60 (s, 1H), 4.50 (s, 1H), 3.55 (d, /= 6.6 Hz, 1H), 3.29 (s, 1H), 2.24 (dd, J = 14.5, 3.1 Hz, 1H), 2.05 (d,
J=13.8 Hz, 1H), 1.99 (d, /= 7.9 Hz, 1H), 1.96 (d, /= 7.1 Hz, 1H), 1.89 (s, 2H), 1.57 (s, 3H), 0.42 (s,
3H).

I3C NMR (101 MHz, CDCIs) 6 = 200.9, 142.8, 141.9, 134.9, 134.9, 133.9, 133.2, 133.0, 132.5, 130.2,
128.3,128.3,127.9,127.7, 127.2,126.8, 126.3, 112.6, 109.8, 82.6, 81.1, 71.9, 44.0, 26 .4, 25.5, 24.5, -0.1.
HRMS (ESI) m/z: [M + Na]" Calculated for [C29H3002Si +Na*] = 461.1907 found 461.1910.

IR (neat): 3476, 3288, 3073, 2919, 1682, 1635, 1603, 1404, 1257, 1168, 1085, 976, 814 and 745 cm".
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Retention Time Area % Area
1 10.935 3144294 37.67
2 12.066 1043940 12.51
3 13.331 3120640 37.38
4 14.826 1038532 12.44
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1.00
2 8 . 0 g
0.50 N [} b=
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0. 1 ‘00 2 ‘00 3. ‘00 4. ‘00 5. ‘00 6.00 7. ‘00 8. ‘00 9. ‘00 10. ‘00 11, ‘00 12, ‘00 13, ‘00 14, ‘00 15.‘00 16.‘00 17.‘00 18.‘00 19.‘00 20.00
Minutes
Retention Time Area % Area
1 10.760 26404608 90.90
2 11.925 4676 0.02
3 13.189 7788 0.03
4 14.726 2629365 9.05
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C27: (S)-1-(3,4-dimethoxyphenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-
yDsilyl)methyl)pent-4-en-1-one

0
O T
J

(C29H340481) Colorless oil; 35.7 mg, 75% yield, 99/97% ee, 90:10 dr; [a] "0 =+36.4 (¢ =0.64 g/100 mL,
in CH2Cl).
HPLC (Daicel chiralcel OXH, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =230 nm), ;= 33.11 min, £, =
36.08 min, t3=38.16 min, ta= 44.95 min.
'H NMR (400 MHz, CDCIs) 6 = 8.03 (s, 1H), 7.89 — 7.74 (m, 3H), 7.69 — 7.59 (m, 1H), 7.55 — 7.45 (m,
2H), 7.39 (d, J=1.9 Hz, 1H), 6.74 (dd, J = 8.4, 1.9 Hz, 1H), 6.12 (d, J = 8.4 Hz, 1H), 5.01 (ddd, J = 9.9,
6.8, 3.5 Hz, 1H), 4.76 (s, 1H), 4.73 (s, 1H), 4.63 — 4.56 (m, 1H), 4.49 (s, 1H), 3.85 (s, 3H), 3.79 (s, 3H),
3.68 (d, J=6.8 Hz, 1H), 2.30 (dd, J = 14.4, 3.2 Hz, 1H), 2.13 (d, J = 13.8 Hz, 1H), 2.06 — 2.02 (m, 1H),
2.01 - 1.95 (m, 1H), 1.89 (s, 2H), 1.57 (s, 3H), 0.43 (s, 3H).
I3C NMR (101 MHz, CDCls) 6 = 199.9, 153.9, 149.3, 142.8, 142.4, 135.3, 134.9, 133.9, 133.0, 130.3,
128.4, 128.0, 127.3, 126.7, 126.3, 126.2, 123.2, 112.4, 110.5, 109.9, 109.7, 71.2, 56.3, 56.0, 44.8, 26.7,
25.5,24.1,-5.5.

HRMS (ESI) m/z: [M + Na]* Calculated for [C20H3404Si +Na'] = 497.2119 found 497.2123.
IR (neat):3466, 3073, 2931, 1669, 1590, 1515, 1269, 1158, 1085, 1022, 862 and 813 cm’’.
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0.254
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Retention Time Area % Area
1 33.017 4021046 12.19
2 35.948 12409501 37.63
3 38.158 12578941 38.14
4 44.890 3970379 12.04

o of 5 e g

Retention Time Area % Area
1 33.114 32796 0.13
2 36.078 74277 0.30
3 38.160 22547921 89.69
4 44.949 2484074 9.88
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C28: (S)-1-(3,4-difluorophenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-
yDsilyl)methyl)pent-4-en-1-one

(C27H2sF20,S1) Colorless oil; 40.1 mg, 89% yield, 99/99% ee, 87:13 dr; [a] b = +25.7 (¢ = 0.50 g/100
mL, in CH2Cl).

HPLC (Daicel chiralcel AYH, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 230 nm), #; = 8.63 min, ¢, =
9.88 min, 3=10.89 min, 4= 13.10 min.

'H NMR (400 MHz, CDCls3) 6 = 7.99 (s, 1H), 7.86 — 7.72 (m, 3H), 7.68 — 7.55 (m, 2H), 7.54 — 7.47 (m,
2H), 7.10 (ddg, J = 7.5, 3.7, 1.6 Hz, 1H), 6.76 — 6.66 (m, 1H), 4.94 (ddt, J = 9.2, 6.6, 3.6 Hz, 1H), 4.75
(s, 1H), 4.70 (s, 1H), 4.63 — 4.57 (m, 1H), 4.53 — 4.47 (m, 1H), 3.42 (dd, J = 6.6, 4.2 Hz, 1H), 2.21 (dd, J
=145, 3.2 Hz, 1H), 2.04 (d, J =13.8 Hz, 1H), 1.99 (d, J = 7.1 Hz, 1H), 1.97 — 1.93 (m, 1H), 1.92 - 1.87
(m, 2H), 1.58 (s, 3H), 0.44 (s, 3H).

I3C NMR (101 MHz, CDCl3) 6 = 199.2, 155.2 (d, Jcr = 12.8 Hz), 152.7 (d, Jcr = 12.6 Hz)., 151.8 (d,
Jer=13.2 Hz), 149.3 (d, Jcr = 13.1 Hz), 142.7, 141.8, 134.9, 134.9, 133.9, 133.0, 130.7 (t, Jcor= 4.0
Hz), 130.2, 128.2, 127.9, 127.2, 126.8, 126.3, 125.5 (dd, Jcr= 7.5, 3.7 Hz)., 118.1 — 117.5 (m), 112.7,
109.9, 71.8, 44.0, 26.3, 25.5, -5.4.

19F NMR (376 MHz, CDCl3) 8 =-127.7, -135.0.

HRMS (ESI) m/z: [M + Na]" Calculated for [C27H23F20,Si +Na‘] = 473.1719found 473.1728.

IR (neat): 3478, 3072, 2919, 1687, 1609, 1516, 1430, 1286, 1162, 1085, 864, 814, 777 and 745 cm.
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1 8.633 3535 0.03
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C29: (S)-1-(benzo[d][1,3]dioxol-5-yl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-
yDsilyl)methyl)pent-4-en-1-one

(C2sH30048Si) Colorless oil; 35.2 mg, 76% yield, 99/99% ee, 88:12 dr; [a] b = + 21.5 (¢ = 0.48 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel OJH, CO2/MeOH = 90/10, 1.0 mL/min, A = 230 nm), #; = 16.96 min, £, = 18.54
min, £3=19.59 min, #4= 20.83 min.

TH NMR (400 MHz, CDCl3) 6 = 8.00 (s, 1H), 7.86 — 7.72 (m, 3H), 7.60 (dd, J=8.1, 0.9 Hz, 1H), 7.53 —
7.45 (m, 2H), 7.28 (d, J = 1.6 Hz, 1H), 7.01 (dd, J = 8.2, 1.7 Hz, 1H), 6.40 (d, J = 8.2 Hz, 1H), 6.06 —
5.95 (m, 2H), 4.98 (ddd, /=9.0, 6.9, 3.4 Hz, 1H), 4.72 (d, J = 5.8 Hz, 2H), 4.62 — 4.57 (m, 1H), 4.49 (s,
1H), 3.63 (d, /= 6.8 Hz, 1H), 2.28 (dd, /= 14.6, 3.1 Hz, 1H), 2.06 (d, /= 13.9 Hz, 1H), 2.01 (d, /= 8.2
Hz, 1H), 1.98 (d, J= 6.7 Hz, 1H), 1.89 (s, 2H), 1.56 (s, 3H), 0.43 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 199.5, 152.5, 148.4, 142.8, 142.2, 135.0, 134.9, 133.9, 133.0, 130.3,
128.3, 128.1, 127.9, 127.2, 126.7, 126.2, 125.0, 112.4, 109.7, 108.3, 108.1, 102.1, 71.6, 44.6, 26.4, 25.5,
24.5,-5.3.

HRMS (ESI) m/z: [M + Na]" Calculated for [C2sH3004Si +Na"] = 481.1806 found 481.1813.

IR (neat): 3467, 3072, 2914, 1672, 1496, 1445, 1257, 1082, 1038, 869, 812 and 744 cm’!.
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3 19.587 18539108 88.57
4 20.831 2377294 11.36

53



C30: (S)-1-(3,5-dibromophenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-

yDsilyl)methyl)pent-4-en-1-one
0

Br ',\
Y Si
WI Y
Br O

(C27H2s8Br20,Si) Colorless oil; 46.2 mg, 80% yield, 99/97% ee, 85:15 dr; [a] b =- 5.2 (¢ = 0.59 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel OJH, CO2/MeOH = 90/10, 1.0 mL/min, A = 230 nm), #; = 17.33 min, © = 20.11
min, £3=21.58 min, #=25.09 min.

TH NMR (400 MHz, CDCl3) 8 = 7.95 (s, 1H), 7.84 (d, /= 1.2 Hz, 3H), 7.80 — 7.77 (m, 2H), 7.75 (d, J =
8.2 Hz, 1H), 7.53 (dd, /=8.2, 1.0 Hz, 1H), 7.50 — 7.45 (m, 2H), 4.96 (ddd, J= 8.0, 6.7, 3.6 Hz, 1H), 4.73
(s, 1H), 4.71 — 4.67 (m, 1H), 4.62 — 4.59 (m, 1H), 4.53 —4.48 (m, 1H), 3.30 (d, /= 6.6 Hz, 1H), 2.21 (dd,
J=14.5,3.1 Hz, 1H), 2.03 — 1.96 (m, 1H), 1.94 (d, J= 3.4 Hz, 2H), 1.89 (d, /= 10.9 Hz, 2H), 1.58 (s,
3H), 0.44 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 199.1, 142.8, 141.6, 139.0, 136.9, 134.9, 134.5, 133.8, 132.9, 130.3,
130.1, 128.2, 127.8, 127.1, 126.7, 126.1, 123.7, 112.8, 109.9, 72.5, 43.9, 26.0, 25.5, 24.9, -5.1.

HRMS (ESI) m/z: [M + Na]" Calculated for [C27H2sBr202Si +Na'] = 593.0118, 595.0097, 597.0077,
found 593.0125, 595.0105, 597.0084.

IR (neat): 3482, 3071, 2917, 1689, 1633, 1552, 1408, 1249,1083, 860, 809 and 738 cm™.
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C31: (S)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)-1-(3,4,5-
trimethoxyphenyl)pent-4-en-1-one
o}

-0 . s'.
SO

(C30H3605Si) Colorless oil; 42.8 mg, 85% yield, 99/99% ee, 85:15 dr; [a] '®p = +8.6 (¢ = 0.51 g/100 mL,
in CH2Cl).

SFC (Daicel Chiralcel AYH, CO2/EtOH = 80/20, 1,5 mL/min, A = 230 nm), #; = 13.51 min, » = 15.59
min, 3= 15.68 min, 4= 16.78 min.

TH NMR (600 MHz, CDCl3) 6 = 7.95 (s, 1H), 7.80 (dd, J = 5.7, 3.4 Hz, 2H), 7.76 (d, J = 8.0 Hz, 1H),
7.52 (d,J= 8.1 Hz, 1H), 7.48 (dd, J = 6.5, 2.7 Hz, 2H), 7.08 (s, 2H), 5.08 (td, /= 7.5, 3.3 Hz, 1H), 4.73
(d, J=3.4 Hz, 2H), 4.58 (s, 1H), 4.48 (s, 1H), 3.94 (s, 3H), 3.82 (s, 6H), 3.60 (d, J = 6.9 Hz, 1H), 2.36
(dd, J=14.5,2.9 Hz, 1H), 2.05 (dd, /= 14.5, 7.9 Hz, 1H), 1.99 (d, /= 3.8 Hz, 2H), 1.88 (s, 2H), 1.54 (s,
3H), 0.42 (s, 3H).

I3C NMR (151 MHz, CDCls) 6 = 200.4, 153.3, 143.4, 142.8, 142.4, 134.9, 134.7, 133.8, 132.9, 130.2,
128.8,128.2,127.8, 127.0, 126.6, 126.1, 112.2, 109.7, 106.1, 72.5, 61.1, 56.4, 44.8, 26.1, 25.5, 24.9, -5.0.
HRMS (ESI) m/z: [M + Na]* Calculated for [C30H3605Si +Na'] = 527.2224 found 527.2231.

IR (neat): 3473, 3050, 2937, 1675, 1584, 1503, 1458, 1414, 1330, 1237, 1162, 1128, 1056, 860, 815 and
744 cm!.

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.0C
Minutes

Retention Time Area % Area
1 13.377 6401909 13.30
2 14.439 17584797 36.54
3 15.834 6299550 13.09
4 17.213 17837987 37.07
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Retention Time Area % Area
1 13.511 3019719 15.27
2 14.591 2293 0.01
3 15.683 3090 0.02
4 16.779 16749184 84.70
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C32: (S)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)-1-(naphthalen-1-
yl)pent-4-en-1-one
B
.
- Si
O OH \ﬂ/

(C31H320,8Si) Colorless oil; 35.7 mg, 77% yield, 99/99% ee, 85:15 dr; [a] b = + 18.7 (¢ = 0.57 g/100
mL, in CH2Cl).

HPLC (Daicel chiralcel AYH, n-hexane/i-PrOH = 95/5, 0.6 mL/min, A = 230 nm), #; = 25.36 min, £, =
27.20 min, 3=31.05 min, 74 = 34.65 min.

'H NMR (400 MHz, CDCls) 6 = 8.34 (dg, J = 6.8, 3.2 Hz, 1H), 7.92 — 7.82 (m, 3H), 7.78 — 7.72 (m, 2H),
7.63 (d, J=8.1Hz, 1H), 7.55-7.50 (m, 2H), 7.51 — 7.45 (m, 2H), 7.44 — 7.37 (m, 2H), 7.11 (dd, J = 8.1,
7.3 Hz, 1H), 5.16 (ddd, J = 9.3, 5.9, 3.7 Hz, 1H), 4.66 (d, J = 5.6 Hz, 2H), 4.56 — 4.52 (m, 1H), 4.43 —
4.38 (m, 1H), 3.80 (d, J = 5.9 Hz, 1H), 2.16 (dd, J = 14.5, 3.4 Hz, 1H), 2.00 (dd, J = 9.7, 5.0 Hz, 1H),
1.96 (d, J =5.6 Hz, 1H), 1.93 (d, J = 14.0 Hz, 1H), 1.81 — 1.75 (m, 2H), 1.50 (s, 3H), 0.31 (s, 3H).

I3C NMR (101 MHz, CDCls) & = 204.8, 142.8, 142.0, 134.9, 134.9, 134.0, 133.8, 133.5, 132.9, 132.3,
130.5, 130.1, 128.6, 128.3, 128.2, 127.9, 127.6, 127.0, 126.9, 126.6, 126.1, 125.5, 124.2, 112.4, 109.7,
73.5,43.3,26.3,25.4,24.4,-5.5.

HRMS (ESI) m/z: [M + Na]" Calculated for [C31H320,Si +Na'] = 487.2064 found 487.2067.

IR (neat): 3466, 3051, 2961, 1678, 1635, 1507, 1278, 1247, 1082, 1065, 857, 812, 780 and 745 cm’!.
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C33: (S)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)-1-(naphthalen-2-
yl)pent-4-en-1-one

(C31H320,Si) Colorless oil; 39.7 mg, 85% yield, 99/99% ee, 90:10 dr (determined by HPLC); [a] b = -
17.9 (¢ =0.67 g/100 mL, in CH2Cl).

HPLC (Daicel chiralcel ADH, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =230 nm), ¢#; = 13.81 min, ©, =
15.95 min, 3= 20.79 min, #4 = 24.76 min.

'H NMR (400 MHz, CDCls) 6 =6 8.30 (s, 1H), 7.94 (s, 1H), 7.83 (dt, J = 7.8, 4.1 Hz, 2H), 7.78 — 7.71
(m, 2H), 7.69 — 7.57 (m, 4H), 7.56 — 7.49 (m, 2H), 7.46 (dddd, J = 10.2, 7.9, 4.5, 2.5 Hz, 2H), 5.25 (ddd,
J=85,6.7,3.5Hz, 1H),4.77 - 4.71 (m, 2H), 4.59 — 4.53 (m, 1H), 4.47 (s, 1H), 3.70 (d, J = 6.7 Hz, 1H),
2.39 (dd, J = 14.5, 3.3 Hz, 1H), 2.12 — 2.07 (m, 1H), 2.05 (q, J = 3.5, 2.7 Hz, 1H), 1.99 (d, J = 13.7 Hz,
1H), 1.86 (d, J = 6.1 Hz, 2H), 1.53 (s, 3H), 0.39 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 201.6, 142.8, 142.1, 136.0, 134.9, 134.9, 132.9, 132.5, 131.0, 130.4,
130.2, 130.0, 129.1, 128.9, 128.2, 128.0, 127.9, 127.9, 127.2, 127.1, 126.6, 126.1, 123.9, 112.4, 109.7,

72.2,44.5,26.3,25.5,24.6, -5.2.
HRMS (ESI) m/z: [M + Na]* Calculated for [C31H320,Si +Na'] =m 487.2064 found 487.2070.

IR (neat):3470, 3053, 2917, 1677, 1631, 1465, 1278, 1176, 1084, 978, 858, 815 and 748 cm’".
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C34: (S)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)-1-(phenanthren-2-
yl)pent-4-en-1-one

(C3sH340,Si) Colorless oil; 36.3 mg, 70% yield, 99/99% ee, 86:14 dr; [a] *'p=-1.1 (¢ = 0.43 g/100 mL,
in CH2Cl).

SFC Daicel Chiralcel AD-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 230 nm, #; = 38.98 min, ©» = 42.26
min, 3= 45.24 min, t4= 52.47 min.

TH NMR (400 MHz, CDCl3) § = 9.19 (s, 1H), 8.67 (m, 1H), 7.93 — 7.80 (m, 3H), 7.76 — 7.60 (m, 7H),
7.57 —7.34 (m, 4H), 5.31 (ddd, J=8.7, 6.9, 3.4 Hz, 1H), 4.77 (s, 2H), 4.58 (s, 1H), 4.49 (s, 1H), 3.75 (d,
J=6.6 Hz, 1H), 2.39 (dd, J = 14.5, 3.2 Hz, 1H), 2.13 — 1.99 (m, 3H), 1.89 (d, J=13.9 Hz, 2H), 1.52 (s,
3H), 0.39 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 201.7, 142.8, 142.2, 135.5, 134.8, 133.8, 132.9, 132.3, 131.2, 130.6,
130.4, 130.2, 130.0, 129.2, 129.0, 128.2, 127.8, 127.6, 127.6, 127.1, 126.6, 126.3, 126.1, 125.2, 124.4,
122.8, 112.5,109.7, 72.3, 44.6, 26.3, 25.5, 24.7, -5.3.

HRMS (ESI) m/z: [M + Na]" Calculated for [C3sH340,Si +Na'] = 537.2220 found 537.2227.

IR (neat): 3472, 3052, 2918, 1677, 1635, 1401, 1249, 1161, 1085, 980, 852, 813 and 745 cm™.
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C35: (S)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)-1-(thiophen-2-

yl)pent-4-en-1-one
0

(C25H2802SSi) Colorless oil; 32.3 mg, 77% yield, 99/99% ee, 90:10 dr; [a] b = +44.9 (c = 0.48 g/100
mL, in CH2Cl).

HPLC (Daicel chiralcel OXH, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =230 nm), #; = 12.21 min, t, =
14.45 min, t3=15.37 min, ta= 17.72 min.

'H NMR (400 MHz, CDCIs) 6 = 8.02 (s, 1H), 7.87 — 7.76 (m, 3H), 7.66 — 7.57 (m, 1H), 7.55 — 7.46 (m,
3H), 6.97 — 6.91 (m, 1H), 6.53 (dd, J = 4.8, 4.0 Hz, 1H), 4.82 (ddd, J = 9.9, 6.8, 3.6 Hz, 1H), 4.76 (d, J =
7.4 Hz, 2H), 4.63 — 4.58 (m, 1H), 4.51 (s, 1H), 3.39 (d, J = 6.7 Hz, 1H), 2.43 — 2.29 (m, 1H), 2.14 — 2.09
(m, 1H), 2.06 (s, 1H), 2.03 —1.98 (m, 1H), 1.91 (s, 2H), 1.58 (s, 3H), 0.45 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 194.0, 142.8, 142.0, 139.7, 135.2, 134.9, 134.7, 134.0, 133.1, 133.0,
130.3, 128.3, 128.3, 127.9, 127.3, 126.8, 126.3, 112.9, 109.8, 72.5,45.1, 26.5, 25.5, 24.2, -5.5.

HRMS (ESI) m/z: [M -H] Calculated for [C25sH23802SSi -H] =419.1507 found 419.1507.

IR (neat): 3472, 2962, 2916, 1659, 1411, 1353, 1274, 1253, 1159, 1083, 1056, 875, 856, 815, 744 and
726 cm™.
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C36: (S)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)-1-(thiophen-3-
yl)pent-4-en-1-one

(C25H2802SSi) Colorless oil; 33.6 mg, 80% yield, 98/95% ee, 90:10 dr; [a] ®*p = +32.3 (c = 0.46 g/100
mL, in CH2Cl).

HPLC (Daicel chiralcel OXH, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =230 nm), ¢#; = 10,71 min, t, =
11.31 min, 13=14.36 min, 4= 16.13 min.

'H NMR (400 MHz, CDCls) & = 8.03 (s, 1H), 7.84 (dt, J = 8.2, 4.2 Hz, 3H), 7.64 (dd, J = 8.2, 0.9 Hz,
1H), 7.52 (tg, J = 9.8, 4.8 Hz, 2H), 7.35 - 7.29 (m, 1H), 7.19 — 7.10 (m, 1H), 6.99 (dd, J = 5.1, 2.9 Hz,
1H), 4.77 (q, J = 6.4, 4.9 Hz, 2H), 4.74 (s, 1H), 4.63 — 4.58 (m, 1H), 4.54 — 4.47 (m, 1H), 3.50 (t, J = 6.5
Hz, 1H), 2.37 — 2.23 (m, 1H), 2.10 (d, J = 13.8 Hz, 1H), 2.03 (t, J = 4.8 Hz, 1H), 1.99 (dd, J = 8.1, 4.1
Hz, 1H), 1.90 (s, 2H), 1.58 (s, 3H), 0.45 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 195.4, 142.7, 142.1, 137.8, 135.2, 134.9, 134.0, 133.4, 133.1, 130.3,
128.3, 128.0, 127.5, 126.9, 126.7, 126.4, 112.7, 109.8, 72.5, 44.5, 26.7, 25.5, 24.1, -5.6.

HRMS (ESI) m/z: [M -H] Calculated for [C25sH23802SSi -H] = 419.1507 found 419.1507.

IR (neat): 3474, 3075, 2917, 1671, 1635, 1509, 1379, 1255, 1162, 1082, 860, 812 and 746 cm™.
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C37: (S)-4-hydroxy-2-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)undec-1-en-5-one

(C27H38028S1) Yellow oil; 17.7 mg, 42% vyield, 91/82% ee, 84:16 dr; [a] **p = +51.1(c = 0.17 g/100 mL,
in CH2Cl).

HPLC (Daicel chiralcel OXH, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 230 nm), #; = 9,23 min, , =
10.44 min, 13=11.95 min, 4= 13.10 min.

'H NMR (400 MHz, CDCl3) 6 =8.04 (d, J = 6.0 Hz, 1H), 7.89 — 7.76 (m, 3H), 7.67 — 7.59 (m, 1H), 7.50
(dtd, J=7.9,4.1, 1.8 Hz, 2H), 4.75 (d, J = 13.3 Hz, 2H), 4.66 — 4.58 (m, 1H), 4.54 — 4.49 (m, 1H), 4.14
—3.95(m, 1H), 3.27 (d, J =4.9 Hz, 1H), 2.11 - 2.05 (m, 1H), 2.00 (dd, J = 17.7, 4.4 Hz, 2H), 1.95-1.90
(m, 2H), 1.89 — 1.77 (m, 2H), 1.71 (dt, J = 17.2, 7.3 Hz, 1H), 1.63 — 1.58 (m, 3H), 1.29 — 1.18 (m, 4H),
1.15-1.04 (m, 2H), 0.96 — 0.77 (m, 5H), 0.49 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 212.1, 142.8, 142.2, 135.2, 134.9, 133.9, 133.1, 130.2, 128.2, 127.9,
127.3,126.8, 126.3, 112.6, 109.8, 74.6, 42.3, 37.6, 31.6, 28.7, 26.5, 25.5, 24.0, 23.3, 22.6, 14.2, -5.7.
HRMS (ESI) m/z: [M + Na]" Calculated for [C27H330,Si +Na] = 445.2533 found 445.2538.

IR (neat): 3474, 3050, 2927, 1711, 1636, 1499, 1252, 1085, 858, 815 and 744 cm™.
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C38: (S)-1-cyclopropyl-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-

yDsilyl)methyl)pent-4-en-1-one
0

MT
g

(C24H300:8Si) Colorless oil; 33.7 mg, 89% yield, 99/99% ee, 84:16 dr; [a.] >0 =+97.4 (c = 0.43 g/100 mL,
in CH2Cl).

HPLC (Daicel chiralcel AYH, n-hexane/i-PrOH = 97/3, 1.0 mL/min, A = 230 nm), #; = 11.88 min, , =
12.93 min, 3= 15.34 min, t4=25.16 min.

'H NMR (600 MHz, CDCIs) 6 = 8.07 (s, 1H), 7.81 (ddd, J = 22.2, 5.9, 3.2 Hz, 3H), 7.65 (ddd, J = 14.8,
8.2, 1.0 Hz, 1H), 7.48 (dt, J = 6.2, 3.2 Hz, 2H), 4.83 — 4.74 (m, 2H), 4.66 — 4.61 (m, 1H), 4.56 — 4.52 (m,
1H), 4.22 (ddd, J = 10.0, 5.1, 3.0 Hz, 1H), 3.34 (dd, J = 27.6, 5.1 Hz, 1H), 2.17 (d, J = 14.2 Hz, 1H), 2.12
—1.98 (m, 2H), 1.95 (s, 2H), 1.87 (ddd, J = 37.5, 14.6, 9.8 Hz, 1H), 1.62 (s, 3H), 0.85 — 0.77 (m, 1H),
0.70 (qd, J=6.1, 5.4, 3.3 Hz, 2H), 0.50 (s, 3H), 0.35 (dtd, J=9.1, 7.5, 3.3 Hz, 1H), 0.28 — 0.21 (m, 1H).
I3C NMR (151 MHz, CDCls) & = 211.9, 142.7, 142.2, 135.5, 134.9, 133.8, 133.0, 130.3, 128.1, 127.7,
127.3,126.8, 126.3, 112.6, 109.9, 75.0, 42.3, 26.4, 25.5, 24.1, 16.7, 11.8, -6.0.

HRMS (ESI) m/z: [M + Na]" Calculated for [C24H3002Si +Na*] = 401.1907 found 401.1907.

IR (neat): 3469, 3051, 2917, 1694, 1635, 1373, 1251, 1373, 1251, 1159, 1082, 1059, 1012, 873, 856, 813
and 745 cm’l.
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C39: ethyl (S)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)pent-4-
enoate
o}

~ 1.
WT

(C23H30038Si) Colorless oil; 10.3 mg, 27% yield, 99/99% ee, 78:22 dr; [a.] **p=+19.2 (¢ =0.17 g/100 mL,
in CH2Cl).

HPLC (Daicel chiralcel OXH, n-hexane/i-PrOH = 99/1, 1.0 mL/min, A = 230 nm), #; = 38.52 min, , =
41.73 min, 3= 43.92 min, {4 = 54.66 min.

'H NMR (600 MHz, CDCl3) § = 8.01 (s, 1H), 7.83 (dd, J = 10.4, 6.2 Hz, 3H), 7.60 (dd, J = 8.0, 3.8 Hz,
1H), 7.55 - 7.44 (m, 2H), 4.74 (d, J = 5.7 Hz, 2H), 4.61 (s, 1H), 4.52 (s, 1H), 4.20 (ddt, J = 13.7, 9.0, 4.8
Hz, 1H), 4.13 - 4.00 (m, 2H), 2.64 (dd, J =11.7, 5.8 Hz, 1H), 2.22 (dd, J = 14.2, 3.4 Hz, 1H), 2.11 (td, J
=15.5, 14.2, 8.6 Hz, 1H), 2.00 (d, J = 13.8 Hz, 1H), 1.95 (d, J = 5.5 Hz, 1H), 1.92 (d, J = 5.2 Hz, 2H),
1.58 (s, 3H), 1.16 (t, J = 7.1 Hz, 1H), 1.10 (t, J = 7.1 Hz, 2H), 0.47 (s, 3H).

I3C NMR (151 MHz, CDCls) 6 = 174.7, 142.9, 142.0, 134.9, 133.9, 133.0, 130.3, 128.3, 127.8, 127.1,
126.6, 126.1, 112.6, 109.7, 69.1, 61.6, 43.1, 26.3, 25.5, 24.3, 14.1, -5.3.

HRMS (ESI) m/z: [M + Na]" Calculated for [C23H3003Si +Na'] = 405.1856 found 405.1859.
IR (neat): 3471, 3048, 2922, 1730, 1634, 1372, 1252, 1200, 1160, 1085, 1028, 860, 810 and 743 cm™.
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C40: (S)-1-(3-bromophenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(phenyl)silyl)methyl)pent-4-
en-1-one

Br Y

(C23H27Br0;Si) Colorless oil; 37.3 mg, 84% yield, 99/99% ee, 85:15 dr (determined by SFC); [a] **p = -
4.1 (¢c=10.54 g/100 mL, in CH2Cl).

SFC (Daicel Chiralcel IG-3, CO2/MeOH =95/5, 1.5 mL/min, A =230 nm), ;= 12.70 min, £ = 15.75 min,
t3=25.11 min, t4= 27.24 min.

TH NMR (400 MHz, CDCls) 8 = 7.98 (d, J = 5.2 Hz, 1H), 7.76 — 7.70 (m, 1H), 7.60 (d, J = 7.8 Hz, 1H),
7.50 — 7.42 (m, 2H), 7.35 — 7.26 (m, 4H), 5.03 (tt, /= 6.7, 3.5 Hz, 1H), 4.71 (d, J = 6.3 Hz, 2H), 4.62 —
4.56 (m, 1H), 4.47 (s, 1H), 3.45 (d, /= 6.7 Hz, 1H), 2.25 (td, J=14.4, 13.9, 2.9 Hz, 1H), 2.00 — 1.93 (m,
1H), 1.88 (dd, J=13.7, 3.6 Hz, 2H), 1.81 (s, 2H), 1.56 (s, 3H), 0.33 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 200.4, 142.8, 141.8, 137.2, 136.8, 135.6, 134.0, 131.7, 130.6, 129.4,
127.9,127.1, 123.3, 112.5, 109.7, 72.2, 44.0, 26.1, 25.5, 24.6, -5 .4.

HRMS (ESI) m/z: [M + Na]" Calculated for [C23H27BrO»Si +Na '] =465.0856, 467.0835, found 465.0862,
467.0840.

IR (neat): 3479, 3071, 2921, 1687, 1635, 1565, 1424, 1252, 1112, 980, 876, 815 and 706 cm’.
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C41: (S)-1-(3-bromophenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(o-tolyl)silyl)methyl)pent-4-
en-1-one

(C24H29Br0;Si) Colorless oil; 33.7 mg, 74% yield, 99/99% ee, 75:25 dr; [a] **p = -7.5 (¢ = 0.46 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel IF-3 , CO2/MeOH = 95/5, 1.5 mL/min, A = 230 nm), #t; = 10.62 min, &, = 11.90
min, 3= 14.16 min, 4= 18.07 min.

TH NMR (600 MHz, CDCl3) § = 7.99 (dt, J= 14.3, 1.7 Hz, 1H), 7.72 (dtd, J= 7.9, 2.3, 1.9, 1.0 Hz, 1H),
7.62 —7.59 (m, 1H), 7.41 — 7.35 (m, 1H), 7.34 — 7.28 (m, 1H), 7.26 — 7.20 (m, 1H), 7.15 — 7.06 (m, 2H),
5.08 = 5.01 (m, 1H), 4.70 (dd, J = 12.6, 8.7 Hz, 2H), 4.58 — 4.56 (m, 1H), 4.46 (s, 1H), 3.46 (d, /= 6.6
Hz, 1H), 2.44 (s, 3H), 2.30 (ddd, J = 14.2, 10.5, 2.8 Hz, 1H), 2.05 — 2.00 (m, 1H), 1.99 — 1.90 (m, 2H),
1.89 — 1.82 (m, 2H), 1.56 (s, 3H), 0.38 (3, 3H).

I3C NMR (151 MHz, CDCls) 6 = 200.4, 143.6, 143.1, 142.1, 136.8, 135.7, 135.5, 135.2, 131.7, 130.6,
130.2,129.70 127.1, 125.2, 123.4, 112.6, 109.8, 72.3, 43.9, 26.7, 25.3, 25.0, 23.6, -3.6.

HRMS (ESI) m/z: [M + Na]" Calculated for [C24H20BrO»Si +Na*]=479.1012, 481.0992, found 479.1019,
481.0996.

IR (neat): 3479, 3072, 2924, 1686, 1634, 1565, 1417, 1282, 1252, 1080, 980, 876, 817 and 745 cm’!.
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C42: (S)-1-(3-bromophenyl)-2-hydroxy-4-(((S)-(2-methoxyphenyl)(methyl)(2-
methylallyl)silyl)methyl)pent-4-en-1-one

(C24H29BrOsSi) Colorless oil; 38.4 mg, 81% yield, 99/99% ee, 80:20 dr; [a] 2'p = +17.7 (c = 0.43 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel IF-3, CO2/MeOH = 90/10, 1.5 mL/min, A =230 nm), #; = 5.32 min, 2 = 5.71 min,
t3=6.20 min, t4= 7.16 min.

TH NMR (400 MHz, CDCl3) 6 = 8.01 (dt, J=12.1, 1.7 Hz, 1H), 7.73 — 7.69 (m, 1H), 7.60 (dt, J = 7.8,
1.2 Hz, 1H), 7.38 — 7.32 (m, 1H), 7.32 — 7.26 (m, 2H), 6.93 (td, /= 7.3, 0.8 Hz, 1H), 6.80 (d, /= 8.2 Hz,
1H), 5.04 (ddd, J = 8.9, 6.6, 3.6 Hz, 1H), 4.67 (d, J = 4.7 Hz, 2H), 4.53 (ddd, J = 5.1, 2.4, 1.2 Hz, 1H),
4.45 —4.39 (m, 1H), 3.78 (s, 3H), 3.38 (d, / = 6.6 Hz, 1H), 2.32 (dd, J = 14.6, 3.4 Hz, 1H), 2.08 — 1.96
(m, 2H), 1.93 — 1.89 (m, 1H), 1.89 — 1.86 (m, 1H), 1.82 (dd, /= 13.3, 0.8 Hz, 1H), 1.57 — 1.50 (m, 3H),
0.30 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 200.5, 164.2, 143.6, 142.5, 136.7, 135.8, 135.8, 131.7, 131.4, 130.5,
127.1,125.0, 123.3, 120.7, 111.8, 109.5, 109.0, 72.2, 55.0, 43.9, 26.1, 25.2, 24.3, -5.0.

HRMS (ESI) m/z: [M + Na]" Calculated for [C24H29BrO3Si +Na*] = 495.0962, 497.0941, found 495.097,
497.0947.

IR (neat): 3483, 3070, 2938, 1690, 1568, 1466, 1426, 1240, 1085, 985, 877, 819 and 760 cm’!.
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0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 M;::S[Oe 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.0C
Retention Time Area % Area
1 5.225 606342 10.47
2 5.587 2170559 37.49
3 6.074 2344837 40.50
4 7.004 667701 11.53
0.20
S h— hL/"'V “““““““““““““““““““““““““““ A;‘? ““““ 'AI ““““““““““““““
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 MISn.S‘Oe 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.0C
Retention Time Area % Area
1 5.316 366085 18.68
2 5.709 1589837 81.12
3 6.204 1813 0.09
4 7.155 2103 0.11
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C43: (S)-1-(3-bromophenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(m-tolyl)silyl)methyl)pent-4-

en-1-one
0

(C24H29Br0;Si) Colorless oil; 40.4 mg, 88% yield, 99/99% ee, 84:16 dr; [a] *°p = -2.6 (¢ = 0.58 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel IG-3, CO2/MeOH = 95/5, 1.5 mL/min, A = 230 nm), #; = 8.58 min, 2 = 9.84 min,
t3=11.50 min, #4= 12.72 min.

TH NMR (600 MHz, CDCl3) 6 = 8.00 (d, J= 7.6 Hz, 1H), 7.72 (d, J = 7.7 Hz, 1H), 7.59 (d, J = 7.8 Hz,
1H), 7.37 —7.26 (m, 3H), 7.20 (p, /= 6.4 Hz, 1H), 7.17 — 7.11 (m, 1H), 5.10 — 5.00 (m, 1H), 4.70 (d, J =
3.2 Hz, 2H), 4.59 (s, 1H), 4.47 (s, 1H), 3.45 (d, /= 6.6 Hz, 1H), 2.31 (s, 3H), 2.27 (dd, J = 14.7, 3.0 Hz,
1H), 2.00 (dd, J = 14.6, 8.6 Hz, 1H), 1.92 — 1.86 (m, 2H), 1.80 (d, /= 5.5 Hz, 2H), 1.57 (s, 3H), 0.32 (s,
3H).

I3C NMR (151 MHz, CDCls) 6 = 200.4, 142.9, 141.9, 137.2, 137.1, 136.8, 135.6, 134.7, 131.7, 131.1,
130.5, 130.2, 127.8, 127.1, 123.3, 112.4, 109.6, 72.2, 44.0, 26.2, 25.5, 24.6, 21.7, -5.3.

HRMS (ESI) m/z: [M + Na]" Calculated for [C24H20BrO»Si +Na*]=479.1012, 481.0992, found 479.1016,
481.0996.

IR (neat): 3481, 3073, 2921, 1687, 1635, 1566, 1408, 1251, 1117, 1084, 983, 872, 780 and 715 cm’.
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-0.0: T e L B e o I L I L
0.00 1.00 2.00 3.00 2.00 5.00 6.00 7.00 8.00 2.00 10.00 11.00
Minutes

8,568
9.85

Retention Time Area % Area
1 8.568 587110 14.20
2 9.855 1486270 3595
3 11.539 1479275 35.79
4 12.761 581125 14.06

0.00- 4\/\..\, EA 41

Retention Time Area % Area
1 8.578 916701 14.68
2 9.836 5319366 85.19
3 11.504 5633 0.09
4 12.723 2650 0.04
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C44: (S)-1-(3-bromophenyl)-2-hydroxy-4-(((S)-(3-methoxyphenyl)(methyl)(2-
methylallyl)silyl)methyl)pent-4-en-1-one
0

' \
Br. - si \ﬂ/
OH

~0
(C24H29BrOsSi) Colorless oil; 37.8 mg, 80% yield, 99/99% ee, 84:16 dr; [a] **p = -4.8 (¢ = 0.50 g/100
mL, in CH2Cl).
SFC (Daicel Chiralcel 1G, CO2/MeOH = 90/10 , 1.5 mL/min, A = 230 nm), ¢; = 13.38 min, > = 14.09
min, 3= 16.57 min, 4= 18.30 min.
TH NMR (400 MHz, CDCl3) 8 =8.00 (s, 1H), 7.73 (d, J = 7.9 Hz, 1H), 7.59 (d, J= 7.7 Hz, 1H), 7.32 (,
J=179Hz, 1H), 7.24 (d, /= 7.8 Hz, 1H), 7.10 — 6.98 (m, 2H), 6.87 (dt,/=9.7, 5.0 Hz, 1H), 5.10 — 4.97
(m, 1H), 4.75 —4.67 (m, 2H), 4.60 (s, 1H), 4.48 (s, 1H), 3.79 (s, 3H), 3.46 (d, /= 6.6 Hz, 1H), 2.33 —2.21
(m, 1H), 2.00 (dd, J = 14.6, 8.7 Hz, 1H), 1.88 (dd, J=13.0, 4.7 Hz, 2H), 1.80 (s, 2H), 1.57 (s, 3H), 0.32
(s, 3H).
I3C NMR (101 MHz, CDCls) & = 200.4, 159.0, 142.8,.141.8, 139.0, 136.8, 135.6, 131.7, 130.5, 129.2,
127.1,126.3, 123.4, 119.7, 114.5, 112.5, 109.8, 72.3, 55.2, 44.0, 26.1, 25.5, 24.6, -5.3.
HRMS (ESI) m/z: [M + Na]" Calculated for [C24H20BrO3Si+Na '] =495.0962, 497.0941, found 495.0965,
497.0945.
IR (neat): 3477, 3071, 2919, 1687, 1635, 1569, 1407, 1282, 1246, 982, 876, 785 and 718 cm™'.
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Retention Time Area % Area
1 13.670 766720 13.82
2 14.435 2014721 36.32
3 17.092 2009377 36.23
4 18.602 755867 13.63
OOO{ \/W AT‘A A1
Retention Time Area % Area
1 13.376 939102 14.96
2 14.090 5337623 85.00
3 16.571 887 0.01
4 18.295 1872 0.03
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C45: (S)-1-(3-bromophenyl)-4-(((S)-(3-chlorophenyl)(methyl)(2-methylallyl)silyl)methyl)-2-
hydroxypent-4-en-1-one

(C23H26BrCl0;Si) Colorless oil; 37.3 mg, 78% yield, 99/99% ee, 84:16 dr; [a] **p =-7.7 (c = 0.56 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel IG-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 230 nm), #; = 5.47 min, 2 = 6.24 min,
t3="7.84 min, t4=9.70 min.

TH NMR (600 MHz, CDCl3) § = 8.00 (m, 1H), 7.74 (ddd, J = 8.0, 1.9, 0.9 Hz, 1H), 7.65 (d, J= 7.8 Hz,
1H), 7.44 — 7.38 (m, 1H), 7.38 — 7.33 (m, 2H), 7.32 — 7.28 (m, 1H), 7.26 — 7.20 (m, 1H), 5.06 (ddd, J =
8.4, 6.6, 3.5 Hz, 1H), 4.75 — 4.67 (m, 2H), 4.63 — 4.58 (m, 1H), 4.46 (s, 1H), 3.50 (d, J = 6.6 Hz, 1H),
2.29 (td, J=14.7,2.9 Hz, 1H), 2.00 (td, /= 14.1, 13.6, 7.6 Hz, 1H), 1.91 — 1.85 (m, 2H), 1.82 — 1.75 (m,
2H), 1.56 (s, 3H), 0.34 (s, 3H).

I3C NMR (151 MHz, CDCls) 6 = 200.3, 142.3, 141.4, 140.1, 136.9, 135.6, 134.3, 133.8, 132.0, 131.7,
130.6, 129.5, 129.4, 127.0, 123.4, 112.8, 110.1, 72.4, 44.1, 25.9, 25.5, 24.5, -5.3.

HRMS (ESI) m/z: [M + Na]" Calculated for [C23H26BrCl10,Si +Na'] = 499.0466, 501.0446, 503. 0416,
found 499.0468, 501.0446, 503.0425.

IR (neat): 3479, 3073, 2918, 1687, 1636, 1561, 1390, 1252, 1163, 1122, 1091, 980, 878, 832 and 784 cm"
1
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1 5.458 1220368 14.56
2 6.236 2960135 35.32
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4 9.697 1236813 14.76
0.20{
0.00{ AUM Z Va Z& O’K——*
Retention Time Area % Area
1 5.470 547269 14.60
2 6.242 3197173 85.32
3 7.842 1945 0.05
4 9.699 911 0.02
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C46: (S)-1-(3-bromophenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(p-tolyl)silyl)methyl)pent-4-

en-1-one
" Y
OH

(C24H29Br0;Si) Colorless oil; 40.4 mg, 88% yield, 99/97% ee, 85:15 dr; [a] 2'p = +7.3 (c = 0.35 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel IG-3, CO2/MeOH =90/10, 1.5 mL/min, A =230 nm), t; = 6.68 min, t> = 7.58 min,
t3 = 12.69 min, t4 = 13.41 min.

TH NMR (600 MHz, CDCl3) § =8 7.98 (d, J=8.2 Hz, 1H), 7.76 — 7.71 (m, 1H), 7.59 (d, J= 7.8 Hz, 1H),
7.36 (d,J="7.8 Hz, 2H), 7.33 — 7.29 (m, 1H), 7.10 (dd, J=13.4, 7.6 Hz, 2H), 5.03 (ddd, J=8.7, 6.8, 3.5
Hz, 1H), 4.70 (d, J=4.1 Hz, 2H), 4.58 (s, 1H), 4.47 (s, 1H), 3.44 (d, /= 6.6 Hz, 1H), 2.31 (d, /= 6.7 Hz,
3H), 2.23 (dd, J=14.6,2.9 Hz, 1H), 1.98 (dd, J=14.4, 8.7 Hz, 1H), 1.92 — 1.83 (m, 2H), 1.83 — 1.76 (m,
2H), 1.56 (s, 3H), 0.31 (d, /= 8.9 Hz, 3H).

13C NMR (151 MHz, CDCls) 8 = 200.4, 143.0, 141.9, 139.2, 136.8, 135.7, 134.1, 133.5, 131.7, 130.5,
128.8, 127,1, 123.3, 112.4, 109.6, 72.2, 44.0, 26.1, 25.5, 24.7, 21.6, -5.3.

HRMS (ESI) m/z: [M + Na]" Calculated for [C24H20BrO»Si +Na]=479.1012, 481.0992, found 479.1014,
481.0993.

IR (neat): 3482, 3071, 2921, 1688, 1635, 1565, 1416, 1252, 1107, 980, 876, 827, 793 and 722 cm..
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C47: (S)-1-(3-bromophenyl)-2-hydroxy-4-(((S)-(4-methoxyphenyl)(methyl)(2-
methylallyl)silyl)methyl)pent-4-en-1-one

(C24H29BrOsSi) Colorless oil; 41.0 mg, 86% yield, 97/92% ee, 86:14 dr; [a] 2'p = +7.1 (c = 0.48 g/100
mL, in CH2Cl).

HPLC (Daicel chiralcel OZH, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 230 nm), #; = 6.81 min, t, =
7.30 min, 3= 8.21 min, 4= 9.43 min.

'H NMR (400 MHz, CDCls) 6 = 8.04 — 7.95 (m, 1H), 7.73 (d, J = 7.9 Hz, 1H), 7.59 (d, J = 7.8 Hz, 1H),
7.38 (t, J =9.4 Hz, 2H), 7.32 (t, J = 7.9 Hz, 1H), 6.85 (d, J = 8.5 Hz, 2H), 5.03 (ddd, J = 9.8, 6.6, 3.4 Hz,
1H), 4.70 (d, J = 9.1 Hz, 2H), 4.58 (s, 1H), 4.46 (s, 1H), 3.79 (s, 3H), 3.45 (d, J = 6.6 Hz, 1H), 2.26 (td,
J=145, 3.2 Hz, 1H), 1.97 (dd, J = 14.6, 8.5 Hz, 1H), 1.85 (dd, J = 14.4, 3.8 Hz, 2H), 1.78 (d, J = 5.1 Hz,
2H), 1.56 (s, 3H), 0.31 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 200.4, 160.7, 143.0, 142.0, 136.8, 135.6, 135.5, 131.7, 130.5, 127.9,
127.1, 123.3, 113.7, 112.4, 109.6, 72.2, 55.1, 44.0, 26.4, 25.5, 24.8, -5.17.

HRMS (ESI) m/z: [M + Na]" Calculated for [C24H20BrO3Si+Na*] =495.0962, 497.0941, found 495.0968,

497.0946.
IR (neat): 3478, 3073, 2919, 1688, 1594, 1503, 1279, 1249, 1182, 1111, 877, 818 and 721 cm™.
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C48: (S)-1-(3-bromophenyl)-4-(((S)-(4-chlorophenyl)(methyl)(2-methylallyl)silyl)methyl)-2-
hydroxypent-4-en-1-one
" Y
OH

(C23H26BrCl0;Si) Colorless oil; 37.3 mg, 78% yield, 99/99% ee, 86:14 dr; [a] **405 = +20.1 (c = 0.32
g/100mL, in CH2Cl).

HPLC (Daicel chiralcel AYH, n-hexane/i-PrOH= 95/5, 1.0 mL/min, A = 230 nm), #; = 9.09 min, ©, =
10.65 min, 3= 11.88 min, #4= 15.23 min.

'H NMR (600 MHz, CDCl3z) 6 =7.98 (d, J = 8.9 Hz, 1H), 7.75 (d, J = 7.9 Hz, 1H), 7.63 (d, J = 7.7 Hz,
1H), 7.41-7.34 (m, 3H), 7.27 (d, J = 7.6 Hz, 2H), 5.08 — 4.99 (m, 1H), 4.74 — 4.68 (m, 2H), 4.59 (s, 1H),
445 (s, 1H), 3.55 - 3.47 (m, 1H), 2.31 — 2.19 (m, 1H), 1.99 (dd, J = 14.6, 8.4 Hz, 1H), 1.92 — 1.84 (m,
2H), 1.78 (d, J = 7.6 Hz, 2H), 1.55 (s, 3H), 0.32 (s, 3H).

I3C NMR (151 MHz, CDCls) 6 = 200.4, 142.4, 141.5, 136.9, 135.9, 135.8, 135.6, 135.4, 131.6, 130.6,
128.2,127.0, 123.4, 112.7, 110.0, 72.3, 44.0, 26.0, 25.5, 24.6, -5.2.

HRMS (ESI) m/z: [M + Na]" Calculated for [C23H26BrClO,Si +Na*] = 499.0466, 501.0446, 503. 0416,

found 499.0472, 501.0448, 503.0421.
IR (neat): 3479, 3074, 2921, 1687, 1636, 1570, 1413, 1252, 1162, 1084, 981, 878, 808 and 735 cm™.
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C49: (S)-1-(3-bromophenyl)-4-(((S)-(4-fluorophenyl)(methyl)(2-methylallyl)silyl)methyl)-2-
hydroxypent-4-en-1-one
o DR
OH J;

(C23H26BrFO,Si) Colorless oil; 39.6 mg, 86% yield, 99/98% ee, 83:17 dr; [a] *p =-10.2 (¢ = 0.27 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel 1G-3, CO2/MeOH = 90/10, 1.5 mL/min, A =230 nm), #; = 4.84min, > = 5.99 min,
t3="7.43 min, t4= 8.91 min.

TH NMR (600 MHz, CDCl3) § =7.98 (s, 1H), 7.74 (d, J= 7.9 Hz, 1H), 7.65 (d, J= 7.7 Hz, 1H), 7.43 (dt,
J=25.0,7.1 Hz, 2H), 7.34 (t, J= 7.9 Hz, 1H), 7.07 — 6.92 (m, 2H), 5.04 (td, J = 8.5, 3.6 Hz, 1H), 4.69
(d, J=4.6 Hz, 2H), 4.59 (s, 1H), 4.46 (s, 1H), 3.49 (d, J= 6.6 Hz, 1H), 2.29 — 2.22 (m, 1H), 1.97 (td, J =
13.9, 13.3, 7.4 Hz, 1H), 1.90 — 1.84 (m, 2H), 1.82 — 1.76 (m, 2H), 1.55 (s, 3H), 0.33 (s, 3H).

I3C NMR (151 MHz, CDCl3) 8 =200.4, 163.9 (d, Jc-r = 248.6 Hz)., 142.6, 141.6, 136.9, 136.0 (d, Jcr =
7.5 Hz), 135.6, 132.7 (d, Jcr = 3.7 Hz)., 131.7, 130.6, 127.1, 123.4, 115.1 (d, Jcr = 19.6 Hz)., 112.6,
109.9, 72.3, 44.0, 26.2, 25.5, 24.8, -5.1.

19F NMR (565 MHz, CDCl3) § =-111.3.

HRMS (ESI) m/z: [M + Na]" Calculated for [C23HxsBrFO,Si +Na'] = 483.0762, 485.0741, found
483.0766, 485.0743.

IR (neat): 3480, 3073, 2922, 1687, 1636, 1588, 1450, 1413, 1231, 1161, 1103, 980, 877, 826 and 722 cm"
1
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C50: (S)-1-(3-bromophenyl)-4-(((S)-(4-(tert-butyl)phenyl)(methyl)(2-methylallyl)silyl)methyl)-2-
hydroxypent-4-en-1-one
& NE
OH J;

(C27H3sBr0,Si) Colorless oil; 42.9 mg, 86% yield, 99/99% ee, 81:19 dr (determined by SFC); [a] *°p =
+10.5 (¢ = 0.49 g/100 mL, in CH>Cl).

SFC (Daicel Chiralcel 1G, CO2/MeOH = 80/20, 1.5 mL/min, A =230 nm), #;= 7.73min, &> = 9.46 min, 3
=11.55 min, 4= 21.54 min.

TH NMR (400 MHz, CDCl3) § = 7.99 (s, 1H), 7.78 — 7.71 (m, 1H), 7.65 (d, J = 7.8 Hz, 1H), 7.39 (dd, J
=13.6, 8.1 Hz, 2H), 7.32 (td, J = 9.3, 8.1, 3.8 Hz, 3H), 5.04 (ddd, J = 9.3, 6.8, 3.3 Hz, 1H), 4.72 (s, 2H),
4.60 (s, 1H), 4.48 (s, 1H), 3.42 (t, J = 5.5 Hz, 1H), 2.32 — 2.15 (m, 1H), 1.99 — 1.91 (m, 1H), 1.87 (d, J =
7.9 Hz, 2H), 1.81 (d, J = 5.1 Hz, 2H), 1.58 (s, 3H), 1.27 (s, 9H), 0.32 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 200.4, 152.4, 143.0, 141.9, 136.8, 135.6, 133.9, 133.6, 131.7, 130.5,
127.1,124.9, 123.3, 112.4, 109.6, 72.1, 44.1, 34.7, 31.3, 26.1, 25.5, 24.6, -5.2.

HRMS (ESI) m/z: [M + Na]" Calculated for [C27H35BrO»Si+Na']=521.1482, 523.1461, found 521.1478,
523.1457.

IR (neat): 3483, 3072, 2961, 1688, 1635, 1565, 1392, 1253, 1086, 981, 876, 816 and 719 cm’!.
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C51: (S)-4-(((S)-benzo|d][1,3]dioxol-5-yl(methyl)(2-methylallyl)silyl)methyl)-1-(3-bromophenyl)-
2-hydroxypent-4-en-1-one
0

Br: ',,\
(0]
o

(C24H27Br04Si) Colorless oil; 39.9 mg, 82% yield, 99/99% ee, 84:16 dr; [a] **p = -2.1 (¢ = 0.52 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel ODH, CO2/MeOH = 90/10, 1.0 mL/min, A =230 nm), #;=11.79 min, & = 13.01
min, 3= 19.44 min, t4= 26.08 min.

TH NMR (600 MHz, CDCls) 6 = 8.00 (d, J = 6.5 Hz, 1H), 7.76 — 7.72 (m, 1H), 7.64 (d, J = 7.8 Hz, 1H),
7.34 (t,J=17.9 Hz, 1H), 6.98 — 6.93 (m, 1H), 6.92 (s, 1H), 6.79 (d, J= 7.6 Hz, 1H), 5.94 — 5.90 (m, 2H),
5.05(ddd, J=8.7, 6.8, 3.5 Hz, 1H), 4.70 (s, 2H), 4.59 (s, 1H), 4.47 (s, 1H), 3.47 (dd, /= 6.4, 3.6 Hz, 1H),
2.28 (td, J=15.2, 14.8, 3.0 Hz, 1H), 2.00 (dd, J = 14.7, 8.5 Hz, 1H), 1.88 — 1.82 (m, 2H), 1.80 — 1.73 (m,
2H), 1.57 (s, 3H), 0.30 (s, 3H).

I3C NMR (151 MHz, CDCls) 6 = 200.4, 148.7, 147.5, 142.8, 141.8, 136.9, 135.6, 131.7, 130.5, 130.1,
128.2,127.1, 123.4, 113.3, 112.5, 109.7, 108.7, 100.7, 72.3, 44.0, 26.3, 25.5, 249, -5.1.

HRMS (ESI) m/z: [M + Na]" Calculated for [C24H27BrO4Si +Na*] = 509.0754, 511.0734, found 509.0759,
511.0739.

IR (neat): 3480, 3072, 2911, 1687, 1635, 1566, 1481, 1415, 1235, 1040, 935, 886, 804 and 719 cm™.

Retention Time Area % Area
1 11.813 2261260 34,97
2 12.921 929903 14.38
3 19.413 965074 14.93
4 26.060 2309774 35.72
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C52: (S)-1-(3-bromophenyl)-4-(((S)-(3,5-dimethylphenyl)(methyl)(2-methylallyl)silyl)methyl)-2-

hydroxypent-4-en-1-one
i !
Br. N
. Si
WJ\\/\”/

(C25H31BrOSi) Colorless oil; 42.1 mg, 89% yield, 99/99% ee, 86:14 dr; [a] **p = +9.3 (c = 0.60 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel IG, CO2/MeOH = 95/5, 1.5 mL/min, A =230 nm), #1 = 17.04 min, > = 18.03 min,
t3=19.02 min, 4= 22.46 min.

TH NMR (400 MHz, CDCl3) 6 = 8.02 (q, J = 3.5, 2.5 Hz, 1H), 7.75 — 7.69 (m, 1H), 7.69 — 7.55 (m, 1H),
7.31 (dt,J=15.8,7.9 Hz, 1H), 7.09 (s, 2H), 6.98 (s, 1H), 5.04 (ddd, /=8.8, 6.7, 3.5 Hz, 1H), 4.74 — 4.67
(m, 2H), 4.59 (s, 1H), 4.47 (s, 1H), 3.45 (d, J= 6.6 Hz, 1H), 2.32 (d, /= 3.6 Hz, 1H), 2.27 (d, /= 4.2 Hz,
6H), 2.02 (dd, J = 14.6, 8.7 Hz, 1H), 1.88 (d, /= 5.9 Hz, 2H), 1.79 (d, /= 4.2 Hz, 2H), 1.58 (s, 3H), 0.31
(s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 200.4, 143.0, 142.0, 137.1, 137.1, 136.8, 135.6, 131.8, 131.7, 131.2,
130.5, 127.1, 123.3, 112.4, 109.6, 72.2, 44.1, 26.2, 25.5, 24.6, 21.5, -5.2.

HRMS (ESI) m/z: [M + Na]" Calculated for [C2sH3BrO,Si +Na']=493.1169, 495.1148, found 493.1169,
495.1148,,.

IR (neat): 3480, 3073, 2918, 1687, 1635, 1565, 1405, 1251, 1143, 1086, 980, 867, 788 and 719 cm™.
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Retention Time Area % Area
1 17.444 495126 13.38
2 18.244 1385258 37.45
3 19.195 1356825 36.68
4 22.705 462156 12.49
O.ZOi
2 020 = 8 8
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Retention Time Area % Area
1 17.043 811383 12.68
2 18.025 1069 0.02
3 19.018 5583204 87.28
4 22.456 999 0.02
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C53: (S)-1-(3-bromophenyl)-4-(((S)-(3-chloro-4-fluorophenyl)(methyl)(2-methylallyl)silyl)methyl)-

2-hydroxypent-4-en-1-one
0
Br. ! N
- Si
CrOTRY
cl
F

(C23H2sBrCIFO:8Si) Colorless oil; 38.2 mg, 77% yield, 99/99% ee, 82:18 dr; [a.] ?°p =-6.2 (c = 0.35 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel IG-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 230 nm), #; = 4.79 min, 2 = 5.37 min,
3=5.99 min, t4=7.11 min.

TH NMR (600 MHz, CDCl3) 6 = 8.00 (d, J = 6.6 Hz, 1H), 7.75 (d, J = 7.9 Hz, 1H), 7.68 (d, J= 7.7 Hz,
1H), 7.45 (dd, J=12.9, 7.9 Hz, 1H), 7.39 — 7.27 (m, 2H), 7.08 (dt, J=13.1, 8.7 Hz, 1H), 5.11 — 5.02 (m,
1H), 4.71 (s, 1H), 4.68 (s, 1H), 4.61 (s, 1H), 4.45 (s, 1H), 3.53 (d, J= 6.5 Hz, 1H), 2.30 (td, J= 14.6, 3.1
Hz, 1H), 2.01 (td, J=16.6, 15.6, 7.4 Hz, 1H), 1.87 (d, /= 7.4 Hz, 2H), 1.82 — 1.75 (m, 2H), 1.56 (s, 3H),
0.33 (s, 3H).

I3C NMR (151 MHz, CDCls) & = 200.2, 158.9 (d, Jc.r = 251.8 Hz), 142.0, 141.2, 136.9, 136.1, 135.5,
134.7 (d, Jcr = 4.7 Hz), 133.9 (d, Jc-r = 6.7 Hz), 131.6, 130.5, 126.9, 123.3, 121.0 (d, Jcr = 16.3 Hz),
116.4 (d, Jcr=19.7 Hz), 112.8, 110.1, 72.4, 43.9, 25.8, 25.4, 24.5, -5.2.

19F NMR (565 MHz, CDCl3) § =-113.8.

HRMS (ESI) m/z: [M + Na]" Calculated for [C23H2sBrCIFO,Si +Na*] = 517.0372, 519.0351, 521.0322,
found 517.0380, 519.0358, 521.0331.

IR (neat): 3476, 3074, 2923, 1687, 1636, 1576, 1490, 1253, 1153, 1103, 981, 866, 813, 708 cm™'.
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C54: (S)-1-(3-bromophenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(3,4,5-
trimethoxyphenyl)silyl)methyl)pent-4-en-1-one

i !
Br N
; Si
WJ
/
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O—

(C26H33BrOsSi) Colorless oil; 42.6 mg, 80% yield, 99/99% ee, 82:18 dr; [a] *°p = +6.9 (c = 0.65 g/100
mL, in CH2Cl).

HPLC (Daicel chiralcel OZH, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 230 nm), #; = 21.04 min, £, =
22.72 min, 3= 25.63 min, #4= 30.82 min.

'H NMR (600 MHz, CDCl3) 6 = 8.02 (s, 1H), 7.75 - 7.71 (m, 1H), 7.58 (d, J = 7.8 Hz, 1H), 7.33 (t, J =
7.9 Hz, 1H), 6.69 (d, J = 14.7 Hz, 2H), 5.11 — 5.01 (m, 1H), 4.72 (s, 1H), 4.70 (s, 1H), 4.63 (d, J = 9.0
Hz, 1H), 4.50 (s, 1H), 3.85 (t, J = 3.8 Hz, 9H), 3.52 (d, J = 6.5 Hz, 1H), 2.36 (td, J = 14.7, 13.7, 3.2 Hz,
1H), 2.05 (td, J = 15.0, 8.4 Hz, 1H), 1.91 (q, J = 13.8 Hz, 2H), 1.81 (d, J = 6.7 Hz, 2H), 1.60 (s, 3H), 0.33
(s, 3H).

I3C NMR (151 MHz, CDCl3) & = 200.3, 153.0, 142.8, 142.0, 139.4, 136.9, 135.5,132.3, 131.6, 130.5,
127.1,123.4, 112.5, 110.8, 109.8, 72.4, 61.0, 56.3, 44.0, 26.4, 25.5, 24.7, -4.9.

HRMS (ESI) m/z: [M + Na]" Calculated for [C26H33BrOsSi +Na']=555.1173, 557.1152, found 555.1176,
557.1157.

IR (neat): 3479, 3073, 2933, 1687, 1569, 1502, 1395, 1305, 1247, 1123, 1005, 881, 811 and 722 cm™.

o.10-

0.08—

20782

0.06—

2
<
e
] <
0.0a- =]
] S =
1 & 5
3 =
0.02 S
0.00 L — ﬁTA

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 as.0c

AU

Retention Time Area % Area
1 20.782 2382800 3445
2 22.215 1079531 15.61
3 25.364 2413598 34.89
4 30.570 1040888 15.05
Retention Time Area % Area
1 21.041 879 0.01
2 22.720 1995 0.02
3 25.630 6750252 84.05
4 30.815 1277863 1591

78



C55: (S)-1-(3-bromophenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(phenanthren-2-
yDsilyl)methyl)pent-4-en-1-one

Br. '_.\
: Si \n/
OH

(C31H31BrOSi) Colorless oil; 44.9 mg, 82% yield, 99/99% ee, 88:12 dr; [a] *p = +3.6 (¢ = 0.72 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel IF-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 230 nm), #; = 23.56 min, > = 24.90
min, 3= 28.02 min, 4= 31.78 min.

TH NMR (400 MHz, CDCl3) § = 8.84 (s, 1H), 8.70 (d, J = 8.3 Hz, 1H), 7.94 — 7.87 (m, 2H), 7.81 (d, J =
7.9 Hz, 1H), 7.78 — 7.74 (m, 1H), 7.72 — 7.64 (m, 3H), 7.61 (t,J= 7.1 Hz, 1H), 7.52 — 7.46 (m, 1H), 7.37
(d, J=7.8 Hz, 1H), 6.90 (t, J= 7.9 Hz, 1H), 5.01 (ddd, J=9.8, 6.6, 3.5 Hz, 1H), 4.77 (s, 1H), 4.72 (s,
1H), 4.63 (s, 1H), 4.54 (s, 1H), 3.50 (d, /= 6.6 Hz, 1H), 2.25 (dd, /= 14.5, 3.2 Hz, 1H), 2.08 (d, /= 13.8
Hz, 1H), 2.04 — 1.97 (m, 2H), 1.95 (d, J=4.9 Hz, 2H), 1.59 (s, 3H), 0.50 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 200.4, 142.8, 141.8, 136.7, 135.4, 132.7, 132.3, 131.5, 131.4, 130.3,
130.3, 129.5, 128.8, 128.8, 127.9, 127.8, 126.9, 126.8, 126.8, 123.2, 122.6, 112.7, 109.9, 72.2, 44.0, 26 4,
25.6,24.9, -5.0.

HRMS (ESI) m/z: [M + Na]" Calculated for [C31H3BrO,Si +Na']=565.1169, 567.1148, found 565.1178,
567.1155.

IR (neat): 3478, 3071, 2919, 1685, 1635, 1565, 1418, 1248, 1088, 980, 870, 837 and 746 cm’!.
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C56: (S)-1-(3-bromophenyl)-2-hydroxy-4-(((S)-methyl(1-methyl-1H-indol-5-yl)(2-

methylallyl)silyl)methyl)pent-4-en-1-one
0

Br 1.
Mi S
l
N
/

(C26H30BrNO,Si) Yellow oil; 43.6 mg, 88% yield, 99/99% ee, 90:10 dr; [a] #*p = +20.2 (¢ = 0.54 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel AD-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 230 nm), #; = 8.92 min, 2 = 10.12
min, 3= 12.60 min, 4= 21.23 min.

TH NMR (400 MHz, CDCl3) & = 7.97 (s, 1H), 7.77 (s, 1H), 7.63 (d, J= 7.8 Hz, 1H), 7.32 (t,J = 6.7 Hz,
2H), 7.28 — 7.24 (m, 1H), 7.04 (dd, J = 6.1, 3.2 Hz, 1H), 6.97 (t, /= 7.9 Hz, 1H), 6.46 (dd, J= 6.7, 3.1
Hz, 1H), 5.00 (ddd, J = 9.6, 6.6, 3.5 Hz, 1H), 4.73 (s, 1H), 4.68 (s, 1H), 4.58 (s, 1H), 4.49 (s, 1H), 3.77
(s, 3H), 3.42 (d, J= 6.6 Hz, 1H), 2.24 (dd, J=14.4, 3.2 Hz, 1H), 2.01 — 1.97 (m, 1H), 1.93 (dd, J = 14.2,
8.4 Hz, 2H), 1.85 (s, 2H), 1.56 (s, 3H), 0.37 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 200.5, 143.4, 142.3, 137.5, 136.6, 135.5, 131.6, 130.3, 128.9, 128.5,
127.4,127.1, 126.8, 125.9, 123.2, 112.3, 109.3, 109.1, 101.3, 72.0, 44.0, 32.9, 26.9, 25.5, 24.9, -5.1.
HRMS (ESI) m/z: [M + Na]" Calculated for [C26H30BrNO>Si +Na'] = 518.1121, 520.1101, found
518.1127, 520.1102.

IR (neat): 3482, 3072, 2916, 1685, 1634, 1565,1425, 1323, 1278, 1248, 1158, 1073, 979, 874, 794 and
722 cm.
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C57: (S)-4-(((S)-benzofuran-5-yl(methyl)(2-methylallyl)silyl)methyl)-1-(3-bromophenyl)-2-
hydroxypent-4-en-1-one
0

Br ',. \
Mi g
5 l

(C25sH27BrOsSi) Colorless oil; 43.4 mg, 90% yield, 99/99% ee, 88:12 dr; [a] 2'p = +3.2 (¢ = 0.71 g/100
mL, in CH2Cl).

HPLC (Daicel chiralcel OZH, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 230 nm), ¢#; = 7.38 min, &, =
7.87 min, t3=9.16 min, 4= 11.23 min.

'H NMR (600 MHz, CDCl3) § =7.99 — 7.94 (m, 1H), 7.74 (s, 1H), 7.71 - 7.67 (m, 1H), 7.60 (dd, J = 7.0,
2.2 Hz, 1H), 7.49 — 7.42 (m, 2H), 7.42 - 7.39 (m, 1H), 7.16 (t, J = 7.9 Hz, 1H), 6.77 — 6.69 (m, 1H), 5.02
(ddt, J = 8.9, 6.6, 3.5 Hz, 1H), 4.70 (d, J = 11.7 Hz, 2H), 4.59 (s, 1H), 4.48 (s, 1H), 3.47 (d, J = 6.6 Hz,
1H), 2.29 — 2.20 (m, 1H), 2.00 — 1.96 (m, 1H), 1.95 (s, 1H), 1.92 (d, J = 14.0 Hz, 1H), 1.89 — 1.81 (m,
2H), 1.55 (s, 3H), 0.38 (s, 3H).

I3C NMR (151 MHz, CDCls) 6 = 200.4, 155.9, 145.0, 142.9, 141.9, 136.8, 135.5, 131.6, 130.8, 130.4,
129.8, 127.4, 127.0, 123.3, 112.5, 111.3, 109.7, 106.6, 72.2, 44.0, 26.5, 25.5, 24.9, -5.0.

HRMS (ESI) m/z: [M + Na]" Calculated for [C25H27BrO3Si+Na '] = 505.0805, 507.0785, found 505.0805,

507.0776.
IR (neat): 3479, 3073, 2919, 1686, 1635,1566, 1416, 1250, 1111, 1075, 981, 877, 804 and 739 cm™.
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C58: (S)-4-(((S)-benzo[b]thiophen-5-yl(methyl)(2-methylallyl)silyl)methyl)-1-(3-bromophenyl)-2-

hydroxypent-4-en-1-one
i !
Br N
- Si
W \”/
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(C25sH27BrO,SSi) Colorless oil; 41.4 mg, 83% yield, 99/99% ee, 86:14 dr; [a] **p =+21.5 (¢ = 0.47 g/100
mL in CH2Clp).

SFC (Daicel Chiralcel AZ-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 230 nm), ¢; = 11.39 min, £, = 12.84
min, 3= 16.14 min, 4= 19.74 min.

TH NMR (400 MHz, CDCl3) § = 7.97 (t,J = 1.7 Hz, 1H), 7.93 (d, J= 14.7 Hz, 1H), 7.83 (t, J = 7.0 Hz,
1H), 7.66 (ddd, J = 8.0, 1.9, 0.9 Hz, 1H), 7.59 — 7.35 (m, 3H), 7.34 — 7.28 (m, 1H), 7.08 (t, J= 7.9 Hz,
1H), 5.02 (ddd, J=8.7, 6.6, 3.5 Hz, 1H), 4.71 (d, /= 10.0 Hz, 2H), 4.63 — 4.55 (m, 1H), 4.52 — 4.42 (m,
1H), 3.48 (d, J= 6.6 Hz, 1H), 2.25 (dd, J = 14.5, 3.1 Hz, 1H), 2.04 — 1.95 (m, 2H), 1.92 (d, /= 1.8 Hz,
1H), 1.86 (d, J=4.3 Hz, 2H), 1.56 (s, 3H), 0.40 (s, 3H)

I3C NMR (101 MHz, CDCls) 6 = 200.4, 142.8, 141.8, 141.0, 139.4, 136.8, 135.5, 132.5, 131.6, 130.4,
129.7,129.2, 127.0, 126.3, 124.0, 123.3, 122.1, 112.6, 109.8, 72.1, 44.0, 26.4, 25.5, 24.7, -5.1.

HRMS (ESI) m/z: [M + Na]" Calculated for [CasH27BrO,SSi +Na'] = 521.0577, 523.0556, found
521.0580, 523.0559.

IR (neat): 3478, 3072, 2919, 1686, 1635, 1566, 1402, 1283, 1251, 1160, 1088, 1042, 981, 876, 799 and
701 cm.

Retention Time Area % Area
1 11.469 5737827 38.68
2 12.802 1777327 11.98
3 16.012 1567315 10.57
4 19.707 5750924 38.77
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Retention Time Area % Area
1 11.388 17570383 89.98
2 12.836 1947036 9.97
3 16.142 7058 0.04
4 19.739 1942 0.01
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C59: (S)-1-(3-bromophenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(thiophen-2-
yDsilyl)methyl)pent-4-en-1-one
0

Br. ',\
Y Si
OH i \”/
~ s

(C21H25BrO,SSi) Colorless oil; 34.2 mg, 76% yield, 99/99% ee, 75:25 dr; [a] 2'p = -13.1 (¢ = 0.56 g/100
mL, in CH2Cl).

HPLC (Daicel chiralcel OXH, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 230 nm), #; = 9.21 min, #, =
9.83 min, 3= 11.42 min, #4= 12.24 min.

TH NMR (600 MHz, CDCls) 8 = 7.99 (d, J = 5.8 Hz, 1H), 7.76 — 7.72 (m, 1H), 7.65 (d, J = 7.8 Hz, 1H),
7.57 (dd, J=10.4, 4.6 Hz, 1H), 7.38 — 7.30 (m, 1H), 7.26 (d, /= 2.4 Hz, 1H), 7.16 — 7.13 (m, 1H), 5.06
(tt, /=6.7,3.4 Hz, 1H), 4.75 (d, J=9.2 Hz, 2H), 4.63 (s, 1H), 4.51 (s, 1H), 3.47 (d, /= 6.6 Hz, 1H), 2.34
—2.23 (m, 1H), 2.00 (dd, /= 14.7, 8.5 Hz, 1H), 1.90 (dd, /= 18.4, 5.3 Hz, 2H), 1.87 — 1.80 (m, 2H), 1.60
(s, 3H), 0.37 (s, 3H).

I3C NMR (151 MHz, CDCls) 6 = 200.4, 142.4, 141.5, 136.8, 136.5, 135.6, 135.4, 131.7, 131.3, 130.6,
128.4,127.2,123.4,112.8, 110.1, 72.2,43.9, 27.1, 25.4, 25.4, -3.9.

HRMS (ESI) m/z: [M + Na]" Calculated for [C21H25BrO,SSi +Na'] = 471.0420, 473.0400, found
471.0427, 473. 0405.

IR (neat): 3478, 3073, 2920, 1686, 1636, 1565, 1407, 1251, 1214, 1163, 1084, 990, 878, 810 and 713 cm"
1

0.14
o.lz—f
0.10
o.os—f
o os—f
0.0a]

0.02

0.00
T T T T T T T T T
0.00 1.00 2.00 3.00 a.00 5.00 6.00 7.00 8.00 9.00

Retention Time Area % Area
1 10.053 759401 14.78
2 10.519 1807019 35.17
3 12.024 1808483 35.20
4 12914 762952 14.85

Retention Time Area % Area
1 9.207 1126 0.01
2 9.827 9227 0.11
3 11.422 6729074 79.70
4 12.239 1703668 20.18
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C60: (S)-4-(((S)-benzyl(methyl)(2-methylallyl)silyl)methyl)-1-(3-bromophenyl)-2-hydroxypent-4-

en-1-one
o)
Br. Y.
- Si
LY

(C24H29Br0;Si) Colorless oil; 32.2 mg, 70% yield, 99/99% ee, 48:52 dr (determined by SFC); [a] **p =
+6.2 (¢ =0.51 g/100 mL, in CH2Cly).
SFC (Daicel Chiralcel IG-3, CO2/MeOH =90/10, 1.5 mL/min, A =230 nm), #;= 8.46 min, /2= 10.32 min,

t3=14.74 min, t4= 17.81 min.

TH NMR (400 MHz, CDCls) 8 = 8.08 — 8.00 (m, 1H), 7.85 — 7.69 (m, 2H), 7.41 — 7.32 (m, 1H), 7.20 (q,
J=17.7Hz, 2H), 7.07 (q, J = 7.1 Hz, 1H), 6.99 (t, J= 7.5 Hz, 2H), 5.10 (ddd, /= 10.2, 8.5, 5.0 Hz, 1H),
4.76 (d, J=13.8 Hz, 2H), 4.65 — 4.60 (m, 1H), 4.48 (d, /= 7.1 Hz, 1H), 3.52 (d, /= 6.5 Hz, 1H), 2.47 —
2.36 (m, 1H), 2.20 — 2.04 (m, 3H), 1.70 — 1.65 (m, 4H), 1.65 — 1.55 (m, 3H), -0.02 (d, /= 5.2 Hz, 3H).
I3C NMR (101 MHz, CDCls) 6 = 200.4, 143.0, 142.1, 139.4, 137.0, 135.6, 131.7, 130.6, 128.5, 128.4,
127.2,124.4,123.4,112.3,109.7, 72.5, 44.4, 25.6, 25.3, 24.2, 23.5, -4.3.

HRMS (ESI) m/z: [M + Na]" Calculated for [C24H20BrO»Si +Na*]=479.1012, 481.0992, found 479.1013,
481.0991.

IR (neat): 3478, 3073, 2920, 1686, 1635, 1565, 1412, 1250, 1208, 1162, 1087, 979, 875, 819, 7634 and

701 cm.
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Retention Time Area % Area
1 8.488 1351682 23.67
2 10.288 1520985 26.64
3 14.779 1500231 26.28
4 17.806 1336535 23.41

Retention Time Area % Area
1 8.457 2198800 47.76
2 10.319 2693 0.06
3 14.738 2397135 52.07
4 17.813 5021 0.11
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C61: (S)-1-(3-bromophenyl)-4-(((S)-ethyl(2-methylallyl)(phenyl)silyl)methyl)-2-hydroxypent-4-en-

1-one
Br.
Y Si
OH i \”/

(C24H29Br0;Si) Colorless oil; 30.4 mg, 66% yield, 99/99% ee, 69:31 dr; [a] ?°p = -4.7 (¢ = 0.49 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel ODH, CO2/MeOH =90/10, 1.0 mL/min, A =230 nm), #; = 7.80 min, #> = 8.63 min,
t3=9.45 min, t2= 12.77 min.

TH NMR (400 MHz, CDCl3) 6 = 7.98 (q, J=2.7, 2.2 Hz, 1H), 7.78 — 7.71 (m, 1H), 7.65 — 7.59 (m, 1H),
7.45 (ddd, J=11.1,7.7, 1.7 Hz, 2H), 7.37 — 7.26 (m, 4H), 5.04 (ddd, /= 8.4, 6.7, 3.5 Hz, 1H), 4.72 (d, J
= 6.3 Hz, 2H), 4.65 — 4.56 (m, 1H), 4.54 — 4.47 (m, 1H), 3.44 (dd, J = 6.7, 1.7 Hz, 1H), 2.24 (ddd, J =
14.1, 10.9, 3.3 Hz, 1H), 2.01 — 1.92 (m, 1H), 1.88 (d, /= 6.1 Hz, 2H), 1.84 (d, /= 5.3 Hz, 2H), 1.58 (s,
3H), 1.05-0.95 (m, 3H), 0.91 (dddd, J=12.7, 9.6, 4.7, 2.9 Hz, 2H).

13C NMR (101 MHz, CDCls) & = 200.4, 142.9, 141.9, 136.8, 136.3, 135.7, 134.3, 131.7, 130.5, 129.3,
127.9, 127.1, 123.3, 112.6, 110.0, 72.3, 44.1, 25.6, 23.8, 22.8, 7.4, 3.5.

HRMS (ESI) m/z: [M + Na]" Calculated for [C24H20BrO»Si +Na*]=479.1012, 481.0992, found 479.1009,
481.0984.

IR (neat): 3480, 3072, 2919, 1688, 1636, 1565, 1423, 1250, 1111, 980, 877, 792 and 703 cm™".
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C62: (S)-1-(3-bromophenyl)-2-hydroxy-4-(((S)-(2-methylallyl)(phenyl)silyl)methyl)pent-4-en-1-

one
Br v
: g \H/
OH @

(C22H25Br0;Si) Colorless oil; 28.6 mg, 66% yield, 99/99% ee, 78:22 dr; [a] **p = +3.4 (c = 0.41 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel ADH, CO2/MeOH = 90/10 , 1.5 mL/min, A =230 nm), #1= 10.76 min, &, = 11,74
min, 3= 12.39 min, 4= 20.19 min.

TH NMR (400 MHz, CDCl3) & = 8.03 (s, 1H), 7.78 — 7.66 (m, 2H), 7.56 — 7.45 (m, 2H), 7.41 — 7.28 (m,
4H), 5.09 (td, J=9.1, 8.0, 3.4 Hz, 1H), 4.78 (d, /= 5.8 Hz, 1H), 4.75 (s, 1H), 4.61 (s, 1H), 4.53 (s, 1H),
4.38 (dp, J=17.1,3.6 Hz, 1H), 3.49 (dd, /= 6.5, 3.6 Hz, 1H), 2.45 (dd, J=14.7, 2.8 Hz, 1H), 2.17 —2.07
(m, 1H), 1.96 (dd, /= 8.4, 4.1 Hz, 2H), 1.91 — 1.80 (m, J=4.2, 3.8 Hz, 2H), 1.69 (s, 1H), 1.65 (s, 2H).
I3C NMR (101 MHz, CDCls) 6 = 200.4, 142.5, 141.6, 136.9, 135.6, 134.8, 134.4, 131.7, 130.6, 129.9,
128.1,127.2,123.4, 113.1, 110.2, 72.3, 43.8, 24.9, 23.8, 22.3.

HRMS (ESI) m/z: [M + Na]" Calculated for [C22H25BrO»Si +Na*] =451.0699, 453.0697, found 451.0701,
453.0681.

IR (neat): 3476, 3071, 2921, 2123, 1685, 1636, 1565, 1424, 1249, 1161, 1112, 979, 837, 791 and 703 cm’
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D: (S)-2-(3-bromophenyl)-5-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)hexa-1,5-
dien-3-ol

Br N
; Si \ﬂ/
OH

(C2sH31BrOSi) Colorless oil; 41.8 mg, 85% yield, 99/99% ee, 90:10 dr; [a] *'p = +24.1 (c = 0.33 g/100
mL, in CH2Cl).

SFC (Daicel Chiralcel IG, CO2/MeOH = 90/10, 1.0 mL/min, A =230 nm), ;= 17.89 min, £, = 18.76 min,
t3=20.58 min, #4= 23.21 min.

TH NMR (400 MHz, CDCl3) & = 7.91 (s, 1H), 7.82 — 7.76 (m, 2H), 7.69 (d, J= 8.2 Hz, 1H), 7.50 — 7.44
(m, 3H), 7.41 (t,J= 1.6 Hz, 1H), 7.37 — 7.32 (m, 1H), 7.10 (d, /= 7.8 Hz, 1H), 7.02 (t, /= 7.8 Hz, 1H),
5.29 (s, 1H), 5.17 (s, 1H), 4.75 (d, J=4.7 Hz, 2H), 4.61 — 4.58 (m, 1H), 4.55 (d, /= 9.3 Hz, 1H), 4.49 (s,
1H), 2.07 (s, 1H), 2.00 — 1.92 (m, 2H), 1.89 — 1.81 (m, 4H), 1.56 (s, 3H), 0.38 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 149.7, 143.6, 142.8, 142.1, 134.8, 134.6, 133.9, 132.9, 130.6, 130.1,
130.0, 129.9, 128.2, 127.9, 127.1, 126.6, 126.1, 125.5, 122.6, 114.0, 112.6, 109.8, 70.4, 45.7, 26.2, 25.5,
24.3,-5.3.

HRMS (ESI) m/z: [M + Na]" Calculated for [C23sH3;BrOSi +Na"] = 513.1220, 515.1199, found 513.1221,
515.1193.

IR (neat): 3448, 3055, 2921, 1633, 1557, 1407, 1254, 1159, 1082, 863, 813 and 743 cm™.
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E: (S)-1-(3-bromophenyl)-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)-1-oxopent-

4-en-2-yl 2-(1-(4-chlorobenzoyl)-5-methoxy-3-methyl-1H-indol-2-yl)acetate
0

Br T.
Y
° (J
o)
S : N% Q
cl o~

(C46H43BrCINOsSi) Colorless oil; 76.6 mg, 92% yield, 99/99% ee, 90:10 dr; [a] *p=-3.7 (¢ = 0.63 g/100
mL, in CH2Cl).
SFC (Daicel Chiralcel ODH, CO»/i-PrOH = 85/15, 1.0 mL/min, A =230 nm), #; = 85.76 min, t, = 8§9.25
min, 3= 101.32 min, 2= 109.99 min.
TH NMR (400 MHz, CDCl3) 6 =7.95 (s, 1H), 7.89 (s, 1H), 7.81 — 7.75 (m, 2H), 7.72 (d, J = 8.2 Hz, 1H),
7.63 (d, J= 8.4 Hz, 2H), 7.58 (d, J = 8.0 Hz, 1H), 7.52 — 7.42 (m, 6H), 7.00 (t, /= 7.9 Hz, 1H), 6.92 (d,
J=2.4Hz, 1H), 6.88 (d, /= 9.0 Hz, 1H), 6.67 (dd, J=9.0, 2.4 Hz, 1H), 5.82 (dd, J = 8.9, 4.3 Hz, 1H),
4.64 (s, 2H), 4.61 (s, 1H), 4.50 (s, 1H), 3.82 (s, 3H), 3.71 (d, J = 2.3 Hz, 2H), 2.32 (s, 3H), 2.29 — 2.18
(m, 2H), 1.87 (d, J= 2.5 Hz, 4H), 1.57 (s, 3H), 0.42 (s, 3H).
I3C NMR (101 MHz, CDCls) 6 = 195.0, 170.4, 168.4, 156.2, 142.7, 140.8, 139.4, 136.4, 136.1, 134.8,
134.5, 134.0, 133.9, 132.9, 131.4, 131.3, 130.9, 130.6, 130.2, 130.0, 129.2, 128.2, 127.9, 127.2, 126.7,
126.2,123.1, 115.1, 112.8, 112.1, 112.0, 109.9, 101.3, 74.0, 55.8, 39.5, 30.0, 26.2, 25.5, 24.3, 13.5, -5.3.
HRMS (ESI) m/z: [M + Na]" Calculated for [C4sH43BrCINOsSi +Na'] = 854.1675, 856.1654, 858.1625,

found 854.1678, 856.1663, 858.1624.
IR (neat): 3058, 2924, 1738, 1684, 1594, 1475, 1360, 1317, 1223, 1157, 1079, 809,734 and 478 cm’".
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F: (S)-1-(3-bromophenyl)-4-(((S)-methyl(2-methylallyl)(naphthalen-2-yl)silyl)methyl)-1-oxopent-
4-en-2-yl (S)-2-(4-isobutylphenyl)propanoate
0

(C40H4sBrOsSi) Colorless oil; 64.1 mg, 94% yield, 99/99% ee, 89:11 dr (determined by SFC); [a] *p =
+28.2 (¢ =0.60 g/100 mL, in CH>Cl).

SFC (Daicel Chiralcel OJH, CO2/MeOH = 80/20, 1.0 mL/min, A =230 nm), #;=8.17 min, £ = 8.91 min,
13=9.92 min, 2= 11.29 min.

TH NMR (400 MHz, CDCl3) § =7.96 (s, 1H), 7.87 (s, 1H), 7.81 — 7.75 (m, 2H), 7.73 (d, J = 8.2 Hz, 1H),
7.57 = 7.51 (m, 2H), 7.46 (dd, J = 8.6, 4.1 Hz, 3H), 7.11 (d, J = 8.0 Hz, 2H), 7.04 — 6.97 (m, 3H), 5.76
(dd, J=18.7, 4.5 Hz, 1H), 4.65 (s, 1H), 4.62 (d, J = 8.8 Hz, 2H), 4.51 (s, 1H), 3.69 (q, J = 7.2 Hz, 1H),
2.41(d,J=7.2Hz, 2H), 2.31 —2.20 (m, 2H), 1.89 (d, /= 5.8 Hz, 4H), 1.84 — 1.76 (m, 1H), 1.57 (s, 3H),
1.47 (d, J=7.2 Hz, 3H), 0.88 (s, 3H), 0.87 (s, 3H), 0.43 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 195.0, 174.1, 142.8, 140.9, 140.7, 136.9, 136.5, 136.1, 134.9, 134.7,
133.9, 132.9, 131.4, 130.1, 130.1, 129.4, 128.2, 127.9, 127.4, 127.2, 126.8, 126.7, 126.2, 123.0, 112.8,
109.8, 73.8, 45.2, 45.0, 39.4, 30.3, 26.2, 25.5, 24.4, 22.5, 18.5, -5.3.

HRMS (ESI) m/z: [M + Na]" Calculated for [C40HssBrOsSi+Na*]=703.2214, 705.2193, found 703.2217,
705.2200.

IR (neat): 3051, 2956, 1736, 1701, 1636, 1419, 1157, 1080, 856, 810 and 742 cm™.
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G: 4-bromo-N'-((S,Z)-1-(4-cyanophenyl)-2-hydroxy-4-(((S)-methyl(2-methylallyl)(naphthalen-2-
yDsilyl)methyl)pent-4-en-1-ylidene)benzohydrazide

" C

(C35H34BrN302S1) White solid; 53.4 mg, 84% yield, 99/99% ee, 88:12 dr (determined by SFC); m.p. 133-
135 °C, [a] **p =-87.0 (¢ = 0.55 g/100 mL, in CH,Cl).

SFC (Daicel Chiralcel OXH, CO2/MeOH = 80/20, 1.0 mL/min, A = 230 nm), #; = 38.49 min, #> = 39.85
min, 3= 81.14 min, 4= 85.44 min.

TH NMR (400 MHz, CDCl3) § = 12.27 (s, 1H), 7.89 (d, J= 8.7 Hz, 1H), 7.74 (t, J = 8.0 Hz, 2H), 7.63 (d,
J=28.1Hz, 1H), 7.57 - 7.47 (m, 6H), 7.47 — 7.35 (m, 3H), 7.22 (d, J= 7.9 Hz, 2H), 5.17 — 4.90 (m, 1H),
4.81 (d, J=20.9 Hz, 2H), 4.61 (s, 1H), 4.49 (s, 1H), 4.05 (s, 1H), 2.40 — 2.17 (m, 1H), 2.00 — 1.78 (m,
5H), 1.57 (s, 3H), 0.40 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 = 151.4, 142.3, 141.5, 139.8, 134.6, 134.1, 133.7, 133.1, 132.7, 132.1,
132.0, 131.4, 129.5, 128.6, 128.0, 127.8, 127.2, 127.0, 127.0, 126.4, 118.3, 113.9, 112.7, 110.0, 109.8,
70.8,41.5,26.0,25.4,24.5,-5.7.

HRMS (ESI) m/z: [M + Na]" Calculated for [C3sH34BrN30,Si +Na'] = 658.1496, 660.1475, found
658.1489, 660.1472.

IR (neat): 3231, 3070, 2920, 2229, 1667, 1589, 1479, 1272, 1156, 1077, 1012, 863, 814 and 746 cm".
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Minutes

Retention Time Area % Area
1 38.492 16728 0.09
2 39.849 2970 0.02
3 81.144 16587202 87.93
4 85.442 2256136 11.96

90



12. Copies of 'H, *C and 'F NMR spectra of the products.

9]
© VN TFTNOTANTONNDNTTONTTANNONOTONLONNOOLOLMOTNOTO® MO 0O N
o NNNTZDORR0QOOLMMONMOBOOOODITIINNOORANOCOQOWIWYMNMON
- NNANNMNNMNNODOOOOOOOOOOOOANNNNNANANANANNNNNTST """ ™ v v v«
| L o
Parameter Value
\\‘ ITitle ¢qh-20231021-s2-14-Racy2. 1. L. It
" + 2Solvent coels
N\/\/"'N (@) 3 Temperature 295. 2
- I C 4 Number of Scans 16
Cy 0., /N y 5 Spectrometer Frequency400. 13
T H 6Nucleus 1H
Cy
L4-RaCy,
o o Al e Y
< c o QocQC eeeoogg
N N < < NN NoaNNN®N
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
13.0 12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 25 20 L5 1.0 0.5 00 -0
f1 (ppm)
[} - o<
0 0N~ o [logte) ~ O =TI OT 00D
S <N ©N~ O BOO®DOON®O
© M NN AN O [o0] OANDDOLANNNOON
— ~ — 0 N~ © LT OOOANNNNN
\ N \ o/ \ [N Se—=——"
Parameter Value
1Title ¢qh-20231021-s2-14-Racy2. 2. 1. 1t
+ + 2Solvent cpels
O\\\\‘\ N\/\/""N ) 3 Temperature 296. 0
C = Cy 4 Number of Scans 256
Y N\ /Q Q\ /N 5Spectrometer Frequencyl00. 61
H H 6 Nucleus 13C
Cy y
L4-RaCy,

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
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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NOUOODTTTANODT-TOONOOULITANTDONOOULITNUOLNONOT-TOLMODONLLM WO —OONST 0O
NNNNT— 0000000 NN®DWDOOOOOOOOTITORONNNOOOOOOOYTLTMMMONNN
TNNMNNMNNMNNOOOOOOOOOONNNANNANANNANNANNNTS " " T - T T T T v v v« o«
N e N
Parameter Value
1Title ©qh=20230919-s2-97. 1. 1. 1t
2Solvent €DC13
3 Temperature 296. 6
4 Number of Scans 16
Cy 5Spectrometer Frequency400. 13
6Nucleus 1H
|
[
) A A AT T P
< e Q Qoo ooooogqN
N N < NANANNNONNNMN
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
13.0 12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 4.5 40 3.5 30 25 20 1.5 10 05 0.0 =
£1 (ppm)
o 0 m
N~ 0 © o N~ - ONONO®WWOD T 0N M
© =N < NQ 0 WONWYNDO—OOY
© ™M NN [l e} [o0] NODODULANNMNNNNOSST I
- — v o © FTOOMHONNNNNNN
\ N \ o/ \ e
Parameter Value
1Title cqh=20230919-52-97. 2. 1. 1t
2Solvent cDC13
3 Temperature 297. 4
4 Number of Scans 256
5Spectrometer Frequencyl00. 61
6Nucleus 13C
|
I
" L " N . " " L WA L "
= b " o Ararisiphiond oo el ot
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
£1 (ppm)
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A22

- © < 10N < o
S R S &
2 06 ® 6 © © ©
\ ~ <
o
OH
H OH

5.71
5.69
5.67

[
\

Parameter
1Title
2Solvent
3 Temperature

4 Number of Scans

cqh—20240415-s2-180. 1. 1. 1

DMSO
296.3
16

5Spectrometer Frequencyd00. 13

Value

6Nucleus 1H
| |
| |
| [
L L il
- a -
L B S B T T T T T T T T T T T T T T T T L B R
10.5 10.0 9.5 9.0 8.5 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
f1 (ppm)
N~ < — O MO
< 0 N W<~ [ce}
© M 0O, v
o D MmOAN = arameter Value
- - - - - o
\ / \/ \/ ‘ 1Title cqh-20240415-s2-180. 2. 1. Ir
2 Solven DMSO
o 3 Temperdture 297.2
4 Number fof Scans 256
OH 5Spectrdneter Frequencyl00. 61
6 Nucleuq 13C
H OH
(0]
|
it
| 1 N | I . . "
Y W WA Yo b
— 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
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

£1 (ppm)
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A26

O M © < [(elnToRNep) [o¢]
e ©© @® Q © ©Q <
0 o NN~ © © 0w w <
Parameter Value
1Title cqh-20240412-52-177. 1. 1. 1
2Solvent DMSO
o 3 Temperature 296. 0
OH 4 Number of Scans 16
5Spectrometer Frequency400. 13
OH 6 Nucleus 1H
Z
|
I
L e -
- -
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
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3. 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)
0] N©Owm
(o) O~ O M~ — NN O
o} © NS © Q¥ ®
[ M ®MmOMmN o< M
-~ - - - o 0 0 Parameter Value
\ ~\ 7 NN/ 1Title ©qh-20240412-2-177. 2. 1. 1t
2Solvent DMSO
3 Temperatyre 297.0
4Number of Scans 256
(@] 5Spectrom¢ter Frequencyl00.61
OH 6 Nucleus 13C
OH

W

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
210 200 190 180 170 160 150 140 130 120 110 100 90
1 (ppm)
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QQVOOVOOOOOMUVIYYYTIY © Quu. o A
ONNNNNNNNNNNNNNNNN <+ <SS - - o
B O A — | | ‘
Parameter Value
1Title cqh-20231026-s2-122. 1. 1. 1t
2Solvent CDC13
3 Temperature 295.5
4 Number of Scans 16
5Spectrometer Frequency400. 13
6 Nucleus 1H
\ \ \ \
1.0 3.0 1.0 2.0
T T T T T T T T T T T T T T T T
8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4
f1 (ppm)
[
! |
|
JUu J l
- ™~ oo < © ™
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
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 5 2.0 1.5 1.0 0.5 0.0 =0. ¢
£1 (ppm)
CNONDOWWNNNN
SN0 NN®QOWOoW o < -
VO ONODONWOOG O D M0 o
TOOMNMOONNNNNO © o
e R TR R L R AR i NN :
==l | N ‘
Parameter Value

1Title cgh-20231026-s2-122. 2. 1. It
2Solvent CDC13

3 Temperature 296. 2

4 Number of Scans 256

5Spectrometer Frequencyl00. 61

6 Nucleus 13C
T T
135 130 125
£1 (ppm)
| “ ‘ ‘ ’
\ A
— 7T -——— 7 77— —— T —— T —— T — T T T
210 200 190 180 170 16! 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

1 (ppm)
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VWOMODONNII O OO M D W00 o OYT YOO DO ON N o
LT NNNNNN wuuwvwY Y 0LOoOoO RN X QX0 < Q
NNNNNNNNNNNNNNN ST N+« o o
T ————— N | TeaS\—————" \ \
Parameter Value
1Title cqh-20231020-s2-2-me—1020. 1. 1. 11
2Solvent €DC13
3 Temperature 294.8
4 Number of Scans 16
5 Spectrometer Frequency400.13
\H/\SI/\”/ 6 Nucleus H
\ H‘
| il
Ju L
- - o N ™ <+ © I2e)
-_———————————————————————— -—
8.0 7. 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 .0 2.5 2.0 1.5 1.0 0.5 0.0 .0
£1 (ppm)
N M ONT o)
NMOoONOWwo © 0 © Q )
MO oW o N N0 0
TEOO®AN o © ;M o
B R R - N NN f
~ N/ \ e \
Parameter Value
1Title cqh-20231020-s2-2-me—1020. 2. 1. 11
. 2Solvent €DC13
\H/\SI /\”/ 3 Temperature 295.7
I 4 Number of Scans 256
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
| | .
T T T T T T T T T T
145 140 135 130 125
£1 (ppm)
| | |
|
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 T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
£1 (ppm)
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5Spectrometer Frequencyl00. 61

NNOOSTOOLO—NO TTOWL <+t —©®»O %)
M@MOOOONN Q00 wouuL Y © 0 0 @ @ O @
NNNNNN®O©®O©®©O©O T O il ol o
Te——— Ne— —/ = \ ~NeF— \
Parameter Value
1Title cqh—20231114-s2-138.1. 1. 1
2 Solvent CcDhC13
3 Temperature 295.1
/ 4 Number of Scans 16
O 5 Spectrometer Frequency400. 13
3 6Nucleus 11
S||
|
|
|
BN L. J\ l
o - - I ® < © ®
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
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.
£1 (ppm)
Joe) NANNLWO — ©
N oN 0w <N o © ™ -
< MW= 0o o © o - N o
© tTOoNN o o < © 10 <
~— -~ - - - Yo} N N 1
\ AN N NN N \ N \
Parameter Value
1Title cqh-20231114-s2-138. 2. 1. 1r
/ 2Solvent CDC13
O 3 Temperature 296. 0
4 Number of Scans 256

| 6 Nucleus 13C
" J "
" "
——r+ 1 -~ 1 -~ 1+ 1 . T 1 ‘1 _‘°~ 1 ‘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 10 30 20 10 0 10

£1 (ppm)
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AW S N O © oo
M N NN © <
NNNNNN <+ <
e L N/

0 © N O © 0
® ®QND 0
N - T o
\ NI \

Parameter Value

1Title
2Solvent
3 Temperature

4 Number of Scans

5 Spectrometer Frequency400. 13

cqh-20231107-s2-129. 1. 1. 1
CDC13

295.6

16

6 Nucleus 1H
\ \ \
2.0 1.0 1.0
— — —
7.40 7.35 7.30 7.25 7.20 7.15 7.10
1 (ppm)
11l
|
. J |
N - KN 3] o)

T T T T T T T T T T T T T T T T
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. ¢
£1 (ppm)

+TOONT — O o

NOON—ON < Q= <
ONNY «— O N o MmN o
TOOOM®N o © W - DS
D e - N NN :
—\ = \ N A \

Parameter
ITitle

2Solvent

3 Temperature

4 Number of Scans

Value
cqh=-20231107-s2-129. 2. 1. 1
CDC13
296. 4
256

5Spectrometer Frequencyl00. 61

6 Nucleus

13C

—71 +~ T ‘ T ‘T ‘T T~ T © T ‘©* T ‘* T ‘" T ‘" T ‘" T T T T T
210 200 190 180 170 160 150 140 130 120 110 100

£1 (ppm)
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OOMNNNOOMMTTOOODO®MWOWM®O—OOOOOO - [S R o] ©
ONNT o000 0 00 WOQOQOOOOLW0Y @ © v “«
NNMNNMNMNMMMMNMNOOOOOOOOT I I I I (52} A o
) e o | | | |
Parameter Value
o 1Title cqh-20231021-s2-3-0ch3. 1. 1. 1
~ 2Solvent cne1s
3 Temperature 295. 2
4Number of Scans 16
. 5 Spectrometer Frequency400. 13
\[(\S“/T( 6Nucleus H
S o) <+ © o]
T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 2.5 2.0 1.5 1.0 0.5 .0
£1 (ppm
< — M O~ <t O v
S T® SNN®n N L -
0 ) RN ) N N < o
[Te] <t ™ NN~ «— O Vo] [l Te] Te)
— — - - - - [Te) N N v
\ \ o/ N \ N \
Parameter Value
o] 1Title ¢qh—20231021-s2-3-0ch3. 2. 1. 1
~
2Solvent cpe13
3 Temperature 296. 0
4Number of Scans 256
. 5Spectrometer Frequencyl00. 61
Si A
| 6 Nucleus 13C
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 -10
£1 (ppm)
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B7

NOOOODOVOWITITONNO® N« — 0 ® N © N~
[T OOOON00OON ©OoYY © 0 0
NNNNNNNNNNNNNNN T - - o
e\ ——————— — =/ I \
CI Parameter Value
1Title cqh-20231020-s2-3-c1. 1. 1.1
2Solvent CDC13
3 Temperature 294.9
4 Number of Scans 16
SI 5 Spectrometer Frequency400. 13
| 6 Nucleus
T T T T
1.0 1.0 1.0
T T T T T
7.50 7.45 7.40 7.35 7. ¢ 7.20
1 (ppm)
.
Lyl
| | L
== RN < © ®
— ———r————F——————————
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 0 0.5 0.0 0.5
£1 (ppm)
OMTON®M® ~
©oAaANOMON @ S IS
NOYT®ONOO® ) - < -
STTOOONN o © 0 e
R R - N N :
Parameter Value
CI ITitle cqh—-20231020-s2-3-cl.2. 1. 1
2Solvent CDC13
3 Temperature 295.6
4 Number of Scans 256
5 Spectrometer Frequencyl00.61
T\SiY 6 Nucleus 13¢
. N " J N )
" . o "
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
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B9

NOWUTITN T O ® O MO O WO WO v~ O ONMNNIN <
TITITIRO R Q@ @ QLU OWIT YT ® RRQ WG YW A
NNNMNNMNNMNDNOO OO OO TETITITTITITTITO -~ - - - o
Parameter Value
\o 1Title cqh-20231027-s2-125. 5. 1. 1r
2Solvent cpCl3
3 Temperature 295. 4
4 Number of Scans 16

5Spectrometer Frequencyd00. 13
6Nucleus 1H

T

1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
£1 (ppm)

N - M N~ QN
o] ™m0 W n M o < O o)
d TSR . = o < 8
o ™ 0 © o o ] )
© < O N ~— O 0 O 0 <
— - - - ~— - 0 AN N i
\o Parameter Value
1Title cqh-20231027-52-125. 6. 1. 1
2Solvent cpC13
3 Temperature 296. 3
4Number of Scans 256
) 5Spectrometer Frequencyl00. 61
\H/\Sll/\“/ 6Nucleus 130

T T T T T T T~ 1 T~ T T T ‘° T ‘" T ‘" T ‘" T ‘" T T T " T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

£1 (ppm)
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_ 460
—4.47

—1.81

Parameter
1Title
2 Solvent

3 Temperature

4 Number of Scans

—1.57

—0.36

Value
caoqh—20240316-5S2-130-D0. 5. 1. 1
CDC13
294.0
16

5 Spectrometer Frequency400. 18

6 Nucleus H
| o
|
i
4 dd g d '3’
ee eQ e Q< <
[N [SYaY <+ © ™
. . . T . T . T . T . T . T . T . T . T . T . T . . T . T . T .
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
£1 (ppm)
N M 0w N
© @O0 © =5 ©
AW W o~ o =M -
- T v -~ N N v
NN \ N \
Cl

Si

s

Parameter
1Title
2 Solvent
3 Temperature

4 Number of Scans

6 Nucleus

5 Spectrometer Frequencyl00. 63

Value
caoqh—-20240316-S2-130-D0. 6. 1. 1
CDC13
294. 6

256

13C

T T
190 180 170 160 150

140 130

T T T T T T T
100
(ppm)
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NN W coo ©COND D 1o}
NN © oW, Q Q@O MNIW®M “
NNNN < << - e o
~\ ~ ~ ~\= \

Parameter Value
ITitle cqh-20231122-s2-146-up. 1. 1. 1t
2Solvent cpe13
3 Temperature 294. 7
4 Number of Scans 16

5Spectrometer Frequency400. 13
6Nucleus 1H

A

N N NN
T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6 6.0 5.0 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)
OOt MW N
CONO N ® NG ©
NSO o} N Moo 3
NFTOOAN o < — © W q-
- - - - ™ omNN j
— N [ SN [
Parameter Value
1Title cqh-20231122-52-146-up. 2. 1. 1
2Solvent cpci3

3 Temperature

Si 4 Number of Scans 256
| 5Spectrometer Frequencyl00. 61

6 Nucleus 13C

T
145 140 135 130 125
£1 (ppm)

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

——\ = —e

—1.79
—1.58

Parameter
1Title
2 Solvent
3 Temperature

4 Number of Scans

Value
cqh-20231102-s2-133. 1.
CDC13
295. 6
16

5Spectrometer Frequency400. 13

—0.33

1.1

6 Nucleus 1H
Si
|
|
[ |
N - N o <+ © )
T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5 3. 2.5 2.0 5 1.0 0.5 0.
£1 (ppm)
DO+~ O© © © M I~
vy - ©od OY oo P <
ON®O O® R =} 0 < @
S oA -~ O O0Oo © 10 <
- - - - - - v - N N
(@] Parameter Value
I Title -20231102-s2-133.2. 1. 1
2 Solvent C]
3 Temperature 296. 4
4 Number of ans 256
Si 5 Spectrometer Frequencyl00. 61
| 6Nucleus 13C
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 T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10
£1 (ppm)
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B14

712
~6.99
4.60
4.60
4.60
4.59
4.49
4.49
—2.31
1.82
1.81
1.81
1.59

\

—0.34

Parameter
1Title
2Solvent
3 Temperature

4 Number of Scans

Value

cgh-20231121-s2-145. 5. L. 1r
CDC13

294.9

16

5Spectrometer Frequencyd00. 13

Si 6 Nucleus

1H

N~ oo
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
3.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1
£1 (ppm)
O N © D © 0
HOoNN O el < ™% o
ONO = O o QL o
SO0 m® S © = o
- - - - N NN :
Parameter Value
1Title cgh-20231121-s2-145. 6. 1. 1t
2Solvent CDC13
3 Temperature 295.7
4 Number of Scans 256
Sj 5 Spectrometer Frequencyl00. 61
I 6 Nucleus 13C
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 T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

£1 (ppm)
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e e o | | ‘
a—r—
F Parameter Value
Cl 1Title as—20240730-cqh—c2-b11. 1. 1. 1t
2Solvent cpcl3
3 Temperature 297.0
Si 4 Number of Scans 16
| 5 Spectrometer Frequency400. 13
6 Nucleus 1H
;o
|
|
|
| U L. [
TS $d d o &
eecQC cce e o <
- - NN < 0 [}
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
0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5 3.0 2.5 2.0 1.5 0 0.5 0.0 0.5
1 (ppm)
- O - NONMNTO N
AN~ ITrTr Moo MmO 0 O ™
ON NOUWYTO—O0©©O =Y o
O TOMOMOOMONN— «— — O 0 <
- - T T T T T T T e e N N \
F Parameter Value
al 1Title 20240730-cqh-c2-b11. 2. 1. 1t
2Solvent °DC13
3 Temperature 297.6
SiY 4Number of Scans 256
| 5 Spectrome Frequencyl00. 61
6 Nucleus 13C
T T T T T T T T T T
135 130 125 120 115
£1 (ppm)
1l
’ — " | | o " . ks NS
Ll ‘ W b W L Ny
S A S S e B A S
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10

1 (ppm)
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—-114.38

Parameter

Value

as—20240730-cqh—c2-b11. 3. 1. 1

1Title
F 2Solvent cnels
cl 3 Temperature 297. 2
4 Number of Scans 16
5 Spectrometer Frequency376. 50
SiY 6 Nucleus 19F
I
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
20 10 10 -20 -30 -40 50  -60 70  -80  -90  -100 -110 120 130 -140 -150 -160 -170 -180 -190 -200 -210 -2
£1 (ppm)
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B16

%) o mm N~ N N - ©
™~ ©ow Q © Q © «
© < < < N o - - o
~ Parameter Value
0 1Title ©qh-20231106-s2-134. 1. 1. 1t
O O 2 Solvent CDC13
~ ~ 3 Temperature 295. 7
4 Number of Scans 16
5Spectrometer Frequencyd00. 13
6 Nucleus 1H
Si
J I
o o < © ©
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
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 0 0.5 0.0 -0.5
1 (ppm)
[(e] 0 0 N n o
()] ~— (N © 0 W N O < 0 ©
I ® o N oo o M N 0 e}
Vo] <t OMm — O o © [(o}Te) <
— - — - © O NN \
\O
O O Parameter Value
-~ ~ 1Title cqh—-20231106-s2-134. 2. 1. It
2Solvent cpels3
3 Temperature 296. 4
) 4 Number of Scans 256
Si 5Spectrometer Frequencyl00. 61
| 6 Nucleus 13¢
VR WMo AN VAt i Wil o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10

£1 (ppm)
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|

DILTNOONINIDM OO MO O©NNO®®
ONNRORONNNNNNOCOQOOOOBLWY
WOONNNNNNNNNNNNNNNNNN
W e\ et

I I I I
2.0 3.0 1.0 1.0
T

T T T T T T T T
7.95 7.90 7.85 7.80 7.75 7.70 7.65 7.60 7.55
£1 (ppm)

[sp e INTo] OoONMO [s2]
©Qu© So o 0
< <t < N~ «— «— o
~ N \
Parameter Value

1Title

2Solvent

3 Temperature

4 Number of Scans
5Spectrometer Frequenc

6 Nucleus

cqh-20231121-s2-147. 1. 1. 1t
[GVSE]

295. 0

16

v400. 13

1H

2.0y
2.04
4.0

T T T T T T T T T T T

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)
LONTONONODSTMOMD— 0MLO
TROMNMOYYONNOO®OOQQ r~ @ -
OBLANN-OC®BONNGGOND 00 ~
FTOOOOMONONNNNNNNNNO [(o}Te] <
Ll ol ol ol ol R S i ol i ol el N N l
| o e N2 |
T —
Parameter Value
1Title cgh—-20231121-s2-147. 2. 1. 1r
2 Solvent CDC13
3 Temperature 295.8
4 Number of Scans 256
. 5 Spectrometer Frequencyl00. 61
\H/\S“AH/ 6Nucleus 13C
T T T T T T T T T T T T T
133 132 131 130 129 128 127 126
f1 (ppm)
Ll
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
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
£f1 (ppm)
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\ Parameter Value
N \ 1Title cqh-20240430-s2-190-do. 1. 1. 11
2 Solvent CDC13
3 Temperature 295.7
4 Number of Scans 16

5Spectrometer Frequencyd00. 13

6 Nucleus 1H

ﬁ
R

J L 1

SN ®

T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
£1 (ppm)

MO MOOIT O [cel )Mo}
N<ToOo<T®mO W (@20l o O W o
W 0N ©© 0 = Q0 v ©
T ONNNNN o O o AN © <
RN L I - - o NN |
Parameter Value
ITitle cqh—=20240430-s2-190-do. 2. 1. 1t
2Solvent cnels
3 Temperature 296. 4
4 Number of Scans 256
Si 5Spectrometer Frequencyl00. 61
| 6Nucleus 13C
" | ; TR TR PR PR
o o A g
LU L I AL B N L R LA B B |
130 128 126 124 122 120 118 116 114 112 110 108
£1 (ppm)
| ”
‘ | — A u N
g 4 d G oy
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 T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

£1 (ppm)
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7.78

7.61

7.60

7.52

7.50

7.46
7.46
7.44
7.44
7.26
6.77
6.77
6.77
6.76
4.60
4.59
4.59
4.59
4.49
4.49

§
|

1.87
1.86
~1.56

\

Parameter
1Title
2Solvent
3 Temperature

4 Number of Scans

—0.41

Value
cqh—20231114-s2-132. 1. 1. 1
CDC13
295. 1
16

5Spectrometer Frequency400. 13

6Nucleus 1H
1.0 1.0 2.0
T T T T T T T T T T T T T T T T T
7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 1.1
r1 (ppm)
1N l
JULI N
- <« - o <+ © 0
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
8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0
1 (ppm)
()] o < o Mmoo o M 0
[o¢] 0 N NO M™M ox w O N <
1o} IO TONN -0 © ©w ™~
o] < < MmN NN — OO O 0 <
— - - -~ - - -~ - N N \
Parameter Value
1Title cqh-20231114-s2-132. 2. 1. 11
2Solvent cDpCl3
3 Temperature 296. 0
Si 4 Number of Scans 256
| 5 Spectrometer Frequencyl00. 61
6Nucleus 13C
- . . . N :

4 . L . o " " oA
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
170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10

1 (ppm)
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OONONM—L X

D OOY T T OM

NNNNNNNNN

NN SN———
S

4.60
L 460
\ 4.50

—1.88
—1.57
—0.43

Parameter

1Title
2Solvent
3 Temperature

4 Number of Scans

Value
cgh-20231107-s2-135-1107. 5. 1. 1t
CDC13
295.7
16

5 Spectrometer Frequency400. 13

6 Nucleus IH
oo ¥ © [

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
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 0 1.5 1.0 0.5 0.0
1 (ppm)

T YTNODONW®© M

~TO0MOOT OO W < 0 0

NOODNDDOF = O WL ©

S¥TOOANNNNO © <

iR ik S R LR L LR L N N y

Parameter Value
S \ ITitle cqh—20231107-s2-135-1107. 6. 1. 1t
2 Solvent CDC13
3 Temperature 296. 4
4 Number of Scans 256
5Spectrometer Frequencyl00. 61
\H/\ 6 Nucleus 13C
Si
T T T T T T T T
134 132 130 128 126 124 122 120
1 (ppm)
|
| J
"
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 T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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TEOONOOOOTETONNN = - = ™ © VOWONOOTNNTOO
R R R R I R R R R R R RN © © 8 ® VOO RRBRRRR B
NNNNNNNNNNNNNNNNN < < < - s~ Ooooocococoo
e i ) | | et
— —
Parameter Value
1Title cah-20231031-52-126. 1. 1. It
2Solvent cnel3
3 Temperature 295.5
4Number of Scans 16
5Spectrometer Frequency100. 13
\\”/\SI/T 6 Nucleus 1
|
Et
y
) I
o © o ¥ ©
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0
1 (ppm)
— N © ©0 N
N < =N ™~ RN
0OY DN o} 0N 28
< OOONN o 0 < .
- - - - - NN N o™
NS N [ N Vol
Parameter Value
1Title cah-20231031-s2-126. 2. 1. Lt
2Solvent coel3
3 Temperature 296. 4
Si 4Number of Scans 256
| 5 Spectrometer Frequencyl00. 61
Et 6 Nucleus 13C
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
210 200 190 180 170 160 150 140 130 120 110 100 90 80 60 50 40 30 20 10 0 -10
1 (ppm)
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NOOUYTTT-OOONONNOOTNONMONOONTODO NNT-—QDONNILLLWO T Y ©
LLLLVLLIILITINNMNONONNNNNEEOUUYIINM AN EO QRN N N0NQ
NNNNNNNNNNNNNNNNNNNNS SIS I I TITITITIY mormmrmrrrr e e e
[ I S S S R S S S — L L L A T T L L e S S S — L N S P T T S S S
~——— Y =
Parameter Value

1Title cqh—20240313-s2-77. 1. 1. 1v

2Solvent CDC13

3 Temperature 294.8

4 Number of Scans 16

Si 5Spectrometer Frequency400. 13
|l| 6 Nucleus 1

" A
a ™ N < ©
v T v T v T v T v T v T v v T v T v T v T v T v T v T v T v
7.5 7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
1 (ppm)
W W WKW N
N® X Qo o = ®
NY S ON o) @
<O ONN o < ™
- T - ~— N N
Parameter Value
1Title cqh-20240314-52-77. 1. 1. 1
Si 2Solvent cnel3
| 3 Temperature 295. 9
H 4Number of Scans 256
5Spectrometer Frequencyl00. 61
6Nucleus 13C
T T T T T T T T T
135 134 133 132 131 130 129 128 127
f1 (ppm)
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 T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0

£f1 (ppm)

114



C1

_\ﬁ.og
NTO;
GS'L
88l |
96 1|
16711
00°'¢C
L0°C
€0°¢C 1
502
8021
6221
62°C1
zez
€€'C
29°€
79°¢€ 1 w0
w#;j
mm.*j [
_\N.*j L 16°LL—
€L
S0°G 1 i
90°G 1

10°G 1 Foo't
L0°G
80°G
60°G
0L'GH
SL LW
0C'L
AV
ANV
oY L1
8Y°L 1
6%, 1
om.hg

16°2 1 A E , szoel |
€6/ 1 w LS .
1G°L Fo Z9°€El 1
65/ 1 . I €6'€€l 1
19721 Mo Fo ww.wm_@
VLA vH Tm. ) £0°GEL vﬂ
I €LZhL 1 %

0

N

0.

€e'G-—

% P
- AR
, 05'52—
RE ovoz”

Value

cgh-20240826-c2-Ph. 1. 1. 1
Value

CDC13

297.6

16

1H
cgh-20240826-c2-Ph. 2. 1. 11
CDC13

298. 3
256

e

=00'¢

Parameter

ooz |e 6L Y —
[V

Parameter

5Spectrometer Frequencyd00. 13

1Title

2Solvent

3 Temperature

4 Number of Scans
6 Nucleus

T

©
S
=
o
)
I

3 Temperature
4 Number of Scans

<

-
1Title
2Solvent

3.0

G2°60L ~
=00°'L |2 er'zLL—
00'} 21921

00z

oot

— —
N *
T T T T T
7.557. 35 7.30 7.25 7.20 7.15
£1 (ppm)
I
[
Il
|
A l
- T - - T - T
5.0 4.5 4.0 3.5
1 (ppm)
O — 0
Mmoo ©
NN ©
AN N NN
~ - - -
——

N
60

65
(ppm)
0

—
o
™
™
—

70 7
1
6.5 6.

2L L /
L1127 -0
(YN °
182
z8°'L
8L ©
mw.m\

v6°2

wm.m\

€9'10C —

i
OH O
dr =90:10 O
o b
. . . . .
8. 00 7.95
£1 (ppm)
T T T T T
8.0 7.5 7.0
N
©
3]
<
-
(@]
1
Y Si
OH
dr=90:10

-10

10

13C
30 20

40

6 Nucleus
50

60

70

100 90 80
£1 (ppm)
115

£1 (ppm)
190 180 170 160 150 140 130 120 110

200

210




CDC13

2 Solvent

296.0

3 Temperature

4 Number of Scans

5 Spectrometer Frequencyl00. 61

13C

6Nucleus

-10

90 80 70 60 50 40 30 20 10

100

(ppm)

1

116

110

C2
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¥S 11 . o B
veL . 9e's -
G811 7 . §
89l | 3 Fooe L
681 1 23 25
ol g 1602 " g
€611 g - el E
96°L 7 TEa 3 RO g
16711 ELES E 6v'scT 5
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6021 5 ;
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62C~ SeEEE 3
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69V 1 >
mm.v; : .
. uﬁ Foo't
16’V 1 2
86V | : > &
6611 flog 2 ‘L
. rl.,w ' g t . ~
00’1 w0d = L2 . 02'60L ~
oos{ s R - 00T | v 0LZLL
Los : q £ _ o s/'6zlL
269\ 8- : Fooe or.@ﬁ/
) F 201 < L8z i !
v6'9] - = [zo1 |2 z299Z1L yi
96'9 3 8o 2zL
mo.L . - 9gszL
Lv2d TR e Ny
6L°2L o 12821
&.L Me sLoel |
62 , 10211
be'L 5 1Z2°ZEL
€€/ < .VO.NM_L
8%'L1 , 18°€EL ]
6L 23 ez vel |
o2y < 50 Fm&m;
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o ! |8 Te61 LO'6EL
vLLA - ¥T0'1 Lzzhl ]
8224 , ploe bazZplL ]
6L, AW | S 20°1
182 ) poe 18402 —
6827 18°0
z6°L

dr=87:13

(ppm)

r1

200 190 180 170 160 150 140 130 120

210
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612

082~
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cqh-20240227-c2-110-4. 7. 1. 1

°
)
=
® oo =
[SIT) S
280 3=
SR =2§R
S
3
3 R
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g g e s
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©
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@
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2
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o
LS 2
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&
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Fl0e
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(O3
6L

Feo'L

o

0L
200°1L
Feoz

Hou

Mmmr.o
80
o

(V4
psay
H\.vo.N

1’0
80

0.0

£1 (ppm)

10°G-—

0s've
mv.mNW
GlL'9¢

viey—

1G°GS —

¥8'GL —

Value

Parameter

cqh—20240227-c2-110-4. 8. 1. 11

CDC13
296. 8

1 Title
2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequencyl00.61

13C

6 Nucleus

dr=85:15

140 138 136 134 132 130 128 126

142

1 (ppm)

-10

30 20 10

40

130 120 110 100 90 80 70 60

140

200 190 180 170 160

210

(ppm)

r1

117



0.0

r VG- —

Value

as—20240227-cgh—c2-110-2. 1. 1. 1r

CDC13

16

Parameter

—

5Spectrometer Frequency400. 13

1Title

2 Solvent

3 Temperature

4 Number of Scans
6 Nucleus

—

C4

I zzey
mm.mD/

w Fooe |
LEvT
| E.mmw
B Loz

A
= mm.o F o 817G/
Tmm.r | 12601 7

o'l L2l

L= 09911 1
€891 1
2r'zel ]
Lo 52z} |
06721 |
€621 1
= 00°9Z1 1
——— 560 £5°92Z1 1
96'9Z1 |
28221 1
92'8Z1 |
IS |
; ©00°L | © oviel
- 200'L el
booz Z6°Z€ 11

e pe'eel |

- Feso 98'vEl

i £6°1EL
o LY'SEL
. 1G'SEL
i b6 LYl
° 68°Zyl
91°091 ~
69291

—

0
(ppm)

(1

YT T

T
5
e

FooL @
Feot

ﬁo.m e L1002y
60| 91°002
TNO..V

POO'L | ©

-10

Value
10

as—20240227-cqh-c2-110-2. 2. 1. 1t
20

CDC13
296. 6

256
30

13C
40

50

Parameter

5Spectrometer Frequencyl00. 61
60

3 Temperature
4 Number of Scans
6 Nucleus

1Title
2Solvent

70

80

90

100
(ppm)
118

r1

110

120

116

118
130

126 124 122 120
150 140

(ppm)

128
r1
170

130

1.
OH T

132
180

134
190

136

200

i

210




—-108.23

Parameter Value
1Title as-20240227—cqh—c2-110-2. 3. 1. 1}
F o 1 2Solvent cpe1s
s ‘Y 3 Temperature 296. 3
- 4 Number of Scans 16
OH § N R
5Spectrometer Frequency376. 50
6 Nucleus 19F
1
T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -10  -20 -30 -40 -50 -60 -70  -80  -90 -100 -110 -120 -130 -140 -150 -160 —170 —180 -190 -200 -210 -2

£1 (ppm)
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Value

cgh-20240227-¢2-110-3. 5. 1. 1t

CDC13
295. 9

=

96'¢C| ~
o¢r

Parameter
5Spectrometer Frequency100. 13

1Title

2Solvent

3 Temperature

4 Number of Scans
6 Nucleus

60| o L
o'l

T
[

By
7.

——
—

5 7.4 7.3 7.2 7.1

(ppm)

i

S
7T 7.6 7.
f1

T

7.

£1 (ppm)

—r—

15

S
7.

T

7.9 7.8

=
0

8.

7.20

T

<

v

!
Si

T

T
£1 (ppm)

OH
=S

dr = 88:12
8.00 7.99 7.98 7.97 7.96 7.95 7.94 7.93 7.92

T

T

T

r

Cs

M =00€ | =
L2 1Lz
| mm.ﬁw
6v°6Z 7
J Ho vm.om\
_

Hﬁm.o ,
oels
Mo vi'¢L—

———= F50'}

(ppm)

(1

L2601 ~
#€0'L L0 oczLL
o't v1°62ZL
e :.owr/
LS z9'9zL
= Fl0'} oL 2217
9gzzL Y
L= ozszL ]
69°8Z1
mo.mmi
Ls  ezoel
96°2€l 1
g9'eel
L= e8ect
12%EL]
i 98'vEL ]
80l°  vevEl
Jero v8'8cl
N.M I SL'Zvl
Loocls  eszyl
0L 28102 —

T

-

FCLOLS
8'0

-10

10

Value

20

cqh-20240227-¢2-110-3.6. 1. 11
CDC13
296. 8
13C
30

40

Parameter
50

5 Spectrometer Frequencyl00. 61
60

3 Temperature
4 Number of Scans

2Solvent
6 Nucleus

1Title

70

90 80

100
1 (ppm)

120 110
120

125
130

126
140

128 127

129
160

ol
130

1 (ppm)

170

131

OH
dr=288:12

134 133 132

190 180

135

200

210
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o
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7.90

7.

£1 (ppm)

8. 00

Fooe

66°¢C

/10T

L0°L

Hol
Hoe

oL
rzot
Feoz

Fzot

4.

5.

5.5

£1 (ppm)

9¢'G-—

9G'veC
mv.mNW
v€'9¢

(450 4 2a
¥G'GG —

LgcL
Nh.mo_\7

9e°ZLL
ZLZILA
¥ 0Z1
66021 1
ANR-TAR
€9'921 1
AR
98'/21 1
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68°€EL
98'vEL
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96°vEL
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z8'evl

e

10091 —

05°1L0C —

Value

Parameter

cgh-20240223-¢2-104-2. 10. 1. 11

1Title

9

296.
256

3 Temperature

g
>
»
B

4 Number of Scans

5Spectrometer Frequencyl00. 61

13C

6 Nucleus

dr=287:13

Mhyrirnat b

1 (ppm)

-10

T T T T T T
140 130 120 110 100 90 80 70 60

150

T T T
200 190 180 170

210

(ppm)

r1
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C7

Zro
0
9971
88| |
681 |
68°L
6L
1671
861 §
661 1
10°CH
202
mo.NAW
67°€

0S¢
mv.j
6v'Y 1
mm.j
65V |
0971
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0L¥
0L
€LY
90°Z 1
10711
6L
6l°L1
61,1
Y2 L]

—===

——

Y2 L]
GZ'L1
[SrAVA
Nv.mg
wv.mg
67,
05721
05/
LG/
9G'/
9G /1
867/ 1
8G /L1
NN.NQ
617/
08,
182
1872
28°/L N
€8/
86°.

T

SEN

Value

Parameter

2s-20240301-cqh—c2-113-9. 7. 1. 1t
cpe13
3 Temperature 5.

1Title
2 Solvent

16

4 Number of Scans

1H

5Spectrometer Frequency400. 13

6 Nucleus

G8'(

90

7.

7.95

(ppm)

1

lt

Fooe

Foot

0e'G-—

L0'vY —

¢ecel—

Value

Parameter

-9.8. 1. 11

—cqh—c2-113

as—20240301

CDC13
296. 7
256

3 Temperature

1Title
2Solvent

4 Number of Scans

5Spectrometer Frequencyl00. 61
13C

6 Nucleus

i

s

08601 1
09°ZLL ]
2TSLL
SPGLL
98°0Z} 1
80°1Z1 1
LE VLA
RZAR
81921
02921
81221 ]
88'/21
0z'821 1
gL°0€l ]
E.omi
8G°0€L

1672EL ]
16'ecl |
88' V€L |
ZLSEL
6.5l 1
98 Ll |
10201 ]
z29°191 1
609’
09'002

No.oomv

—

mmamm an e e Ay

——T

slu\[(
4

dr=85:15

126 124 122

128
f1 (ppm)

132 130
MMMM‘LL—JJ L

134

136

-10

110

130

T T
200 190 180 170

210

£1 (ppm)

122



—-110.88

1Title

Parameter

2Solvent

Value

as-20240301-cqh—c2-113-9.9. 1. 1t
CDC13

o) 3 Temperature 296. 2
T, 4 Number of Scans 16
7 Si' T 5 Spectrometer Frequency376. 50
OH 6 Nucleus 19F
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
20 10 -0  -—20 -30 -40 -50 —60 -70  -80  —90 -100 —110 -120 130 -140 -150 —160 170 —180 190 -200 -210 -2
£1 (ppm)

123



=]

NO T OO0 NDOOMNOU-T OO0 ONLUULLITATNONTNOOOOOMNIONTNUO-CONOWTONOOTN
NOOQOONNNNOLLOLUOLOYIILIIITLIILNNOOOOONNOTINNNNOOORNORNXQ®XWY I
NNNNNNNNNNNNNNNNNNNNNNNNNNNOOSSSTTOOoAANNANNNS- -+~~~ +« 0O
NN e e S S Bt S i
Parameter Value
o 1Title cqh-20240226-¢2-107-5. 11. 1. 1r
cl '_‘ R 2Solvent cDC13
= Si T 3 Temperature 295.5
OH 4 Number of Scans 16
5 Spectrometer Frequencyd00. 13
dr=88:12 ‘ 6 Nucleus 1H
d &b b &
b @ «Q -
T ~ T T T T T T T had T Lnd T 1
7.20  7.15 7.10 7.05 7.00 6.95 8.02 8.00 7.98 7.96 7.94 7.92 7.90
£1 (ppm) 1 (ppm)
|
|
| It !
1
f
M
1 |
A AJu\ | ULLLI_&QL_AL
GoB A Q& I 3o ® I &
SECECRSRS] o Q- 9o o
-~ - O« - - v+ ™ ™
— r 1
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
1 (ppm)
VO - - OMNOONOONNOWONOO ® <t =
THhOMMOORNORDT - ON®O NI ©Q ~ @ D = I~ )
SCANTLVLULITNONOOSDBDONNOGOO OB e o N 010 ]
Nrrrrrrrrrrrrr e+~~~ v ~ < NN N i
T T T e e e —— N/ | | ~I— |
O
cl Sri‘ \T Parameter Value
éH 1Title cqh—20240226-¢2-107-5. 12. 1. 1
O 2Solvent CDC13
dr=8812 O 3 Temperaufre 296. 3
4 Number of Scans 256
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
T T T T T T T T T T
135 134 133 132 131 130 129 128 127 126 125
1 (ppm)
— r T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
£1 (ppm)

124



DOOUON - -—DDONNNOOODNOND-—ONDDVDOVONIND - -—MNMOOOONTO—ONOITDONT N
ORNORNRRVOANNNOOOOOOUWVWBIIITNNNNINROONNONDIITANNORNRDNR®®OWT I
NNNNNNNNNNNNNNNNNNNNNNNNNNKNCOo OSSO aNNN- - -+~ 00
[ e e N =R
o Parameter Value
Br-.. i ,M\V/"'\. ,’\S‘IJ\ ~ 1Title cqh-20240223-¢2-104-3. 9. 1. 1t
\[ = W J\ W 2Solvent CDC13
I OH P 3 Temperature 296. 0
L H 4 Number of Scans 16
S
dr=90:10 e H 5Spectrometer Frequency400. 13
. A 6 Nucleus 1H
-
b ]
T ~ T T T T
7.2 7.1 7.0 6.9 6.8 6.7
1 (ppm)
|
I
f
o U
]
B E IS S S 4 CEB D b 3
Qe QQoa - e QeQ®o o <
NMOO~NOOO — v ON ™ [s0)
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.
1 (ppm)
DO NONDOWO©TOOONNODO®D®O g
ONONTORAIRNO - N®O OO N ©®X A o D = © )
OCNTOUWTTOINTOOONNOO©OM N - o Dt N
OTTOMONOONOOOONNNNNNN +~ O o ) © 0 < 0
Nrrrrr e+ «— ~ < NN N :
N S S N/ ‘ | !~ ‘
(0]
Br ‘ R Parameter Value
B Si’ \[( 1Title cqh-20240223-¢2-104-3. 10. 1. It
OH 2Solvent CcDC13
O 3 Temperature 296. 7
dr=9010 4 Number of Scans 256
5Spectrometer Frequencyl00. 61
6 Nucleus 13C
T T T T T T T
138 136 134 132 130 128 126
£1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 =10
£1 (ppm)

125



C10

NNTOONMNNMNOOOODODOMNOSTANANANMNMMOO-TOONDOOTNOOO T T O T - ONONONOO®WO©TT— O
OCOONNNNNOOQONNNNNNNNOODLOLDLILLTIANNANNOOQOOVINNMNOCQOO®O WY
WWOWOBVWOVBOONNNNNNNNNNNNNNNNNNNNNNNGSSSS IS TS TSTOTONNNNT -~ O
B I e e e
o Parameter Value
OsN '.‘\ 1Title cqh-20240227-c2-110-5. 9. 1. 1
- Si T 2 Solvent cpc13
OH 3 Temperature 295.7
O 4 Number of Scans 16
dr=85:15 5 Spectrometer Frequency400. 13

6Nucleus

1H

MJLL = 7
- @© @ -

T T T T T T
7.30 7.25 7.20 8.66 8.64 8.62 8.60 8.58 8.56 8.54
f1 (ppm) £1 (ppm)

T T T T T
7.40 7.35

3

Bl SEED B TR SISO 3
X-e eoeavr® ee®oQ Qoo C Q
OO0+ +v<dv+rv+-OO - O v oo+~ a ™ ™
e R e e B A B Bt e —
8.5 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
£1 (ppm)
ONNODODOONONMNTULONONMNMNONOO N
OYTOOH-VOOOLN-ONXO-NNY ©O © 10 ©awN N
DONTUOLITLTONNOOONNNOO®N 0O N ™~ =0 © ™
OTITTOONOOOONOOHONNNNNNN «— O N 2] O 0 < ITe)
FrFrF T rFrFrFrEFrFTErEFErCErTETETECSECSC - o« — ~ < NN N i
N T T e e e N [ [ ~I~ [
Parameter Value
Q 1 1Title ¢qh-20240227-¢2-110-5. 10. 1. 11
OoN S 2Solvent cDC13
(5H 3 Temperature 296. 6
4 Number of Scans 256
O 5Spectrometer Frequencyl00. 61
dr=285.15 ‘ 6 Nucleus 13C
S N e
135 134 133 132 131 130 129 128 127 126 125
£1 (ppm)
|
|
J A . .
b ¥ y Wy g " o " v
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 T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
£1 (ppm)

126

0.43



C11

L¥0
(23 7400]
9SG
881 |
8871 1
96°1 1
86°1
66°1 7
_\O.Ng
9021
60°C1
NN.N)
8221
2e2
9€°Z
99°¢€
19°€ 1
89°€ 1
44
657 1
6S°V
639V
mm&;
LL Y
€LY
No.mg
vo.m:
70°G Y
mo.m;
_‘m.m:
mm.f
Sv' /1
VAN
81"/, ]
om.E
om.hg
LS '2]
AWE
AWk
867/ 1
6G°L
6G°L
0924
192
wm.ﬁ
ow.DW
28’L
A A
€81
vw.hw
66°L

===

A T

—

—

Value

cqh=20240226-¢2-107-4. 9. 1. 1r

CDC13
295.5
16
1H

Parameter

5Spectrometer Frequencyd00. 13

3 Temperature
4 Number of Scans

2Solvent
6 Nucleus

1Title

90 6.85

6.

7.00 6.95
1 (ppm)

05

7.

7.10

.92 15

dr=89:11
.98
f1 (ppm)

.00

.02

(ppm)

1

1€°G-—

veve
05'GC 7
om.ww\

8/.'l¢
3

8E€ vy —

0L'VL—

€601 ~
8e°ZLL~
vL'9zZL
99'9Z1
8Lzl
z6°221 7
£e'8zl
€982l |
os6zi |
62°0¢
06°0€1 1
zoeel
G6'EEL
18°EL ]
Lgel |
zz eyl
z8°zl 1
26l -

=

cl'10c—

-10

Ir

Value

cqh-20240226-¢c2-107-4. 10. 1.
CDC13
296.5

256
13C

Parameter

5 Spectrometer Frequencyl00. 61

2Solvent

3 Temperature

4 Number of Scans
6Nucleus

1Title

100
f1 (ppm)
127

120 110

130

127 126
150 140

128

129
160

I
oy
OH O
dr = 89:11 ‘
135 134 133 132 131 130
1 (ppm)
200 190 180 170

210




¢vo
€vo

Value

Parameter

caogh-20240513-¢c2-161-6. 9. 1. 1t

CDC13

1Title

2 Solvent

296.0

3 Temperature
4 Number of Scans

4 Y
g
J

A

5Spectrometer Frequency400. 18

OH

6 Nucleus

dr=90:10

1 (ppm)

1 (ppm)

Foo'e

o
0'e
420°C
10'L
20'}
Z6°0
Z0'L

Feoz

Fe60

TS0'L
0L
Moz

Ho

T

0.0

8.0

(ppm)

f1

vv'G-—

GLGLA
€T¥e

0552\
85'9Z —
s06z”

SEYy —

G9'LL—

2,601 ~
AT
117921

wo.oﬁ/
AV
€6°221
ze'8zl ]
9,821 ]
62°0€l
vO'LEL %
€0'€el

S6°¢El ]
68 Vel |
eLgel
TAAdE
z8zhlL
L0°'LSL’

D R L

LL'L0C —

N

E
<
f
=
, T
ER
El
5 T
e
=
E
b
3
B
S
) ©
£oo &8
€06 os o
T a D nw o mn
8838275
g
5 w £
2 g =
° S .
£ 0B 8
© N +~
g R
g 2% g
= 2 E .82
0§88 538
A
=2 EE8S
S5 588
8 &2 a2
~a s oo

"

H
dr=90:10

(ppm)

r1

ol

Lk

10

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

210

(ppm)

1

128



Zvo
9%°0

19721
2S5 L1
AW
[
N@Ng
29/
Y9/
Y9
1872
€871
Y8 L

ow.n\

B €08

—

Value

Parameter

cgh-20240301-¢2-113-8. 5. 1. 1r

1Title

2 Solvent

296. 0
16

3 Temperature
4 Number of Scans

5Spectrometer Frequency400. 13

1H

6 Nucleus

dr=89:11

12°(q

9T

S

8.06 8.04 8.02 8.00 7.

T

T

T

98 7. 96

(ppm)

1

Fooe

Fo60

ya
k&.o
16L
0z
0L
Foe
Lo
80

vG'G-—

802 ~
mv.mmw
L1927
LLLe
0€'SE
8T

L9 LL—

(ppm)

1

0601 ~
Al
08°521
oN.oNL
97921
STAXAN
G6°221 ]
£e'8zl ]
15821
om.om;
zL0EL
vo'ecl ;
¥6'EEL 1
26 vEL 1
61°GEL |
veZYL 1
08zl |
06°2G1°

=mir

B E—

90°'10C —

¢qh—20240301-¢2-113-8.6. 1. It

©

o
o™ o
ISR
a3
SIS

o

2
g e
& 3
a £ o
= £
0o 3 o
= > a
235 8
-
~ o

4 Number of Scans

5Spectrometer Frequencyl00. 61

dr = 89:11

13C

6 Nucleus

du .1J

134 132 130 128 126

136

£1 (ppm)

-10

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

210

(ppm)

1

129



te}
M~
™

GS'9 1
TR
9V L1
il
8v 'L 1
6v°L1
0S'Z 1
052
152
1SL
2811
25
2921
€9/ 1
G9'/ 1
S9°L1
18°L7
€87/
€9°L

ve'L

G8'L

ngw

X zo

T

—

Value

Parameter

cgh—-20240226-¢2-107-1. 1. 1. 1

1Title
2Solvent

295.
16

3 Temperature

4 Number of Scans

5Spectrometer Frequency400. 13

dr=89:11

1H

6 Nucleus

08’

50 6445

6.

55

6.70 6.65 6.60 6.

6.80 6.75

8.

£1 (ppm)

£1 (ppm)

F00°¢

F00'¢
J+0¢

0’
leso
H/mo.r

200'L
660
1oL
16'0
Rzot

081
=020

0.0

.0

5

2.

3.0

6.0

6.

7.0

f1 (ppm)

8v'G-—

AN
6v'5Z
19'92

LS vy —

99°'GG —

8¢ LL—

2L 601\
Ly gLl ~
66 €L’
61921

69921 \
I TAV XA
G6'221
ge'8zl ]
€€0€el
06°0¢) |
coeel ]
y6°€EL
88 Vel |
1Z°SEL
SeZYlL
ow.mv;
60791

— =rrrm

€8°661 —

Value

Parameter

sri T

i

cqh-20240226-¢2-107-1. 2. 1. 11

CDC13
296. 3
256

1Title

OH

2 Solvent

3 Temperature
4Number of Scans

dr=89:11

5 Spectrometer Frequencyl00. 61

13C

6 Nucleus

130

135

140

(ppm)

f1

10

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

210

130



@)
[—y
)]

ODUVTONTOOLNT-TONND-DODOULOANLITONTODLNONANDDOLNMWOANTONN®NDTONL OO —
QRNVROQONNNMNOQOULWITOOWVITNOOCOQOANNNIONTOONNMONNCOORNRRA WYY
NNNMNMNMNMMMNMMMMMMMNMNMNNMNOOOOOOLLLLOLLOIITITTITTOONANNNNNNNTTTT OO
N2 e e
Parameter Value
o 1Title caoqh-20240513-c2-161-1. 1. 1. It
1. 2Solvent cpels
H Si T 3 Temperature 296. 0
HO OH 4 Number of Scans 16
O 5Spectrometer Frequency400. 18
dr = 90:10 ‘ 6 Nucleus 1H
o v N @ . 9
= S o
T T A T T T T T T
8.05 8.00 7.95 6.7 6.6 6.5 6.4 6.3 6.2
£1 (ppm) 1 (ppm)
|
Il
|
|
i
il
SRS Y LS ErErrd &
Qoo N®Q = eeaQc Q
comvm ov-oo - N~ - -
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
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)
< DOMNMOVOONDT-ANOTO-NNOOMMN
N OROCRAONNNOINO = ORI N ) o 0o ~
o CANNOUTOTI-SCONNGOCGI6ND < v T 0o )
[} OIFTITONOMOMOMNOANNNNNN—«— O - < O w < Te)
- e = T SRS bR L L ~ < N AN :
[ Teee—————— N/ [ [ ~I~ [
0 Parameter Value
1. 1Title caoqh-20240513-¢2-161-1. 2. 1. 1
S|
F | T 2Solvent cpCl3
HO OH 3 Temperature 296. 0
4 Number of Scans 256
dr=90:10 5 Spectrometer Frequencyl00. 63
6 Nucleus 13C
r T T T T T T T T T T T
136 135 134 133 132 131 130 129 128 127 126 125
£1 (ppm)
e ) “ I " \y w " .
L iy Wb bt bty rany
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 T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
£1 (ppm)

131



C16

4740

0

AN
681 |
6L ]
1671 1
8671 1
00°¢C 1
90'¢C 1
6021
NN.N;
€C'¢
YA
ow.w,w
9G°¢
8G°¢ 1
om.vg
oo.vg
09t 1
19°P ]
0L
SLV1
96'V |
L6V
861V 1
66V 1
661 1
00°G1
10°G
mn.m:
mn.og
8.9
0G°. 1
LG /L1
LG/
Nm.Ng
€467/
vS L
GG/
GG/
657/
mm#ﬁ
19° L+
19°21
6L L1
1821
C8' /.
€871
v8 L
ve .
008’

™

—

—

T

Value

Parameter

s
@
i
o
S
i
&
i
i
@
S
8
<
3
2
b
b

o W
(SIS
a2 % ©
(SIS =

1Title

3 Temperature

2Solvent

5 Spectrometer Frequency400. 13

4 Number of S

1H

6 Nucleus

dr=88:12

AN

R34

el

88

6.6

7

8

1 (ppm)

6.

f1 (ppm)

= Fooe

Fg86C
0'¢
0’

10

w/mm.o
oL

Fs6°0

T LY

eeaecQ
O

1L L
c0

0.0

0.

.0

0

4.
f1 (ppm)

4.

0

Sv'G- —

LEVeN
LG'GC ~
w.v.om\

vy —

€9'LL
18°601 1
65211 |
L6°SLL ]
€L'oLl |
1€'9Z1 1
CRSTAR
TAXAR
26221 ]
12821 ]
68621
166zt |
zzoeL |
SL'LEL Y
vZLelL ;W

LLV9L ~
AA ]

00°00¢ —

— 3
o,o. 3
.
1)
i E
@ @
E
=T
s < 3
= 5
7
©
Q
N
=
¥
Q -
S » o ©
Q=5 g
SRR~ RS
w8 5B S & 3
S 0O QaQ o ~ 2
g F 3
) E 3
)
]
i P
5 2 A
b4 @
4 9N
E o o
] 8 2
& 5w g
o s o E
o @ °o v
BRI -
v 9 U U ¥ O F
~ > 484 0~ 3
S 2 EE o9
~ % 5 3 a3
==z n Z
~ e oo E
b 3
Q@ ———
La X
~ N
~ = ——
La
©
Lo
L E 1
=]
L&
[~
L= §
[ F-
e —3
rsO i i
B
[}
o L
T 3 Lo
fite) pt
n b
le) = < 3
© ®
0
W L

-10

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

210

(ppm)

f1

132



—-103.20

Parameter Value

as—20240226-cgh-c2-107-8. 12. 1. 1t

0 1Title
Y 2Solvent cDC13
- Si T 3 Temperature 295. 8
OH 4 Number of Scans 16
F 5 Spectrometer Frequency376. 50
6Nucleus 19F
dr=288:12
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
20 10 10 20 30 10 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 2
£1 (ppm)

133



C17

44N
VA
6811
€6°L 1
96') 1
1671 1
66°L 1
S0'C 1
80°C 1
0221
Leey
va'e
€5°¢
vS'€
0S¥
0S¥ |t
om.j
ow.j
197 ]
0LV
SV
96'
16’7
16'¥ 1
20 L1
€0°L 1
€0°L 1
GO
G0'L1
A VA ||
AR |4
(4N |
€V L1
eV L
Nm.ﬂ
Nm.hg
€57
1
7S,
8G°/
6G° L1
097/
1972
61711
1877
28/,
€8°/L
€8/
8L

T —

T—

T

S8 .-
66°L7

Value

Parameter

cqh—20240301-c2-113-10. 7. 1. 11

CDC13
5.

1Title

2Solvent

3 Temperature

9
16
5Spectrometer Frequency400. 13

4 Number of Scans

Cl

6 Nucleus

dr=88:12

88’

9L

90

00

(ppm)

f1

(ppm)

f1

Fooe

=00'¢
0'¢
o'l

6°0
M/NO._‘

y50°L
€0l
25670

0L
Mo

0.0

2.

2.5

0

5

4.0

4.5

8.0

(ppm)

1

ov'G-—

VARCAN
1G'GC—~
Lv'9¢

co'vy —

VLLL—

28601 ~
99°ZLL —
ve 9zl
mw.oﬁ/r
1212 %
€6°221 7
8z'8z1
91°6Z1
€862
0Z'0€} |
€8 LEL
66°2EL
€6'eel |
98 el |
£0'gel |
8e0vL |
€6' LYl
vIZhl

—

¥¥'00C —

cqh-20240301-¢c2-113-10. 8. 1. It

)
El
s
® © ©
Q8 9 I Q
231 S »
O N Qo =
B
S
2
5 w &
g £ o
g g
£ .
g 38
= 54 g
8 £ 5 o=
& - 3 S u
c o8 ou Lo
© 8 9 9 £ @
~ > a8 9 =
- - EE 9o
-~ 5 8 3 2 =
E 0 e Z 0=
R B B

H
dr=88:12

Cl

134 133 132 131 130 129 128 127 126
£1 (ppm)

135

-10

10

20

40

110 100 90 80 70 60

120

200 190 180 170 160

210

(ppm)

f1

134



440}
wm._\g ras
om.:
€6°}
G611
96’1
861
661
G0'C 1
80°C
6L°¢CY
0cZ'¢
€2°¢
vN.N)W
(4SRN
YS°€E
om.j
ow.j

6v'G-—

Value

= AL
L 1G'Ge
81°9¢

cgh-20240229-c2-113-4. 7. 1. 1t
1

CDC13
95.
16

1H
5

—===

rsoe| -
6L [
o1l o 86'Eh —

H/Mm.o R
H/om.o |

(0%

Parameter

e

5Spectrometer Frequencyd00. 13

3 Temperature
4 Number of Scans

2 Solvent
6 Nucleus

1Title

SLY s 99'LL—
€67 |
o 660
96

1671 ,
1671 °
861 1 z

8L°2] [ Z8'60L~
oz 2| B soLLS  69ZLL
zesf - ¥To'L 9g'9Z1L
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T
3.5

(ppm)

€67/
¥GL
GG/ 1
6G°/L 7
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T
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T
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<
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N

™

-~

7.

.96

7

(opm)
T

6.
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o
0
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o
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G9°00C —

0

10
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Value

cqh—20240229-c2

CDC13
295.9
256
13C

Frequencyl 00. 61

Parameter
4 Number of Scans

1Title
2Solvent

3 Temperature
5 Spectrometer
6 Nucleus

135

£1 (ppm)

127 126 125

128

al
9
J

1
129

130

£1 (ppm)

OH
Br
dr=289:11
133 132 131

134

135

——




mv.og
9v°0

Value

Parameter

11. 1. 1r

cqh-20240223-c2-104-5.

CDC13
296. 1
16

1Title
2Solvent

Scans

3 Temperature
4 Number of

Ll

ON

1H

5 Spectrometer Frequency400. 13

6Nucleus

[86°

dr=285:15

~

6 5

7.8 7.7
£1 (ppm)

7.9

8.0

9¢

ov’

ra8'o

©

35

0.

40

0.

45

0.

50

0.

4.70 4.690.55

4.76 4.75 4.74 4.73 4.72 4.71

£1 (ppm)

£1 (ppm)

F66°0

0.0

2.

2.

0

5

0

5.0

5.

6.0

6.5

7.0

(ppm)
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6821
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—
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¥
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OH
dr=285:15

OsN

T

T

T T
133 131

134

T

135

129 128 127

130

132

136

£1 (ppm)

-10

T T T T T T
200 190 180 170 160 15 140 130 120 110 100

210

(ppm)

f1

136
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2971
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967 |
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€11
vZ L]
TR
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8L
GG L1
967/ 1
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3

8.
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cqh—-20240223-¢c2-104-4. 9. 1.

1Title

o 9
==
o«

°
£ &
s ©
-
= E
c &
S
N ™

16

5 Spectrometer Frequency400. 13

4 Number of Scans

NC

1H

6 Nucleus

dr=288:12

42

A

£1 (ppm)

1 (ppm)

Foo'e

=00'¢
202
MMO.F
;ooe
H/woe
oL

koL

1ok
7oL

M%

o'l

L'l
20
61
Rgoe
proe
2210

“gg:

T

8.

0.0

0.

5 .0

2.0

2.5

3.0

3.

0

4.
1 (ppm)

4.5

5.0

5.5

6.0

7.0

7.

0

GG'G-—

(22 <A\
¢s'se
€¥'9¢

ysey —

18°LL—

£6'601 ~
00°€LL —
z6'9LL
vS'9zZ1L

oL'2z1L A
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Y8YEL 1
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£9zpL

!

0S°00C —

Value

cqh—20240223-¢c2-104-4. 10. 1. 1r

CDC13
296. 8
256

Parameter

1Title
2Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequencyl00. 61

13C

6Nucleus

™

NC

dr=288:12

(ppm)

f1

10

£1 (ppm)

137
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Parameter Value
Q 1Title as-20240226-cqh-c2-107-6. 1. 1. 1
S'i‘\ 2Solvent cpeis
SH T 3 Temperature 295. 5
FsC 4 Number of Scans 16
5Spectrometer Frequencyd00. 13
dr=88:12 ‘ 6 Nucleus H
b & & &
@ v v @
T —O —O— — 7
8.05 8. 00 7.95 4.73 4.71 4. 69 4.67
£1 (ppm) 1 (ppm)
I
I
|
il ﬂ‘
|
N
DD £} )
QO ®QQ < <
-~0O0O - ™
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
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
£1 (ppm)
OO NTOITONT T OCOULOTOOTONNDIDO T
ROON-OR0aO-dNRNATIORNRG D o S 0o -
OCNTOUWBYTITMNODONNOOOLWLLIND ‘”. © 0o ©
OTTONOOOOOMOOHOOANNNNNNNNNN~O - (s2] O W< [Te)
(VIR i o o ol ol ol o B iR i i il i ol il i N~ < N NN \
;\:;;;;;;;;LL;;;;\\//\/ ‘ ‘ \'/ ‘
o) Parameter Value
g,;\ 1Title as-20240226-cqh—c2-107-6. 2. 1. 1t
= ! \”/ 2Solvent cDpC13
FiC OH 3 Temperature 296. 4
4 Number of Scans 256
dr=88:12 5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
T T T T T T T T T T T T T T
138 137 136 135 134 133 132 131 130 129 128 127 126 125
£1 (ppm)
1MM‘ ) J h "
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 T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10
£1 (ppm)

138



Parameter Value

1Title as-20240226-cqh-c2-107-6. 3. 1. 11
2Solvent €pel3
o 3 Temperature 296. 0
1 4 Number of Scans 16
S T 5 Spectrometer Frequency376.50
OH 6 Nucleus 19F
FaC
dr=288:12
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 T T
10 0 10 20 30 10 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
£1 (ppm)

139
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Value

Parameter

caoqh—20240513-c2-161-3. 7. 1.

CDC13
296.0
16

I1Title

2Solvent
3 Temperature

4 Number of Scans

5Spectrometer Frequencyd00. 18

1H

6Nucleus

dr=90:10

8.02 8.00 7.98 7.96 7.94 7.92 7.90

8. 04

(ppm)

f1

Foo'e

F56°0

5

2.0

(ppm)

f1
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Value

caogh-20240513-¢c2-161-3. 8. 1. 1r

CDC13

Parameter

1Title
2Solvent

296.0
256

3 Temperature

4 Number of Scans

5 Spectrometer Frequencyl00. 63

13C

6 Nucleus

dr =90:10

130

135

140

(ppm)

r1
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30 20 10

T
40

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
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(ppm)

f1
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Value

Parameter

1. 1. 1r

caoqh-20240513-C2-161-5.

CDC13
5,

1Title

2Solvent

3 Temperature

16

4 Number of Scans

5Spectrometer Frequency600. 17

dr=288:12

1

6 Nucleus

rG9'¢

3.94 3.93

3.99 3.98 3.97 3.96 3.95

30

35

(ppm)

f1

(ppm)

f1

F00'€

=G50'¢
/861
¥v60'¢C
660
£88°0
Z1L°0
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9'¢
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H/.v .
Teso

£1 (ppm)
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66621
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S8 Lyl
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L
— T

l2°'L0Cc—

2.1.1r

5.

Value

caogh-20240513-C2-161

CDC13
5.

Parameter

1Title

2Solvent
3 Temperature

256
5Spectrometer Frequencyl50. 91

4 Number of Scans

dr=288:12

13C

6 Nucleus

126

127

133 132 131 130 129 128
1 (ppm)

134

135

-10

T T T T
120 110 100 90 80 70 60
£1 (ppm)

T
130

T
140

T T T T T
200 190 180 170 160

210
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Value

Parameter

¢qh—20240223-¢2-104-6. 13. 1. 1

CDC13
296. 1
16

1Title
2Solvent
3 Temperature

Ph

4 Number of Scans

5Spectrometer Frequency400. 13

N

1H

6 Nucleus

7.95 7.90

8.00
(ppm)

05

8. 10 8.

15

8.

f1

Fooe

Fo¢e

7002
0L

H/a_mo._‘
6°0
W@o._‘

€0'L

700'L
~oo'L
Moz

Feor

£1 (ppm)

6v'G-—

SR <A
06°'G¢C ~
19'9¢

SCvy —

69°LL—
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8GZLL —
Sz'9zl
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8Z°1Z1
€€ /217
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85°8Z1
S0'62L
ANYAR
8z 0¢! 1
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voeel |
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06'vEL
LL°GEL
Z5°6€L
6LZYlL
8LZhl
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80°102

‘\‘—‘;;;;;

14.1.1

Value

cqh-20240223-c2-104-6.

CDC13

Parameter

1Title

sﬂT

9

296.

3 Temperature

2Solvent

OH

Ph

5

4 Number of Scans

dr=90:10

5Spectrometer Frequencyl00. 61

N

13C

6 Nucleus

128 127 126
£1 (ppm)

129

130

-10

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70

210

(ppm)

(1

142
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1227
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WLy
SL'v
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€0°S |
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Value

Parameter

caoqh-20240513-¢2-161-7. 7. 1. 1t

CDC13
296. 0

)
5
Z

2
g
o

7]

™

3 Temperature

4 Number of Scans

1H

Frequency400. 18

5 Spectrometer
6 Nucleus

dr=90:10

90

5.

7.10 7.05 7.00

7.20 7.15

7.30 7.25

1 (ppm)

£1 (ppm)

1 (ppm)

Fooe

=0'¢
H\wmu_‘
o
Mo

Foot

Fot

<0«

EEET

feoe
#0L°0
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6.5

£1 (ppm)
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IAZAN
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Levy—
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S2'601 ]
pSZLL
2y LLL]
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mv.wm;
21921 |
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1£°821 1
26'8Z1 1
8z°0€ )
LY'ZEL F
go'eel %
ge'eel
88Vl %
gLgel ]
og'sel ]
SLZhl %
082yl |
18271

26°00C —

alue

V.

Parameter

caogh-20240513-¢c2-161-7. 8. 1. 1t

CDC13
296.0
5

1Title

2Solvent
3 Temperature
4Number of Scans

5Spectrometer Frequencyl00. 63

6 Nucleus

135 134 133 132 131 130 129 128 127 126
(ppm)

136

1

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

(ppm)

r1
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Value

Parameter

1. 1r

caogh—20240513-¢2-161-2. 5.

CDC13
296. 0
16

1Title

2Solvent
3 Temperature

4 Number of Scans

5Spectrometer Frequency400. 18

6 Nucleus

1H

dr =90:10

7.

7.92

7.98 7.96 7.94
£1 (ppm)

8. 00

8.02

Fooe

Fz6'0
oot

£1 (ppm)
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ammam— e i
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caoqh—-20240513-c2-161-2. 6. 1. 1

CDC13
296. 0
256

Parameter

3 Temperature
4 Number of Scans

1Title
2Solvent

5Spectrometer Frequencyl00. 63

dr=90:10

\

13C

6 Nucleus

133 132 131 130 129 128 127 126
£1 (ppm)
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30 20 10

40

130 120 110 100 90 80 70 60
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200 190 180 170 160

210

(ppm)

r1
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Value

cqh-20240227-c2-110
8

CDC13
296.

Parameter

5Spectrometer Frequencyl00. 61

3 Temperature
4 Number of Scans

1Title
2Solvent
6 Nucleus

60

70

80

90

100
(ppm)
145

r1

110

120

130

140

124
150

126

128
(ppm)

170

130

dr =90:10
132
f1
180

190

134
200

136
210
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S¥'0
8G°L 1

\

Value

as—20240226-cqh-c2-107-7.7. 1. 1

CDC13
16

1H

Parameter
Scans

5Spectrometer Frequencyd00. 13

3 Temperature

1Title

2 Solvent

4 Number of
6 Nucleus

£1 (ppm)

T

M

—
Qeocee

- O -

SHESS

£1 (ppm)

dr=287:13
1 (ppm)

T

8.02 8.00 7.98 7.96 7.94

[t}

£1 (ppm)

6€°G-—

caven
_\m.mNN
€€°9¢

86°€h —
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Value
as-20240226-cqh-c2-107-7.8. 1. 1
20 10

CDC13
30

296. 4
13C

"
40

Parameter

60

5Spectrometer Frequencyl00. 61

3 Temperature
4 Number of Scans

2Solvent
6Nucleus

1Title

70

o
80

90

100
(ppm)

146

1

120 110

118
130

120
140

122

124
(ppm)
160

f1
170

s'|\[(
J
J

126

OH
dr=87:13
130 128
190 180

132
200

210




—-127.72
—-135.03

(¢]
E ',,\ Parameter Value
H Si Y 1Title as-20240226-cqh-¢2-107-7. 9. 1. 1
F OH 2Solvent cpcl3
3 Temperature 296. 0
dr=87:13 4 Number of Scans 16
5Spectrometer Frequency376. 50
6 Nucleus 19F
T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -10  -20 -30 -40 -50 -60 -70 -80  -90 -100 -110 -120 -130 ~-140 -150 -160 ~-170 -180 -190 -200 -210 -2

£1 (ppm)
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Value

Parameter

cqh—-20240229-¢2-113-5.9. 1. 1r

CDC13

1Title

2Solvent

3 Temperature

4 Number of Scans

Frequency400. 13

5 Spectrometer

1H

6 Nucleus

dr=88:12

0.12 0.88

0.12 0.88
7.10 7.05 7.00
(ppm)

0.12

0.88
8.02 8.00 7.98 7.96 7.94

T

6.7

7.20 7.15

8.04

(ppm)

f1

f1

(ppm)

f1

Foo'e

F66'¢C
H\NO.N

260
1Y

16°0

FeoL

oz

Feg0
kLo

¥88°0
AN
£96°0
y€0'T
1260
10°€
ZL'0
8'0

N

0.

0.

5 0

2.0

2.5

3.0

3.5

0

(ppm)

4.

5

6.0

6.5

7.0

7.

8.0

r1

62°'G-—

8¥ve
0S6°'G¢C ~
144 /

L9vy —

vo'LL—

60°20L
10°801L \
L2801~
v2°601

sz’
9621

91921 A
29'9ZL
oL-zzL
88721
RTAR |
12°821
9z'0cl
86°2E1L
06°€El
98'vE L 1
¥0°GEL
6Lzl 1
€82l -
zv8yl
1¥'25L ]

L
ST

=

€666l —

cqh-20240229-c2-113-5. 10. 1. 1

o
B
=
oo ©
SRR RS %
2353 a
Sda g = E
3
=]
S
5 w &
g El
E S
o @ 8 _
g = 3
& 5w
s 2% g
o o ® S u
= & &8 3
0o 8 88 538
= 23258 02
S 2 EE o
-~ 9 5 5 23
EacZh 2
~am <o

T T

T

1.
Y
T T T
135 134 133 132 131 130 129 128 127 126 125 124
(ppm)

OH
dr=288:12
T T T T
fl

T

T

-10

T T
110 100 90 80 70 60 50 40 30 20 10

T
120

T T T T T
200 190 180 170 160 150 140

210

(ppm)

f1
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VLTI TOOOOOMNOTIITANNODDDDOONMNMIONNOOULMIDD T —TO T OO NODD OO OM—000WM

QRAVRANNNNNOLOLOOIIIIIITIARARARAANOCOOOOMVNANNNNTOO0O0O0O0O0O0 KN

NNNNNNNNNNNNNNNNNNNNYS ST ST ST TS STTASISTTSONOONNNNNTT-" -+ 0O
\\;)JQQAAQAAQQQQ“ \\JJJQAAAAAA;QQQ )_JJQAAAAAH_?J

o Parameter Value
Br 1. ITitle ¢qh-20240229-c2-113-6. 11. 1. 1t
B Si 2Solvent cpe13
OH 3 Temperature 295. 2
O 4 Number of Scans 16
dar= 8515 O 5Spectrometer Frequency400. 13
6 Nucleus "
@ -
T T hT T nT T T
7.97 7.95 7.93 7.91
£1 (ppm)
|
|
I I
|
I

EB W6 IR D @ N &

X < caQ <

coadN+~OWN - -~ o ©
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

£1 (ppm)
< LOVOANDDVOTOOMNOOIT—NOITON
e N0 QO®OLWOONQT Q. O« N ] © 2 09 o
) N~ OTITNONNOOONNOOONOD < @ o0 © -
(o)) TTOOOOOOOMOONNNNNN—O N [s2] 0w < ITe)
- B = = T TR IR R LR LR LR LR A i = ~ < N NN :
‘ T T S Y S SO SO S SO S //\/ ‘ ‘ r\“/ ‘
o]
Paramete val
Br '-‘\ arameter alue
7 Si T ITitle ©qh—20240229-c2-113-6. 12. 1. It
OH 2Solvent €DC13
O 3 Temperature 296.0
dr= 8515 ‘ z}\{umber of Scan‘s 256 »
5Spectrometer Frequencyl00. 61
6Nucleus 13C
W A “ l 4
T T T T T T T T
140 135 130 125
£1 (ppm)

T A , oy o " Ao i oy T ST RTMENN
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10

£1 (ppm)
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OBLO-TOO0OO0ONMNLUMNONOONNOONOOO®DOWMONOMONODOOST TN ONODONODT N O O AN —
QORVRANNNUOOLIILIITOCCOOOOCAONNDY O QO MOONOOOO0 0 ®LW A
NNMNNMNMMMMMMMMNMMMNMNNMNOOOOOOSTIITOON ANANNNNNANNT ™ [eNe]
N ————— L o o o e e N
Parameter Value
1Title caoqh—20240719-C2-C35. 1. 1. 1
el 2Solvent cpci3
3 Temperature 295.0
\O 4 Number of Scans 16
5Spectrometer Frequency600. 17
dr=85:15 6 Nucleus 1H
® v N @ o v
T T T T T T *
8.00 7.95 7.90 7.85  7.08 7.04 3.85 3.80
f1 (ppm) 1 (ppm) f1 (ppm)
|
]
P I
I i
. L |
3R S VR = Kdah & ode @ &
Q0 NM < cee 0= Q Qeao 9 Q
N ~ o - -~ NOowo - —-ad& o ™
T T T T T T T T T T T T T T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.t 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
()] NDLOOWUMITITOMNTOVDOMNMTT O MW
o NOONBNOO=Q=BSQS—NO v TR o w0 o
o NONNTITONSDONNEGOND O < A @ =¥ ® o
o OITITTOONOOONNNNNN— OO N — © < O 0 < ITe)
Y i R IR SRR L R R L S s ~ © 0 < N NN :
\ T\ N/ / \ (. \ ~I— \
]
0 S T Parameter Value
ITitle caogh-20240719-C2-C35. 2. 1. 1t
~
(@] 2Solvent cpel3
. 3 Temperature 295. 0
dr=85:15 ‘ 4 Number of Scans 256
5Spectrometer Frequencyl50. 91
6 Nucleus 13¢
T T T T T T T T T
142 140 138 136 134 132 130 128 126
1 (ppm)
|
| '“
. | J
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 T
210 200 190 180 170 160 150 140 130 120 110 100 90 70 60 50 40 30 20 10 0 -10
£1 (ppm)
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NONOOUYITNOITINTTONTDDONONNINECTDN - rDINOITIITNANNTD-—DINOD =D DO NO
RROORAANNNQOELLUUYIYIIIIIIIIT oI TANCARRAAAINNOO
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNS S S S S S TO0 0N~~~ OCO0
e MR S S S S S S S S g P P P P N A g
e —— —— = rr———
o Parameter Value
'_‘\ 1Title cgh-20240226-¢2-107-3. 7. 1. 1t
O - Si T 2Solvent CDC13
OH 3 Temperature 295.7
4 Number of Scans 16
dr=28515 5Spectrometer Frequency100. 13
6 Nucleus 1H
- @
T T T T T T T
7.30 7.25 7.20 7.15 7.10 7.05 7.00
f1 (ppm)
I 1l
I
1dh 1
ﬂ\ H“ |
h L»JL ——— U
A CREBATDD g o & KANER & 3
Q QQeeeeow® Q e Qe Q Q0o C © Q
-~ MOAN~ANANNOO -~ AN~ «— — O+~ O~ N ™M ™
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
3.5 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
£1 (ppm)
DONOONNDODD=FTNONWOTNODD I 10
NNOONCOYRNSOMAN®OO®IOONTNQ © @ S39 ~
TNNTTLTOONNO®D®OONNNGOOOWW N D . N a0 <
OFTTNNOONOMOHOOANNNNNNNNN = O ™ ) © W s
(SRR I I i i ol Sl o o o ol ol ol ol el o el N~ < N NN \
e e o2\ ) ‘ ‘ ~l~ ‘
Parameter Value
1Title cqh—20240226-c2-107-3. 8. 1. 1
2Solvent CDC13
3 Temperature 296. 3
‘ 4 Number of Scans 256
dr= 8515 0 5Spectrometer Frequencyl00. 61
6Nucleus 13C
LI L I L L B L B EL A L B |
135 134 133 132 131 130 129 128 127 126 125 124
£1 (ppm)
= . o . - "
o w oy , h W oo ool ' " ¥
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
£1 (ppm)
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C33

6€°0
144
€51 1
va'L
1871
86| 1
1021
90°¢ 1
80°¢C 1
am.m%
LL€E
IAAA
9G¥ |
9G¥
9G¥ |
VAR &
.vN.._j
.vN.._j
S/
S/
9L
Ly L
i
811
811
LG'L 1
4
(4 |§
4
€6/
S/
G/
S L]
097,
L9°L
(AW
€91
69/ 1
9977
197/
197/
89°/1
v2 11
G117
922
1872
18,
€8°L
v8L
¥6'L
om.w\

T

ST

==

Value

Parameter

¢qh—20240223-c2-104-1. 1. 1. It

CDC13
295.

16

1 Title

2 Solvent

3 Temperature

4 Number of Scans

5Spectrometer Frequency400. 13

1H

6 Nucleus

r96°(

£1 (ppm)

Y W S

JL

Fooe

2

eeoaoe
O~ - -

FoddS

=01

0.0

(ppm)

(1

Lg'G-—

29've
Nv.mNW
Le9¢C

v’ vy —

veelL—

ZL60L ~
227188
wodmr/
09921
60°221
IrAN
g8zl
@mgmrﬁ
€282l

18'821 1
50621 1
SINYAR
0Z°0€1 1
proc) |
Nwom;
SY'ZEL |
€6°2E1L
S8 vEl
06°vEL ]
16°GEL ]
AN 4R

18¢vl -
96°L0C

Value

Parameter

¢qh—20240223-¢2-104-1. 2. 1. It

1Title

o~ B
Q YW © o O .
258883 —_——%
=~ >
3
2
g
z
g
y
S
o B B
g2 _
5w 3
£ 0 E
o5 %5
28 L2
5§38 538
S
ZE2E 38
S 85283
v = Z wn Z
N

(ppm)

f1

-10

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

210

(ppm)

1
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C34

6€°07
4N
181
1671 1
10°C 1
02
90°¢C
2021
80°¢C
oF.N;
L2
[4%A
1€C
8¢€'C
v.'€
9/.°¢ 1
I ad
GGV
1LV
L€°G
Nv.n%
v L
YL
S L1
9L 1
61", 1

—r—

LG/
GG'L 1
161
L9'L]
€9°L 1
Y911
v9°L 1
G9°/L1
G9'/L1
99/
19717
89/
0L LA
VAV
98/,
88°L
16°L
26,
€6°L
€6°L
99'8
198
898
6L°6

)

O N e

Value

Parameter

caoqh-20240513-c2-161-4.9. 1. 1

CDC13
296.
16

1Title

2Solvent

0

3 Temperature

4 Number of Scans

5Spectrometer Frequency400. 18

N

1H

6 Nucleus

9.10 9.05 9.00

9.20 9.15

9.30 9.25

9. 35

(ppm)

1

#60°L
oL
002

Leov
Fgo2
+00°€

0L

1’0
8°0

(ppm)

f1

8C'G-—

99'v¢ \
Lv'Ge N
G2'9¢

8G' vy —

ceeL—

22601
8r'ZiL
6,221
9evTl ;
ATAR

50921
0€°9Z1
167921
80°221 ]
95221
A
z8 2L ﬁ
12821 |

€062 1
51621
G662 1
LL70EL]
geogl ]
19°0€L ]
MR
62°2EL
06°ZEL
€g€el
€8'vel |
vGGEL ]
AR
6L Yl
99°102

M

Value

Parameter

20240513-c2-161-4.10. 1. 1

caogh
CDC13
296. 0

1Title

2Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequencyl00. 63

N

13C

6 Nucleus

134 133 132 131 130 129 128 127 126 125

135

(ppm)

f1

-10

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

210

(ppm)

1
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NOUOTOANTTONTONT-TODOOLLUITITITOOANTONTTOMNMNODTO -CTONDITANTMNMHOOONOD DT~ O© LW
©0®MV®OOVOOOOOUBLWVBYLTNROONRWVWDLOHDOOEIONNOOUOITNMHMMOMOT OO0
ONMNNMNNMNNMNMNNMNNMNMNMNMMMMNMNMNMNNOOOOOOOOTITITTTITITTTITTOONONANANNNNNNT OO
S S S S S S S S S S S S i
—= — — T p—— — T e
Parameter Value
ITitle cqh—-20240227-¢2-110-6. 11. 1. 11
e} 2 Solvent cDC13
l_‘\ 3 Temperature 295.8
= 7 Si T 4Number of Scans 16
“.S OH 5 Spectrometer Frequency400. 13
O 4”?’—" d 6 Nucleus 1
dr = 90:10 O = ®
—_—
6.80 6.75 6.70 6.65 6.60 6.55 6.50
1 (ppm)
o v - @
T T T ~ T T T T T T T T T T T T T b T
8.05 8.03 8. 01 7.99 7.97 7.3 7.2 7.1 7.0 6.9
£1 (ppm) £1 (ppm)
I "
Hir
|
|
l[ 1 \ A
demtad LS & Sodn I FeAR 4 3
Q- oaox Qv 9 eeecQ Q eeaoo o <
como®o oo o© -a - - - “~~o+~-a @ ® %)
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
8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 4.0 3.5 3. 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)
D DO OMOVOONMNTONOTITITOLGAN
% NON-O0ROONMND AN N ® © o 3= o
O NTOULTLTNONMODDONNGOOND < < 00 - 0
D ITTOOOOOOOMOONNNNNN—O N 0 O n < 7o)
- FrFrFrFrFrFECFEEFrFECEESFCESFEESES S e oo ~ < N NN :
O
1.
== o Si T Parameter Value
N8 OH 1Title cqh-20240227-c¢2-110-6. 12. 1. 1
O 2Solvent cnels
dr=9010 3 Temperature 296. 5
’ 4 Number of Scans 256
5 Spectrometer Frequencyl00. 61
6Nucleus 13¢
T T T T T T T T T
135 134 133 132 131 130 129 128 127 126
1 (ppm)
|
|
' ‘ !
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 60 50 10 30 20 10 0 -10
£1 (ppm)
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C36

D OUOTOOLOULONTEITITONTTTTONONOOLWVLONDHDOOMNMNUT T —TO T -—TNOONIODWMANTTOOWWOO LW T
Q®OOXXOOOOUWVLWVIMOMNONNT T CTONOAONNNNOOOUVNTOOQOORAWN X
ONNNNNNNNNNNNNNNNNNNNNNOcOoOYS SIS TSTSTTOdAANANNNNNT -+ «—-0O0
S S S S S S 0y, S o
T p— — — e =
Parameter Value
9 1 ITitle cqh-20240226-c2-107-2. 5. 1. 1}
V . S 2Solvent cDC13
‘ OH 3 Temperature 295. 6
S 4 Number of Scans 16
5 Spectrometer Frequencyd00. 13
dr =90:10 ‘ 6Nucleus H
5 c 2 5
—_——— S — &S5
8.05 803 8.0l 7.99  7.977.72 7.70 7.68 7.66 7.64 7.62
f1 (ppm) 1 (ppm)
|
|
& g &
o Q <
o ) o]
T T T T T T T T T T T T T T T T T
5.5 5.0 4.5 4.0 3.5 3.0 1.5 1.0 0.5 0.0 0.5
£f1 (ppm)
LN T 0OO~—AN
NOOT®NIN® o 2 =) -
O WWOWNGOOND 0 Y © 0 - ©
O ANNNNNN—O N < O o< o)
EIRA LI IRLE S ~ < NN N :
—_—— \ / \ \ ~I~ \
o]
f Parameter Value
7 ‘ v Si’ T 1Title cqh-20240226-¢2-107-2. 6. 1. 1t
S OH 2Solvent cDpCl3
‘ 3 Temperature 296. 3
dr = 90:10 O 4 Number of sCmis 256
5Spectrometer Frequencyl00. 61
6Nucleus 13¢
T T T T T T T T T T T
136 135 134 133 132 131 130 129 128 127 126
£1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 60 50 10 30 20 10 0 -10
£1 (ppm)
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@
w3
2

TOTOANNDOLOND-TOOONDNDOMMOANNNMNDNDONONODLOLNNONNOODOOULITNHNTTOONOWITOD
CQRROOWOOOOWLWWIINNOOOOULOBNNOONANRRNRRNRNOOOOANNNNNNN®W®W®®®® Y
ONNNNNNNNNNNNNNS S ST T T T SISO ONOANNTrF-F - rrrrr s rrrr s+ 000000 O
Nt e e e o
Parameter Value
o 1Title cqh-20240301-¢2-113-2. 1. 1. 1§
1 2Solvent cpels
s 3 Temperature 296. 0
AH 4 Number of Scans 16
5Spectrometer Frequencyd00. 13
6 Nucleus 1
dr= 84:16 ‘
v @
T T T T
4.55 4. 50
£1 (ppm)
|
| 1
!
. ; ‘I L
rody L d
0 ® Q e
~-ooo - -
T T T T T T T T T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5 3.0 2.5 0.0
f1 (ppm)
[o¢] DLOADTOOLOOONMANTT O
N N QO T« 0MmOMn ® e <
N NANOLTONMOWONMNNOOND © N~
- TTOOOOONNNNN—O < [Te)
N e = R iR adE i I L L ~ i
\ ==\ \ \
(¢] Parameter Value
W\A/T\gi»‘T 1Title ¢qh-20240301-¢2-113-2. 2. 1. 1t
- 2Solvent cpcls
OH 3 Temperature 296. 8
4 Number of Scans 256
dr=84:16 5Spectrometer Frequencyl00. 61
6 Nucleus 13
LU I L I B AL R HL N B |
135 134 133 132 131 130 129 128 127 126
f1 (ppm)
|
1
W . “ " f " », " . p V|
N ™ i oy et b y A "
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
£1 (ppm)
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NTOONODDONNOIDDODONDOMMDOONITTANNTNNDOONVODDWOTOINNNT—OOD®0O T
CVWNVOAONNNOOOOITIITINNOOOONMBVBANNMN-—~-O0ONNORVRXOONNNNNOOD®
ONNNNNNNNNNNNNNNNS SIS TSI ST ST T TITOOAANNNNTSF- -~~~ +-0000O0O0O00 0
N Nttt e\ N T TTese————

dr=284:16

N

Parameter
1Title
2 Solvent
3 Temperature

4 Number of Scans

5Spectrometer Frequency600. 17

6 Nucleus

Value

caogh-20240613-C2-177-1. 1. 1. 1r

CDC13
295.0
16

1H

@ - - 9]
T T Lt T T T T T T T T
8. 10 8.05 4.58 4.56 4.54 2.25 2.20 2.15
f1 (ppm) f1 (ppm) 1 (ppm)
It 1
A Al WM
J
QO T ® X ® . ®
NOOOOO o o
T T T T T T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 0.0
£1 (ppm)
© NOTUOUANTONOOOOONLW
[o¢] NT-UODOOOMO~-NOMONML © N N~
— NANODTOOOWONMNNMNOONOD Q (]
- IFTOOOONONNNNN—O [Ye] 7o)
N B e e R e e e alE ol ol SR R ~ |
[e]
MS‘Z . \Y Parameter Value
OH 1Title caogh-20240613-C2-177-1. 2. 1. It
2Solvent cDC13
3 Temperature 295. 6
dr=284:16 ‘ 4 Number of Scans 256
5 Spectrometer Frequencyl50. 91
6 Nucleus 13C
)
T T T T T T
136 134 132 130 128 126
£1 (ppm)
” " L J
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
£1 (ppm)
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TOOTONT T OO OTOANTNODNDODOMNOUITANNNNDNOD—O—-—ODADNTHOUOLNONONOT—ODN
OQOVOVOVOVOVWOOOUUVLIEIINNANNOODNTTTT OO0V OANNANNT—-OOOOOD OV~ v O%
ONMNNMNMNMMNMMNMNMNMNMNMMNMNMNS ST IT T T T TTITTTTAANNNNNNNNNNTT T v v v v v O
e\t e S e e e

1 Parameter Value

K

0 - Si Y 1Title caoqh—20240522-c2-161-8. 1. 1. 1

OH 2Solvent cDC13
O 3 Temperature 295. 0
4Number of Scans 16
dr=78:22 . . .

5 Spectrometer Frequency600. 17
6 Nucleus 1H

d &b b b
N ™~ © “
o P o N
T T T T T T
2.30 2.25 2.20 1.20  1.15 1.10 1.05
f1 (ppm) £1 (ppm)

=
)
o |
@
o
1)
o
o
o |
)

o ODCLANNOLONNNOD DT

~ VOO NN®-~ ©OlLN © o © poo Bh o ™

< N NONOONNGOND o © o MOVoO - ™

~ TLEOOOONNNNN«— O o - ) © T < 0

- IR R R R I R e e ol i © © < NANN «~ Y

[ e\ / I [ ~I— [
0 Parameter Value

/\OWS'V \T 1Title caoqh-20240522-c2-161-8. 2. 1. 1t
- 2Solvent cpe13
OH 3 Temperature 295. 0
O 4 Number of Scans 256
5Spectrometer Frequencyl50. 91
6 Nucleus 13C

dr=78:22

LA AL L LA LA L L N N N N L B
137 136 135 134 133 132 131 130 129 128 127 126 125 124
f1 (ppm)

T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10

£1 (ppm)

158



C40

ODOTITONNTODOOONNUOTONANTOODOUITITITNONANNOIIOINOLOULUANTODOITITIOOODNO—-OT™M
ONNENNMNOUYYIYITOOMMOMONNMOOANNCOOQOOONRNMNNULYLTIINNNNORDR QO 0 ®WOW®OO®OLWMO
NNNNNNNNNNNNNNNNNNNNNNOOOOOS ST ST O ANANNANTS - -+~ 0O
\\%Jgggg##gggg\\\\\gggg#g#ﬂ:;gg \%)JJQQQQ#QQV%J
T — —— T ——
Parame ter Value
1Title caoqh—20240403-¢2-130-8. 1. 1. 1
o) 2Solvent cpe13
Br ] N 3 Temperature 294. 4
Si T 4Number of Scans 16
OH 5 Spectrometer Frequency400. 18
6 Nucleus 1
|
|
I
|
1 1l H‘\
d S I BdB e &
Q eQQ Q eweoeQ <
- N - - - ~—-aN® ™
. T . T . T . T : T . T . T . T . T . T . . T . T . T
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)
- TOT TNV OO NOTYT O ™
< ONNOOOQYT QO N by o e~ o}
=3 NTNOOUYTTODONNOND N @ <YW ™
o TTOOOOONOANNNN—O N 2] O 0 < Te)
I e T eI T M L ~ < NN N :
\ e\ \ \ ~I— \
]
Br 1. Parameter Value
B g T ITitle ca0qh-20240403-c2-130-8. 2. 1. 1t
OH 2Solvent cpe13
3 Temperature 294.9
4 Number of Scans 256
5Spectrometer Frequencyl00. 63
6 Nucleus 13C
T T T T T
145 140 135 130 125
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
£1 (ppm)
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€0

6E°L 1
ov.mg
0vL
09°L1
09°L1
19°2 7
19721
WAV
WAV
clL LY
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[SYAV
€L/
[SYAVA

le—

—

[SVAVAR

00’8

L e

00’8
oo.wW

N

Value

Parameter

caoqh—-20240402-C2-127-8. 1. 1. 1

CDC13
295.

3 Temperature

1Title
2Solvent

Br

4 Number of Scans

5 Spectrometer Frequency600. 17

dr=75:25

1H

6 Nucleus

rS2°(Q
e

S0
sc¢

f1 (ppm)

66'C
561

20°L
Fgo'L
¥80'¢

L0
c0
L0
[
(x4

601

2.0

2.5

(ppm)

f1

v9'€-—

8G'€C
No.mNV

mm.mmw

99'9¢

18V —

vecL—

8.°601 ~
sscLL

Leech

GLGZLA
80°/2L —

0,621
61°0€L
gsogl ]
99 1€l |
zzsel ]
ggsel |
L9°GEL T
Z8'9¢l
20°2vL

w
ﬁ

—

LO'EPL 1
v9°EpL

¢v'00C —

caogh-20240402-C2-127-8. 2. 1. 1t

>
[P ———
™ o > -
(ST - N S 3
23w B &
SIS
9
<
5
El
= ]
. 3
= 0 &
3 )
E m&a
il h
& 5«
= 2% g
= + ® S w
VI -
s 5 0 3 B8 B
- > 582 0~
- - EE 3
=~ % % 3 a3
C ez n 2
~ N ® = v o
_—
-
B
pa————
©
Q
@
PN
- £
R
0
I3
T )
fite) ™~ 3
n —
o -
k=i
4
o

10

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

210
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OANANNNNTFOOONDTT DO~ ONMN—ONONONNNNT-DOONONTOONNTOOLOTOOD
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WO ONNNNNNNNNNNNNNNNOOOOS ST ST TSI LSTLSILTLTON OO ANNT - - -~ O0O
L e e o e
e ——— —— e ———
Parameter Value
o 1Title cqh—20240320-¢c2-127-4. 6. 1. 1
Br S'I ‘\H/ 2 Solvent cDhC13
- 3 Temperature 295.0
OH O/ i 4 Number of Scans 16
/ — 5 Spectrometer Frequency400.13
dr=80:20 6 Nucleus 1H
& & =)
[°9) N @ N
s s s s
T T T g T
6.95 6. 90 6. 85 6. 80 6. 75
£1 (ppm)
|
I
h
¥ L4
S 999
~ N OO
T T T T T T T T T T
6.5 6.0 5.5 5.0 4.5
fl
I O T FTNONO—ODMO =Ny T O
© S OUNNNNYYTOMON®WO Qq o ooy 0~ ® N~
o T ONOWVT—ONINO « OO N o o o N ™ o
o O FTLTNONOMMONNNN« OO o < ) © 0 < <
I =R R gl A LR L ~ o) < NN N ]
\ e e \ \ \ ~I— \

o] Parameter Value
Br S' \ 1Title ©qh—20240320-c2-127-4. 7. 1. 1t
: ! T 2 Solvent cpC13
OH . 5
0 1 3 Temperature 295. 7
/ 4 Number of Scans 256
dr=280:20 5 Spectrometer Frequencyl00. 61
6Nucleus 13C
i v L l LR
T T T T T T T T
135 130 125 120
£1 (ppm)
" N ) raabihe,
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10

£1 (ppm)
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TOMNOOOTNODDND OOV OULUOVWLITOANNTOOMNMNULTANTOODOULANODNDONIDONMOONMNOONMN
CARNMOUOOONNNNNT T T TOOOQOOMNMNNOYITNMOANNNNOQOOO®®®Q®XO®X®DWOMNLWLWM®
ONMNNMNMNMNMMMNMNMMMMMMNMMMNMNOOLOLOLOLOTTTTTOOANANANANNNNNNT " T T O0OO
i N e L) S e e e
Parameter Value
O 1Title caoqh—-20240327-C2-130-1. 1. 1. 1t
1
Br Si‘“ﬂ/ 2Solvent cne1s
6H 3 Temperature 295. 0
7 | 4 Number of Scans 16
o - 5 Spectrometer Frequency600. 17
dr==8416 6 Nucleus 1
- @
T T T T Tﬁ T
7.70 7.65 7.60
£f1 (ppm)
|
|
|
|
|
o
l _JJ il LJ_M_MJLAAL
ded s swb & IS & &' &S & &
QT RVOQQ e ew=e o QoeooQ <
[SR-N-N-NL R N~ ~ o wo-aN® %)
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
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£f1 (ppm)
o TOONOMMNOOWO~—-—O MO T M
3 DR ROCEOLANROMNTQ N 9  cwaks o
o NTNNOOUYT - T-"OONNOND N e <Y Lwe N
o TTETOOOOOOOOMOONNN—O N < [(CIToIRS ITo)
Y FrFrrFrFrFErEFCECEEFEESEFRESEES S e e ~ < NN NN :
| S S S Y S R N [ | ~\ |
Parameter Value
o ’ ITitle caoqh-20240327-C2-130-1. 2. 1. 1}
BTWSi ‘T 2Solvent cpels
H 3 Temperature 295. 2
OH )\\X 4 Number of Scans 256
K/ 5Spectrometer Frequencyl50. 91
dr=284:16 6 Nucleus 13¢
T T T T T T T T
137 136 135 134 133 132 131 130
1 (ppm)
A
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
£1 (ppm)

162



C44

=22

102
€0'C
Gz'c
9z’
gzz\
622"
mv.j
Ly
@N.mg
8Y'v1
0911
0Lt 1
LL'V 7
cL' Vv
2061
€0°G 1
0°G
90°SG 1
20°G
ow.mj
nw.m:
8891
6891
6691
00°Z1
20°L ]
€0°L 1
GO0
107,
mNNQ
SZT'L
0€°L 1
[ANA
L OWA
GE' /LA
86/,

— Guasaa

ZL L~
vr 27
008 —

Value

Parameter

caoqh-20240402-c2-127-1. 1. 1. 1

CDC13

1Title
2Solvent

294.2
16

3 Temperature
4 Number of Scans

1H

5Spectrometer Frequencyd00. 18

6 Nucleus

dr=84:16

N

£1 (ppm)

Fooe

Ho

(ppm)

9¢'G-—

VAl 24
ww.mNW
€l'9¢

00 vy —

¢c’'SS —

Gc'¢cl—

alue

V

Parameter

-127-1. 2. 1. 1r

caogh—20240402-c2

CDC13

1Title
2Solvent

294.7
256

5 Spectrometer Frequencyl00. 63

3 Temperature
4 Number of Scans

13C

6 Nucleus

$2°601 1
ARATR
MLl |
€L°611 1
ocezl |
Le'ozl 1t
o2z
sL6zL
£5°0€L

¢v'00C —

Br

dr=84:16

100

120 110
£1 (ppm)

130

140

10

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

210
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TOoOOoOLLULULITTOONLLTANNOLLOLTNDN T - —TOOTNrTTr DT OO0OO0OOT-TOMNMNANIIDONOOOOO O ™M
CQOOMNNNNNNNNOOYTMHMOHMOHOMONOMOMOANNANNDNGOOOOOT0IOOO®OEOM®®EMd®EMNMNLM®
BOONNNNNNNNNNNNNNNNNNNNNNNNNS S TS TSI STSTOOANANT-T -~ -+ -+ v+ OO
S S et S S S o
e —— — ——
Parameter Value
O " .
r ITitle caoqgh—20240402-C2-127-2. 5. 1. 11
Br 5 2Solvent cnels
6H 3 Temperature 295. 0
4Number of Scans 16
dr= 8416 5Spectrometer Frequency600. 17
a 6Nucleus 1H
- @Q
T @ S
7.71 7.69 7.67 7.65 7.63
f1 (ppm)
|
1
oo
| 1
& Sdad & "B o s &
< QoQ < QeceocQ <
- N~ o~ - c-aNN® ©
T T T T T T T T T T T T T T T T T T T T T T T
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)
FTOONOV— O OO «—
ANSCBI BRSO IR T 2 L 9®o ~
TONT-TODDNMA S @ Q AR N
DOMOOOONNNN«— «— N < 0w < Te)
RAREGRE SRR AR A b Shh S ~ < N NN ;
e ————— ' — N\ / \ \ ~/— \
Parameter Value
o] 1Title caoqh-20240402-C2-127-2. 6. 1. 1t
Br 1. 2Solvent cnels
H Si Y 3 Temperature 295. 1
OH 4 Number of Scans 256
s 5 Spectrometer Frequencyl50. 91
dr=84:16 6 Nucleus 13C
Cl
L L]
T T T T T T T T T T T T T T
142 140 138 136 134 132 130
£1 (ppm)
| |
I H\ |”| ‘ |
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 ~10
£1 (ppm)
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ODLTITNNODONOANNTT-—DON—-—OULTLTNNDONNOOONODTNOUTNNDNRONOT-TONIDOD®DO©NO
ONNNNOUOMMOMMMOOOANT T 0000000 NNNUOYIITOOANNNNGODNRDRN®Q®Q®ONMNLWGD®®
NNNNNNNNNNNNNNNNNOOOODOOLOSSTSIITTOOAANANNANNTSr -+~~~ v OO
(e e ) et
e T e Lo
o)
Br '.‘
2 Si T Parameter Value
OH - oo
I1Title caogh—-20240327-C2-130-2. 5. 1. 1r
dr=85:15 2Solvent €DC13
3 Temperature 295.0
4 Number of Scans 16
5 Spectrometer Frequency600. 17
6 Nucleus 1H
: :
T T T
7.70 7.65 7. 60
£1 (ppm)
| ]
| I
|
]
|
\ 1l
J; ‘ ‘
| ! L‘J_,M__J l
& B W SDN DS 3
S 999 o $ 55059 S
-~ AN — «— o NO~—~NANM (52}
T T T T T T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£f1 (ppm)
< WOYTNOUW-NDOONNOD
< OO ANNOOWLOYNT OO ~ = TN ©
o N~ OWUWTO—OONNND - o NY ©© N
o TLOONONOOMOONNN~ O I < © W< - o
Y R R RISt gp b L R B ~ < NN NN ;
\ =N —— N/ \ \ ~\— \
(@]
Br - S'i T ‘ Parameter Value
éH 1Title caogh—20240327-C2-130-2.6. 1. 1r
2 Solvent CDC13
dr = 85:15 3 Temperature 295.0
4 Number of Scans 256
5 Spectrometer Frequencyl50.91
6 Nucleus 13C
1R
T T T T T T T T T T
145 140 135 130 125
f1 (ppm)
‘ .
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 1140 130 120 110 100 90 70 60 50 40 30 20 10 0 -10
£1 (ppm)
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CONITANOMNOOD—TDOTNOOTNOUOITNOANTNOD OO O OUANNOONMNUTTNOTOHOOMNMNL ©ON O
CAANNOOONYTMMMNMOVRNOOOOOCONODINITINNNNORNRRVROONNNG®®
ONMNNMNMNMMMNMMNMNMNMMMNMNMNMNNMNOOOULLLL O I TOOOANANNNNT T+ v v v OO
e et e o L S e
—— — — T T——
Parameter Value
Q ITitle cqh-20240320-¢2-127-3. 1. 1. 1t
Br T, 2Solvent cpCl3
Si' T 3 Temperature 294.9
OH 4 Number of Scans 16
7 h\ 5 Spectrometer Frequencyd00. 13
dr=286:14 = 6 Nucleus 1
O—
b @
T S T T
7.70 7.65 7.60
1 (ppm)
|
i
PR
e QeQe
- N
T T T T T T T T T T
6.0 5.5 5.0 4.5 4.0
£1 (ppm)
N ONLOLOTOONONNO O
< CRANOIOLR - MR ®® © o 9 ©®o ~
o OCANT-TOCUWWTTONNMNM®MANO® - N o M < © -
o OIFTITOOOOOANNN—— O N 0 < [(elTolR Y ITe)
Y B R S TR TR SR ML R ~ 0 < NN N v
\ =N NS \ \ \ N \
o Parameter Value
Br '_ N 1Title cqh-20240320-¢2-127-3. 2. 1. 1t
H Si Y 2Solvent cDel3
OH Y 3 Temperature 295.9
_ 4 Number of Scans 256
dr=28614 =, 5Spectrometer Frequencyl00. 61
O— 6 Nucleus 13C
AL L L L L B B |
137 136 135 134 133 132 131 130 129 128 127 126
£1 (ppm)
N " " " . -
T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 60 50 10 30 20 10 0 -10
£1 (ppm)
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ODONLUITITNOONOLOLUTONONOLOULITONONNONNODOIIL-TOLULNOANTOOONOONL L ~—O 0L MmN
ORONNOQOFTNMMONMMONONNNOOOONNNOOULIULOBANNNNOOORRO®W®O®®©W®EMNMNLWM®M
MNNMNNMNMNMMMMMMMMMMMMMMNMNMNMNODOLOLLOSTTITSTTTTOOANNNANNNTT T T T v v v OO
k\“’ \//)JJQ#JAA##Q# %‘4&244#44#/4‘& M\/A))QQAAAAW’V#
Parameter Value
0 1Title caoqh—-20240403-¢2-133-7. 11. 1. 1
B Y 2 Solvent cpe1s
- Si ‘T 3 Temperature 295. 0
OH | 4Number of Scans
7 5 Spectrometer Frequency600. 17
dr=2386:14 ‘= 6 Nucleus
cl
: 3
— S
7.70 7.68 7.66 7.64 7.62 T.60
£1 (ppm)
|
T TeQ e <
- v« - ®
— ———
6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2 5 1.0 0.5 0.0
£1 (ppm)
© —OO0OO0OWLWOOITNMNOT O — D
m. ILEENEIOO oMK O o 2 =59 <
o N-OUWUUVWLW—-OON®MN D ™ o oY © Y
o TTOOOOOOOMONNN—O N ™ [(eluTolR Y 7o)
Y R R Rt e gt AL L S SR ~ < NN N :
\ Nl N/ \ \ ~I— \
o Parameter Value
Br S'i\ 1Title caoqh-20240403-¢2-133-7. 12. 1. 1r
- T 2Solvent el
OH //‘w 3 Temperature 295. 0
dr=86:14 ‘s 4Number of Scans 256
’ 5 Spectrometer Frequencyl50. 91

Cl 6Nucleus 13C
L L L L L L L L e
137 136 135 134 133 132 131 130 129 128 127

£1 (ppm)
" I o Il
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
£1 (ppm)
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ce0
€0

Value

Parameter

as—20240826-cqgh-c2-133-5-0826. 1. 1. 1r

CDC13
295.0
16

1Title

2Solvent

3 Temperature

4 Number of Scans

Br

1H

5 Spectrometer Frequency600. 17

6Nucleus

dr = 83:17

€8’

(ppm)

1

=00'¢

00'¢

0z
%o.m
E00'L

oot

=60

=00l
=00l
fooz

=00}

Fos1

o'l
0¢
€870
210
60
Rs6°0

0.0

6.0

6.5

(ppm)

r1

0oL'g-—

G.'ve
mv.mNW
GlL'9¢

L0y —

veecL—

33-5-0826. 2. 1. ‘

Value

Parameter

c2

as-20240826-cqh—

CDC13

1Title

2Solvent

3 Temperature

4 Number of Scans

5Spectrometer Frequencyl50.91

13C

6 Nucleus

88°601 |
09'ZhL 1
L0°GLLA
0Z'GLL Y
SEETl
L0°L21
GG0€EL
99°LEL
S9°ZeL A\
89°ZEL
€9°GEL N
96°'GEL

10°9¢1

68°9¢1

9Lyl

962l

60°€9L
Y2 v9L 7

—

—

8€°00C —

dr = 83:17

(ppm)

f1

£1 (ppm)

-10

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

210

(ppm)

r1
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-111.33

Parameter

Value

1Title as-20240826-cqh-c2-133-5-0826. 3. 1. 1f
2Solvent cnels
3 Temperature 295. 1
o 4Number of Scans 16
Br S'i > 5 Spectrometer Frequency564.72
H 6 Nucleus 19F
OH
dr=83:17
F
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)
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DN OTNOOMNOULUOUNOANTOOUVULITOANNNOODONANTTTONDDDDONOTNOANTODOUNONOOWNNN
ONNMNOOELLTMNHMONNMNMMONMNMOOOOOOONOYTIYIIITINNNT—RARROONRNRQQOQ®OMNLIWN®®
MNANNMNMNMNMNMNMMMMMMMNMNMOODLOLLOLOLOLOITTTOOONNANANNTS T T TS~ v OO
‘\‘,\ﬁ\/ ))44#444444W/K%/J/\\gg;;»\»\»\\;JJQQQAAAQF%
o Parameter Value
Br 1. 1Title caoqh-20240328-C2-133-8. 5. 1. 1t
B Si T 2Solvent cnels
OH V. 3 Temperature 294. 2
\ 4Number of Scans 16
=== 5Spectrometer Frequency400. 18
Bu 6 Nucleus 1H
|
Pl
| i pol
ol I . }H{
% o' b s & SLY & &
Qo e <QeqQ < <
oO-oa®™ - N~ - ™
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
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 1.0 0.5 0.0
£f1 (ppm)
o) DT ANONWOWOOTMUOMO v
™ MO MOV WOWOLWWOLW~«~Mm< © (42] NONO®MT— o
; HP R S S S S S - oON®M-o©
o LT OOOOOMONONNN—O N < Y T OO0 7o)
Y P R R TR L L ~ T OONNN ;
\ e \/ \ e e \
0]
B ' Parameter Value
- Si° T 1Title caoqh-20240328-C2-133-8. 6. 1. 11
OH 2Solvent cDC13
7 i\ 3 Temperature 294.7
= 4 Number of Scans 256
5Spectrometer Frequencyl00. 63
fBu 6 Nucleus 13C
. T . T . T . T .
10 135 130 125
£1 (ppm)
" " >
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
£1 (ppm)
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ONNMNNMNMNMMMNMNMNMNOOOOOOOOLLLLLLLOLOLLOITITITITOOOANNNNNNT T T v v v 0O
S S S S S S S S S S S S QS 0 S S S S S
—r— — —— e
Parameter Value
0] ITitle caoqh-20240402-C2-127-6. 7. 1. 1t
Br 1. 2Solvent cpels
H Si T 3 Temperature 295. 0
OH 4 Number of Scans 16
dr = 8416 o FiSpuchomcler Frequency600. 17
J 6 Nucleus 1H
o
. @ @© <
L e I S — L B S B
7.75 7.70 7.65 7.60 6.84 6.82 6.80 6.78 6.76 6.74 6.72
1 (ppm) 1 (ppm)
|
|
]
A
& & LIS &
o < cQcQC <
- - A - -
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
.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
1 (ppm)
~— ONOOMNMOOOODOWONNOWMS
< NINQOOOBWO oMM NNN @ P N QO ©
= ONANT-OW-—COONMNDOHND DO N < oS D o
o ITITITTOOOOONNN—— OOO N < O 0 < ITe)
Y B R R RS R B L B s ~ < NN N ;
\ N N \ \ ~l— \
Parameter Value
) 1Title caoqh-20210402-C2-127-6. 8. 1. 1
Br 1. 2Solvent €DC13
- Si’ T 3 Temperature 295. 0
OH 4 Number of Scans 256
5Spectrometer Frequencyl50. 91
dr=284:16 (o] 6 Nucleus 13¢
o
T T T T T T T T
135 130 125 120
f1 (ppm)
|
Ll ’l Hl” | “ ”
———————————
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

1 (ppm)
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0€0
2e0
1S
8G'L
Sl
61711
08'L
€81 1
1871y
68°L
66°L
10°C
202

caoqh-20240328-C2-133-1. 1. L. Ir

S0'Z~
NN.N/

8c¢'¢c
Nm.N\

ce'e

vv'e

9v'e

VAAA
65V
L2V
LL Y
c0'G 1
€0°G 1
0°G |
v0'S |
0°G
S0'G Y
90°G

20°G
§6'97
86°91
90°L1
60°L1
1211
62 L1
L€
€€ /L1
VAW
6G°/L 1
b1
VAV
VL LA

o
El
@«
23 o
S &=
W.m :
b Bl
9 S
il g o
i ER
a -
= & oy
0o T 0 O
T2 E 2
=% 8 3
o= Z
- a w o«
L
L
T
fite)
o

€L'L
€L/
10'8
[40R°]
[40R°]
c0'8

Br

!

S

Vi
dr=86:14 /L/\

5Spectrometer Frequency400. 18

6 Nucleus

r98°(

f1 (ppm)

F00°¢

=10
702
20’2
FsoL

(0%

Fezou

¥S0'L
0L
keoz

(ppm)

Le'G-—

gz
REAN
05527
ozoc !

L0vY —

ccelL—

95601 ~
9eZLL
ve'ezl
20°221
Ly0EL
LLLEL T
69°LEL \
sLlel
z9gel
08'9€L
90°L€L
zLLeL
66'LYL
00°evL

8€°00C —

o
@
a
o &
3 O
= ]
a
3
<
N
(=3
2
£ »
o
8 A
IS
L
H
I
=
o §
28
s 2
holr
£ a
-«
——L
T
fiite}
o~
5]

z
dr=86:14 /@

294.8
256
5 Spectrometer Frequencyl00. 63

3 Temperature
4 Number of Scans

13C

6Nucleus

133 132 131 130

134

136

137

(ppm)

f1

10

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

210
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CSs3

ce0

Value

Parameter

as—20240403-cqh-c2-133-6. 7. 1. 1t

0

CDC13
295.
16

7
s
g =
]
o £
)
g
g .
o @ o
g g
5w %
2% g
- § o
E £y & 3
0o § 388 %
458854
=2 EE€ 8%
-~ 9854338
= 0 =z oz
— N T, o
vﬂc
. B
'.S/\
0
&
I
Qo
=
@] kel
L
@

Fooe

42

7.66

4.72  4.70

74

£1 (ppm)

(ppm)

f1

=€0'e

J00°T

¥0'C

Foo'L

Feot

oot

m\wmuo
oo
J/Mw.o

L0

koot

LG —

6v'vec
wm.mNW
= 28'6qe

0

€6’y —

2.

2.5

0

JASKAA
m_‘.o_.:/

GLZLLA

3.

Value

Parameter

as—20240403—-cgh—c2-133-6. 8. 1. 1r

CDC13
295. 1
256

1Title

2Solvent
3 Temperature

4 Number of Scans

Frequencyl50. 91

5 Spectrometer

13C

6 Nucleus

ce Ik

. SPolL
© 26071
€0'1Z1 |
8z'€Z) |
“° 169211
9v°0€ | |
. ssierg
< eseel
seeet |
L

:

t

0
(ppm)

r1

. VOPELN
€ L9PELN
or'gel
. 90°9€L T
€ 99'9el /A
6L LYl \
. 00zvlL

€0'8S1L ~
02651~

61°00C —

Br

1 (ppm)

10

30 20 10

40

130 120 110 100 90 80 70 60

140

200 190 180 170 160

210

(ppm)

1

173



—-113.84

Br
OH

dr=82:18 ‘o Cl

T T T T T T T T T T T T T T
112 113 114 115 116 117 118 119 120 121 122 123 124 12

£f1 (ppm)

T T T T T T T T T T
101 102 103 104 105 106 107 108 109 110 111

174



NOOODANTONUOUTND-TOONNMNOOOULITNONANNOLLTOHNNOLNNONLTOLNOON O ~—OITAN
ONNNNNOIOOMONOOQQQOQOOONNOOINOVOOWIMONHMNOOOOORR®®W®®QQMM
ONNNNNNNNNNNOOLLOLOLOLOLYLTITLITTTTOOOOOANNNNNNNNTTFT- -~~~ O0O0
‘ \))))Jggr::__lgg wﬁ%&%—‘/ l\\/}))gygqg##grﬁj&_‘
—— (e r———
Parameter Value
o 1Title caoqh-20240327-C2-130-4. 9. 1. 1t
Br S'i o 2Solvent cpel3
Z \ﬂ/ 3 Temperature 295.0
OH a 1 4 Number of Scans 16
dr=8218 \__ ’~g~ 5Spectrometer Frequency600. 17
—0 6 Nucleus 1H
O—
: 2
T T T T T ~ T T T
7.70 7.65 7.60 7055 4,54 4.52 4.50 4.48 4.46 4.44
1 (ppm) 1 (ppm)
i
|
I
| i ft
J 1 J I i
4 SFTRS & J & & ala &
9 9T OO o < o < oo <
o ooo- - [} [=} - ~a NN ™
T . T . T . T . T . T . . T . T . T . T . T . T . T . T . T .
8.0 7.5 7.0 6.5 6.0 5.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£f1 (ppm)
[N NONO - ANOTTITOOD0omO
© CVOMOOLMONOMT NN °© 9o ® 9% ©
= ONT-TDOWAN-ONONC D N A o QN ©
o OIEITTOOOONMONOANN——O N o © (92] [(elNToRR Y <
I3 B IR RS SR L L ~ © 0 < NN N |
\ e N \ [ \ ~I— \
Parameter Value
Br " ; o1
T 1Title caoqh-20240327-C2-130-4. 10. 1. 11
2Solvent cnels
7 \ / 3 Temperature 295.0
dr=282:18 4 Number of Scans 256
5Spectrometer Frequencyl50.91
6 Nucleus 13C
L L.
T T T T T T T T T T T T T T T
144 142 140 138 136 134 132 130
£1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
£1 (ppm)

175



C55

m#.j
_‘m.o)
6S°1
v6°L
G671 1
8671 1
00°C
20'C 1
90°¢1
or.N:
€22
vZ'c
12°CH
12°CA
mv.my

T

0s'e

vSY
€97
ZL Y
11V
00'G {
10°G 1
20°G
889 1
06°9 1
26°9 1
9¢"/ 1
8¢/, 1
61", 1
61", 1
LG/
rm.mg
rm.mg
€9°L1
997/ 1
99/ 1
897/ 1
69°/L 1
om.né
VL LA
VAV
8.7/
08,
28/
68°L
1672
26°L
26°L
698\
128~
ve'g”

—

<

Value

Parameter

caoqgh—-20240403-C2-130-7. 9. 1. 1r

CDC13

294.3
16

Scans

3 Temperature
4 Number of

1Title
2Solvent

1.
Si

Br

5Spectrometer Frequency100. 18

1

6 Nucleus

dr=288:12

0 S BN

=

8.88 8.86 8.84 8.82 8.80 8.78

T

T

T

T

T

7.

£1 (ppm)

1 (ppm)

!

F00°¢

=l

|4

6L

c0'L
K

20°L

Fzot

S0l
Me0
Z0'1
o'l

T

8.

0

0.5

0

5

2.0

2.5

7.5

0

8.5

(ppm)

1

10°G-—

g8've
om.mNW
0¥'9¢

16y —

9L'¢L—

68°601 ~
99¢CLL —

169z F

alue

V.

Parameter

caogh-20240403-C2-130-7. 10. 1. 1

CDC13
294. 8

1Title
2 Solvent

3 Temperature

N

13C

5Spectrometer Frequencyl00. 63

4 Number of Scans

6Nucleus

1

w

Br-

dr=88:12

129 128 127

130
£1 (ppm)

UMMMLL 1

132

133

-10

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

210

(ppm)

r1

176



o

€0

9G° L
G817
061 1
26°L
76°L
96°|
1671 1
86°L §
10°CH
NN.N)
€2'C
9¢'c

9z’

L€
ev'e
9/.°€
11°€1
61
89V 1
8911
€LV
86V
86V |
66V 1
00°S
L0'S
LO'S |
[A'R°R §

===

L¥'9]
IV'97
$6'9 1
16'91
669
€07
¥0°L 1
S0'Z 1
¥Z L

mm.m;
IR
82'L1
€LY
ze L
R
€9/

%N/
€L L~
1207
1627

A

Value

Parameter

caoqh—-20240513-¢2-161-9. 1. 1. 1t

CDC13

1Title

Br

2Solvent

296. 0
16

5Spectrometer Frequency400. 18

3 Temperature

Scans

4 Number of

6 Nucleus

7.

7.75
£1 (ppm)

80

£1 (ppm)

F00°¢€

/0670
+Z0°L
010
0L

9l
700°L

L0

60
R00°1

T

6.0

6.5

(ppm)

f1

oL'G-—

06'vZ\
25527
ogroz /.
68°2¢

16°EV —
96°LL —

8Z°10L ~
60°601
Ze601
8zZLL
zzezl
06'5ZL\
6,921 F
60221 %
ovzzL f
2582 1 :
£6'8Z1
om.om;
26°1EL ]
1G°GEL
199¢1 1
8y LEL ]
622Vl 1
oe eyl

L¥°00C —

alue

%

Parameter

caoqh-20240513-¢2-161-9. 2. 1. 1r

= o
S

a o

o a

°

- F

s g

0 § 8
428
el
[
RS E

4 Number of Scans

5 Spectrometer Frequencyl00.63

6Nucleus

Yt oo hiaya Y

Br

136 134 132 130 128 126
f1 (ppm)
|
L

138

"
e

"

"

W

-10

30 20 10

40

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

140

200 190 180 170 160

210

177



NNNTDODDOCT—"ONNONTOONOLLTONANNNT T -TDNDONOITINTONOOLNMOWD TN
DOONOCOOOOOIYTLIITITTITITT-TNNCOOOCOONOUEITINNNNDRNDNOD RNV OO MM
NNNNNNNNNNNNNNNNNNNNNOCOOULLLOOLLYSTTTOONNNNT-T -~~~ +-+-+-+-+«0O0
e S S G R S o
Parameter Value
o) 1Title caoqh-20240403-¢2-130-6. 1. 9. 1. 1r
Br ' 2Solvent CDC13
- Sit \Y 3 Temperature 295.0
OH 4 Number of Scans 16
5 Spectrometer Frequency600. 17
dr=288:12 ‘ 6 Nucleus H
o]
~ ~
@ = =
Q Q T Tn T T
7.40 7.35 7.30 7.25 7.20 7.15
£1 (ppm)
Il
j o 1
T & Torgs z
QRO O O e <eee Q
OO+~ v OOOO O ~— N v~ «— —
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
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3. 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
o NODOINTT-—DONODO DI DD
® QROVOMNONOXTIOITNCY v S B2 -
o BTN T-TOW-—O0OOONOO AN~ DO Y e 00 © o
o DILTLTOOOOONNNN+~ OO N < © < 0
N e LR RS ~ < NN :
[ T NI [ [ ~I— [
o}
Br T. Parameter Value
Z Si T 1Title caoqh-20240403-¢2-130-6. 1. 10. 1. 1r
OH 2Solvent CDC13
dr=88:12 3 Temperature 295. 1
4 Number of Scans 256
o 5Spectrometer Frequencyl50. 91
6 Nucleus 13C
—_——
145 140 135 130 125
1 (ppm)
. [ ™) 4
————— e —_—
210 200 190 180 170 160 150 140 130 120 110 100 90 80 60 50 30 20 10 0 -10
£1 (ppm)

178



C58

NNOOUITANNNOOLOOUTOOTOANNTT-TOANTODONOODODDDNOVAOINMNDNT- - ONINOL O~
900NNV OOOOOOOOYLYYILILILILILNMMNOTOONNOOUOYEITIIANNSO OO XX ®
NNNNNNNNNNNNNNNNNNNNNNNNNNNNSSSSSSSTSSTOOANANNNT -+ 0O
Dt 5t P P it
e e eSS e
Parameter Value
1Title ! 20240320-c2-127-5.7. 1. 1
2 Solvent DC
3 Temperature 295.
4 Number of Scans 16
OH 5Spectrometer Frequency400. 13
6 Nucleus 1H
dr=26:14 e
b @
—
7.20 7.15 7.10 7.05 7. 00
£1 (ppm)
I
h
o I
H il
W
l |
R 3 g3 & TRy £ oS
000 S 999 ® c9an o S
o oN — N~ «— o - O (5] (s}
——-— -
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
£1 (ppm)
o) ONOINO VO©OMOSTIOM— O
“ NOOONWLYTMNONDMNOM= ©N A = @O AN <
= NTODOUANTODDOOTONND e e TN -
o TITTNOONDOONOANNNNNNAN— O N < © W< o
Y FrFrFrFrFErEFCECFEEFEFESESR©ES T e e e ~ < N NN :
\ T —e———— N/ \ \ ~I~ \
e
o)
Parameter Value
Br
T 1Title cqh-20240320-¢2-127-5.8. 1. 11
2 Solvent CDC13
3 Temperature 295. 8
dr=86:14 ‘ 4 Number of Scans 256
5Spectrometer Frequencyl00. 61
6 Nucleus 13C
T T T T T
145 140 135 130 125
1 (ppm)
e 0 . | il o o
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 =10
£1 (ppm)

179



C59

COAOTITNMNMOUNDOOUITNOOUOITINNOOULUVOTMT-ONDODOUONTOONNDONTONMM—O 0N
CONNNNOOLIOMOMMOANNT T TOOOQQONNOYTITANNNNCOOQRRQ®®XO®XOW®OCWAW®®QMM
ONMNMNMMMNMNNMNNMMNMNMNMMNMNMNMNMNMNMNNMNOLOOLOLLOLOITITITTITOONNANNNANNTST - - v v OO
R N e I T SRS e e I N
T — T
Parameter Value
% 1Title caoqh-20240327-C2-130-5. 11. 1. 1}
Br 2Solvent OS]
6H 3 Te...pemuire 295.0
4 Number of Scans 16
dr=75:25 5 Spectrometer Frequency600. 17
6 Nucleus 1n
~ N
T T ad T T
7.18 7.16 7.14 7.12 7.10 7.08
£1 (ppm)
[
ﬁ
d &L <& & ERR 4 g
e Qe m. Q Qe@cee <
- o=« o - -a® ©
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
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
£1 (ppm)
< NOSNONOOML O©WWUNL
< OO OO OTONO by N 5T o ©
o N~ OOWW—-OOWN®ANO N 2 IS A ©
o TFTONOOOMOHNOANNN~— «— N 2] N W LW foe)
N Ll ol ol R i i o ol R o N~ < N NN l
[ — " \/ [ [ ~\ [
o Parameter Value
Br 1Title caoqh-20240327-C2-130-5. 12. 1. 1t
6H 2Solvent CDC13
3 Temperature 295.0
dr=75:25 — 4 Number of Scans 256
5Spectrometer Frequencyl50.91
6 Nucleus 13C
T T T T T T T
138 136 134 132 130 128 126
1 (ppm)
| h ' ‘
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
£1 (ppm)
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C60

rooe |2 ger

i

0
©
-~
—
Value

, vSeT
- &.qw%

- T4 TA

, l9°'gg

1H

caoqh-20240328-C2-133-4. 7. 1. 1r

CDC13
294. 3
16

60°Z)
Lz
NF.SW
vz
sLe
Lz
1G°€
[A NN
8y 1
ad I 8v'zL—
z9'v | °
CRa
vo'v | i
viv) — roo |
RS
60°G 1 I
LL'G F2
16°9 0,601 ~
669 « 9zZLL—
LO°L T = MW” Lo 8e'€Z1
907, = :
802 “ roozf mw.ww”w
YANA e zZvr'8zL
6L°L] = oo 6v'8Z1
2L . 1G0€L ]
€C°L] [ m:mi
GE'L1 , v9°GeL
LE°L] - G69gL]
1821 e zveel ]
6€°L ] — i oo.ﬁi
cL'LY “ ® 96'¢vL
ANE = e
€L/ ,
VL2
Gl .
Gl .
9L,
8L,
08 L-~¥
v0'8
v0'8

oe| "~
oY+ ov'vy —

Tooe| ™

Fe0| =

Parameter
5 Spectrometer Frequency400. 18

1Title

2Solvent

3 Temperature

4 Number of Scans
6 Nucleus

(ppm)

(1

p—
I
\
T
5.0
=T T

T
o

1€£°00C —

Br

0

-10

N

10

Value

20

caogh—-20240328-C2-133-4.8. 1. 1
30

CDC13
294.7
13C

40

Scans
50

Parameter

60

5 Spectrometer Frequencyl00. 63

1Title
2Solvent

3 Temperature
4 Number of

6 Nucleus

70

80

90

100
(ppm)
181

r1

110

120

128
130

132 130
giand
150 140

134
160

136
1 (ppm)

170

180

142 140
200 190

Br

210




®)
=
o

DOOTTANNNOMNMOOOULTNDN - T ODDONMNNMONOANT - —OANNLOLONMOOONLOTONTOOODOANNTOOO®®
AOONNKNNOYTITITONNNOONNNNNNOOOOUUEITTNNOORONOOOHININDN NN D0 D
NNMNNMNMNMMMNMMMMMMMMMMMNMMNMMMMN S S S ST TSSO OO - s - O0O000O0OO0OO0OOO0O
B B SRR RS E  y  Sr i
Parameter Value
o] Et 1Title €qh-20240327-c2-130-3. 7. 1. 1t
Br L 2Solvent cneis
B Si T 3 Temperature 295. 4
OH 4 Number of Scans 16
dr = 69:31 .E‘S])cclroxnctcr Frequency400. 13
6 Nucleus 1H
4 9
« ©
— 77—
7.70 7.68 7.66 7.64 7.62 7.60
£1 (ppm)
I |
iy
]
| l ‘
] 1
4 SIS I L
e Qoo @ ccC
- N« =} e XY
T T T T T T T T T T T T T T T T T
6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 1.0 0.5 .0
£1 (ppm)
™ ANOOOMNOITITIHIOMO O
< DOXNONOWMDO= MBS @ o N oo
o N~ OOWUWYT-—OOONNONO N =) 1 © © e
o TTOOOOOOANNNN«~ «— N < 0w oMmAN .
Y R R IR E R A L L b ~ < N NN N o™
\ e \/ \ \ ~\i~ Vo
(@]
Br Et
L Paramete Value
- S| irameter alue
GH 1Title ©qh-20240327-c2-130-3. 8. 1. 1t
2 Solvent CDC13
dr = 69:31 3 Temperature 296. 2
4 Number of Scans 256
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
T T T T T T T T T T T T
137 136 135 134 133 132 131 130 129 128 127 126
£f1 (ppm)
| ‘
|
. "
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
210 200 190 180 170 160 150 140 130 120 110 100 90 70 60 50 40 30 20 10 -10
1 (ppm)

182



OO NOMNMANTONNMNMIOOUTONANT T c—ODDVONOTOHONOODDOODONNTNOTNOONODOOOLWILW
ONNNOULULLUYELLTOOOONNNNOTCOONNNOLNMNMOMYIIIIIIIT T RRRN OO0 OQQ
ONMNNMMMMNMMMMMMMMMMMNMNMMOOOOSTITITITTTITTOOOONNANNANNANNT T ™ ™™ ™ ™ v«
G N L U S S S S S S S S S S S L
—— ———— T —
o Parameter Value
Br ';I_\ 1 Title cqh-20240329-c2-133-3. 1. 1. It
H Si T 2Solvent cci3
OH 3 Temperature 296. 3
dr=78:22 4 Number of Scans 16
r=fe 5 Spectrometer Frequency00. 13
6Nucleus 1H
N b d & N o
N N~ N ~ © «
T T T T d T T T T T Tﬁ T T i T
4.66 4.64 4.62 4.60 4.58 4.56 4.54 4.52 4.50 1.74 1.72 1.70 1.68 1.66 1.64 1.62
£1 (ppm) £1 (ppm)
|
I
Il
|
|
!
g b S AR BB T
@ o Q CQOQANANNO e
o - N -~-Or-ro0oooo -
. T . T . T . T . T . T . T . T - T . T . T .
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
1 (ppm)
(o] DLANOWOMAOANOONMNLOONL
o TOROLROND®BS 0O v N 0 200
o N-OUSETLT-"ODONO ™S 0 ™~ NN
o TTOOONOOONNNN~ «— N 2] < MO N
N Ll ol i ol it i il ol e N~ < N NN
\ e N Y \ \ N
@]
H
Br. v o Parameter Value
- g T 1Title ©qh-20240329-c2-133-3. 2. 1. 11
OH 2Solvent cpeis
dr = 78:22 3 Temperature 297. 1
4 Number of Scans 256
5Spectrometer Frequencyl00. 61
6 Nucleus 13¢
T T T T T
145 140 135 130 125
£1 (ppm)
" " " " LandoL ke w b b
-———F¥¥F¥¥——F———Fr———F———Fr———F———F——— 77—
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 10
£1 (ppm)



8¢€0

-
h
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[00)

©

~
__

[ee]

™~

N

.
T

Value

Parameter

cqh—20241018-¢2-174-3-1018. 1. 1. 1r

CDC13

1Title

297. 4
16

2Solvent
3 Temperature

Br

4 Number of Scans

5 Spectrometer Frequency400. 13

6Nucleus

dr=90:10

r06°0

Lo

(ppm)

f1

(ppm)

f1

L O U

=00'€

=00'¢
700'%
ooz
2001

N+~ -

£553

6°0
#7010
306°0
1’0

F

3.5

0
(ppm)

4.

5

r1

€e'G-—

mm.vm/
LG'GC 7
w_..wm\

S9'GY —

8€°0L—

Value

Parameter

cqh-20241018-¢2-174-3-1018. 2. 1. 1

CDC13
298.1
256

1Title

2Solvent

3 Temperature

Scans

4 Number of

5Spectrometer Frequencyl00. 61

6 Nucleus

N

13C

e

i

827601 1
GGZLL 1
LOBLL ]
25221
256zl |
RCTAR
€9°9Z1
LL2ZL
68221 1
zz'8z1L

18621 ¢
00'0cL 7
Loel
€90l ]
162EL ]
R
@m.vm;
L8 VEL |
A

08zvl
LSEVL 1
0L6%L"

T

=

=

S‘I\ﬂ/

Br

OH

dr=290:10

129 128 127 126

130
(ppm)

1

"

-10

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

210

(ppm)

r1

184



Zro)
1G°11
18°11
88l |
€221
vZ'Z]
ST
1221
82°C1
2e'C1
mw.j
_.N.mg
_\N.mg
Nw.mg
0S'v 1

L9V W
Y9 ¥ 1
18'G 1
28°G 1
€8°G 1
¥8°G 1
99'9 1
99°9 1
89°9 1

wo.m%
18791
06'91
1697
Nm.m%

86°9 1
00°Z1
201
YL
91"/ 1
8Y' /L1
6%/ 1

mv.n;
1S 2
16721
6L 1
19/ 7
291
9L ¥
WAV
€L/
92/

8141
81
082
682\
G6L—

Value

Parameter

cqh-20240619-¢2-179-4. 1. 1. 1r

CDC13
297.2
16

5 Spectrometer Frequency400. 13

©

2Solvent

3 Temperature

4 Number of Scans

1

6 Nucleus

Cl

dr=90:10

1 (ppm)

0c
c0’E

Fooz
F00°¢€

00"k
0L

0c

(ppm)

ve's-
LyELY
LEVT
05°GZ |
§1°921
vm.mﬁl
S¥6€ |
61°5S
00'¥Z ]
LELOL |
687601 | a
967LLL |
ANATS
€8°TLL
SO'GLL
0L€ZL ]
RTAR
69921 |
0z'/2) | f
§8°221 |
61821 |
AATAR
66621 |
61°0€L |
r90el |
88°0€ |
8Z°LEL
GELEL
06Z€EL
98°€€l
00 7€l A
LS PEL

LR

—

—

€8'VEL —
60°9¢€l
9¢€'9¢!l
Gge'6¢el
GL 0Vl
19'¢vl
0c'9S1
9€'891 ~
€V'0LL

===

96°'v61 —

]
<
<2}
2

.

3 g

- v

= &
Z
z
g
2
(=3
s,
= O
[Sa=}
o O

)

5

E

9

g
o o
e
A
S

Br-

o ©
[N -IR=JN ]
1B S ®
[ S I

B

2

<

3

=

1]

7O

S @

o &

o v o

= ©

Sowog

£ o £
o S
£ ou & 3
o T 8 O
& 8 9 ~
EE ¢ 9
6 35 a 3
=z u Z
@ % 0 o©

ol

|
“.#ﬁ—-
10

e
L)

)

iy

e

|

dr=90:10

T T T

T

T T T T T T T T
134 133 132 131 130 129 128 127 126 125

T

T

138 137 136 135

T

160

1 (ppm)

WA Ao

-10

20 10

30

140 130 120 110 100 90 80 70 60
1 (ppm)

150

200 190 180 170
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