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I. General Information

'H NMR and '3C NMR spectra were recorded on a Bruker Advance 400M NMR or
500M NMR spectrometers at ambient temperature in CDCI3 at 400 and 101 MHz or
500 MHz and 126 MHz. 'F NMR sepctra were reported as '°F exp. comp. pulse
decoupling (F'?CPD) unless otherwise noted. The chemical shifts are given in ppm
relative to tetramethylsilane ['H: § (SiMes) = 0.00 ppm] as an internal standard or
relative to the resonance of the solvent ['H: & (CDCls) = 7.26, 13C: § (CDCl3) = 77.16
ppm]. Multiplicities are given as: s (singlet); d (doublet); t (triplet); q (quartet); quin
(quintet), dd (doublet of doublets); dt (doublet of triplets); m (multiplets), etc. Coupling
constants are reported as J values in Hz. High resolution mass spectral analysis (HRMS)
was performed on Waters XEVO G2 Q-TOF. HPLC was performed on Thermo
UltiMate 3000. Enantiomer excesses were determined by HPLC analysis employing
Daicel chiral column (chiralpak IA, chiralpak AD-H) or Guangzhou FLM Scientific
Instrument chiral column (chiral MD) with n-hexane/i-PrOH as the eluents. Flash
chromatography was performed using 200-300 mesh silica gel with the indicated

solvent system.

Reactions were monitored through thin layer chromatography [Merck 60 F254
precoated silica gel plate (0.2 mm thickness)]. Subsequent to elution, spots were
visualized using UV radiation (254 nm) on Spectroline Model ZF-7 254 nm. Other
visualization methods include staining with a basic solution of potassium permanganate

or acidic solution of ceric ammonium molybdate, followed by heating.

Unless otherwise noted, all reagents and starting materials were purchased from
commercial vendors and used without further purification. All air- or moisture-sensitive

reactions were protected with nitrogen atmosphere.
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I1. Preparation of Starting Materials
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The compounds 1a,' 1b,! 1d,! 1f,! 1j,' 11,' 1n',and 222 are known in the literature.



Procedure for Preparation of 1c, 1e, 1g-i, 1k, 1m, and 10

R? NH 1) R?MgBr, THF R’ NH p-TsOH-H,0 R! | R
@ ® _ 0°Ct40°C ‘\\ ’ NaNO,, K ‘\\ MePPhsBr, KOt-Bu ‘\\ :
—_— J— N
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s1 s2 s3 1

Step 1: To a stirred solution of S1 (5 mmol, 1.0 equiv) in THF (20 mL) at 0 °C was
added an alkyl magnesium halide solution in THF (15 mmol, 3.0 equiv) dropwise. The
reaction mixture was heated to 40 °C and stirred overnight after which it was cooled to
0 °C. A 1 M aq. HCI solution (20 mL) was slowly added to quench the reaction. After
stirring at room temperature for 15 min, the reaction was diluted with brine and
extracted three times with EtOAc. The organic layers were conbined, washed with brine,
dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The

crude mixture was purified through flash chromatography.

Step 2: To a stirred solution of p-TsOH-H20 (2.8 g, 15 mmol, 3.0 equiv) in MeCN (10
mL) was added the crude S2. The resulting suspension of the protonated aniline was
cooled to 0 °C and an aqueous solution of NaNO2 (0.69 g, 10 mmol, 2.0 equiv) was
slowly added, followed by an aqueous solution of KI (2.1 g, 12.5 mmol, 2.5 equiv).
When the evolution of nitrogen gas ceased, the resulting solution was warmed to room
temperature, and stirred for 1 h. A 1 M aqueous solution of Na2S203 (10 mL) followed
by sat. aq. NaHCOs3 (10 mL) was added. The aqueous phase was extracted three times
with EtOAc, and the organic phases were combined, washed with brine, dried over
magnesium sulfate, filtered, and concentrated under reduced pressure. The crude

mixture was purified through flash chromatography.

Step 3: To a stirred suspension of methyltriphenylphosphonium bromide (1.5 equiv) in
THF (0.3 M) at 0 °C was added potassium tert-butoxide (1.8 equiv) portionwise. The
resulting mixture was warmed to room temperature and stirred for 30 min before being
cooled to 0 °C. A 1.0 M THF solution of S3 (1.0 equiv) was added dropwise to the
suspension, which was subsequently warmed to room temperature and stirred overnight.
The mixture of pentanes and EtOAc (1:1) was added to the reaction mixture, which was

filtered through a pad of silica gel. The filtrate was concentrated under reduced pressure
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and the crude mixture was purified by chromatography on silica gel using petroleum
ether/ethyl acetate (99:1) as the eluent to afford 1¢, le, 1g-i, 1k, 1m, and 1o.

1-lodo-2-(pent-1-en-2-yl)benzene (1c¢)

n-Pr

CC

The title compound was isolated as a colorless oil (0.60 g, 44% over 3 steps).

'"H NMR (400 MHz, Chloroform-d) 8 = 7.85 (d, J= 7.9 Hz, 1H), 7.33-7.25 (m, 1H),
7.13 (dd, J = 7.6, 1.8 Hz, 1H), 6.96-6.90 (m, 1H), 5.24-5.20 (m, 1H), 4.94-4.91(m,
1H), 2.37 (t,J=7.9 Hz, 2H), 1.46 (h, J= 7.3 Hz, 2H), 0.95 (t, /= 7.4 Hz, 3H) ppm.
13C NMR (101 MHz, Chloroform-d) & = 152.6, 148.3, 139.3, 129.2, 128.4, 127.9,
115.1,97.8,39.4, 20.9, 14.0 ppm.

HRMS (EI): Calcd for Ci1Hi3l, 272.0062; Found 272.0055

1-(1-Cyclopentylvinyl)-2-iodobenzene (1e)

The title compound was isolated as a colorless oil (0.50 g, 34% over 3 steps).

'H NMR (500 MHz, Chloroform-d) 3 = 7.86 (dd, J= 7.9, 1.3 Hz, 1H), 7.30 (td, J =
7.5, 1.3 Hz, 1H), 7.13 (dd, J = 7.6, 1.8 Hz, 1H), 6.94 (td, J = 7.6, 1.8 Hz, 1H), 5.27—
5.24 (m, 1H), 4.92-4.90 (m, 1H), 2.85-2.75 (m, 1H), 1.86—1.44 (m, 8H) ppm.

13C NMR (126 MHz, Chloroform-d) & = 155.8, 148.7, 139.2, 129.3, 128.3, 127.7,
113.1, 98.5, 46.6, 31.6 (2C), 24.7 (2C) ppm.

HRMS (EI): Calcd for Ci3Hisl, 298.0218; Found 298.0211

4-lodo-3-(prop-1-en-2-yl)-1,1"-biphenyl (1g)

lMe
|

The title compound was isolated as a colorless oil (0.67 g, 42% over 3 steps).
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'"H NMR (400 MHz, Chloroform-d) 5 =7.91 (d, /= 8.2 Hz, 1H), 7.62-7.57 (m, 2H),
7.49-7.42 (m, 3H), 7.42-7.35 (m, 1H), 7.20 (dd, J = 8.2, 2.4 Hz, 1H), 5.18-5.15 (m,
1H), 5.00-4.98 (m, 1H), 2.16-2.13 (m, 3H) ppm.
I3C NMR (101 MHz, Chloroform-d) 5=149.0, 148.2, 141.1, 139.7, 139.4, 128.7 (2C),
127.5,127.0, 126.9, 126.7 (2C), 116.0, 95.4, 23.8 ppm.
HRMS (EI): Calcd for CisHi3l, 320.0062; Found 320.0052
2-(4-1odo-3-(prop-1-en-2-yl)phenyl)furan (1h)

a Me

6}

The title compound was isolated as a colorless oil (0.57 g, 37% over 3 steps).
'"H NMR (400 MHz, Chloroform-d) § =7.79 (d, J= 8.3 Hz, 1H), 7.46 (d, J=2.3 Hz,
1H), 7.44-7.42 (m, 1H), 7.20 (dd, J = 8.3, 2.3 Hz, 1H), 6.65-6.62 (m, 1H), 6.43 (dd, J
=3.4, 1.8 Hz, 1H), 5.25-5.21 (m, 1H), 4.93-4.91 (m, 1H), 2.09-2.06 (m, 3H) ppm.
13C NMR (101 MHz, Chloroform-d) & = 152.9, 149.2, 148.3, 142.5, 139.6, 130.9,
123.74, 123.66, 116.3, 111.9, 105.9, 95.2, 23.9 ppm.
HRMS (EI): Calcd for C13H 110, 309.9855; Found 309.9844
2-(4-lodo-3-(prop-1-en-2-yl)phenyl)thiophene (1i)

/T Me

S

The title compound was isolated as a colorless oil (0.59 g, 36% over 3 steps).

'"H NMR (400 MHz, Chloroform-d) 3 =7.78 (d, J= 8.2 Hz, 1H), 7.39 (d, J = 2.4 Hz,
1H), 7.28 (dd, J=3.6, 1.1 Hz, 1H), 7.25 (dd, J=5.1, 1.2 Hz, 1H), 7.15 (dd, J=8.2,2.4
Hz, 1H), 7.04 (dd, J=5.1, 3.6 Hz, 1H), 5.26-5.21 (m, 1H), 4.95-4.91 (m, 1H), 2.08 (s,
3H) ppm.

13C NMR (101 MHz, Chloroform-d) & = 149.4, 148.2, 143.1, 139.7, 134.5, 128.2,
125.84, 125.81, 125.4, 123.7, 116.4, 95.4, 24.0 ppm.

HRMS (EI): Calcd for C13HniIS, 325.9626; Found 325.9614
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4-Chloro-2-iodo-1-(prop-1-en-2-yl)benzene (1K)

The title compound was isolated as a colorless oil (0.65 g, 47% over 3 steps).

'"H NMR (500 MHz, Chloroform-d) 5 = 7.83 (d, J = 2.1 Hz, 1H), 7.28 (dd, J = 8.2,
2.1 Hz, 1H), 7.09 (d, J = 8.2 Hz, 1H), 5.24-5.21 (m, 1H), 4.89—4.87 (m, 1H), 2.04 (t, J
= 1.3 Hz, 3H) ppm.

13C NMR (126 MHz, Chloroform-d) & = 147.5, 147.4, 138.5, 133.1, 129.1, 128.4,
116.8,97.0, 23.9 ppm.

HRMS (EI): Calcd for CoHgICI, 277.9359; Found 277.9352

3-lodo-4-(prop-1-en-2-yl)-1,1'-bipheny! (1m)

Me
®

O |
The title compound was isolated as a colorless oil (0.72 g, 45% over 3 steps).
'"H NMR (400 MHz, Chloroform-d) § = 7.94 (d, J= 1.9 Hz, 1H), 7.44-7.33 (m, 3H),
7.32-7.26 (m, 2H), 7.25-7.19 (m, 1H), 7.09 (d, J = 7.9 Hz, 1H), 5.14-5.11 (m, 1H),
4.84-4.80 (m, 1H), 1.97 (s, 3H) ppm.
I3C NMR (101 MHz, Chloroform-d) 5= 148.1, 147.6, 141.6, 139.3, 137.8, 128.9 (2C),

128.7, 127.8, 127.1 (2C), 126.9, 116.4, 97.6, 24.0 ppm.
HRMS (EI): Calcd for CisHisl, 320.0062; Found 320.0054

2-lodo-1-(prop-1-en-2-yl)-4-(trifluoromethyl)benzene (10)

o0
FsC |

3

The title compound was isolated as a colorless oil (0.31 g, 20% over 3 steps).
'"H NMR (500 MHz, Chloroform-d) § = 8.09-8.06 (m, 1H), 7.59-7.53 (m, 1H), 7.29—
7.25 (m, 1H), 5.29-5.26 (m, 1H), 4.93-4.90 (m, 1H), 2.08-2.06 (m, 3H) ppm.
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13C NMR (126 MHz, Chloroform-d) 5 = 152.7, 147.6, 136.2 (q, J= 4.0 Hz), 130.6 (q,
J=32.8 Hz), 128.7, 125.2 (q, J = 3.6 Hz), 123.0 (q, J = 272.6 Hz), 117.0, 96.7, 23.7
ppm.

19F NMR (376 MHz, Chloroform-d) & = -61.95 (s, 3F) ppm.

HRMS (EI): Calcd for C1oHsgFsI, 311.9623; Found 311.9607

Procedure for Preparation of 2a, 2m-r, 2t, 2x, 2y, 2aa, 2ab, and 2ad

H
OH  ArCH,CI, K,CO, R
OO e Ty e “ S
Cul, Et3N
Step 1: To MeOH (50 mL) being stirred at 0 °C in a round-bottom flask was added
sulfuric acid (95.8%, 20.0 mmol, 2.0 equiv, 1.1 mL), naphthalen-2-ol or a derivative
(10.0 mmol, 1.0 equiv), KI (2.0 g, 12.0 mmol, 1.2 equiv), and H>O> (35%, 20.0 mmol,
2.0 equiv, 1.9 g). The dark mixture was kept stirring at 0 °C for 9 h. The mixture was
quenched by adding excessive saturated aqueous NaSO; solution. The MeOH was
evaporated, and the residue was extracted with EtOAc (3 x 30 mL). The combined
organic phases were washed with brine, dried over sodium sulfate, and filtered. The
solvent was evaporated to yield the product /-iodonaphthalen-2-ol or a derivative

which was used directly for the next step.

Step 2: To a solution of the crude /-iodonaphthalen-2-ol or a derivative obtained from
Step 1 in acetone (30 mL) was added K>CO; (2.8 g, 20.0 mmol, 2.0 equiv), 2-
(chloromethyl)-1,3,5-trimethylbenzene or a derivative (11.0 mmol, 1.1 equiv). The
solution was warmed to 60 °C and stirred overnight. The reaction mixture was cooled
to room temperature and extracted with EtOAc. The combined organic layers were
washed with brine, dried over Na;SOs, filtered, and concentrated under reduced
pressure. The crude product was purified by flash column chromatography (petroleum

ether/ethyl acetate) to afford the products S4.

Step 3: To a solution of S4 (1.0 equiv) and propargyl alcohol (5.0 equiv)® in EtsN/THF
(30 mL/5 mL) was added Pd(PPh3)>Cl> (0.04 equiv) and Cul (0.08 equiv). The flask
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was flushed with nitrogen gas. The resulting mixture was stirred at room temperature
while monitoring conversion by TLC. Upon complete conversion, the reaction mixture
was filtered and washed with ethyl acetate three times. The combined filtrate was
concentrated and the residue was purified by a silica gel column chromatography to
afford 2a, 2m-r, 2t, 2aa, and 2ab.

4 3-Butyn-1-ol (2.0 equiv) for 2x and 1-hexyne (2.0 equiv) for 2y.

3-(2-((2,4,6-Trimethylbenzyl)oxy)naphthalen-1-yl)prop-2-yn-1-ol (2a)

OH
Il me Me
s o T
Me

The title compound was isolated as a yellowish solid (2.0 g, 61% over 3 steps) through
flash chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).
Reaction time for step 3: 7 days.
'TH NMR (500 MHz, Chloroform-d) 6 = 8.31 (d, J = 8.4 Hz, 1H), 7.8-7.82 (m, 2H),
7.58-7.55 (m, 1H), 7.46-7.43 (m, 1H), 7.41 (d, J = 9.0 Hz, 1H), 6.95 (s, 2H), 5.28 (s,
2H), 4.58 (s, 2H), 2.49 (s, 6H), 2.35 (s, 3H) ppm.
I3C NMR (126 MHz, Chloroform-d) 5=159.0, 138.4, 138.3 (2C), 134.6, 130.2, 129.9,
129.2 (2C), 129.0, 128.1, 127.4,125.5, 124.6, 116.1, 107.8, 96.9, 80.1, 67.5, 52.0, 21.1,
19.8 (2C) ppm.
HRMS (ESI) m/z: [M+Na]" Calcd for C23H2202Na 353.1512; Found 353.1513

Methyl 5-(3-hydroxyprop-1-yn-1-yl)-6-((2,4,6-trimethylbenzyl)oxy)-2-naphthoate (2m)

OH

| | Me Me
o™ ;
MeO,C

Me

The title compound was isolated as a yellowish solid (2.4 g, 62% over 3 steps) through
flash chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

Reaction time for step 3: 72 hours.
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'H NMR (500 MHz, Chloroform-d) 5 = 8.49 (d, J= 1.7 Hz, 1H), 8.20 (d, /= 8.8 Hz,
1H), 8.01 (dd, J = 8.8, 1.7 Hz, 1H), 7.85 (d, J=9.1 Hz, 1H), 7.38 (d, J = 9.0 Hz, 1H),
6.89 (s, 2H), 5.23 (s, 2H), 4.53 (s, 2H), 3.96 (s, 3H), 2.42 (s, 6H), 2.29 (s, 3H) ppm.
13C NMR (126 MHz, Chloroform-d) 5= 167.3, 160.5, 138.5, 138.2 (2C), 137.0, 13 1.6,
131.3, 129.5, 129.2 (2C), 127.8, 126.6, 125.9, 125.6, 116.0, 107.5, 97.4, 79.4, 67.1,
52.3,51.9,21.1, 19.7 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C25sH2404Na 411.1567; Found 411.1572

5-(3-Hydroxyprop-1-yn-1-yl)-6-((2,4,6-trimethylbenzyl)oxy)-2-naphthonitrile (2n)

OH

|| Me Me
o™ ;
NC

Me

The title compound was isolated as a yellowish solid (2.4 g, 68% over 3 steps) through
flash chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).
Reaction time for step 3: 48 hours.

'"H NMR (400 MHz, Chloroform-d) 5 = 8.29 (d, J= 8.7 Hz, 1H), 8.15 (d, J= 1.6 Hz,
1H), 7.87 (d, J=9.1 Hz, 1H), 7.62 (dd, J= 8.8, 1.7 Hz, 1H), 7.50 (d, /= 9.1 Hz, 1H),
6.92 (s, 2H), 5.27 (s, 2H), 4.56 (d, J= 5.1 Hz, 2H), 2.43 (s, 6H), 2.30 (s, 3H) ppm.

I3C NMR (101 MHz, Chloroform-d) 5 =161.1, 138.8, 138.3 (2C), 136.4, 134.3, 130.7,
129.33 (2C), 129.28, 127.8, 127.6, 126.8, 119.4, 116.8, 107.9, 107.8, 97.9, 79.1, 67.1,
52.0,21.2, 19.8 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Calcd for C24H21NO2Na 378.1465; Found 378.1451

3-(7-Isopropyl-2-((2,4,6-trimethylbenzyl)oxy)naphthalen-1-yl)prop-2-yn-1-ol (20)

OH

| | Me Me
i-Pr O\;Q/
DO
The title compound was isolated as a yellowish solid (1.9 g, 51% over 3 steps) through

flash chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

Reaction time for step 3: 7 days.
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'H NMR (400 MHz, Chloroform-d) 5 = 8.02 (s, 1H), 7.71 (d, J = 9.0 Hz, 1H), 7.66
(d, J= 8.4 Hz, 1H), 7.36-7.28 (m, 2H), 6.91 (s, 2H), 5.23 (s, 2H), 4.60 (s, 2H), 3.10—
2.97 (m, 1H), 2.45 (s, 6H), 2.30 (s, 3H), 1.35 (d, J = 6.9 Hz, 6H) ppm.

13C NMR (101 MHz, Chloroform-d) 5 = 159.3, 148.3, 138.40, 138.36 (2C), 134.8,
130.1 (2C), 129.2 (2C), 128.3, 127.8, 124.2, 122.0, 115.3, 107.4, 96.7, 80.5, 67.6, 52.3,
34.7,24.1 (2C), 21.2, 19.8 (2C) ppm.

HRMS (ESI) m/z: [M+H]" Caled for C26H200, 373.2162; Found 373.2166

3-(7-Phenyl-2-((2,4,6-trimethylbenzyl)oxy)naphthalen- 1-yl)prop-2-yn-1-ol (2p)

OH
l wme Me
Ph o\/\©/
DO

The title compound was isolated as a yellowish solid (1.7 g, 42% over 3 steps) through
flash chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).
Reaction time for step 3: 7 days.
'H NMR (400 MHz, Chloroform-d) 5 = 8.43 (s, 1H), 7.87-7.79 (m, 2H), 7.76-7.70
(m, 2H), 7.70-7.64 (m, 1H), 7.52-7.44 (m, 2H), 7.45-7.35 (m, 2H), 6.93 (s, 2H), 5.27
(s, 2H), 4.58 (d, /= 5.0 Hz, 2H), 2.46 (s, 6H), 2.31 (s, 3H) ppm.
13C NMR (101 MHz, Chloroform-d) § = 159.5, 141.3, 140.2, 138.44, 138.35 (2C),
134.9, 130.0, 129.9, 129.2 (2C), 129.0 (2C), 128.7, 128.2, 127.7 (2C), 127.6, 124.5,
123.5, 116.0, 108.0, 97.1, 80.2, 67.5, 52.1, 21.2, 19.8 (2C) ppm.
HRMS (ESI) m/z: [M+H]" Calcd for C290H2702 407.2006; Found 407.2014

3-(7-(Furan-2-yl)-2-((2,4, 6-trimethylbenzyl)oxy)naphthalen- 1-yl)prop-2-yn-1-ol (2q)

OH
| | Me Me
/|
o o
DO
The title compound was isolated as a yellowish solid (1.4 g, 36% over 3 steps) through

flash chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'H NMR (400 MHz, Chloroform-d) 5 = 8.50 (s, 1H), 7.80-7.74 (m, 2H), 7.71-7.66
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(m, 1H), 7.55 (d, J= 1.8 Hz, 1H), 7.32 (d, /= 9.0 Hz, 1H), 6.91 (s, 2H), 6.82 (d, J =
3.4 Hz, 1H), 6.52 (dd, J=3.5, 1.8 Hz, 1H), 5.24 (s, 2H), 4.61 (s, 2H), 2.45 (s, 6H), 2.30
(s, 3H) ppm.

I3C NMR (101 MHz, Chloroform-d) 3=159.6, 154.1, 142.7, 138.4, 138.3 (2C), 134.9,
130.0, 129.9, 129.6, 129.2 (2C), 128.7, 128.2, 121.1, 119.7, 115.8, 112.0, 107.9, 106.4,
97.2,80.2,67.4,52.2,21.2,19.8 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C27H2403Na 419.1618; Found 419.1621

3-(7-Ethoxy-2-((2,4,6-trimethylbenzyl)oxy)naphthalen-1-yl)prop-2-yn-1-ol (2r)

OH
I wme Me
EtO o\;©/
T
The title compound was isolated as a yellowish solid (1.6 g, 43% over 3 steps) through
flash chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).
Reaction time for step 3: 7 days.
'"H NMR (500 MHz, Chloroform-d) 5 =7.73 (d, J= 8.9 Hz, 1H), 7.67 (d, J= 8.9 Hz,
1H), 7.51 (d, J=2.5 Hz, 1H), 7.21 (d, /= 8.9 Hz, 1H), 7.05 (dd, J = 8.9, 2.5 Hz, 1H),
6.90 (s, 2H), 5.22 (s, 2H), 4.58 (d, J = 5.9 Hz, 2H), 4.19 (q, J = 7.0 Hz, 2H), 2.44 (s,
6H), 2.30 (s, 3H), 1.49 (t, J= 7.0 Hz, 3H) ppm.
13C NMR (126 MHz, Chloroform-d) § = 159.8, 158.6, 138.36, 138.34 (2C), 136.4,
130.10, 130.06, 129.8, 129.2 (2C), 124.4, 117.5, 113.2, 106.5, 104.7, 96.6, 80.7, 67.3,
63.7,52.3,21.2,19.8 (2C), 14.9 ppm.
HRMS (ESI) m/z: [M+Na]" Calcd for C2sH2603Na 397.1774; Found 393.1783

Methyl 5-(3-hydroxyprop-1-yn-1-yl)-6-((2,4,6-trimethylbenzyl)oxy)- 1-naphthoate (2t)

OH

|| Me Me
C™ ;

COzMe
The title compound was isolated as a yellowish solid (2.2 g, 57% over 3 steps) through

flash chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).
s12



Reaction time for step 3: 7 days.

'H NMR (400 MHz, Chloroform-d) 6 = 8.94 (d, J=9.5 Hz, 1H), 8.47 (d, J= 8.4 Hz,
1H), 8.04 (d, /=7.2 Hz, 1H), 7.48-7.41 (m, 2H), 6.88 (s, 2H), 5.21 (s, 2H), 4.52 (d, J
= 5.7 Hz, 2H), 3.99 (s, 3H), 2.42 (s, 6H), 2.28 (s, 3H) ppm.

13C NMR (101 MHz, Chloroform-d) § =167.9, 158.7,138.3,138.2 (2C), 135.2, 130.7,
129.6, 129.1 (2C), 128.8, 128.1, 127.0, 126.7, 125.9, 116.9, 107.8, 97.5, 79.6, 67.0,
52.2,51.7,21.0, 19.6 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C2sH2404Na 411.1567; Found 411.1570

4-(2-((2,4,6-Trimethylbenzyl)oxy)naphthalen-1-yl) but-3-yn-1-ol (2xX)

OH

Il ™e Me
o

T 7k
The title compound was isolated as a yellowish solid (2.4 g, 70% over 3 steps) through
flash chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).
Reaction time for step 3: 48 hours.
'"H NMR (500 MHz, Chloroform-d) 5 = 8.23 (d, J= 8.3 Hz, 1H), 7.81-7.76 (m, 2H),
7.55-7.50 (m, 1H), 7.43-7.35 (m, 2H), 6.92 (s, 2H), 5.24 (s, 2H), 3.76 (q, J= 6.0 Hz,
2H), 2.79 (t, J= 6.1 Hz, 2H), 2.44 (s, 6H), 2.31 (s, 3H) ppm.
13C NMR (126 MHz, Chloroform-d) 5 = 158.9, 138.4, 138.2 (2C), 134.6 (2C), 129.9,
129.6, 129.2 (2C), 129.0, 128.2, 127.3, 125.5, 124.5, 115.7, 108.3, 96.2, 67.1, 61.4,
24.7,21.2,19.8 (2C) ppm.
HRMS (ESI) m/z: [M+Na]" Calcd for C24H2402Na 367.1669; Found 367.1672

1-(Hex-1-yn-1-yl)-2-((2,4,6-trimethylbenzyl)oxy)naphthalene (2y)
n-Bu
| | Me Me
ve;
DO

The title compound was isolated as a yellowish solid (2.2 g, 62% over 3 steps) through

flash chromatography on silica gel eluting with petroleum ether/ethyl acetate (99:1).
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Reaction time for step 3: 48 hours.

'TH NMR (500 MHz, Chloroform-d) § = 8.33 (d, /= 8.1 Hz, 1H), 7.82-7.76 (m, 2H),
7.58-7.53 (m, 1H), 7.49-7.39 (m, 1H), 7.36 (d, /= 9.0 Hz, 1H), 6.94 (s, 2H), 5.28 (s,
2H), 2.60 (t, J= 7.0 Hz, 2H), 2.49 (s, 6H), 2.33 (s, 3H), 1.72—-1.64 (m, 2H), 1.58-1.49
(m, 2H), 0.94 (t, /= 7.3 Hz, 3H) ppm.

13C NMR (126 MHz, Chloroform-d) 3 = 158.6, 138.3 (2C), 138.1, 134.9, 130.3, 129.2,
129.1 (2C), 129.0, 128.1, 127.0, 125.7, 124.4, 116.7, 109.6, 100.2, 74.9, 67.5, 31.1,
22.1,21.2,19.9, 19.8 (2C), 13.8 ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C26H2s0Na 379.2032; Found 379.2036

3-(2-(Benzyloxy)naphthalen-1-yl)prop-2-yn-1-ol (2aa)

OH

llOBn

The title compound was isolated as a yellowish solid (1.6 g, 57% over 3 steps) through
flash chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).
Reaction time for step 3: 72 hours.

'"H NMR (400 MHz, Chloroform-d) 5 = 8.24 (d, /= 8.5 Hz, 1H), 7.79-7.67 (m, 2H),
7.54-7.47 (m, 3H), 7.41-7.29 (m, 4H), 7.20 (d, J = 9.1 Hz, 1H), 5.30 (s, 2H), 4.67 (d,
J=4.1 Hz, 2H) ppm.

13C NMR (101 MHz, Chloroform-d) = 158.5, 137.1, 134.6, 130.3, 128.9, 128.7 (2C),
128.2, 128.0, 127.5,127.2 (2C), 125.4, 124.6, 115.0, 107.1, 97.1, 80.3, 71.6, 52.2 ppm.
HRMS (ESI) m/z: [M+Na]" Caled for C20Hi602Na 311.1043; Found 311.1046

3-(2-(Naphthalen-2-ylmethoxy)naphthalen- 1-yl)prop-2-yn-1-ol (2ab)

The title compound was isolated as a yellowish solid (1.9 g, 56% over 3 steps) through

flash chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).
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Reaction time for step 3: 72 hours.

'"H NMR (500 MHz, Chloroform-d) 5 = 8.27 (dd, J= 8.4, 1.1 Hz, 1H), 7.97 (d, J =
1.6 Hz, 1H), 7.89-7.82 (m, 3H), 7.79-7.72 (m, 2H), 7.61 (dd, J = 8.4, 1.8 Hz, 1H),
7.58-7.51 (m, 1H), 7.52-7.45 (m, 2H), 7.42-7.36 (m, 1H), 7.29-7.23 (m, 1H), 5.48 (s,
2H), 4.71 (s, 2H) ppm.

13C NMR (126 MHz, Chloroform-d) & = 158.5, 134.7, 134.6, 133.4, 133.2, 130.4,
128.9,128.5,128.2,128.1,127.9, 127.5, 126.4, 126.2, 126.1, 125.4, 125.0, 124.6, 115.0,
107.1,97.2, 80.4, 71.8, 52.3 ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C24Hi302Na 361.1199; Found 361.1201

3-(6-Bromo-2-((2,4,6-trimethylbenzyl)oxy)naphthalen- 1-yl)prop-2-yn-1-ol (2ad)
OH
Il wme Me
A~ o LT
B Me

The title compound was isolated as a yellowish solid (3.1 g, 76% over 3 steps) through
flash chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).
Reaction time for step 3: 72 hours.
"H NMR (500 MHz, Chloroform-d) § = 8.11-8.08 (m, 1H), 7.95-7.92 (m, 1H), 7.74—
7.70 (m, 1H), 7.60-7.53 (m, 1H), 7.40-7.36 (m, 1H), 6.91 (s, 2H), 5.23 (s, 2H), 4.56 (s,
2H), 2.43 (s, 6H), 2.30 (s, 3H) ppm.
13C NMR (126 MHz, Chloroform-d) 5 = 159.2, 138.5, 138.3 (2C), 133.2, 130.6, 130.1
(20), 129.7, 129.27, 129.25 (2C), 127.4, 118.5, 117.0, 107.9, 97.2, 79.7, 67.5, 52.1,
21.2,19.8 (2C) ppm.
HRMS (ESI) m/z: [M+H]" Calcd for C23H2BrO2 409.0798; Found 409.0810
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Procedure for Preparation of 2c-1
OH OH

O _Ar O/ (OH)2 b4(PPhy),, Na,COs O _Ar
OO toluene/H,0, 100 °C OO
r X

L

R

A mixture of 2ad (816 mg, 2 mmol, 1.0 equiv), phenylboronic acid or a derivative (3
mmol, 1.5 equiv), Na;CO3 (424 mg, 3 mmol, 2.0 equiv) and Pd(PPh3)4 (116 mg, 0.1
mmol, 0.05 equiv) in toluene/H>O (4 mL/2 mL) was stirred at 100 °C in an oil bath
under N> for 16 h. The reaction mixture was cooled to room temperature and
subsequently quenched with brine. The aqueous phase was extracted three times with
ethyl acetate. The combined organic layers were dried over magnesium sulfate, filtered,
and concentrated under reduced pressure. The crude residue was purified by
chromatography on silica gel using petroleum ether/ethyl acetate (5:1) as the eluent to
afford 2c-1.

3-(6-Phenyl-2-((2,4,6-trimethylbenzyl)oxy)naphthalen-1-yl)prop-2-yn-1-ol (2¢)

OH

Il ™e Me
Y
Ph OO Me

The title compound was isolated as a yellowish solid (447 mg, 55%).

"H NMR (500 MHz, Chloroform-d) § = 8.29 (d, J=8.7 Hz, 1H), 7.97 (d, J = 1.9 Hz,
1H), 7.85 (d, J=9.0 Hz, 1H), 7.77 (dd, /= 8.7, 1.9 Hz, 1H), 7.70-7.68 (m, 2H), 7.50—
7.44 (m, 2H), 7.41-7.37 (m, 2H), 6.90 (s, 2H), 5.24 (s, 2H), 4.57 (s, 2H), 2.44 (s, 6H),
2.29 (s, 3H) ppm.

13C NMR (126 MHz, Chloroform-d) § = 159.1, 140.9, 138.44, 138.35 (2C), 137.4,
133.9, 130.6, 129.9, 129.3, 129.2 (2C), 129.0 (2C), 127.5, 127.4 (20), 127.1, 126.1,

126.0, 116.6, 107.7, 96.8, 80.2, 67.6, 52.2, 21.2, 19.8 (2C) ppm.
HRMS (ESI) m/z: [M+H]" Calcd for C290H2702 407.2006; Found 407.2019
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3-(6-(4-(tert-Butyl)phenyl)-2-((2,4, 6-trimethylbenzyl)oxy)naphthalen-1-yl) prop-2-yn-
1-0l (2d)

OH

| | Me Me
Y
O OO Me
t-Bu

The title compound was isolated as a yellowish solid (480 mg, 52%).

'H NMR (400 MHz, Chloroform-d) 6 =8.30 (d, J= 8.7 Hz, 1H), 7.99 (d, J= 1.9 Hz,
1H), 7.87 (d, /=9.0 Hz, 1H), 7.80 (dd, J = 8.7, 1.9 Hz, 2H), 7.70-7.63 (m, 2H), 7.56—
7.49 (m, 2H), 7.39 (d, J = 9.0 Hz, 1H), 6.93 (s, 2H), 5.26 (s, 2H), 4.59 (d, /= 5.2 Hz,
2H), 2.46 (s, 6H), 2.31 (s, 3H), 1.40 (s, 9H) ppm.

13C NMR (101 MHz, Chloroform-d) 3 = 159.0, 150.5, 138.5, 138.4 (2C), 138.0, 137.2,
133.8, 130.5, 129.9, 129.4, 129.2 (2C), 127.1, 127.0 (2C), 126.03 (2C), 125.97, 125.7,
116.5, 107.7,96.8, 80.3, 67.6, 52.1, 34.7, 31.5 (3C), 21.2, 19.8 (2C) ppm.

HRMS (ESI) m/z: [M+H]" Calcd for C33H3502 463.2632; Found 463.2633

3-(6-(3-(Hydroxymethyl)phenyl)-2-((2,4, 6-trimethylbenzyl)oxy)naphthalen- 1-yl) prop-
2-yn-1-ol (2e)

OH

Il we Me
Y

HO O OO Me
The title compoundwas isolated as a yellowish solid (340 mg, 39%).
'"H NMR (400 MHz, Chloroform-d) § =8.27 (d, J= 8.7 Hz, 1H), 7.97 (d, J= 1.9 Hz,
1H), 7.84 (d,J=9.0 Hz, 1H), 7.77 (dd, J= 8.7, 1.9 Hz, 1H), 7.70 (s, 1H), 7.62 (d, J =
7.7 Hz, 1H), 7.49-7.43 (m, 1H), 7.39-7.35 (m, 2H), 6.92 (s, 2H), 5.24 (s, 2H), 4.77 (s,
2H), 4.58 (s, 2H), 2.44 (s, 6H), 2.30 (s, 3H) ppm.
I3C NMR (101 MHz, Chloroform-d) 5=159.1, 141.6, 141.2, 138.5, 138.4 (2C), 137.1,
133.9, 130.6, 129.9, 129.29, 129.25 (4C), 127.0, 126.7, 126.1, 126.0, 125.9, 116.5,
107.7,96.9, 80.2, 67.5, 65.5, 52.1, 21.2, 19.8 (2C) ppm.
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HRMS (ESI) m/z: [M+H]" Caled for C30H2003 437.2111; Found 437.2112

3-(6-(4-Methoxyphenyl)-2-((2,4, 6-trimethylbenzyl)oxy)naphthalen- 1-yl)prop-2-yn- 1 -
ol (2f)

OH

| | Me Me
Y
O OO Me
MeO

The title compound was isolated as a yellowish solid (419 mg, 48%).

'"H NMR (500 MHz, Chloroform-d) 5 = 8.28 (d, J= 8.7 Hz, 1H), 7.93 (d, J = 1.8 Hz,
1H), 7.85 (d, /= 9.0 Hz, 1H), 7.77-7.75 (m, 1H), 7.69-7.61 (m, 2H), 7.38 (d, /= 9.0
Hz, 1H), 7.03-7.01 (m, 2H), 6.92 (s, 2H), 5.25 (s, 2H), 4.59 (s, 2H), 3.87 (s, 3H), 2.46
(s, 6H), 2.31 (s, 3H) ppm.

13C NMR (126 MHz, Chloroform-d) 3 = 159.3, 158.9, 138.5, 138.4 (2C), 137.0, 133.5,
133.4, 130.4, 130.0, 129.4, 129.2 (2C), 128.4 (2C), 126.9, 126.1, 125.2, 116.5, 114.5
(20), 107.7, 96.8, 80.3, 67.6, 55.5, 52.2,21.2, 19.8 (2C) ppm.

HRMS (ESI) m/z: [M+H]" Calcd for C30H2903 437.2111; Found 437.2098

3-(6-(4-(Trifluoromethoxy)phenyl)-2-((2,4, 6-trimethylbenzyl)oxy)naphthalen- 1 -

ylprop-2-yn-1-ol (2g)
OH

| | Me Me
-y
O OO Me

The title compound was isolated as a yellowish solid (421 mg, 43%).

F,CO

'"H NMR (500 MHz, Chloroform-d) 5 =8.31 (d, /= 8.7 Hz, 1H), 7.94 (d, /= 1.9 Hz,
1H), 7.86 (d, J=9.0 Hz, 1H), 7.76-7.64 (m, 3H), 7.41 (d,J=9.0 Hz, 1H), 7.32 (d, /=
8.3 Hz, 2H), 6.92 (s, 2H), 5.26 (s, 2H), 4.57 (d, J= 5.1 Hz, 2H), 2.46 (s, 6H), 2.31 (s,
3H) ppm.

13C NMR (126 MHz, Chloroform-d) & = 159.3, 148.8 (q, J = 1.7 Hz), 139.6, 138.5,
138.4 (2C), 135.9, 134.0, 130.5, 129.8, 129.3 (2C), 129.2, 128.6 (2C), 126.7, 126.3,
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126.1, 121.5 (2C), 120.7 (q, J = 257.0 Hz), 116.6, 107.7, 97.0, 80.1, 67.5, 52.1, 21.2,
19.8 (2C) ppm.

19F NMR (471 MHz, Chloroform-d) = —57.74 (s, 3F) ppm.

HRMS (ESI) m/z: [M+H]" Calcd for C30H26F303 491.1829; Found 491.1824

3-(6-(4-(Methylthio)phenyl)-2-((2,4,6-trimethylbenzyl)oxy)naphthalen-1-yl)prop-2-yn-

I-0l (2h)
OH

| | Me Me
oe)
O OO Me
MeS

The title compound was isolated as a yellowish solid (280 mg, 31%).

'"H NMR (400 MHz, Chloroform-d) 5 = 8.29 (d, J= 8.8 Hz, 1H), 7.95 (d, J= 1.9 Hz,
1H), 7.85 (d, J=9.0 Hz, 1H), 7.74 (dd, J = 8.7, 1.9 Hz, 1H), 7.66-7.59 (m, 2H), 7.41—
7.34 (m, 3H), 6.92 (s, 2H), 5.26 (s, 2H), 4.58 (d, J= 5.2 Hz, 2H), 2.54 (s, 3H), 2.46 (s,
6H), 2.31 (s, 3H) ppm.

13C NMR (126 MHz, Chloroform-d) 5 = 159.1, 138.44, 138.35 (2C), 137.8, 137.6,
136.6, 133.8, 130.5, 129.9, 129.3, 129.2 (2C), 127.6 (2C), 127.1 (2C), 126.7, 126.2,
125.5,116.5, 107.7,96.9, 80.2, 67.5, 52.1, 21.2, 19.8 (2C), 16.0 ppm.

HRMS (ESI) m/z: [M+Na]* Calcd for C30H28SO02Na 475.1702; Found 475.1698.

3-(6-(4-Chlorophenyl)-2-((2,4,6-trimethylbenzyl)oxy)naphthalen- 1-yl)prop-2-yn-1-ol
(2i)

OH

| | Me Me
Se]
O OO Me
Cl

The title compound was isolated as a yellowish solid (458 mg, 52%).

'H NMR (500 MHz, Chloroform-d) 6 =8.30 (d, J= 8.7 Hz, 1H), 7.94 (d, J= 2.0 Hz,
1H), 7.86 (d, J=9.0 Hz, 1H), 7.73 (dd, J = 8.8, 1.9 Hz, 1H), 7.65-7.59 (m, 2H), 7.47—
7.43 (m, 2H), 7.41 (d, J = 9.0 Hz, 1H), 6.92 (s, 2H), 5.26 (s, 2H), 4.59 (d, J = 5.6 Hz,
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2H), 2.45 (s, 6H), 2.31 (s, 3H) ppm.

13C NMR (126 MHz, Chloroform-d) 5= 159.3, 139.3, 138.5, 138.4 (2C), 136.1, 134.0,
133.6, 130.6, 129.9, 129.3 (2C), 129.23, 129.15 (2C), 128.6 (2C), 126.7, 126.3, 125.9,
116.6, 107.7, 96.9, 80.1, 67.5, 52.2, 21.2, 19.8 (2C) ppm.

HRMS (ESI) m/z: [M+Na]* Calcd for C2oHsC10,Na 463.1435; Found 463.1436

3-(6-(3,5-Difluorophenyl)-2-((2,4, 6-trimethylbenzyl)oxy)naphthalen- 1-yl) prop-2-yn-1-
ol (2j)

OH

I e Me
o o 1T
F O Me

F

The title compound was isolated as a yellowish solid (371 mg, 42%).
'"H NMR (500 MHz, Chloroform-d) 6 = 8.29 (d, J = 8.8 Hz, 1H), 7.92 (s, 1H), 7.85
(d, /=9.0 Hz, 1H), 7.65 (d, J= 8.8 Hz, 1H), 7.41 (d,J=9.0 Hz, 1H), 7.19 (d, /=7.6
Hz, 2H), 6.92 (s, 2H), 6.81 (t, /= 9.1 Hz, 1H), 5.26 (s, 2H), 4.56 (d, J = 4.2 Hz, 2H),
2.45 (s, 6H), 2.31 (s, 3H) ppm.
13C NMR (126 MHz, Chloroform-d) 6 = 163.41 (dd, J=247.9, 13.1 Hz, 2C), 159.4,
144.2 (t, J = 9.5 Hz), 138.5, 138.4 (2C), 134.9 (t, J = 2.5), 134.4, 130.6, 129.7, 129.3
(20), 129.0, 126.5, 126.23, 126.19, 116.5, 110.0 (dd, J=18.9, 5.0 Hz, 2C), 107.6, 102.6
(t,J=25.4Hz),97.1,79.9, 67.4,52.0,21.2, 19.8 (2C) ppm.
19F NMR (471 MHz, Chloroform-d) § = —109.53 (s, 2F) ppm.
HRMS (ESI) m/z: [M+Na]" Calcd for C20H24F202Na 465.1637; Found 465.1644

3-(6-((2,4,6-Trimethylbenzyl)oxy)-[2,2'-binaphthalen]-5-yl) prop-2-yn-1-ol (2Kk)

OH
| | Me Me
Se]
e 7k
The title compound was isolated as a yellowish solid (419 mg, 46%).
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'H NMR (500 MHz, Chloroform-d) & = 8.36 (d, J= 8.7 Hz, 1H), 8.12-8.04 (m, 2H),
7.99-7.81 (m, 6H), 7.59-7.47 (m, 2H), 7.41 (d, J = 9.0 Hz, 1H), 6.94 (s, 2H), 5.27 (s,
2H), 4.59 (d, J = 4.8 Hz, 2H), 2.48 (s, 6H), 2.33 (s, 3H) ppm.

13C NMR (126 MHz, Chloroform-d) 5 = 159.1, 138.44, 138.36 (2C), 138.1, 137.2,
133.9, 133.8, 132.7, 130.6, 129.9, 129.3, 129.2 (2C), 128.6, 128.3, 127.8, 127.1, 126.5,
126.3, 126.2, 126.1, 126.0, 125.7, 116.5, 107.7, 96.9, 80.1, 67.5, 52.1, 21.2, 19.8 (2C)

ppm.
HRMS (ESI) m/z: [M+H]" Calcd for C33H2002 457.2162; Found 457.2164

3-(6-(Furan-2-yl)-2-((2,4,6-trimethylbenzyl)oxy)naphthalen- 1-yl)prop-2-yn-1-ol (21)

OH
| | Me Me
X
Tk
o) 2|

The title compound was isolated as a yellowish solid (317 mg, 40%).

'"H NMR (400 MHz, Chloroform-d) § = 8.23 (d, J= 8.8 Hz, 1H), 8.08 (d, J= 1.8 Hz,
1H), 7.87-7.76 (m, 2H), 7.52 (d, /= 1.8 Hz, 1H), 7.37 (d, J=9.0 Hz, 1H), 6.92 (s, 2H),
6.75 (d, J = 3.3 Hz, 1H), 6.54-6.50 (m, 1H), 5.24 (s, 2H), 4.57 (s, 2H), 2.45 (s, 6H),
2.31 (s, 3H) ppm.

I3C NMR (101 MHz, Chloroform-d) = 159.1, 154.0, 142.3, 138.5, 138.4 (2C), 133.9,
130.5, 129.9,129.2 (2C), 129.1, 127.2,126.0, 123.9, 122.3, 116.5, 111.9, 107.8, 105.5,
96.8, 80.1, 67.4,52.1,21.2, 19.8 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Calcd for C27H2403Na 419.1618; Found 419.1612

Procedure for Preparation of 2b and 2s

OH
| | Me Me
R O\;Q/ PhMgBr (4.0 equiv) \;Q/
THF, 0 °C - rt
Me
R =CO,Me R =— <_ph

2m or 2t 2b or Zs
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To a stirred solution of 2m or 2t (388 mg, 1 mmol, 1 equiv) in anhydrous THF (4 mL)
was added PhMgBr (1.4 mL, 2.8 M in THF, 4 mmol, 4 equiv) dropwise at 0 °C. After
stirring for 20 min, the reaction mixture was heated to 40 °C in an oil bath. The resulting
mixture was stirred for 4 hours and then quenched by saturated aqueous NH4Cl solution
(5 mL). The organic phase was extracted with ethyl acetate (20 mL % 3). The combined
organic layers were washed with brine, dried over MgSOy, filtered, and concentrated
under vacuum to afford the crude products, which were further was purified by
chromatography on silica gel using petroleum ether/ethyl acetate (5:1) as the eluent to

afford the corresponding products.

3-(6-(Hydroxydiphenylmethyl)-2-((2,4, 6-trimethylbenzyl)oxy)naphthalen-1-yl)prop-2-
yn-1-ol (2b)

OH

| | Me Me
Y
o, L
HO Ph

Me

The title compound was isolated as a white solid (0.38 g, 75%).

'"H NMR (400 MHz, Chloroform-d) § = 8.17-8.15 (m, 1H), 7.74-7.67 (m, 1H), 7.65
(d, /=109 Hz, 1H), 7.47 (dd, J = 8.9, 2.0 Hz, 1H), 7.34-7.27 (m, 11H), 6.90 (s, 2H),
5.22 (s, 2H), 4.52 (s, 2H), 2.89 (s, 1H), 2.42 (s, 6H), 2.29 (s, 3H) ppm.

13C NMR (126 MHz, Chloroform-d) 5 = 159.3, 146.8 (2C), 143.0, 138.5, 138.4 (2C),
133.8,130.8,129.9, 129.2 (2C), 128.4, 128.2 (4C), 128.1 (4C), 128.0, 127.5 (2C), 126.7,
125.3,116.2, 107.6, 96.8, 82.2, 80.2, 67.5, 52.1, 21.2, 19.8 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C3¢H3203Na 535.2244; Found 535.2247
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3-(5-(Hydroxydiphenylmethyl)-2-((2,4,6-trimethylbenzyl)oxy)naphthalen-1-yl)prop-2-
yn-1-ol (2s)

OH
|| Me Me
co ;

The title compound was isolated as a white solid (0.32 g, 63%).

'"H NMR (400 MHz, Chloroform-d) 5 = 8.29-8.25 (m, 1H), 8.19 (dd, J = 9.6, 0.8 Hz,
1H), 7.36-7.24 (m, 11H), 7.13 (d, J=9.7 Hz, 1H), 6.89 (s, 2H), 6.74 (dd, /= 7.3, 1.2
Hz, 1H), 5.11 (s, 2H), 4.54 (s, 2H), 3.41 (s, 1H), 2.39 (s, 6H), 2.29 (s, 3H) ppm.

13C NMR (101 MHz, Chloroform-d) 5 = 158.3, 147.0 (2C), 142.5, 138.4, 138.3 (2C),
136.4,130.9,129.8, 129.2 (2C), 128.2 (4C), 127.8 (4C), 127.4 (2C), 127.1,126.9, 126.7,
125.8,114.8, 107.7, 96.7, 83.4, 80.5, 67.0, 52.2, 21.2, 19.8 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C3¢H3203Na 535.2244; Found 535.2247

Procedure for Preparation of 2u and 2v

OH
| | Me Me
o NaH (2.0 equiv)
+ RX —mm8M >
Me THF, rt, 12h
2a

2u, R = Me
2v,R =Bn

Compound 2a (330 mg, 1 mmol, 1.0 equiv) was dissolved in 4 mL of anhydrous THF
and treated with NaH (60% dispersion in mineral oil, 80 mg, 2.0 mmol, 2.0 equiv).
After no more hydrogen evolved, methyl iodide or benzyl bromide (2.0 mmol, 2.0 equiv)
was added dropwise through a syringe. The reaction mixture was stirred at room
temperature for 12 hours and subsequently quenched by adding saturated aqueous
NH4Cl solution (5 mL). The organic phase was extracted with ethyl acetate (20 mL X
3). The combined organic layers were washed with brine, dried over MgSQOg, filtered,

and concentrated under vacuum to afford the crude products, which were purified by
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chromatography on silica gel using petroleum ether/ethyl acetate (95:5) as the eluent to

afford the corresponding products.

1-(3-Methoxyprop-1-yn-1-yl)-2-((2,4, 6-trimethylbenzyl)oxy)naphthalene (2u)

OMe
I ™e Me
A~ o LT
Me

The title compound was isolated as a white solid (0.31 g, 90%).
'"H NMR (400 MHz, Chloroform-d) § = 8.29 (d, J = 8.5 Hz, 1H), 7.87-7.79 (m, 2H),
7.60-7.53 (m, 1H), 7.46-7.36 (m, 2H), 6.92 (s, 2H), 5.27 (s, 2H), 4.47 (s, 2H), 3.39 (s,
3H), 2.47 (s, 6H), 2.32 (s, 3H) ppm.
13C NMR (101 MHz, Chloroform-d) § = 159.2, 138.26 (2C), 138.24, 134.7, 130.2,
130.0, 129.1 (2C), 129.0, 128.2, 127.4, 125.5, 124.5, 115.8, 107.7, 94.5, 81.2, 67.2,
60.8,57.4,21.2, 19.8 (2C) ppm.
HRMS (ESI) m/z: [M+Na]" Calcd for C24H2402Na 367.1669; Found 367.1668

1-(3-(Benzyloxy)prop-1-yn-1-yl)-2-((2,4,6-trimethylbenzyl)oxy)naphthalene (2v)

OBn
I ™e Me
A~ o LT
Me

The title compound was isolated as a white solid (0.35 g, 84%).
'"H NMR (400 MHz, Chloroform-d) 5 =8.19 (d, J= 8.4 Hz, 1H), 7.77 (d, J = 9.0 Hz,
1H), 7.73 (d, J = 8.2 Hz, 1H), 7.49-7.43 (m, 1H), 7.36-7.29 (m, 2H), 7.27-7.15 (m,
5H), 6.75 (s, 2H), 5.17 (s, 2H), 4.50 (s, 2H), 4.42 (s, 2H), 2.35 (s, 6H), 2.14 (s, 3H)
ppm.
13C NMR (101 MHz, Chloroform-d) 5 = 159.3, 138.3, 138.2 (2C), 137.7, 134.7, 130.2,
129.9, 129.2 (2C), 128.9, 128.5 (2C), 128.4 (20), 128.2, 127.8, 127.4, 125.5, 124.5,
115.4,107.4,94.6, 81.3,71.0, 67.0, 58.0, 21.2, 19.8 (2C) ppm.
HRMS (ESI) m/z: [M+H]" Calcd for C30H2002 421.2162; Found 421.2160
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Procedure for Preparation of 2w

OH OTBS
- we Me | me Me
O\;Q/ imidazole (2.0 equiv) O\/\Q/
COTL CC
Me CH,Cly, rt, 4h Me
2a 2w

The alkyne 2a (330 mg, 1.0 mmol, 1.0 equiv) in dry DCM (4 mL) followed by
imidazole (136 mg, 2.0 mmol, 2.0 equiv) and tert-butyldimethylsilyl chloride (181 mg,
1.2 mmol, 1.2 equiv). The reaction mixture was stirred at room temperature for 4 hours
and then quenched by saturated aqueous NH4Cl solution (5 mL). The organic phase
was extracted with ethyl acetate (20 mL x 3). The combined organic layer was washed
with brine, dried over MgSOys, filtered, and concentrated under vacuum to afford the
crude products, which was further purified through column chromatography (petroleum
ether/ethyl acetate 95:5) on silica gel, to afford fert-butyldimethyl((3-(2-((2,4,6-
trimethylbenzyl)oxy)naphthalen-1-yl)prop-2-yn-1-yl)oxy)silane (2w) as a reddish oil
(0.36 g, 82%)).

'"H NMR (400 MHz, Chloroform-d) § = 8.31 (d, /= 9.2 Hz, 1H), 7.73-7.66 (m, 2H),
7.58-7.52 (m, 1H), 7.45-7.34 (m, 2H), 6.92 (s, 2H), 5.25 (s, 2H), 4.69 (s, 2H), 2.46 (s,
6H), 2.32 (s, 3H), 0.93 (s, 9H), 0.12 (s, 6H) ppm.

13C NMR (101 MHz, Chloroform-d) § = 159.0, 138.4 (2C), 138.2, 134.9, 130.03,
130.00, 129.2 (2C), 129.0, 128.1, 127.2, 125.6, 124.5, 115.9, 107.8, 97.4, 79.3, 67.2,
52.8,25.9 (3C), 21.2,19.9 (2C), 18.4, 5.0 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Calcd for C20H3602SiNa 467.2377; Found 467.2373
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Procedure for Preparation of 2ac

CHO

¢HO oy 1-Ti0.DMAP, DCM,0°C-rt 4h Ph
2. Ph-B(OH),, Pd(PPhy)s, Na,CO;3 OO

toluene/EtOH/H,0, reflux, 8 h

Br
c e BuLi, DMF || NaBH,, MeOH
Br4, PPh n- a e
ra, 3 Ph U | Ph 4 Ph
DCM, 0 °C OO -78 °C - -30 °C rt, 30 min
30 min

S6

Step 1: A mixture of 2-hydroxy-1-naphthaldehyde (860 mg, 5.0 mmol, 1.0 equiv) and
DMAP (1.22 g, 10.0 mmol, 2.0 equiv) in anhydrous DCM (30 mL) was cooled to 0 °C.
Next, the solution of trifluoromethanesulfonic anhydride (1.83 g, 6.5 mmol, 1.3 equiv)
in 10 mL andydours DCM was slowly added to the reaction mixture. After stirring for
30 min at 0 °C, the resulting mixture was allowed to warm to room temperature. After
stirring for 8 h, the reaction was quenched with distilled water (50 mL) at 0 °C followed
by extraction with DCM (3%30 mL). The combined organic layers were washed with
IN HCI (3%30 mL), brine (3x30 mL), dried over MgSOQsa, filtered, and concentrated
under reduced pressure. The resulting crude yellow oil S5 in 4.0 mL toluene was
transferred to an 100 mL flask, phenylboronic acid (5.0 mmol, 1.0 equiv), Pd(PPhs)4
(173 mg, 0.15 mmol, 0.03 equiv), which was charged with NaxCO3 (1.06 g, 10 mmol,
2.0 equiv), toluene (21.0 mL), ethanol (14.0 mL), and H>O (14.0 mL). The resultant
mixture was vigorously stirred at 90 °C for 8 h. Subsequently, the mixture was poured
into brine (30 mL) and extracted with ethyl acetate. The combined organic layers were
dried over Na»SOs4, filtered, and concentrated. The residue was purified by
chromatography on silica gel using petroleum ether/ethyl acetate (95:5) as the eluent to

afford the corresponding product S6 as a white solid (0.75 g, 72%).

Step 2: To a solution of S6 (0.75 g, 3.2 mmol, 1.0 equiv) in DCM (50 mL) were added
PPh; (4.2 g, 16 mmol, 5.0 equiv), and CBr4 (2.6 g, 8 mmol, 2.5 equiv) at 0 °C slowly.
After stirring for 30 min, half of the solvent was evaporated. Next, petroleum ether :
ethyl acetate (50 mL, 1:1) was added to the mixture, which was filtered through a pad

of silica gel, and washed with petroleum ether : ethyl acetate (1:1). The filtrate was
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evaporated and the residue was purified by chromatography on silica gel using
petroleum ether/ethyl acetate (95:5) as the eluent to afford the corresponding product

S7 (1.1 g, 90%).

Step 3: To the solution of compound S7 (1.1g, 2.8 mmol, 1.0 equiv) in THF (30 mL)
was added nBuLi in hexane (2.5 mL, 6.2 mmol, 2.5 M, 2.2 equiv) at =78 °C under N».
Subsequently, the reaction was warmed to —30 °C and stirred for 1 h before the addition
of DMF (0.41 g, 5.6 mmol, 2.0 equiv). The reaction was warmed to room temperature
and stirred for another 2 h, before it was quenched by addition of saturated aqueous
NH4Cl. The reaction mixture was extracted with ethyl acetate (3x30 mL) and the
combined oraganic layers were washed with brine, dried over sodium sulfate, and
filtered. The filtrate was concentrated and the residue was purified by chromatography
on silica gel using petroleum ether/ethyl acetate (95:5) as the eluent to afford the

corresponding product S8 (0.64 g, 89%).

Step 4: To a stirred solution of S8 (0.64 g, 2.5 mmol, 1.0 equiv) in methanol (10 ml),
NaBH4 (0.19 g, 5 mmol, 2.0 equiv) was added at room temeprature and the resultant
mixture was stirred for 30 min. After neutralization with 10% aqueous hydrochloric
acid, the solution was extracted with CH2C1: for 2 times. The combined organic layers
were dried over Na,SOg, filtered, and concentrated under reduced pressure. The residue
was purified by chromatography on silica gel using petroleum ether/ethyl acetate (5:1)
as the eluent to afford the corresponding product 3-(2-phenylnaphthalen-1-yl)prop-2-
yn-1-ol (2ac) as a white solid (0.62 g, 48% over 4 steps).

'"H NMR (400 MHz, Chloroform-d) 5 = 8.48 (d, J= 8.4 Hz, 1H), 7.88 (d, J= 8.3 Hz,
2H), 7.74-7.67 (m, 2H), 7.65-7.59 (m, 1H), 7.58-7.45 (m, 4H), 7.45-7.37 (m, 1H),
4.49 (d, J=4.6 Hz, 2H) ppm.

13C NMR (101 MHz, Chloroform-d) 5= 142.8, 141.1, 133.8, 132.2, 129.8 (2C), 128.8,
128.2, 128.1 (20), 127.7, 127.5, 127.3, 126.7, 126.5, 117.7, 95.5, 83.4, 51.9 ppm.
HRMS (ESI) m/z: [M+H]" Calcd for Ci9H50 259.1117; Found 259.1130
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III. Standard Procedures for Nickel-Catalyzed Asymmetric [2+4]

Annulation

Ph
— O
A
R® O_<\ j |
N N7 pp R2
R! Il L9 (20 mol %) O
| R5
4

|\\ R NiBr,ediglyme (15 mol %) R
— + R . S
~ Zn (1.5 equiv), DMA, 40°C, 24 h R —C
R? N
1 2 3

NiBr2ediglyme (5.3 mg, 0.015 mmol, 15 mol%), (4S,5R)-4,5-diphenyl-2-(pyridin-2-yl)-
4,5-dihydrooxazole (L9) (6.0 mg, 0.02 mmol, 20 mol% ), Zn (9.7 mg, 0.15 mmol, 1.5
equiv), the olefin-tethered aryl iodides 1 (0.1 mmol, 1.0 equiv), and the alkynes 2 (0.2
mmol, 2.0 equiv) were placed in a Schlenk tube equipped with a stir bar. Subsequently,
the Schlenk tube was evacuated and filled with nitrogen (three cycles). To this mixture,
0.5 mL anhydrous DMA was added subsequently under nitrogen atmosphere. The
reaction mixture was stirred at 40 °C for 24 hours, before it was quenched by successive
addition of water (3 mL) and saturated aqueous solution of NH4CI (3 mL). The aqueous
phase was extracted with ethyl acetate (3 X 4 mL), and the combined organic phases
were dried over Na;SOu, filtered, and concentrated in vacuo. The crude material was
purified through column chromatography on silica gel (petroleum ether/ethyl acetate)

to afford the products 3.

(R)-(4'-Methyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2"-binaphthalen]-1'-yl)methanol (3aa)

Me ‘
O OH

o

Ar = 2,4,6-Me3CgH,
The title compound was isolated as a white solid (39.9 mg, 90%, 91% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).
'H NMR (400 MHz, Chloroform-d) 6 = 8.42-8.35 (m, 1H), 8.16-8.09 (m, 1H), 7.98
(d, J=8.9 Hz, 1H), 7.92 (d, J = 8.1 Hz, 1H), 7.69-7.63 (m, 2H), 7.60 (d, J = 8.9 Hz,
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1H), 7.48-7.33 (m, 3H), 7.07 (s, 1H), 6.67 (s, 2H), 5.07 (d, J = 10.7 Hz, 1H), 4.94 (dd,
J=12.0,2.2 Hz, 1H), 4.87 (d, J=10.6 Hz, 1H), 4.49 (d, J = 12.1 Hz, 1H), 2.80-2.70
(m, 1H), 2.71 (s, 3H), 2.20 (s, 3H), 1.92 (s, 6H) ppm.

13C NMR (101 MHz, Chloroform-d) § = 153.5, 138.20, 138.18 (2C), 134.3, 134.1,
133.8, 132.9, 132.8, 132.7, 130.4, 129.63, 129.59, 129.3, 129.0 (2C), 128.2, 128.1,
126.6,126.4, 126.1, 125.8, 125.6, 124.7, 124.5, 119.0, 69.0, 60.6, 21.1, 19.7, 19.0 (2C)
ppm.

HRMS (ESI) m/z: [M+Na]" Calcd for C3;H3002Na 469.2138; Found 469.2133
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 8.4 (major), 12.0 (minor)

(R)-(4"-Ethyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2'-binaphthalen]-1'-yl)methanol (3ba)

Et ‘
(o

l ! O _Ar

Ar = 2,4,6-Me;CgH,
The title compound was isolated as a white solid (36 mg, 78%, 92% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).
'"H NMR (400 MHz, Chloroform-d) 6 = 8.39-8.32 (m, 1H), 8.20-8.12 (m, 1H), 7.96
(d, J=8.9 Hz, 1H), 7.90 (d, J = 8.1 Hz, 1H), 7.63-7.58 (m, 2H), 7.56 (d, J = 8.9 Hz,
1H), 7.45-7.40 (m, 1H), 7.40-7.29 (m, 2H), 7.14 (s, 1H), 6.64 (s, 2H), 5.04 (d, /= 10.5
Hz, 1H), 4.90 (dd, /= 12.0, 10.5 Hz, 1H), 4.79 (d, /= 10.4 Hz, 1H), 4.46 (dd, J=12.2,
2.2 Hz, 1H), 3.12 (q, J = 7.5 Hz, 2H), 2.78-2.72 (m, 1H), 2.16 (s, 3H), 1.90 (s, 6H),
1.35 (t, J=7.5 Hz, 3H) ppm.
I3C NMR (101 MHz, Chloroform-d) = 153.5, 140.4, 138.3,138.2 (2C), 134.1, 133.9,
132.99, 132.96, 132.0, 130.5, 129.6, 129.3, 129.0 (2C), 128.2, 128.1, 128.0, 126.6,
126.3, 126.1, 125.8 (2C), 124.7, 124.1, 118.9, 68.9, 60.6, 26.1, 21.1, 19.1 (2C), 15.2
ppm.
HRMS (ESI) m/z: [M+Na]" Caled for C33H320,Na 483.2295; Found 483.2306

HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow
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rate = 0.5 mL/min): tr = 7.8 (major), 11.0 (minor)

(R)-(4'-Propyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2'-binaphthalen]-1'"-yl)methanol (3ca)

n-Pr ‘
(o

oohe

Ar = 2,4,6-Me3CgH,
The title compound was isolated as a white solid (37 mg, 79%, 92% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'H NMR (400 MHz, Chloroform-d) & = 8.42-8.34 (m, 1H), 8.20-8.12 (m, 1H), 7.97
(d, /=9.0 Hz, 1H), 7.91 (d, J = 8.1 Hz, 1H), 7.65-7.59 (m, 2H), 7.56 (d, J = 9.0 Hz,
1H), 7.47-7.30 (m, 3H), 7.15 (s, 1H), 6.66 (s, 2H), 5.05 (d, /= 10.4 Hz, 1H), 4.92 (dd,
J=12.1,10.5 Hz, 1H), 4.81 (d,/J=10.4 Hz, 1H), 4.48 (dd, /= 12.1, 2.1 Hz, 1H), 3.14—
3.29 (m, 2H), 2.81-2.73 (m, 1H), 2.18 (s, 3H), 1.92 (s, 6H), 1.80 (h, J = 7.2 Hz, 2H),
1.03 (t, J=7.3 Hz, 3H) ppm.

13C NMR (101 MHz, Chloroform-d) 3 = 153.5, 138.8, 138.3,138.2 (2C), 134.2, 133.9,
133.1,132.8,132.2, 130.5, 129.6, 129.3, 129.14, 129.05 (2C), 128.1 (2C), 126.6, 126.3,
126.1, 125.8, 125.7, 124.7, 124.3, 118.8, 68.9, 60.7, 35.3, 24.0, 21.1, 19.1 (2C), 14.4
ppm.

HRMS (ESI) m/z: [M+Na]* Calcd for C34H340:Na 497.2451; Found 497.2458
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 7.7 (major), 9.6 (minor)

(R)-(4"-Isopropyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2"-binaphthalen]-1'-yl)methanol
(3da)

Ar = 2,4,6-M83CGH2
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The title compound was isolated as a white solid (24 mg, 52%, 91% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (400 MHz, Chloroform-d) § = 8.41-8.34 (m, 1H), 8.29-8.22 (m, 1H), 7.97
(d, J=9.0 Hz, 1H), 7.91 (d, J = 8.1 Hz, 1H), 7.64-7.59 (m, 2H), 7.56 (d, J = 8.9 Hz,
1H), 7.46-7.40 (m, 1H), 7.38-7.34 (m, 2H), 7.32 (s, 1H), 6.67 (s, 2H), 5.06 (d, J=10.2
Hz, 1H), 4.91 (t,J=11.1 Hz, 1H), 4.74 (d, /= 10.2 Hz, 1H), 4.47 (d, /= 12.0 Hz, 1H),
3.92-3.79 (m, 1H), 2.74-2.66 (m, 1H), 2.16 (s, 3H), 1.94 (s, 6H), 1.42 (d, J = 6.8 Hz,
3H), 1.35 (d, J= 6.8 Hz, 3H) ppm.

I3C NMR (101 MHz, Chloroform-d) 5 =153.6, 144.8, 138.4, 138.1 (2C), 134.0, 133.1,
132.9,131.6, 130.5, 129.6, 129.3, 129.1 (3C), 128.2, 128.1, 126.7, 126.2, 126.1, 125.9,
125.8,125.1, 124.7, 123.7, 118.6, 68.8, 60.7, 28.6, 23.9, 23.6, 21.1, 19.1 (2C) ppm.
HRMS (ESI) m/z: [M+Na]" Calcd for C34H340:Na 497.2451; Found 497.2450
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 7.7 (major), 10.1 (minor)

(R)-(4"-Cyclopentyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2'-binaphthalen]-1'-yl)methanol

(3ea)
Q0
. g

Sohe

Ar = 2,4,6-Me3CqH,

The title compound was isolated as a white solid (21 mg, 42%, 87% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (400 MHz, Chloroform-d) § = 8.30-8.30 (m, 1H), 8.28-8.21 (m, 1H), 7.93
(d, J=9.0 Hz, 1H), 7.88 (d, J = 8.1 Hz, 1H), 7.60-7.55 (m, 2H), 7.52 (d, J = 8.9 Hz,
1H), 7.42-7.37 (m, 1H), 7.35-7.29 (m, 2H), 7.23 (s, 1H), 6.63 (s, 2H), 5.00 (d, J=10.2
Hz, 1H), 4.87 (t,J=11.2 Hz, 1H), 4.72 (d, /= 10.3 Hz, 1H), 4.43 (d, /= 12.0 Hz, 1H),
3.84-3.72 (m, 1H), 2.72-2.65 (m, 1H), 2.34-2.07 (m, 4H), 2.08 (s, 3H), 1.89 (s, 6H),
1.82-1.67 (m, 4H) ppm.
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I3C NMR (101 MHz, Chloroform-d) § =152.4,141.2,137.2,137.0 (2C), 132.8, 132.7,
131.9, 131.6, 131.3,129.3, 128.4, 128.1, 127.9 (2C), 127.1, 127.0, 125.5, 125.0, 124.9,
124.6,124.5,124.2,123.5,123.2,117.5,67.7,59.5,40.0,32.7,32.5,24.23, 24.21, 19.9,
17.9 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C3sH3602Na 523.2608; Found 523.2607
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 7.5 (major), 9.7 (minor)

(R)-(4'-Phenyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2"-binaphthalen]-1'-yl)methanol (3fa)

Ph ‘
(o

E O O\/Ar

Ar = 2,4,6-Me3C6H2

The title compound was isolated as a white solid (29 mg, 57%, 76% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (400 MHz, Chloroform-d) § = 8.41 (d, J= 8.5 Hz, 1H), 8.05 (d, J=7.9 Hz,
1H), 7.97 (d, J = 8.9 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.66—-7.33 (m, 11H), 7.29 (s,
1H), 6.66 (s, 2H), 5.09 (d, J=10.3 Hz, 1H), 4.97 (t, J=11.2 Hz, 1H), 4.84 (d,/=10.4
Hz, 1H), 4.54 (dd, J=12.1, 2.1 Hz, 1H), 2.82-2.74 (m, 1H), 2.14 (s, 3H), 1.95 (s, 6H)
ppm.

I3C NMR (101 MHz, Chloroform-d) 3 = 153.6, 140.6, 140.4, 138.4, 138.1 (2C), 135.5,
133.9, 133.1, 132.8, 131.8, 130.5, 130.3 (2C), 130.0, 129.8, 129.2, 129.1 (2C), 128.4
(20), 128.2,127.7,127.5, 126.8, 126.7, 126.6, 126.1, 126.0, 125.4, 124.7, 118.7, 69.0,
60.7,21.1, 19.1 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C37H320,Na 531.2295; Found 531.2297
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 8.0 (major), 11.3 (minor)
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(R)-(4'-Methyl-6"-phenyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2'-binaphthalen]-1'-
vl)methanol (3ga)

Ph

Me ‘
(Lo

o

Ar = 2,4,6-Me3CqH,

The title compound was isolated as a white solid (49 mg, 98%, 90% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (400 MHz, Chloroform-d) 5 = 8.42 (d, J= 8.7 Hz, 1H), 8.28 (d, J= 1.8 Hz,
1H), 7.96 (d, J = 9.0 Hz, 1H), 7.92-7.87 (m, 2H), 7.85-7.80 (m, 2H), 7.61-7.48 (m,
3H), 7.46-7.40 (m, 2H), 7.38-7.31 (m, 2H), 7.07 (d, /= 1.1 Hz, 1H), 6.65 (s, 2H), 5.07
(d, J=10.6 Hz, 1H), 4.92 (t, /= 10.8 Hz, 1H), 4.87 (d, /= 10.6 Hz, 1H), 4.48 (d, J =
12.1 Hz, 1H), 2.80-2.73 (m, 1H), 2.72 (s, 3H), 2.18 (s, 3H), 1.92 (s, 6H) ppm.

I3C NMR (101 MHz, Chloroform-d) 3 = 153.5, 141.6, 138.4, 138.3, 138.2 (2C), 134.6,
134.1,133.9,133.1, 133.0, 131.9, 130.5, 130.1, 129.7, 129.3, 129.1 (4C), 128.2, 128.1,
127.7 (2C), 127.5, 126.7, 126.2, 126.1, 126.0, 124.7, 122.6, 118.9, 69.0, 60.6, 21.1,
19.8, 19.1 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Calcd for C3sH3402Na 545.2451; Found 545.2444
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 9.50 (major), 12.6 (minor)

(R)-(6"-(Furan-2-yl)-4'-methyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2'-binaphthalen]-1'-
vl)methanol (3ha)

Me

oz
OH
l l O _Ar
Ar = 2,4,6-M9306H2
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The title compound was isolated as a white solid (44 mg, 86%, 91% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (500 MHz, Chloroform-d) 5 = 8.38 (d, /= 1.8 Hz, 1H), 8.34 (d, J = 8.8 Hz,
1H), 7.96 (d, J = 9.0 Hz, 1H), 7.93-7.84 (m, 2H), 7.61-7.50 (m, 2H), 7.45-7.40 (m,
1H), 7.40-7.31 (m, 2H), 7.03 (s, 1H), 6.86 (d, J = 3.3 Hz, 1H), 6.63 (s, 2H), 6.58 (dd,
J=3.3,1.8 Hz, 1H), 5.04 (d, /= 10.7 Hz, 1H), 4.924.81 (m, 2H), 4.43 (dd, J=12.2,
2.0 Hz, 1H), 2.80-2.75 (m, 1H), 2.72 (s, 3H), 2.17 (s, 3H), 1.88 (s, 6H) ppm.

13C NMR (126 MHz, Chloroform-d) 3 = 154.5, 153.5, 142.5, 138.3, 138.2 (2C), 134.6,
134.2, 133.8, 132.99, 132.97, 132.0, 130.5, 130.2, 129.7, 129.3, 129.0 (2C), 128.3,
128.2,128.0, 126.7,126.17, 126.15, 124.8,122.8,119.2, 118.8, 112.1, 105.9, 69.1, 60.6,
21.1,19.8, 19.1 (2C) ppm.

HRMS (ESI) m/z: [M+H]" Calcd for C36H3303Na 513.2424; Found 513.2414
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 9.7 (major), 15.4 (minor)

(R)-(4'-Methyl-6'-(thiophen-2-yl)-2-((2,4,6-trimethylbenzyl)oxy)-[1,2"-binaphthalen]-
1"-yl)methanol (3ia)

S

Me
O OH
l ! O\/Ar

Ar = 2,4,6-Me3CgH,

The title compound was isolated as a white solid (48 mg, 92%, 90% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (500 MHz, Chloroform-d) § = 8.35 (d, J = 8.8 Hz, 1H), 8.29 (d, J = 2.0 Hz,
1H), 7.97 (d, J=9.0 Hz, 1H), 7.93-7.86 (m, 2H), 7.58 (d, /= 8.9 Hz, 1H), 7.53 (d, J =
3.5 Hz, 1H), 7.45-7.33 (m, 4H), 7.19 (dd, J = 5.2, 3.6 Hz, 1H), 7.05 (s, 1H), 6.65 (s,
2H), 5.06 (d, J = 10.7 Hz, 1H), 4.93-4.82 (m, 2H), 4.45 (dd, J = 12.2, 2.4 Hz, 1H),
2.80-2.74 (m, 1H), 2.72 (s, 3H), 2.18 (s, 3H), 1.91 (s, 6H) ppm.
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13C NMR (126 MHz, Chloroform-d) 5 = 153.5, 144.9, 138.3,138.2 (2C), 134.4, 134.2,
133.8, 133.1, 133.0, 132.0, 131.7, 130.5, 130.3, 129.7, 129.2, 129.0 (2C), 128.4, 128.2,
128.0, 126.7, 126.4, 126.1, 125.3, 124.83, 124.75, 123.7, 121.0, 119.0, 69.0, 60.6, 21.1,
19.8, 19.1 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C36H32SO>Na 551.2015; Found 551.2031
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 10.7 (major), 16.7 (minor)

(R)-(6"-Chloro-4'-methyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2'-binaphthalen]-1'-

yl)methanol (3ja)

Ar = 2,4,6-Me;CgH,
The title compound was isolated as a white solid (31 mg, 65%, 88% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (400 MHz, Chloroform-d) 5 = 8.28 (d, J= 9.0 Hz, 1H), 8.06 (d, J=2.2 Hz,
1H), 7.97 (d, J = 8.9 Hz, 1H), 7.90 (d, J = 8.1 Hz, 1H), 7.62-7.51 (m, 2H), 7.46-7.40
(m, 1H), 7.38-7.30 (m, 2H), 7.04 (s, 1H), 6.65 (s, 2H), 5.06 (d, /= 10.7 Hz, 1H), 4.88—
4.79 (m, 2H), 4.43 (d, J = 13.0 Hz, 1H), 2.77-2.70 (m, 1H), 2.63 (s, 3H), 2.18 (s, 3H),
1.88 (s, 6H) ppm.

13C NMR (101 MHz, Chloroform-d) § = 153.4, 138.3, 138.2 (2C), 134.3, 133.73,
133.70,133.5,133.2,131.9,131.1, 130.7, 130.4, 129.8, 129.2, 129.0 (2C), 128.2, 127.7,
127.5,127.1, 126.7, 126.0, 124.8, 123.6, 118.9, 69.0, 60.5, 21.1, 19.6, 19.1 (2C) ppm.
HRMS (ESI) m/z: [M+Na]" Calcd for C32H20C1O2Na 503.1748; Found 503.1743
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 8.7 (major), 13.8 (minor)
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(R)-(7"-Chloro-4'-methyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2'-binaphthalen]-1'-
vl)methanol (3ka)

Cl
Me ‘
O OH

OO O\/Ar

Ar = 2,4,6-Me3CqH,
The title compound was isolated as a white solid (27 mg, 57%, 84% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).
'"H NMR (400 MHz, Chloroform-d) 5 = 8.32 (d, J= 2.1 Hz, 1H), 8.01 (d, J= 8.9 Hz,
1H), 7.96 (d, J = 8.7 Hz, 1H), 7.92-7.87 (m, 1H), 7.60-7.51 (m, 2H), 7.44-7.39 (m,
1H), 7.36-7.27 (m, 2H), 7.00 (d, J = 1.0 Hz, 1H), 6.64 (s, 2H), 5.06 (d, J = 10.7 Hz,
1H), 4.89—4.74 (m, 2H), 4.42 (dd, J = 12.3, 2.0 Hz, 1H), 2.70-2.62 (m, 4H), 2.18 (s,
3H), 1.89 (s, 6H) ppm.
I3C NMR (101 MHz, Chloroform-d) 5=153.4,138.3,138.2 (2C), 134.4,134.2, 133.7,
133.6, 132.5, 131.1, 130.4, 129.93, 129.85, 129.2, 129.1 (3C), 128.2, 127.7, 126.8,
126.6, 126.2, 125.9, 124.78, 124.76, 118.9, 69.0, 60.5, 21.1, 19.7, 19.1 (2C) ppm.
HRMS (ESI) m/z: [M+Na]" Calcd for C3,H29C102Na 503.1748; Found 503.1747
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow
rate = 0.5 mL/min): tr = 8.3 (major), 13.2 (minor)

(R)-(4',7"-Dimethyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2"-binaphthalen]-1'-yl)methanol

(3la)
Me
wo L]
(o

OO O\/AI'

Ar = 2,4,6-Me3CqH,
The title compound was isolated as a white solid (32 mg, 70%, 83% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'H NMR (400 MHz, Chloroform-d) § = 8.14 (s, 1H), 8.01 (d, J = 8.5 Hz, 1H), 7.96
(d, J=8.9 Hz, 1H), 7.90 (d, J = 8.1 Hz, 1H), 7.57 (d, J = 8.9 Hz, 1H), 7.49-7.39 (m,

2H), 7.38-7.30 (m, 2H), 6.99 (s, 1H), 6.66 (s, 2H), 5.05 (d, J= 10.6 Hz, 1H), 4.96-4.83
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(m, 2H), 4.45 (dd, J=12.1, 2.0 Hz, 1H), 2.79-2.73 (m, 1H), 2.67 (s, 3H), 2.61 (s, 3H),
2.19 (s, 3H), 1.92 (s, 6H) ppm.

13C NMR (101 MHz, Chloroform-d) § = 153.5, 138.23 (2C), 138.18, 136.0, 134.2,
133.9, 133.5,133.1, 132.8, 131.0, 130.5, 129.5, 129.3, 129.0 (2C), 128.8, 128.5, 128.1,
128.0, 126.6, 126.2, 124.7, 124.6, 124.4, 119.1, 69.0, 60.6, 22.2, 21.1, 19.7, 19.1 (2C)
ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C33H320,Na 483.2295; Found 483.2304
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 8.2 (major), 12.4 (minor)

(R)-(4'-Methyl-7'-phenyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2'-binaphthalen]-1"-
yl)methanol (3ma)

Ph
Me ‘
O on

OO O\/AI’

Ar = 2,4,6-Me3CqH,
The title compound was isolated as a white solid (35 mg, 67%, 76% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (400 MHz, Chloroform-d) 5 = 8.55 (d, J= 1.8 Hz, 1H), 8.17 (d, J= 8.7 Hz,
1H), 7.96 (d, J = 8.9 Hz, 1H), 7.93-7.86 (m, 2H), 7.83-7.77 (m, 2H), 7.57 (d, J = 8.9
Hz, 1H), 7.53-7.47 (m, 2H), 7.45-7.30 (m, 4H), 7.03 (s, 1H), 6.65 (s, 2H), 5.06 (d, J =
10.7 Hz, 1H), 5.01-4.92 (m, 1H), 4.88 (d, /= 10.6 Hz, 1H), 4.49 (dd, J=12.1, 2.2 Hz,
1H), 2.74-2.67 (m, 1H), 2.70 (s, 3H), 2.18 (s, 3H), 1.92 (s, 6H) ppm.

13C NMR (101 MHz, Chloroform-d) = 153.5, 141.4, 138.9, 138.24 (2C), 138.23,
134.4, 134.2, 133.8, 133.5, 133.0, 132.0, 130.4, 129.69, 129.66, 129.3, 129.0 (2C),
128.9 (2C), 128.13, 128.11, 127.8, 127.5 (2C), 126.7, 126.1, 125.4, 125.1, 124.7, 123.7,
118.9, 68.9, 60.6, 21.1, 19.7, 19.1 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Calcd for C3gH3402Na 545.2451; Found 545.2453
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 11.0 (major), 13.7 (minor)
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(R)-(7"-Methoxy-4'-methyl-2-((2,4,6-trimethylbenzyl)oxy)-[ 1,2'-binaphthalen]-1'-

vl)methanol (3na)

OMe
Me ‘
O OH

OO O\/Ar

Ar = 2,4,6-Me3CqH,
The title compound was isolated as a white solid (36 mg, 75%, 80% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).
'H NMR (400 MHz, Chloroform-d) 3 = 8.01 (d, J/=9.2 Hz, 1H), 7.95 (d, J= 9.0 Hz,
1H), 7.89 (d, J= 8.1 Hz, 1H), 7.63 (d, /= 2.6 Hz, 1H), 7.56 (d, /= 8.9 Hz, 1H), 7.45—
7.39 (m, 1H), 7.39-7.28 (m, 3H), 6.91 (s, 1H), 6.66 (s, 2H), 5.02 (d, J = 10.7 Hz, 1H),
4.88-4.78 (m, 2H), 4.44 (d, J=12.1 Hz, 1H), 3.98 (s, 3H), 2.69-2.65 (m,1H), 2.65 (s,
3H), 2.19 (s, 3H), 1.91 (s, 6H) ppm.
13C NMR (101 MHz, Chloroform-d) 3 = 158.0, 153.5, 138.3 (2C), 138.2, 134.3, 134.2,
133.9, 133.7, 133.1, 130.5, 129.5, 129.4, 129.0 (2C), 128.6, 128.2, 128.1, 127.6, 126.6,
126.2, 126.1, 124.7, 119.2, 118.1, 104.1, 69.1, 60.9, 55.5, 21.1, 19.7, 19.1 (2C) ppm.
HRMS (ESI) m/z: [M+Na]" Calcd for C33H3203Na 513.2400; Found 513.2378
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 8.7 (major), 14.0 (minor)

(R)-(4'-Methyl-7'-(trifluoromethyl)-2-((2,4, 6-trimethylbenzyl)oxy)-[ 1,2'-binaphth-
alen]-1"-yl)methanol (30a)

CF;
Me ‘
(o

Co

Ar = 2,4,6-M93C6H2
The title compound was isolated as a white solid (17 mg, 30%, 72% ee) through flash

chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).
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'H NMR (400 MHz, Chloroform-d) 5 = 8.79 (s, 1H), 8.35 (d, J = 8.8 Hz, 1H), 8.13
(d, J=9.0 Hz, 1H), 8.06 (d, J = 8.2 Hz, 1H), 7.95-7.90 (m, 1H), 7.74 (d, J = 8.9 Hz,
1H), 7.61-7.55 (m, 1H), 7.52-7.46 (m, 1H), 7.43-7.41 (m, 2H), 6.79 (s, 2H), 5.23 (d,
J=10.8 Hz, 1H), 5.07-4.96 (m, 2H), 4.62 (d, J=12.3 Hz, 1H), 2.86-2.78 (s, |H), 2.84
(s, 3H), 2.33 (s, 3H), 2.03 (s, 6H) ppm.

I3C NMR (101 MHz, Chloroform-d) 3 = 153.5, 138.3, 138.2 (2C), 135.2, 134.5, 134.4,
134.1, 133.7, 131.9, 131.7, 130.4, 130.0, 129.2, 129.1 (2C), 128.3, 128.1 (q, J = 32
Hz),127.3,126.8, 125.8, 125.6, 124.8, 123.5(q, J=4.5 Hz), 124.7 (q, /=274 Hz), 121.5

(q,J=3.0Hz), 118.7, 68.9, 60.3, 21.1, 19.7, 19.1 (2C) ppm.
19F NMR (376 MHz, Chloroform-d) 6 = —61.95 (s, 3F) ppm.
HRMS (ESI) m/z: [M+Na]" Calcd for C33H29F30,Na 537.2012; Found 537.2016

HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 7.5 (major), 10.7 (minor)

(R)-(1"-(Hydroxymethyl)-4"-methyl-2-((2,4, 6-trimethylbenzyl)oxy)-[1,2'-binaph-
thalen]-6-yl)diphenylmethanol (3ab)

Me ‘
O OH

O _Ar
Ph OO
HO Ph
Ar = 2,4,6-Me3CqH,

The title compound was isolated as a white solid (56 mg, 90%, 92% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (500 MHz, Chloroform-d) § = 8.36-8.30 (m, 1H), 8.11-8.05 (m, 1H), 7.85
(d, J=9.0 Hz, 1H), 7.77-7.73(m, 1H), 7.63-7.58 (m, 2H), 7.53 (d, J = 9.0 Hz, 1H),
7.38-7.29 (m, 12H), 7.04 (s, 1H), 6.64 (s, 2H), 5.03 (d, J=10.7 Hz, 1H), 4.90 (t, J =
10.9 Hz, 1H), 4.83 (d, /= 10.7 Hz, 1H), 4.45 (d, /= 12.1 Hz, 1H), 3.00 (s, 1H), 2.80—
2.72 (m, 1H), 2.67 (s, 3H), 2.18 (s, 3H), 1.89 (s, 6H) ppm.

13C NMR (126 MHz, Chloroform-d) 5 = 153.8, 146.77, 146.74, 143.1, 138.24, 138.18

(20),134.3,134.1,132.9, 132.81, 132.78, 132.7,130.1, 129.8, 129.6, 129.2, 129.0 (2C),
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128.14 (4C), 128.10 (4C), 128.0, 127.5 (2C), 127.0, 126.7, 126.4, 126.0, 125.8, 125.6,
124.5, 119.1, 82.2, 69.0, 60.6, 21.1, 19.7, 19.0 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C4sHa0O3Na 651.2870; Found 651.2871
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 13.4 (major), 26.0 (minor)

(R)-(4'-Methyl-6-phenyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2'-binaphthalen]-1'-

Me ‘
O OH

l l O _Ar
Ph

Ar = 2,4,6-Me3CeH2

vl)methanol (3ac)

The title compound was isolated as a white solid (49 mg, 95%, 90% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'H NMR (400 MHz, Chloroform-d) § = 8.42-8.35 (m, 1H), 8.17-8.08 (m, 2H), 8.03
(d,J=9.0 Hz, 1H), 7.74-7.69 (m, 2H), 7.67-7.59 (m, 4H), 7.52—7.47 (m, 2H), 7.44 (d,
J = 8.8 Hz, 1H), 7.42-7.36 (m, 1H), 7.08 (s, 1H), 6.66 (s, 2H), 5.07 (d, J = 10.6 Hz,
1H), 4.95 (t, J = 11.0 Hz, 1H), 4.88 (d, J = 10.6 Hz, 1H), 4.51 (d, J = 12.1 Hz, 1H),
2.84-2.76 (m, 1H), 2.71 (s, 3H), 2.19 (s, 3H), 1.91 (s, 6H) ppm.

13C NMR (101 MHz, Chloroform-d) 5 = 153.6, 140.9, 138.3,138.2 (2C), 137.5, 134.4,
134.2, 133.0, 132.8 (2C), 132.7, 130.7, 129.9, 129.6, 129.2, 129.03 (2C), 129.0 (2C),
128.2, 127.5, 127.4 (2C), 126.7, 126.4, 126.3, 126.0, 125.9, 125.6, 124.5, 119.5, 69.0,
60.6,21.1, 19.8, 19.1 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Calcd for C3sH340:Na 545.2451; Found 545.2462
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr=10.1 (major), 13.2 (minor)
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(R)-(6-(4-(tert-Butyl)phenyl)-4'"-methyl-2-((2,4, 6-trimethylbenzyl)oxy)-[1,2"-binaph-
thalen]-1"-yl)methanol (3ad)

Me ‘
(o

l l O\/Ar
t-Bu I

Ar = 2,4,6-Me3CGH2

The title compound was isolated as a white solid (49 mg, 85%, 89% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (500 MHz, Chloroform-d) & = 8.40-8.35 (m, 1H), 8.14-8.07 (m, 2H), 8.01
(d, J=9.0 Hz, 1H), 7.68-7.57 (m, 6H), 7.55-7.49 (m, 2H), 7.42 (d, J = 8.8 Hz, 1H),
7.08 (s, 1H), 6.65 (s, 2H), 5.05 (d, J=10.7 Hz, 1H), 4.94 (t, J=10.5 Hz, 1H), 4.87 (d,
J=10.7 Hz, 1H), 4.50 (d, J = 12.1 Hz, 1H), 2.81-2.74 (m, 1H), 2.70 (s, 3H), 2.19 (s,
3H), 1.91 (s, 6H), 1.39 (s, 9H) ppm.

13C NMR (126 MHz, Chloroform-d) § = 153.5, 150.5, 138.24, 138.22 (2C), 138.0,
137.4, 134.4, 134.2, 132.90, 132.88, 132.85, 132.7, 130.8, 129.9, 129.6, 129.3, 129.0
(20), 128.2, 127.1 (2C), 126.6, 126.4, 126.3, 126.0 (2C), 125.8, 125.7, 125.6, 124.5,
119.4, 69.1, 60.6, 34.7, 31.5 (3C), 21.1, 19.8, 19.1 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Calcd for C42H4202Na 601.3077; Found 601.3073
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 8.8 (major), 11.9 (minor)

(R)-(3-(1"-(Hydroxymethyl)-4'-methyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2'-binaph-

Me ‘
(o

Cor
HO O

Ar = 2,4,6-Me3C6H2

thalen]-6-yl)phenyl)methanol (3ae)
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The title compound was isolated as a white solid (39 mg, 75%, 90% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (2:1).

'"H NMR (400 MHz, Chloroform-d) § = 8.41-8.32 (m, 1H), 8.13-8.08 (m, 2H), 8.04—
7.97 (m, 1H), 7.72-7.70 (m, 1H), 7.65-7.57 (m, SH), 7.51-7.34 (m, 3H), 7.06 (d, J =
1.0 Hz, 1H), 6.65 (s, 2H), 5.06 (d, /= 10.7 Hz, 1H), 4.92 (t, /= 10.4 Hz, 1H), 4.86 (d,
J=10.6 Hz, 1H), 4.78 (s, 2H), 4.49 (d, J= 12.1 Hz, 1H), 2.80-2.72 (m, 1H), 2.69 (d, J
=1.0 Hz, 3H), 2.18 (s, 3H), 1.90 (s, 6H) ppm.

I3C NMR (101 MHz, Chloroform-d)  =153.7, 141.7,141.3,138.3, 138.2 (2C), 137.2,
134.5,134.2,133.1, 132.87, 132.85, 132.7, 130.7, 129.9, 129.6, 129.3 (2C), 129.1 (2C),
128.2, 126.74, 126.71, 126.5, 126.2, 126.05 (2C), 126.00, 125.9, 125.6, 124.5, 119.5,
69.0, 65.5, 60.6, 21.1, 19.7, 19.1 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C39H3603Na 575.2557; Found 575.2552
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 60/40, flow

rate = 0.5 mL/min): tr = 12.9 (major), 34.7 (minor)

(R)-(6-(4-Methoxyphenyl)-4'"-methyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2"-bina-

Me ‘
. g

Co

MeO Ar = 2,4,6-Me;CgH,

phthalen]-1'"-yl)methanol (3af)

The title compound was isolated as a white solid (44 mg, 85%, 90% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (400 MHz, Chloroform-d) § = 8.42-8.35 (m, 1H), 8.16-8.09 (m, 1H), 8.06
(d, J=1.9 Hz, 1H), 8.00 (d, J = 9.0 Hz, 1H), 7.70-7.55 (m, 6H), 7.42 (d, J = 8.8 Hz,
1H), 7.08 (s, 1H), 7.05-7.00 (m, 2H), 6.66 (s, 2H), 5.06 (d, /= 10.7 Hz, 1H), 5.00—4.90
(m, 1H), 4.87 (d, J=10.6 Hz, 1H), 4.51 (d, J=12.0 Hz, 1H), 3.88 (s, 3H), 2.90-2.77
(m, 1H), 2.71 (s, 3H), 2.19 (s, 3H), 1.91 (s, 6H) ppm.

13C NMR (101 MHz, Chloroform-d) § = 159.3, 153.4, 138.22, 138.20 (2C), 137.1,

134.4,134.1, 133.4, 132.88, 132.82, 132.68, 132.62, 130.8, 129.8, 129.6, 129.3, 129.0
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(20), 128.4 (2C), 128.2, 126.7, 126.4, 126.1, 125.8, 125.6, 125.2, 124.5, 119.5, 114.4
(20), 69.1, 60.6, 55.5,21.1, 19.7, 19.1 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C39H3603Na 575.2557; Found 575.2558
HPLC-Data: (Chiral MD column, A = 254 nm, hexane/isopropanol = 70/30, flow rate
= 0.5 mL/min): tr = 11.4 (major), 14.6 (minor)

(R)-(4'-Methyl-6-(4-(trifluoromethoxy)phenyl)-2-((2,4, 6-trimethylbenzyl)oxy)-[1,2 -

Me ‘
(O on

l ! O\/Ar

F3CO Ar = 2,4,6-Me3CgH,

binaphthalen]-1'-yl)methanol (3ag)

The title compound was isolated as a white solid (49 mg, 81%, 89% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'H NMR (400 MHz, Chloroform-d) & = 8.40-8.33 (m, 1H), 8.15-8.09 (m, 1H), 8.06
(d, J=1.9 Hz, 1H), 8.01 (d, J = 8.9 Hz, 1H), 7.73-7.67 (m, 2H), 7.66—7.59 (m, 3H),
7.54 (dd, J= 8.8, 1.9 Hz, 1H), 7.43 (d, /= 8.8 Hz, 1H), 7.32 (d, J = 8.1 Hz, 2H), 7.05
(s, 1H), 6.65 (s, 2H), 5.07 (d, J=10.6 Hz, 1H), 4.98-4.83 (m, 2H), 4.48 (dd, J = 12.0,
2.1 Hz, 1H), 2.75-2.69 (m, 1H), 2.69 (s, 3H), 2.18 (s, 3H), 1.90 (s, 6H) ppm.

13C NMR (101 MHz, Chloroform-d) § = 153.8, 148.8 (q, J = 2.0 Hz), 139.7, 138.3,
138.2 (2C), 136.1, 134.5, 134.2, 133.2, 132.9, 132.72, 132.69, 130.6, 129.9, 129.5,
129.2, 129.1 (20), 128.7 (2C), 128.2, 126.9, 126.5, 126.1, 126.0, 125.9, 125.6, 124.5,
121.5 (2C), 120.7 (q, /= 257.6 Hz), 119.6, 69.0, 60.6, 21.1, 19.8, 19.1 (2C) ppm.

19F NMR (376 MHz, Chloroform-d) 6 = —57.74 (s, 3F) ppm.

HRMS (ESI) m/z: [M+Na]" Calcd for C30H33F303Na 629.2274; Found 629.2272
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 10.6 (major), 12.5 (minor)
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(R)-(4'-Methyl-6-(4-(methylthio)phenyl)-2-((2,4,6-trimethylbenzyl)oxy)-[1,2"-bina-

Me ‘
(o

: Sohs
MeS

Ar = 2,4,6-M63C6H2

phthalen]-1'-yl)methanol (3ah)

The title compound was isolated as a white solid (26 mg, 46%, 89% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (500 MHz, Chloroform-d) = 8.38-8.34 (m, 1H), 8.13-8.08 (m, 1H), 8.07
(d, J=1.9 Hz, 1H), 8.00 (d, J = 8.9 Hz, 1H), 7.68-7.52 (m, 6H), 7.40 (d, J = 8.8 Hz,
1H), 7.38-7.33 (m, 2H), 7.05 (s, 1H), 6.64 (s, 2H), 5.05 (d, J=10.7 Hz, 1H), 4.92 (t, J
=10.3 Hz, 1H),4.86 (d, /= 10.7 Hz, 1H), 4.48 (d, /= 12.1 Hz, 1H), 2.78-2.71 (m, 1H),
2.69 (s, 3H), 2.54 (s, 3H), 2.18 (s, 3H), 1.90 (s, 6H) ppm.

13C NMR (126 MHz, Chloroform-d) 3 = 153.6, 138.3, 138.2 (2C), 137.9, 137.7, 136.8,
134.4,134.2,133.0, 132.9, 132.8, 132.7, 130.7, 129.9, 129.6, 129.3, 129.0 (2C), 128.2,
127.7 (2C), 127.1 (2C), 126.8, 126.5, 126.0, 125.9, 125.61 125.56, 124.5, 119.5, 69.0,
60.6, 21.1, 19.7, 19.1 (2C), 16.0 ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C39H36SO2Na 591.2328; Found 591.2335
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 65/35, flow

rate = 0.75 mL/min): tr = 10.1 (minor), 14.6 (major)

(R)-(6-(4-Chlorophenyl)-4'-methyl-2-((2,4, 6-trimethylbenzyl)oxy)-[1,2"-binaph-

Me ‘
(L on

: O O\/Ar

Ar = 2,4,6-MG3CGH2

thalen]-1'-yl)methanol (3ai)

Cl I

The title compound was isolated as a white solid (44 mg, 80%, 88% ee) through flash

chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).
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'"H NMR (500 MHz, Chloroform-d) § = 8.40-8.34 (m, 1H), 8.15-8.08 (m, 1H), 8.06
(d, J=1.9 Hz, 1H), 8.01 (d, /= 8.9 Hz, 1H), 7.70-7.58 (m, 5H), 7.54 (dd, /= 8.8, 2.0
Hz, 1H), 7.50-7.39 (m, 3H), 7.05 (d, /= 1.0 Hz, 1H), 6.65 (s, 2H), 5.07 (d, /= 10.7 Hz,
1H), 4.93 (t, J = 10.9 Hz, 1H), 4.87 (d, J = 10.7 Hz, 1H), 4.49 (d, J = 12.1 Hz, 1H),
2.75-2.69 (m, 1H), 2.69 (d, J=1.0 Hz, 3H), 2.18 (s, 3H), 1.91 (s, 6H) ppm.

13C NMR (126 MHz, Chloroform-d) 3 = 153.8, 139.4, 138.3,138.2 (2C), 136.2, 134.5,
134.2, 133.6, 133.1, 132.9, 132.74, 132.69, 130.6, 129.9, 129.5, 129.21, 129.16 (2C),
129.1 (2C), 128.6 (2C), 128.2, 126.9, 126.5, 125.91 (2C), 125.89, 125.6, 124.5, 119.6,
69.0, 60.6, 21.1, 19.7, 19.1 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C3gH33C102Na 579.2061; Found 579.2077
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 13.1 (major), 16.1 (minor)

(R)-(6-(3,5-Difluorophenyl)-4"-methyl-2-((2,4, 6-trimethylbenzyl)oxy)-[1,2'-binaph-
thalen]-1'-yl)methanol (3aj)

Ar = 2,4,6-M63C6H2

F

The title compound was isolated as a white solid (48 mg, 86%, 88% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

"H NMR (500 MHz, Chloroform-d) § = 8.4-8.3 (m, 1H), 8.14-8.09 (m, 1H), 8.07 (d,
J=2.0 Hz, 1H), 8.02 (d, /= 8.9 Hz, 1H), 7.72-7.58 (m, 3H), 7.51 (dd, /= 8.8, 2.0 Hz,
1H), 7.43 (d, J=8.7 Hz, 1H), 7.25-7.17 (m, 2H), 7.05 (s, 1H), 6.85-6.77 (m, 1H), 6.66
(s, 2H), 5.08 (d, J=10.7 Hz, 1H), 4.96-4.86 (m, 2H), 4.48 (d, J = 12.1 Hz, 1H), 2.73—
2.64 (m, 1H), 2.70 (s, 3H), 2.18 (s, 3H), 1.92 (s, 6H) ppm.

13C NMR (126 MHz, Chloroform-d) 5 = 163.5 (dd, J = 248.0, 13.1 Hz, 2C), 154.1,
1443 (t,J=9.6 Hz), 138.3, 138.2 (2C), 135.0 (t, J=2.5 Hz), 134.6, 134.2, 133.6, 132.9,
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132.7,132.6,130.4, 130.1, 129.5, 129.2, 129.1 (2C), 128.1, 127.1, 126.5, 126.3, 125.9,
125.6, 125.5, 124.5, 119.6, 110.1 (dd, J = 26.5, 13.9 Hz, 2C), 102.7 (t, J = 25.4 Hz),
68.9, 60.6, 21.1, 19.7, 19.1 (2C) ppm.

19F NMR (376 MHz, Chloroform-d) & = -109.54 (s, 2F) ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C3gH32F202Na 581.2263; Found 581.2278
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 11.9 (major), 14.7 (minor)

(R)-(4-Methyl-2'-((2,4,6-trimethylbenzyl)oxy)-[2,1':6",2"-ternaphthalen]- 1 -

Me ‘
(o

co

Ar = 2,4,6-MG3CGH2

yl)methanol (3ak)

The title compound was isolated as a white solid (42 mg, 74%, 89% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (400 MHz, Chloroform-d) 5 = 8.43-8.36 (m, 1H), 8.24 (d, /= 1.9 Hz, 1H),
8.18-8.10 (m, 2H), 8.06 (d, J = 8.9 Hz, 1H), 8.00-7.82 (m, 4H), 7.74 (dd, J = 8.8, 2.0
Hz, 1H), 7.69-7.59 (m, 3H), 7.58-7.44 (m, 3H), 7.10 (d, /= 1.1 Hz, 1H), 6.66 (s, 2H),
5.08 (d, J=10.7 Hz, 1H), 4.96 (t, J = 10.6 Hz, 1H), 4.89 (d, /= 10.6 Hz, 1H), 4.53 (d,
J=12.0 Hz, 1H), 2.82-2.74 (m, 1H), 2.71 (d, /= 1.0 Hz, 3H), 2.19 (s, 3H), 1.92 (s, 6H)
ppm.

I3C NMR (101 MHz, Chloroform-d) 3 =153.7,138.3, 138.2 (3C), 137.3, 134.5, 134.2,
133.9, 133.1, 132.9 (2C), 132.8, 132.7, 130.8, 123.0, 129.6, 129.3, 129.1 (2C), 128.7,
128.3,128.2,127.8, 126.8, 126.50, 126.46, 126.4, 126.3, 126.14, 126.09, 125.9, 125.7,
125.6, 124.5, 119.5, 69.0, 60.6, 21.1, 19.7, 19.1 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C42H3602Na 595.2608; Found 595.2625
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 13.1 (major), 21.0 (minor)
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(R)-(6-(Furan-2-yl)-4'-methyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2"-binaphthalen]-1'-
vl)methanol (3al)

Ar = 2,4,6-MG3CGH2

The title compound was isolated as a white solid (38 mg, 75%, 89% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (400 MHz, Chloroform-d) 5 = 8.39-8.32 (m, 1H), 8.19 (d, /= 1.8 Hz, 1H),
8.14-8.06 (m, 1H), 7.97 (d, J = 8.9 Hz, 1H), 7.65-7.59 (m, 3H), 7.57 (d, J = 8.9 Hz,
1H), 7.52 (d, /= 1.8 Hz, 1H), 7.34 (d, /= 8.9 Hz, 1H), 7.05 (s, 1H), 6.72 (d, /= 3.4 Hz,
1H), 6.65 (s, 2H), 6.53—6.50 (m, 1H), 5.05 (d, J = 10.6 Hz, 1H), 4.91 (t, J=11.1 Hz,
1H), 4.84 (d, J=10.6 Hz, 1H), 4.47 (d, J = 12.0 Hz, 1H), 2.73-2.67 (m, 1H), 2.69 (s,
3H), 2.18 (s, 3H), 1.90 (s, 6H) ppm.

13C NMR (101 MHz, Chloroform-d) 3 =154.0, 153.7, 142.4,138.3, 138.2 (2C), 134.4,
134.2,133.0, 132.9, 132.8, 132.7, 130.5, 129.9, 129.6, 129.2, 129.0 (2C), 128.3, 127.2,
126.6, 126.4, 125.9, 125.6, 124.5, 123.1, 122.3, 119.5, 111.9, 105.6, 69.0, 60.6, 21.1,
19.7,19.1 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Calcd for C3¢H3203Na 535.2244; Found 535.2252
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 11.1 (major), 14.8 (minor)

(R)-Methyl 1'-(hydroxymethyl)-4'-methyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2'-bina-

Me ‘
O OH

OO O\/ Ar
MeO,C

Ar = 2,4,6-Me3CeH2

phthalene]-6-carboxylate (3am)
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The title compound was isolated as a white solid (38 mg, 76%, 86% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (400 MHz, Chloroform-d) 5 = 8.66 (d, /= 1.7 Hz, 1H), 8.38-8.31 (m, 1H),
8.15-8.05 (m, 2H), 7.89 (dd, J = 8.9, 1.8 Hz, 1H), 7.68-7.58 (m, 3H), 7.36 (d, /= 8.9
Hz, 1H), 7.02 (s, 1H), 6.66 (s, 2H), 5.13 (d, J = 10.6 Hz, 1H), 4.95-4.85 (m, 2H), 4.45
(d, J=12.1 Hz, 1H), 3.97 (s, 3H), 2.69 (s, 3H), 2.54-2.45 (m, 1H), 2.18 (s, 3H), 1.94
(s, 6H) ppm.

I3C NMR (101 MHz, Chloroform-d) = 167.3, 155.4,138.4,138.1 (2C), 136.2, 134.7,
134.1,132.9, 132.6, 132.4, 131.3, 131.1, 129.4, 129.2, 129.1 (2C), 128.9, 127.7, 126.5,
126.3, 126.1, 126.0, 125.9, 125.6, 124.5, 118.8, 68.5, 60.5, 52.4, 21.1, 19.7, 19.1 (2C)
ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C3sH3204Na 527.2193; Found 527.2200
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 11.9 (major), 22.1 (minor)

(R)-1"-(Hydroxymethyl)-4'-methyl-2-((2,4, 6-trimethylbenzyl)oxy)-[1,2"-binaphtha-

Me ‘
(o

OO O\/Al'
NC

Ar = 2,4,6-M63C6H2

lene]-6-carbonitrile (3an)

The title compound was isolated as a white solid (39 mg, 83%, 85% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (400 MHz, Chloroform-d) 5 = 8.37-8.29 (m, 1H), 8.27 (d, J = 1.6 Hz, 1H),
8.13-8.06 (m, 1H), 8.02 (d, J = 8.7 Hz, 1H), 7.70 (d, J = 9.1 Hz, 1H), 7.68-7.57 (m,
2H), 7.47-7.35 (m, 2H), 6.97 (d, J = 1.1 Hz, 1H), 6.67 (s, 2H), 5.17 (d, J = 10.6 Hz,
1H),4.93 (d,J=10.6 Hz, 1H), 4.87 (t,J=10.2 Hz, 1H), 4.43 (d,J=12.1 Hz, 1H), 2.68
(d,/=0.9 Hz, 3H), 2.26-2.21 (m, 1H), 2.18 (s, 3H), 1.96 (s, 6H) ppm.
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13C NMR (101 MHz, Chloroform-d)  =155.9, 138.6, 138.1 (2C), 135.5, 134.9, 134.2,
134.1,133.0, 132.6, 131.7, 130.2, 129.2 (2C), 129.1, 128.8, 128.7, 127.8, 127.3, 127.1,
126.6,126.1,125.6,124.6,119.42,119.35,107.9, 68.4,60.5,21.1,19.7,19.2 (2C) ppm.
HRMS (ESI) m/z: [M+Na]" Calcd for C33H20NO>Na 494.2091; Found 494.2089

HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 12.2 (major), 22.3 (minor)

(R)-(7-Isopropyl-4"-methyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2"-binaphthalen]-1'-

Me ‘
(o

i-Pr l ! O\/ Ar

Ar = 2,4,6-M83C6H2

yl)methanol (3a0)

The title compound was isolated as a white solid (35 mg, 73%, 85% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (400 MHz, Chloroform-d) § = 8.33-8.24 (m, 1H), 8.07-7.99 (m, 1H), 7.82
(d, J=8.6 Hz, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.59-7.50 (m, 2H), 7.41 (d, J = 8.9 Hz,
1H), 7.27 (dd, J= 8.5, 1.7 Hz, 1H), 7.06 (dd, J= 1.7, 0.8 Hz, 1H), 6.97 (d, J= 1.1 Hz,
1H), 6.54 (s, 2H), 4.91 (d, /= 10.7 Hz, 1H), 4.88-4.78 (m, 2H), 4.72 (d, J = 10.7 Hz,
1H), 4.38 (dd, J=12.2, 2.1 Hz, 1H), 2.83-2.71 (m, 1H), 2.60 (d, /= 1.0 Hz, 3H), 2.09
(s, 3H), 1.77 (s, 6H), 1.08 (dd, J=9.7, 6.9 Hz, 6H) ppm.

13C NMR (101 MHz, Chloroform-d) 6 = 153.6, 147.3, 138.21 (2C), 138.16, 134.22,
134.15, 133.9, 133.1, 132.79, 132.75, 129.7, 129.34, 129.32, 129.2, 129.0 (2C), 128.2,
128.1, 126.3, 125.72, 125.66, 124.5, 124.1, 122.9, 118.4, 69.1, 60.7, 34.5, 24.1, 23.9,
21.1,19.7, 19.0 (2C) ppm.

HRMS (ESI) m/z: [M+Na]* Caled for C3sH3602Na 511.2608; Found 511.2602
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 7.2 (major), 9.0 (minor)
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(R)-(4'-Methyl-7-phenyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2'-binaphthalen]-1'"-yl)-

Me ‘
(o

Ph l ! O _Ar

Ar = 2,4,6-M63C6H2

methanol (3ap)

The title compound was isolated as a white solid (42 mg, 80%, 89% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'H NMR (400 MHz, Chloroform-d) § = 8.44-8.36 (m, 1H), 8.17-8.08 (m, 1H), 8.03—
7.96 (m, 2H), 7.71 (dd, J = 8.5, 1.8 Hz, 1H), 7.70-7.61 (m, 2H), 7.63-7.56 (m, 2H),
7.54-7.47 (m, 2H), 7.41-7.33 (m, 2H), 7.34-7.24 (m, 1H), 7.10 (s, 1H), 6.66 (s, 2H),
5.07 (d,J=10.7 Hz, 1H), 4.98 (t, /= 10.8 Hz, 1H), 4.87 (d, J=10.7 Hz, 1H), 4.53 (d,
J=12.0 Hz, 1H), 2.90-2.84 (m, 1H), 2.70 (s, 3H), 2.20 (s, 3H), 1.91 (s, 6H) ppm.

13C NMR (101 MHz, Chloroform-d) § = 153.9, 141.1, 139.4, 138.23, 138.20 (2C),
134.4,134.2,134.1, 132.9, 132.8, 132.7, 129.7, 129.6, 129.4, 129.2, 129.0 (2C), 128.9
(20), 128.7,128.6,127.6 (2C), 127.5, 126.4, 125.8, 125.64, 124.58, 124.5,124.0, 119.2,
69.1, 60.7, 21.1, 19.8, 19.0 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C3gH3402Na 545.2451; Found 545.2458
HPLC-Data: (Chiral MD column, A = 254 nm, hexane/isopropanol = 95/5, flow rate =
0.5 mL/min): tr = 16.4 (minor), 19.2 (major)

(R)-(7-(Furan-2-yl)-4'-methyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2"-binaphthalen]-1'-

Me ‘
(o

8
Aoohe

Ar = 2,4,6-MG3CGH2

vl)methanol (3aq)

The title compound was isolated as a white solid (45 mg, 88%, 91% ee) through flash

chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

S50



'"H NMR (500 MHz, Chloroform-d) § = 8.40-8.35 (m, 1H), 8.16-8.10 (m, 1H), 7.94—
7.87 (m, 2H), 7.71 (dd, J = 8.5, 1.7 Hz, 1H), 7.67-7.61 (m, 3H), 7.52 (d, J = 8.9 Hz,
1H), 7.36 (d, /= 1.7 Hz, 1H), 7.07 (s, 1H), 6.64 (s, 2H), 6.58 (d, /=3.4 Hz, 1H), 6.41—
6.38 (m, 1H), 5.03 (d, J=10.6 Hz, 1H), 4.94 (t,J=11.2 Hz, 1H), 4.82 (d, /= 10.6 Hz,
1H), 4.48 (d, J=12.8 Hz, 1H), 2.84-2.76 (m, 1H), 2.69 (s, 3H), 2.17 (s, 3H), 1.88 (s,
6H) ppm.

13C NMR (126 MHz, Chloroform-d) § = 154.1,153.9, 142.5,138.3, 138.2 (2C), 134.5,
134.3, 134.0, 132.9, 132.77, 132.75, 129.7, 129.6, 129.5, 129.2, 129.0 (2C), 128.9,
128.7, 128.6, 126.4, 125.8, 125.7, 124.5, 121.3, 120.3, 118.9, 111.8, 106.1, 69.0, 60.7,
21.1,19.8, 19.0 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C36H3203Na 535.2244; Found 535.2244
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 9.6 (major), 13.0 (minor)

(R)-(7-Ethoxy-4"-methyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2'-binaphthalen]-1'-

Me ‘
(o

Ar = 2,4,6-M63C6H2

yl)methanol (3ar)

The title compound was isolated as a white solid (41 mg, 84%, 88% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (500 MHz, Chloroform-d) = 8.41-8.34 (m, 1H), 8.14-8.08 (m, 1H), 7.87
(d, J=8.8 Hz, 1H), 7.80 (d, J = 9.0 Hz, 1H), 7.72-7.58 (m, 2H), 7.42 (d, J = 8.9 Hz,
1H), 7.12-7.06 (m, 2H), 6.66—6.62 (m, 3H), 5.03 (d, /= 10.7 Hz, 1H), 4.93 (t,J=11.1
Hz, 1H), 4.82 (d, J=10.6 Hz, 1H), 4.49 (d, J=12.0 Hz, 1H), 3.86-3.73 (m, 2H), 2.83—
2.77 (m, 1H), 2.69 (d, J = 1.0 Hz, 3H), 2.18 (s, 3H), 1.89 (s, 6H), 1.30 (t, /= 7.0 Hz,
3H) ppm.

13C NMR (126 MHz, Chloroform-d) § = 157.6, 154.1, 138.19 (2C), 138.17, 135.2,

134.4, 134.2, 133.2, 132.8 (2C), 129.7, 129.5, 129.3 (2C), 129.0 (2C), 127.0, 126.3,
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125.9, 125.72, 125.68, 124.5, 117.3, 116.3, 105.6, 68.9, 63.5, 60.6, 21.1, 19.7, 19.0
(2C), 14.6 ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C34H3403Na 513.2400; Found 513.2407
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 9.4 (major), 11.5 (minor)

(R)-(1'-(Hydroxymethyl)-4'-methyl-2-((2,4, 6-trimethylbenzyl)oxy)-[1,2"-bina-

Me ‘
O OH

E O O\/AI'

Ph Ph
OH

phthalen]-5-yl)diphenylmethanol (3as)

Ar = 2,4,6-Me;CgH,
The title compound was isolated as a white solid (44 mg, 70%, 91% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).
'"H NMR (500 MHz, Chloroform-d) § = 8.35-8.26 (m, 2H), 8.11-8.05 (m, 1H), 7.64—
7.55 (m, 2H), 7.40-7.32 (m, 12H), 7.09 (dd, J = 8.6, 7.2 Hz, 1H), 7.04 (d, /= 1.1 Hz,
1H), 6.78 (dd, J=17.3, 1.2 Hz, 1H), 6.63 (s, 2H), 4.99 (d, J = 10.5 Hz, 1H), 4.82-4.73
(m, 2H), 4.40 (d, J=12.0 Hz, 1H), 3.58 (s, 1H), 2.67 (d, J= 1.0 Hz, 3H), 2.64-2.57 (m,
1H), 2.16 (s, 3H), 1.86 (s, 6H) ppm.
13C NMR (126 MHz, Chloroform-d) 6 = 152.8, 147.3, 147.1, 142.5, 138.21, 138.17
(20), 135.6, 134.3, 134.1, 133.3, 132.8, 132.6, 130.1, 129.8, 129.2, 129.0 (2C), 128.3
(20), 128.20 (2C), 128.16, 128.1, 128.0 (2C), 127.9 (2C), 127.39, 127.37, 127.3, 127.1,
126.4, 125.8, 125.6, 124.9, 124.5, 117.6, 83.6, 68.4, 60.5, 21.1, 19.7, 19.0 (2C) ppm.
HRMS (ESI) m/z: [M+Na]" Calcd for C4sH40O3Na 651.2870; Found 651.2853
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 60/40, flow

rate = 0.5 mL/min): tr = 10.4 (minor), 12.5 (major)
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(R)-Methyl 1'-(hydroxymethyl)-4'"-methyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2"-bina-

phthalene]-5-carboxylate (3at)

Me ‘
(o

Co™

CO,Me
Ar = 2,4,6-Me3CGH2

The title compound was isolated as a white solid (43 mg, 85%, 87% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (400 MHz, Chloroform-d) & =9.06 (dd, /=9.4, 0.8 Hz, 1H), 8.39-8.30 (m,
1H), 8.14-8.06 (m, 2H), 7.70 (d, J = 9.5 Hz, 1H), 7.67-7.58 (m, 2H), 7.56-7.52 (m,
1H), 7.33 (dd, J = 8.6, 7.2 Hz, 1H), 6.99 (d, J = 1.1 Hz, 1H), 6.65 (s, 2H), 5.11 (d, J =
10.6 Hz, 1H), 4.93-4.85 (m, 2H), 4.44 (d, J = 12.0 Hz, 1H), 4.05 (s, 3H), 2.68 (d, J =
0.9 Hz, 3H), 2.62-2.54 (m, 1H), 2.18 (s, 3H), 1.92 (s, 6H) ppm.

I3C NMR (101 MHz, Chloroform-d) 5 = 168.3, 153.6, 138.3,138.2 (2C), 134.6, 134.5,
134.2, 132.9, 132.7, 132.6, 131.2, 129.5, 129.2, 129.1 (2C), 128.8, 128.13, 128.08,
127.6,127.4,126.5, 125.9, 125.6, 125.3, 124.5, 119.9, 68.6, 60.5, 52.4,21.1, 19.7, 19.1
(2C) ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C34H3204Na 527.2193; Found 527.2198
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 12.2 (major), 14.8 (minor)

(R)-1"-(Methoxymethyl)-4'-methyl-2-((2,4, 6-trimethylbenzyl)oxy)-1,2"-binaphthalene

Me ‘
O OMe

OO O\/Ar

Ar = 2,4,6-Me3C6H2

(3au)
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The title compound was isolated as a white solid (30 mg, 65%, 86% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (95:5).

'"H NMR (400 MHz, Chloroform-d) § = 8.33-8.25 (m, 1H), 8.10-8.02 (m, 1H), 7.96
(d, J=8.9 Hz, 1H), 7.88 (dd, J= 8.1, 1.3 Hz, 1H), 7.61-7.54 (m, 2H), 7.41-7.28 (m,
3H), 7.08 (d, J= 1.1 Hz, 1H), 6.68 (s, 2H), 5.01 (d, /= 10.5 Hz, 1H), 4.92 (d, J=10.5
Hz, 1H), 4.57 (d,J=11.4 Hz, 1H), 4.48 (d, J=11.4 Hz, 1H), 2.98 (s, 3H), 2.65 (d, J =
1.0 Hz, 3H), 2.19 (s, 3H), 2.00 (s, 6H) ppm.

13C NMR (126 MHz, Chloroform-d) = 153.9, 138.1 (2C), 137.9, 134.4, 134.3, 134.1,
133.0, 132.8, 131.0, 130.2, 129.9, 129.7, 129.5, 128.9 (2C), 127.9, 127.3, 126.5, 126.1,
126.03, 126.00, 125.6, 124.5, 124.3,118.2, 69.7, 68.0, 57.8, 21.1, 19.6, 19.2 (2C) ppm.
HRMS (ESI) m/z: [M+Na]" Caled for C33H320,Na 483.2295; Found 483.2297
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 6.8 (major), 10.0 (minor)

(R)-1'-((Benzyloxy)methyl)-4'-methyl-2-((2,4, 6-trimethylbenzyl)oxy)-1,2'-bina-

Me ‘
O OBn

OO O\/AI'

Ar = 2,4,6-Me3C6H2

phthalene (3av)

The title compound was isolated as a white solid (36 mg, 67%, 84% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (95:5).

'"H NMR (400 MHz, Chloroform-d) 5 = 8.39-8.30 (m, 1H), 8.13-8.04 (m, 1H), 7.95
(d, J=8.9 Hz, 1H), 7.92-7.89 (m, 1H), 7.64-7.55 (m, 2H), 7.54 (d, /= 9.0 Hz, 1H),
7.46-7.36 (m, 2H), 7.36-7.28 (m, 1H), 7.16-7.06 (m, 4H), 6.93-6.84 (m, 2H), 6.66 (s,
2H), 5.02 (d, J=10.6 Hz, 1H), 4.92 (d, J = 10.6 Hz, 1H), 4.65 (d, J = 11.3 Hz, 1H),
4.53 (d, J=11.3 Hz, 1H), 4.22-4.10 (m, 2H), 2.68 (d, J = 1.0 Hz, 3H), 2.19 (s, 3H),
1.97 (s, 6H) ppm.

13C NMR (101 MHz, Chloroform-d) 5 = 153.8, 138.6, 138.1 (2C), 137.9, 134.42,

134.41, 134.2, 133.1, 132.8, 131.2, 130.2, 129.89, 129.86, 129.5, 128.9 (2C), 128.1
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(20), 127.9, 127.6 (2C), 127.4, 127.2, 126.5, 126.3, 126.1, 126.0, 125.6, 124.4, 124.3,
118.3,72.1, 68.1, 67.5, 21.1, 19.6, 19.2 (2C) ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C39H3602Na 559.2608; Found 559.2617
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 96/4, flow

rate = 0.5 mL/min): tr = 10.0 (major), 13.0 (minor)

(R)-tert-Butyldimethyl((4"-methyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2"-binaphthalen]-

1"-yl)methoxy)silane (3aw)

Ar = 2,4,6-Me3CgH,

The title compound was isolated as a white solid (37 mg, 67%, 90% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (95:5).

'"H NMR (500 MHz, Chloroform-d) § = 8.23-8.17 (m, 1H), 8.01-7.95 (m, 1H), 7.85
(d, J=9.0 Hz, 1H), 7.77 (d, J = 8.1 Hz, 1H), 7.52-7.45 (m, 3H), 7.31-7.23 (m, 2H),
7.23-7.15 (m, 1H), 7.01 (s, 1H), 6.57 (s, 2H), 4.93 (d, J = 10.7 Hz, 1H), 4.82 (d, J =
10.7 Hz, 1H), 4.60 (d, J=11.1 Hz, 1H), 4.37 (d, /= 11.2 Hz, 1H), 2.57 (s, 3H), 2.10
(s, 3H), 1.85 (5,90 6H), 0.57 (s, 9H), —0.47 (s, 3H), —0.59 (s, 3H) ppm.

13C NMR (126 MHz, Chloroform-d) = 153.7,138.2 (2C), 137.9, 134.2, 133.9, 133.5,
133.2,133.0, 132.8, 130.4, 129.9, 129.8, 129.3, 128.9 (2C), 128.1, 127.7, 126.7, 126 4,
126.2, 125.7, 125.4, 124.4, 124.3, 118.9, 68.5, 60.3, 25.9 (3C), 21.1, 19.6, 19.2 (20),
18.3,-6.0, —6.1 ppm.

HRMS (ESI) m/z: [M+Na]* Calcd for C33H4SiO>Na 583.3003; Found 583.3006
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 99/1, flow

rate = 0.5 mL/min): tr = 10.8 (major), 11.4 (minor)
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(R)-2-(4'-Methyl-2-((2,4, 6-trimethylbenzyl)oxy)-[ 1,2'-binaphthalen]-1'-yl)ethan-1-ol

OH

co

Ar = 2,4,6-M93C6H2

(3ax)

The title compound was isolated as a white solid (31 mg, 67%, 86% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (500 MHz, Chloroform-d) 4 = 8.16-8.07 (m, 2H), 7.97 (d, /= 9.0 Hz, 1H),
7.88 (d, J = 8.1 Hz, 1H), 7.63-7.56 (m, 3H), 7.39-7.34 (m, 1H), 7.31-7.25 (m, 1H),
7.18 (d, J=8.4 Hz, 1H), 7.02 (s, 1H), 6.73 (s, 2H), 5.17 (d, J = 10.5 Hz, 1H), 5.01 (d,
J=10.4 Hz, 1H), 3.83-3.75 (m, 1H), 3.69-3.61 (m, 1H), 3.28-3.20 (m, 1H), 2.88-2.78
(m, 1H), 2.64 (s, 3H), 2.21 (s, 3H), 2.12 (s, 6H) ppm.

13C NMR (126 MHz, Chloroform-d) 5 = 153.5, 138.2 (2C), 138.1, 134.1, 133.6, 132.9,
132.8,132.6, 132.0, 130.1, 129.8, 129.7, 129.5, 129.0 (2C), 128.1, 127.4, 126.6, 125.8,
125.5,125.4,125.00, 124.98, 124.2, 117.0, 67.4, 63.0, 33.3, 21.1, 19.5, 19.3 (2C) ppm.
HRMS (ESI) m/z: [M+H]" Calcd for C33H3302 461.2475; Found 461.2482
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 8.5 (major), 10.5 (minor)

(R)-1"-Butyl-4"-methyl-2-((2,4,6-trimethylbenzyl)oxy)-1,2'-binaphthalene (3ay)

Ar = 2,4,6-M6306H2

The title compound was isolated as a white solid (16 mg, 34%, 78% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (95:5).

'H NMR (400 MHz, Chloroform-d) § = 8.12-8.01 (m, 2H), 7.92 (d, J = 9.0 Hz, 1H),
7.86 (d, J = 8.1 Hz, 1H), 7.61-7.50 (m, 3H), 7.39-7.28 (m, 1H), 7.26-7.24 (m, 2H),
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7.01 (s, 1H), 6.68 (s, 2H), 5.00 (d, J = 10.5 Hz, 1H), 4.92 (d, J = 10.4 Hz, 1H), 2.79—
2.62 (m, 2H), 2.61 (s, 3H), 2.18 (s, 3H), 2.01 (s, 6H), 1.13-0.82 (m, 4H), 0.56 (t, J =
7.3 Hz, 3H) ppm.

13C NMR (101 MHz, Chloroform-d) 3 =153.7,138.2 (2C), 137.8, 136.6, 134.0, 132.8,
132.6,132.5,131.5, 130.4, 130.3, 129.8, 129.1, 128.9 (2C), 128.2, 127.9, 126.2, 126.0,
125.4, 125.3, 125.0, 124.8, 124.1, 118.1, 67.8, 32.7, 29.8, 23.1, 21.1, 19.5, 19.3 (20),
13.7 ppm.

HRMS (ESI) m/z: [M+Na]" Calcd for C3sH3s0ONa 495.2658; Found 495.2672
HPLC-Data: (Chiral MD column, A = 254 nm, hexane/isopropanol = 96/4, flow rate =

0.5 mL/min): tr = 8.0 (major), 8.3 (minor)

(R)-(2-Methoxy-4"-methyl-[1,2"-binaphthalen]-1'-yl)methanol (3az)

The title compound was isolated as a white solid (20 mg, 60%, 54% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (400 MHz, Chloroform-d) 6 = 8.43 (dd, /J=7.7, 1.9 Hz, 1H), 8.13 (dd, J =
7.8, 1.9 Hz, 1H), 7.96 (d, J=9.0 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.70-7.59 (m, 2H),
7.43 (d, J=9.1 Hz, 1H), 7.41-7.29 (m, 3H), 7.19 (s, 1H), 4.95 (dd, J=11.9, 8.8 Hz,
1H), 4.57 (d, J=12.0 Hz, 1H), 3.83 (s, 3H), 2.74 (s, 3H), 2.32-2.44 (m, 1H) ppm.

13C NMR (101 MHz, Chloroform-d) & = 153.9, 134.9, 133.9, 133.8, 133.3, 132.9,
132.6,129.7 (2C), 129.5, 128.1, 126.8, 126.6, 125.9, 125.6, 125.5, 124.8, 124.6, 124.1,
113.9, 60.7, 57.1, 19.9 ppm.

HRMS (ESI) m/z: [M+Na]* Calcd for C23H2002Na 351.1356; Found 351.1349
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 11.2 (major), 14.5 (minor)
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(R)-(2-(Benzyloxy)-4'-methyl-[1,2"-binaphthalen]-1"-yl)methanol (3aaa)

Me ‘
(o

l!OBn

The title compound was isolated as a white solid (27 mg, 66%, 82% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (400 MHz, Chloroform-d) 6= 8.46-8.39 (m, 1H), 8.18-8.11 (m, 1H), 7.93—
7.85 (m, 2H), 7.70-7.60 (m, 2H), 7.47-7.31 (m, 4H), 7.23-7.08 (m, 4H), 7.04-7.00 (m,
2H), 5.12-5.00 (m, 2H), 4.94 (dd, /= 12.0, 9.6 Hz, 1H), 4.59 (dd, /= 12.1, 2.8 Hz, 1H),
2.74 (s, 3H), 2.52-2.46 (m, 1H) ppm.

13C NMR (101 MHz, Chloroform-d) & = 153.0, 136.5, 134.6, 134.0, 133.9, 133.2,
132.9, 132.7, 130.0, 129.6, 129.5, 128.5 (2C), 128.11, 128.08 (2C), 127.6 (2C), 126.7,
126.5, 125.9, 125.8, 125.6, 124.7, 124.5, 117.0, 72.9, 60.7, 19.8 ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C20H2402Na 427.1669; Found 427.1684
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 13.5 (major), 40.4 (minor)

(R)-(4'-Methyl-2-(naphthalen-2-ylmethoxy)-[1,2'-binaphthalen]-1'-yl)methanol (3aab)

Me ‘
Do ]
CO

The title compound was isolated as a white solid (33 mg, 72%, 83% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'"H NMR (400 MHz, Chloroform-d) § = 8.49-8.40 (m, 1H), 8.20-8.12 (m, 1H), 7.91
(d, J=9.0 Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.73 (d, J = 7.8 Hz, 1H), 7.72-7.63 (m,
2H), 7.60 (d, J = 8.4 Hz, 1H), 7.50 (d, J = 9.0 Hz, 1H), 7.46-7.31 (m, 7H), 7.13-7.06
(m, 2H), 5.26 (d, J = 12.3 Hz, 1H), 5.17 (d, J = 12.3 Hz, 1H), 4.97 (dd, J = 12.0, 9.2
Hz, 1H), 4.62 (dd, J=11.9, 1.7 Hz, 1H), 2.67 (s, 3H), 2.64-2.58 (m, 1H) ppm.
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13C NMR (101 MHz, Chloroform-d) & = 153.0, 134.7, 134.1, 134.0, 133.9, 133.3,
133.2,133.0, 132.9, 132.8, 130.0, 129.6 (2C), 128.2, 128.1, 128.0, 127.7, 126.9, 126.7,
126.6,126.5,126.2,126.1, 125.93, 125.88, 125.7,125.2,124.7, 124.5,117.1,73.1, 60.8,
19.7 ppm.

HRMS (ESI) m/z: [M+Na]" Caled for C33H260,Na 477.1825; Found 477.1822
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr=17.5 (major), 38.0 (minor)

(R)-(4'-Methyl-2-phenyl-[1,2"-binaphthalen]-1"-yl)methanol (3aac)

The title compound was isolated as a white solid (12 mg, 32%, 76% ee) through flash
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1).

'TH NMR (500 MHz, Chloroform-d) § = 8.25-8.19 (m, 1H), 8.12-8.02 (m, 1H), 8.01—
7.95 (m, 1H), 7.97-7.91 (m, 1H), 7.64 (d, J = 8.4 Hz, 1H), 7.60-7.51 (m, 2H), 7.53—
7.45 (m, 1H), 7.34-7.32 (m, 1H), 7.29 (s, 1H), 7.28-7.23 (m, 3H), 7.19-7.07 (m, 3H),
4.72-4.62 (m, 1H), 4.50-4.44 (m, 1H), 2.71 (s, 3H) ppm.

13C NMR (126 MHz, Chloroform-d) & = 141.6, 138.3, 136.5, 135.8, 134.3, 133.3,
132.9, 132.8, 132.7, 132.5, 130.7, 130.0 (2C), 128.21 (3C), 128.15, 128.1, 127.04,
126.96, 126.6, 126.4, 126.1, 125.9, 125.8, 124.7, 60.4, 19.7 ppm.

HRMS (ESI) m/z: [M+Na]" Calcd for C23H220ONa 397.1563; Found 397.1573
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 11.3 (major), 13.6 (minor)

IV. Procedure for Synthesis of 3aa on a 2-mmol Scale

OH ®_<o].oph ‘
- N e O
| [ L9 (20 mol %) OH
Ci% N OO o NiBr,diglyme (15 mol %) OO ou_Ar
Me Zn (1.5 equiv), DMA, 40°C, 48h

1a 2a, Ar = 2,4,6-Me3CgH, 3aa
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NiBr2ediglyme (105.8 mg, 0.3 mmol, 15 mol %), (4S,5R)-4,5-diphenyl-2-(pyridin-2-
vl)-4,5-dihydrooxazole (1.9) (120 mg, 0.4 mmol, 20 mol % ), Zn (195 mg, 3 mmol, 1.5
equiv), 1-iodo-2-(prop-1-en-2-yl)benzene (1a) (488 mg, 2 mmol, 1.0 equiv), and the
alkyne 2a (1.32 g, 4 mmol, 2.0 equiv) were placed in a round-bottomed flask (25 mL)
equipped with a stir bar. Subsequently, the flask was evacuated and filled with nitrogen
(three cycles). To these solids, 10 mL anhydrous DMA was added under nitrogen
atmosphere. The reaction mixture was stirred at 40 °C for 48 hours, before it was
quenched by addition of water (20 mL) and saturated aqueous solution of NH4Cl (20
mL). The aqueous phase was extracted with ethyl acetate (3%x20 mL), and the combined
organic phases were dried over NaxSQg, filtered, and concentrated in vacuo. The crude
material was then purified through column chromatography on silica gel (petroleum
ether/ethyl acetate = 5/1) to give (R)- (2-((2,6-dimethylbenzyl)oxy)-4'-methyl-[1,2'-
binaphthalen]-1'-yl)methanol (3aa) (734 mg, 85% yield, 90% ee) as a white solid.

V. Derivatizations of the Axially Chiral Binaphtyl 3aa.

Me ‘
OH DMP (1.5 equiv) O

CHO
i ! O._Ar CH,Cl, t, 3h I l O._Ar
Ar = 2,4,6-Me3CeH, 74%, 89% ee

3aa, 90% ee 4

To a stirred suspension of Dess-Martin periodinane (127 mg, 0.3 mmol, 1.5 equiv) in
DCM (1.0 mL) was added 3aa (86 mg, 0.2 mmol, 1.0 equiv) in DCM (0.5 mL). After
stirring for 3 h at room temperature, the mixture was quenched with brine. The organic
layer was separated and the aqueous layer was extracted with DCM (3x4 mL). The
combined organic layers were dried over anhydrous Na>SQg, filtered, and concentrated
under reduced pressure. The residue was purified by column chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1) to give (R)-4"-methyl-2-((2,4,6-
trimethylbenzyl)oxy)-[1,2'-binaphthalene]-1'-carbaldehyde (4) (65 mg, 74% yield, 89%

ee) as a white solid.
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'"H NMR (400 MHz, Chloroform-d) § = 9.82 (s, 1H), 9.41 (d, J = 8.5 Hz, 1H), 8.10
(d, J=8.3 Hz, 1H), 8.00 (d, J = 9.0 Hz, 1H), 7.89 (d, J = 8.1 Hz, 1H), 7.75-7.55 (m,
3H), 7.43-7.35 (m, 1H), 7.36-7.28 (m, 1H), 7.23-7.19 (m, 1H), 7.14 (s, 1H), 6.63 (s,
2H), 5.12-5.04 (m, 2H), 2.71 (s, 3H), 2.18 (s, 3H), 2.00 (s, 6H) ppm.

13C NMR (101 MHz, Chloroform-d) 5 = 194.6, 154.0, 144.0, 141.6, 138.13, 138.06
(20), 134.2, 132.6, 130.9, 130.8, 130.3, 129.8, 129.5, 129.0 (2C), 128.7, 128.4, 128.1,
127.1,126.7, 126.6, 125.6, 124.5, 124.3, 124.2, 117.6, 67.9, 21.1, 20.4, 19.4 (2C) ppm.
HRMS (ESI) m/z: [M+H]" Calcd for C32H290 445.2162; Found 445.2169
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 90/10, flow

rate = 0.5 mL/min): tr = 11.4 (major), 13.3 (minor)

Me ‘ NaClO, (2.0 equiv) Me ‘
NaH,PO, (1.0 equiv)
CHO COOH
O _Ar 2-Methyl-2-Butene (2.0 equiv) O _Ar
OO H,O : tBUOH = 1/4, rt, 8 h OO

Ar = 2,4,6-Me3CGH2 78%, 90% ee
4,89% ee 5

To a solution of compound 4 (44.4 mg, 0.1 mmol, 1.0 equiv), NaClO; (18 mg, 0.2 mmol,
2.0 equiv), and NaH2PO4 (12 mg, 0.1 mmol, 1.0 equiv) in H>O/fBuOH (0.25 mL/1.0
mL) was added 2-methyl-2-butene (14.0 mg, 0.2 mmol, 2.0 equiv). The resulting
mixture was stirred at room temperature for 8 hours. Subsequently, hydrochloric acid
(1.0 M, 1.0 mL) was added into the reaction solution and the mixture continued to stir
for 5 minutes, before it was quenched by addition of water (4 mL). The aqueous phase
was extracted with ethyl acetate (3x4 mL), and the combined organic phases were dried
over NaxSOq, filtered and concentrated in vacuo. The crude material was purified
through column chromatography on silica gel (petroleum ether/ethyl acetate = 1:1) to
afford (R)-4"-methyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2'-binaphthalene]-1'-carboxylic
acid (5) (36 mg, 78% yield, 90% ee) as a white solid.

'H NMR (500 MHz, Chloroform-d) 6 = 8.16-8.10 (m, 1H), 8.12-8.06 (m, 1H), 7.93
(d, J=9.0 Hz, 1H), 7.85 (d, J = 8.1 Hz, 1H), 7.67-7.57 (m, 2H), 7.52 (d, J = 9.0 Hz,
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1H), 7.42-7.35 (m, 1H), 7.35-7.27 (m, 2H), 7.05 (s, 1H), 6.67 (s, 2H), 5.07—4.98 (m,
2H), 2.67 (s, 3H), 2.20 (s, 3H), 1.96 (s, 6H) ppm.

13C NMR (126 MHz, Chloroform-d) 5 =171.3,153.0, 138.3 (2C), 138.1, 137.0, 133.6,
132.7, 132.0, 130.2, 130.08, 130.05, 129.9, 129.74, 129.67, 129.0 (2C), 127.9, 127.1,
126.9, 126.7, 126.5, 126.2, 125.8, 124.6, 124.3, 118.3, 68.6, 21.1, 19.8, 19.2 (2C) ppm.
HRMS (ESI) m/z: [M+H]" Calcd for C32H2902 461.2111; Found 461.2120
HPLC-Data: (Chiralpak IA column, A = 225 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 6.3 (major), 15.6 (minor)

Me ‘ 1) MsCI (1.5 equiv) Me ‘
OH NEt; (2.0 equiv) O Ns

DCM, rt, 12h
(0] Ar (0] Ar
OO ~ 2) NaN; (2.0 equiv) OO ~
DMF, 40 °C, 12 h
Ar = 2,4,6-MesCqH, 76%, 90% ee
3aa, 90% ee 6

A solution of the 3aa (89.2 mg, 0.2 mmol, 1.0 equiv) in DCM (1 mL) was cooled in an
ice water bath and treated with EtsN (40.5 mg, 56 pL, 0.4 mmol, 2.0 equiv) and mesyl
chloride (34.4 mg, 23 pL, 0.3 mmol, 1.5 equiv). After the resulting solution was stirred
at room temperature for 12 hours, the reaction was diluted with ethyl acetate and
washed with saturated aqueous NaHCO3 and brine, successively. The organic phase
was dried over anhydrous MgSQu, filtered, and concentrated. Next, NaN3 (26.0 mg, 0.4
mmol, 2 equiv) was added to the residue dissolved in DMF (1 mL) and the resulting
mixture was stirred at 40°C in an oil bath for 12 hours. Next, the mixture was diluted
with ethyl acetate, and the organic layer was washed with H>O and brine, dried over
MgSOs4, filtered and concentrated. The residue was purified through column
chromatography (petroleum ether/ethyl acetate 20:1) on silica gel, to afford (R)-1'-
(azidomethyl)-4"-methyl-2-((2,4, 6-trimethylbenzyl)oxy)-1,2'-binaphthalene (6) (71.6
mg, 76%, 90% ee) as a white solid.

'H NMR (500 MHz, Chloroform-d) § = 8.17-8.07 (m, 2H), 7.99 (d, J= 9.0 Hz, 1H),
7.90 (d, J= 8.1 Hz, 1H), 7.66-7.57 (m, 3H), 7.44-7.37 (m, 1H), 7.38-7.31 (m, 1H),
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7.30-7.24 (m, 1H), 7.08 (s, 1H), 6.69 (s, 2H), 5.09 (d, J = 10.8 Hz, 1H), 4.98 (d, J =
10.8 Hz, 1H), 4.45-4.35 (m, 2H), 2.68 (s, 3H), 2.21 (s, 3H), 2.02 (s, 6H) ppm.

13C NMR (126 MHz, Chloroform-d) 5 = 153.8, 138.2 (2C), 137.9, 135.0, 134.9, 133.9,
132.7, 132.3, 130.1, 129.9 (20), 129.7, 128.9 (2C), 128.8, 128.0, 126.7, 126.5, 126.1,
125.9, 125.7,125.0, 124.9, 124.4, 117.8, 67.8, 49.6, 21.1, 19.7, 19.3 (2C) ppm.
HRMS (ESI) m/z: [M+Na]" Calcd for C3,H290N30Na 494.2203; Found 494.2206
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 90/10, flow

rate = 0.5 mL/min): tr = 7.3 (major), 8.1 (minor)

Me ‘ Me ‘
O N3 O NH,

PPhs (2.0 equiv)

O\/Ar O\/Ar
OO THF, 60 °C, 24 h

Ar = 2,4,6-Me3CgH, 64%, 90% ee
6, 90% ee 7

A mixture of the azide 6 (47.1 mg, 0.1 mmol, 1.0 equiv) and PPh3 (52.5 mg, 0.2 mmol,
2.0 equiv) in THF (1 mL) was stirred at 60 °C in an oil bath for 24 hours. Next, the
mixture was diluted with EtOAc, washed with H,O and brine, dried over MgSOu,
filtered and concentrated. The residue was purified through column chromatography
(ethyl acetate) over silica gel, to afford (R)-(4"-methyl-2-((2,4,6-trimethylbenzyl)oxy)-
[1,2"-binaphthalen]-1'"-yl)methanamine (7) (28.5 mg, 64%, 90% ee) as a white solid.
'"H NMR (400 MHz, Chloroform-d) 6 = 8.23-8.14 (m, 1H), 8.15-8.06 (m, 1H), 7.96
(d, J=8.9 Hz, 1H), 7.88 (d, J = 8.1 Hz, 1H), 7.64-7.55 (m, 3H), 7.42-7.34 (m, 1H),
7.33-7.18 (m, 2H), 7.02 (s, 1H), 6.66 (s, 2H), 5.07 (d, J = 10.5 Hz, 1H), 4.92 (d, J =
10.5 Hz, 1H), 4.00 (d, J = 13.7 Hz, 1H), 3.71 (d, J = 13.7 Hz, 1H), 2.65 (s, 3H), 2.17
(s, 3H), 1.98 (s, 6H) ppm.

13C NMR (101 MHz, Chloroform-d) 5 = 153.7, 138.2 (2C), 138.0, 134.0, 133.2, 133.0,
132.7, 131.9, 130.0, 129.93, 129.89, 129.5, 129.0 (3C), 128.1, 127.7, 126.5, 126.3,
125.8, 125.5, 125.0, 124.6, 124.4, 118.3, 68.2, 41.1, 21.1, 19.6, 19.2 (2C) ppm.
HRMS (ESI) m/z: [M+H]" Calcd for C3:H3:NO 446.2478; Found 446.2486
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 65/35, flow
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rate = 0.5 mL/min): tr = 7.8 (major), 10.1 (minor)

H H
NH2 NN CFj

FsC NCS hig
o_Ar 7’ THF o_ S
+ — N
rt, overnight Ar CF,4
CF
Ar = 2,4,6-Me3CgH, * 67%, 90% ee
7,90% ee 8

To a well stirred solution of compound 7 (44.5 mg, 0.1 mmol, 1.0 equiv) in anhydrous
CHxCl, (1 mL) was added 3, 5-bis(trifluoromethyl)phenyl isothiocyanate (40.7 mg, 0.15
mmol, 1.5 equiv) under N>. The reaction mixture was stirred at room temperature
overnight. After evaporation of the solvent, the residue was purified through column
chromatography (petroleum ether/ethyl acetate = 5:1) on silica gel, to afford (R)-1-(3, 5-
bis(trifluoromethyl)phenyl)-3-((4"-methyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2'-
binaphthalen]-1'-yl)methyl)thiourea (8) (47.9 mg, 67%, 90% ee) as a white solid.

'"H NMR (400 MHz, Chloroform-d) § = 8.33-8.24 (m, 1H), 8.18-8.09 (m, 1H), 8.00
(d, J=8.9 Hz, 1H), 7.92 (d, J = 8.1 Hz, 1H), 7.71 (s, 2H), 7.70-7.61 (m, 2H), 7.63—
7.56 (m, 2H), 7.50-7.40 (m, 1H), 7.38-7.35 (m, 2H), 7.19 (s, 1H), 6.92 (d, J = 8.6 Hz,
1H), 6.67 (s, 2H), 5.94-5.80 (m, 1H), 5.70 (s, 1H), 5.17 (d, J= 9.8 Hz, 1H), 4.69 (d, J
=99 Hz, 1H), 4.05 (d, /= 13.9 Hz, 1H), 2.74 (s, 3H), 2.03 (s, 3H), 1.85 (s, 6H) ppm.
I3C NMR (101 MHz, Chloroform-d) 3 =179.5, 152.3, 140.2, 139.2, 138.5 (2C), 134.9,
133.9, 133.8, 132.8, 132.5, 132.2, 131.9, 131.5, 130.8, 130.2, 129.63, 129.60, 129.5
(20), 128.2,127.9,127.2, 127.0, 126.28, 126.25, 125.6, 125.1, 124.7, 124.6-123.9 (m,
2C), 123.2(q,J=273.7 Hz, 2C), 118.4-118.1 (m, 2C), 68.4, 44.6, 20.8, 19.7, 18.6 (2C)
ppm.

19F NMR (376 MHz, Chloroform-d) 6 = —62.81 (s, 6F) ppm.

HRMS (ESI) m/z: [M+Na]" Calcd for C41H34FsN>SONa 739.2188; Found 739.2199
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 97/3, flow

rate = 0.5 mL/min): tr = 12.9 (minor), 15.1 (major)
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Me ‘ Me ‘
O OH BBr; (1.5 equiv) O Br

_ >

(0] Ar OH
seaUETE o e

Ar =2,4,6-Me3CgH, 99%, 89% ee
3aa, 90% ee 9

To a stirred solution of compound 3aa (43 mg, 0.1 mmol, 1.0 equiv) in anhydrous
CH2Cl> (0.1 M, 1.0 mL) was added BBr3 1.0 mol/L (17%) in DCM (150 uL, 0.15 mmol,
1.5 equiv) at =20 °C. After stirring for 2 hours, the mixture was quenched with brine (4
mL). The organic layer was separated, and the aqueous layer was extracted with ethyl
acetate (3%4 mL). The combined organic layer was dried over anhydrous NaSOs,
filtered, and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (petroleum ether/ethyl acetate = 5:1) to give (R)- 1-
(bromomethyl)-4'-methyl-[1,2"-binaphthalen]-2-0l (9) (37 mg, 99%, 89% ee) as a white

solid.

'"H NMR (500 MHz, Chloroform-d) 5 = 8.30 (d, J= 8.3 Hz, 1H), 8.18 (d, J= 8.3 Hz,
1H), 7.88 (dd, J = 15.7, 8.5 Hz, 2H), 7.78-7.66 (m, 2H), 7.39-7.28 (m, 3H), 7.21 (s,
1H), 7.14 (d, J=8.3 Hz, 1H), 4.93 (s, 1H), 4.83 (d, /= 10.4 Hz, 1H), 4.62 (d,/J=10.4
Hz, 1H), 2.74 (s, 3H) ppm.

13C NMR (126 MHz, Chloroform-d) & = 150.8, 137.7, 133.5, 133.2, 132.4, 131.9,
131.7, 130.3, 129.8, 129.1, 128.3, 127.1, 126.91, 126.88, 125.2, 125.0, 124.8, 123.7,
119.3, 118.0, 28.8, 19.8 ppm.

HRMS (ESI) m/z: [M+Na]* Caled for C22H;7BrONa 399.0355; Found 399.0373
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr =9.2 (major), 11.7 (minor)

Me ‘ Me ‘ K\O
O Br K>CO3 (2.0 equiv) O N\)
OH Morpholine (1.5 equiv) OH
OO DMF, rt, 8h

89% ee 48%, 89% ee
9 10
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To a stirred suspension of KoCO3 (27 mg, 0.2 mmol, 2.0 equiv) and morpholine (13 mg,
0.15 mmol, 1.5 equiv) in DMF (0.2 M, 0.5 mL) was added the aryl bromide 9 in 0.5
mL DMF . After stirring 8 hours at room temperature, the mixture was quenched with
brine (4 mL). The organic layer was separated, and the aqueous layer was extracted
with ethyl acetate (3x4 mL). The combined organic layer was dried over anhydrous
NaxSOy, filtered, and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (petroleum ether/ethyl acetate = 5:1) to give (R)-
4-((4'-methyl-2-((2,4,6-trimethylbenzyl)oxy)-[1,2"-binaphthalen]-1'"-yl)methyl)morp-
holine (10) (24 mg, 48%, 89% ee) as a white solid.

'"H NMR (400 MHz, Chloroform-d) § = 8.32-8.23 (m, 1H), 8.17-8.09 (m, 1H), 7.86—
7.79 (m, 2H), 7.67-7.56 (m, 2H), 7.36 (d, J = 8.8 Hz, 1H), 7.35-7.26 (m, 1H), 7.25 (s,
1H), 7.25-7.19 (m, 1H), 7.03 (d, /= 8.1 Hz, 1H), 4.19 (d, /= 12.8 Hz, 1H), 3.82-3.73
(m, 2H), 3.68-3.58 (m, 3H), 2.69 (s, 3H), 2.69-2.60 (m, 2H), 2.54-2.44 (m, 2H) ppm.
13C NMR (101 MHz, Chloroform-d) & = 153.1, 136.6, 134.9, 134.1, 133.3, 132.5,
131.5,130.0, 129.6, 129.5, 128.0, 126.3, 126.1, 125.7,125.5, 125.1, 124.9, 124.4, 123.3,
122.0, 66.3 (2C), 56.1 (2C), 53.4, 19.8 ppm.

HRMS (ESI) m/z: [M+H]" Caled for C26H26NO2 384.1958; Found 384.1965
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow

rate = 0.5 mL/min): tr = 9.3 (major), 10.5 (minor)

Me @

10 OH
o OO (3 mol %) H .OH
H Et
+  EtyZn -
toluene, -20 °C, 24 h

(2.0 equiv)

To a solution of chiral ligand 10 (2.3 mg, 0.006 mmol, 3 mol%) in toluene (1 mL) at —
20 °C was added dropwise a solution of diethylzinc (0.2 mL, 2.0 M solution in toluene,
0.4 mmol, 2.0 equiv). After the resulting solution was stirred for 15 min, benzaldehyde

(21.2 mg, 0.2 mmol, 1.0 equiv) was added in one portion. After stirring for 24h at —
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20 °C, the reaction was quenched by the addition of 1M HCI solution (5 mL), and the
mixture was extracted with ethyl acetate (4 mL x 3). The combined organic layers were
washed with brine, dried over MgSQu, filtered, and concentrated in vacuo. The residue
was purified by flash column chromatography on silica gel with ethyl acetate/hexanes
(1:7) to give the product (R)-1-phenyl-1-propanol (11) (21 mg, 77%, 95% ee).

'H NMR (400 MHz, Chloroform-d) § = 7.39 — 7.31 (m, 4H), 7.30 — 7.24 (m, 1H),
4.60 (t,J= 6.6 Hz, 1H), 1.91 — 1.68 (m, 3H), 0.92 (t,J= 7.4 Hz, 3H) ppm.

13C NMR (101 MHz, Chloroform-d) § = 144.7, 128.5 (2C), 127.6, 126.1 (2C), 76.2,
32.0, 10.3 ppm.

HPLC-Data: (Chiral MD column, A = 254 nm, hexane/isopropanol = 95/5, flow rate =
0.5 mL/min): tr=16.1 (major), 17.7 (minor)

VI1. Mechanistic Studies

Stoichiometric Reaction Using Ni(cod):

OH ‘
| Me
©;/ I A NI(COD), (1.0 equiv) O
+ r L9 (1.0 equiv) OH
0
Me OO DMA, 40 °C, 24 h O Ar
1a 2a OO

Ar = 2,4,6-MeCgH, 3aa, 68%, 80% ee

Ni(COD); (27.5 mg, 0.1 mmol, 1.0 equiv), (4S,5R)-4,5-diphenyl-2-(pyridin-2-yl)-4,5-
dihydrooxazole (1.9) (30.0 mg, 0.02 mmol, 1.0 equiv), the olefin-tethered aryl iodide
1a (24.4 mg, 0.1 mmol, 1.0 equiv), and the alkyne 2a (66.0 mg, 0.2 mmol, 2.0 equiv)
were placed in a Schlenk tube equipped with a stir bar. Subsequently, the Schlenk tube
was evacuated and filled with nitrogen (three cycles). To this mixture, 0.5 mL
anhydrous DMA was added subsequently under nitrogen atmosphere. The reaction
mixture was stirred at 40 °C for 24 hours, before it was quenched by successive addition
of water (3 mL) and saturated aqueous solution of NH4Cl (3 mL). The aqueous phase
was extracted with ethyl acetate (3 x 4 mL), and the combined organic phase was dried

over NaxSQOys, filtered, and concentrated in vacuo. The crude material was purified
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through column chromatography on silica gel (petroleum ether/ethyl acetate) to afford

the product 3aa (31.0 mg, 69%, 80% ee).

Radical Trapping Reaction Using BHT

OH
I NiBry(diglyme) (15 mol %) Me
A L9 (20 mol %
DU I eLCLLIEN & O
Me 0 Zn (1.5 equiv), DMA O _Ar
BHT (1.0 equiv) O
1a 2a 40 °C, 24 h

Ar =2,4,6-MeCgH, 3aa, 89%, 90% ee

NiBr(diglyme) (5.3 mg, 0.015 mmol, 15 mol%), (4S,5R)-4,5-diphenyl-2-(pyridin-2-
vl)-4,5-dihydrooxazole (L9) (6.0 mg, 0.02 mmol, 20 mol%), zinc (9.7 mg, 0.15 mmol,
1.5 equiv), 2,6-di-tert-butyl-4-methylphenol (BHT, 22.0 mg, 0.1 mmol, 1.0 equiv), the
olefin-tethered aryl iodide 1a (24.4 mg, 0.1 mmol, 1.0 equiv), and the alkyne 2a (66.0
mg, 0.2 mmol, 2.0 equiv) were placed in a Schlenk tube equipped with a stir bar.
Subsequently, the Schlenk tube was evacuated and filled with nitrogen (three cycles).
To this mixture, 0.5 mL anhydrous DMA was added subsequently under nitrogen
atmosphere. The reaction mixture was stirred at 40 °C for 24 hours before it was
quenched by successive addition of water (3 mL) and saturated aqueous solution of
NH4ClI (3 mL). The aqueous phase was extracted with ethyl acetate (3 x 4 mL), and the
combined organic phase was dried over Na>SOg, filtered, and concentrated in vacuo.
The crude material was purified through column chromatography on silica gel

(petroleum ether/ethyl acetate) to afford the product 3aa (39.4 mg, 89%, 90% ee).

Comparison of Initial Rates for Various Olefin-Tethered Aryl Halides

OH
X NiBryediglyme (15 mol%) Me ‘
©;’/ l Ar L9 (20 mol%) O
+ é OH
Me © Zn (1.5 equiv) o A
OO , DMA, 40 °C, 10 min OO ~
a

1a, X =1 Ar = 2,4,6-MeCgH,
1a', X =Br 3aa, X=1, 16%
1a", X = ClI X=Br, 7%

X=Cl, 0%
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NiBr2(diglyme) (5.3 mg, 0.015 mmol, 15 mol%), (4S,5R)-4,5-diphenyl-2-(pyridin-2-
vl)-4,5-dihydrooxazole (L9) (6.0 mg, 0.02 mmol, 20 mol%), zinc (9.7 mg, 0.15 mmol,
1.5 equiv), 2,6-di-tert-butyl-4-methylphenol (BHT, 22.0 mg, 0.1 mmol, 1.0 equiv), the
olefin-tethered aryl halides 1a, 1a', or 1a'" (0.1 mmol, 1.0 equiv), and the alkyne 2a
(66.0 mg, 0.2 mmol, 2.0 equiv) were placed in a Schlenk tube equipped with a stir bar.
Subsequently, the Schlenk tube was evacuated and filled with nitrogen (three cycles).
To this mixture, 0.5 mL anhydrous DMA was added subsequently under nitrogen
atmosphere. The reaction mixture was stirred at 40 °C for 10 min before it was
quenched by successive addition of water (3 mL) and saturated aqueous solution of
NH4Cl1 (3 mL). The aqueous phase was extracted with ethyl acetate (3 x 4 mL), and the
combined organic phase was dried over Na>SOg, filtered, and concentrated in vacuo.
The crude material was purified through column chromatography on silica gel

(petroleum ether/ethyl acetate) to afford the product 3aa.

Kinetic Studies
— o-Ph
OH O—< L9
Val y
AN
r
| ( L9 (Y mol %) OH
(0] NiBry(diglyme) (X mol %)
@(% - I 2 o~
Zn (1.5 equiv), DMA (1mL) O

40°C, 10 min

Ar = 2,4,6-MeC6H2
1a 2a 3aa

NiBr2(diglyme), (4S,5R)-4,5-diphenyl-2-(pyridin-2-yl)-4,5-dihydrooxazole (1.9), Zn, I-
iodo-2-(prop-1-en-2-yl)benzene (1a) and the alkyne (2a) were placed in a Schlenk tube
equipped with a stir bar. Subsequently, the Schlenk tube was evacuated and filled with
nitrogen (three cycles). To these solids, 1.0 mL anhydrous DMA was added under
nitrogen atmosphere. The reaction mixture was stirred at 40 °C for 10 minutes before
it was quenched by addition of water (1 mL) and saturated aqueous solution of NH4Cl
(1 mL). The aqueous phase was extracted with ethyl acetate (3x5 mL), and the

combined organic phases were dried over Na>SOg, filtered, and concentrated in vacuo.
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The crude material was then purified through column chromatography on silica gel.
The reaction mixture was analyzed by the molar concentration of 3aa. The initial rates
were calculated and plotted against the reactant or catalyst concentration to determine

the reaction orders.

Determination of the Reaction Order in the Alkene (1a)

The reaction was performed with the alkyne 2a (132 mg, 0.4 mmol, 1.0 equiv),
NiBr2ediglyme (10.6 mg, 0.03 mmol, 7.5 mol %), the ligand (4S,5R)-4,5-diphenyl-2-
(pyridin-2-yl)-4,5-dihydrooxazole (L9) (12.0 mg, 0.04 mmol, 10 mol %), and Zn (19.5
mg, 0.3 mmol, 0.75 equiv) in DMA (1.0 mL) in the presence of 0.20 M, 0.26 M, and
0.32 M [-lodo-2-(prop-1-en-2-yl)benzene (1a). The initial rates at various [la] are
similar, showing the reaction exhibits zero-order rate dependence on the concentration

of 1a.

[1a] (M)  Conversion of 1a (%)  [3aa] (10> M) Initial Rate (10~ M/s)

0.20 15.7 T e
0.26 12.4 3.22 5.36
0.32 10.8 346 .

© 7.00

=

S 6.00

...... [ )

I o

: @..ooemet

X 500

]

=

c

= 4.00

0.15 0.2 0.25 0.3 0.35
1a [M]
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Determination of the Reaction Order in Alkyne 2a

The reaction was performed with /-iodo-2-(prop-1-en-2-yl)benzene (1a) (48.8 mg, 0.2
mmol, 1.0 equiv), NiBr2ediglyme (10.6 mg, 0.02 mmol, 15 mol %), the ligand (4S,5R)-
4,5-diphenyl-2-(pyridin-2-yl)-4,5-dihydrooxazole (L9) (12.0 mg, 0.04 mmol, 20
mol %), and Zn (19.5 mg, 0.3 mmol, 1.5 equiv) in DMA (1.0 mL) in the presence of
0.16 M, 0.28 M, 0.40 M and 0.48 M the alkyne 2a. The initial rates at various [2a] are
similar, showing the reaction exhibits zero-order rate dependence on the concentration

of 2a.

[2a] (M)  Conversion of 1a (%) [3aa] (102 M) Initial Rate (10> M/s)

0.16 17.0 3.43 5.72
0.28 16.8 3.36 5.60
0.40 15.7 3.14 5.23
0.48 16.8 3.36 5.60

© 7.00

S

S 6.00

@ @ oo @, ..

& 5.00

i

B

£ 4.00

0 0.1 0.2 0.3 0.4 0.5
2a [M]
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Determination of the Reaction Order in Ni-Catalyst

The reaction was performed with /-iodo-2-(prop-1-en-2-yl)benzene 1a (48.8 mg, 0.2
mmol, 1.0 equiv), the alkyne 2a (132 mg, 0.4 mmol, 2.0 equiv), the ligand (4S,5R)-4,5-
diphenyl-2-(pyridin-2-yl)-4,5-dihydrooxazole (1.9) (12.0 mg, 0.04 mmol, 20 mol %),
and Zn (19.5 mg, 0.3 mmol, 1.5 equiv) in DMA (1.0 mL) in the presence of 0.01 M,
0.02 M and 0.03 M NiBr;+diglyme. The relationship between the initial rates and [Ni]

is linear, showing the reaction exhibits first-order rate dependence on the concentration

of NiBrzediglyme.
[Ni] (M) Conversion of 1a (%)  [3aa] (102 M) Initial Rate (107> M/s)
0.01 5.0 1.01 1.73
0.02 9.4 1.88 3.13
0.03 15.7 3.14 5.23
» 6.00
= ..
S 4.00
) '@
©
< 2.00 .
8
=
£ 0.00
0.01 0.02 0.03 0.04
Ni [M]
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Competition Reaction between 1a and Its Dideuterated Analog d2-1a

| OH
©:y/ | | rAr NiBrydiglyme (15 mol%)  Me ‘
L9 (20 mol%) O
. 0 H/D OH
Zn (1.5 equiv)
2a

I ) O _Ar
D DMA, 40 °C, 10 min
— Ar = 2,4,6-M6C6H2 kH/kD =0.92

Me 17%
3aa/d-3aa = 48:52

1a/dy-1a = 1:1

NiBr2ediglyme (10.6 mg, 0.02 mmol, 15 mol %), (4S,5R)-4,5-diphenyl-2-(pyridin-2-
vl)-4,5-dihydrooxazole (L.9) (12.0 mg, 0.04 mmol, 20 mol %), the mixture of olefins
(1a/dz2-1a=1:1) (48.8 mg, 0.2 mmol, 1.0 equiv), and the alkyne 2a (132 mg, 0.4 mmol,
2.0 equiv) were placed in a Schlenk tube equipped with a stir bar. Subsequently, the
Schlenk tube was evacuated and filled with nitrogen (three cycles). To this mixture, 1.0
mL anhydrous DMA was added subsequently under nitrogen atmosphere. The reaction
mixture was stirred at 40 °C for 10 minutes, before it was quenched by successive
addition of water (3 mL) and saturated aqueous solution of NH4ClI (3 mL). The aqueous
phase was extracted with ethyl acetate (3 x 4 mL), and the combined organic phases
were dried over NaxSQOy, filtered, and concentrated in vacuo. The crude material was
purified through column chromatography on silica gel (petroleum ether/ethyl acetate)
to afford the products 3aa/d-3aa = 48:52% (15 mg, 17%).

? For the NMR spectra, see Page S154 (for 3aa), S260 (for d-3aa), and S262 (for the

mixture of 3aa and d-3aa).

Characterization Data of d-3aa (D% > 98%?)

'"H NMR (400 MHz, Chloroform-d) § = 8.40-8.31 (m, 1H), 8.14-8.07 (m, 1H), 7.96
(d, J=8.9 Hz, 1H), 7.90 (d, J = 8.1 Hz, 1H), 7.66-7.59 (m, 2H), 7.57 (d, J= 8.9 Hz,
1H), 7.47-7.39 (m, 2H), 7.39-7.31 (m, 1H), 6.64 (s, 2H), 5.04 (d, J = 10.6 Hz, 1H),
4.96-4.87 (m, 1H), 4.85 (d, J=10.6 Hz, 1H), 4.46 (d, J=12.1 Hz, 1H), 2.86-2.70 (m,
1H), 2.68 (s, 3H), 2.18 (s, 3H), 1.89 (s, 6H) ppm.
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13C NMR (126 MHz, Chloroform-d) § = 153.5, 138.22, 138.21 (2C), 134.3, 134.1,
133.9, 132.9, 132.8, 132.7, 130.5, 129.6 (2C), 129.3, 129.0 (2C), 128.2, 128.1, 126.6,
126.4, 126.1, 125.8, 125.6, 124.7, 124.5, 119.1, 69.0, 60.6, 21.1, 19.7, 19.1 (2C) ppm.
HRMS (ESI) m/z: [M+Na]" Calcd for C3:H20DO>Na 470.2201; Found 470.2210
HPLC-Data: (Chiralpak AD-H column, A = 254 nm, hexane/isopropanol = 70/30, flow
rate = 0.5 mL/min): tr = 8.4 (major), 12.1(minor)

2 Determined by 'H-NMR spectroscopy.

VII. Crystallographic Data

CCDC 2247891 contains the supplementary crystallographic data for 3ae. These data

can be obtained free of charge from the Cambridge Crystallographic Data Centre.

Ar = 2,4,6-M83C6H2
3ae

Identification code 3ae
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Empirical formula C39H3603
Formula weight 552.68
Temperature/K 293(2)
Crystal system monoclinic
Space group P2,

a/A 8.81447(12)
b/A 33.2257(4)
c/A 11.84777(14)
o/° 90

pB/e 90.9522(11)
v/° 90
Volume/A? 3469.34(7)
4 4

Pealeg/cm’ 1.058
w/mm’! 0.512

F(000) 1176.0

Crystal size/mm?

0.22 x0.2 x0.15

Radiation CuKa (A=1.54184)

20 range for data collection/°  7.462 to 146.182

Index ranges -10€h<10,-41 <k<40,-13<1<14
Reflections collected 22869

Independent reflections 12184 [Rint = 0.0188, Rsigma = 0.0246]
Data/restraints/parameters 12184/1/770

Goodness-of-fit on F? 1.054

Final R indexes [[>=2c (I)] R1=0.0370, wR2 = 0.0998

Final R indexes [all data] R1=0.0401, wR2 =0.1033
Largest diff. peak/hole /e A3 0.15/-0.17

Abs Structure Flack 0.11(7)
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IX. NMR Spectra

"H NMR-spectrum (400 MHz, Chloroform-d) of 1¢
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13C NMR-spectrum (101 MHz, Chloroform-d) of 1c¢
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"H NMR-spectrum (500 MHz, Chloroform-d) of 1e
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13C NMR-spectrum (126 MHz, Chloroform-d) of 1e
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"H NMR-spectrum (400 MHz, Chloroform-d) of 1g
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13C NMR-spectrum (101 MHz, Chloroform-d) of 1g
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"H NMR-spectrum (400 MHz, Chloroform-d) of 1h
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13C NMR-spectrum (101 MHz, Chloroform-d) of 1h
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"H NMR-spectrum (400 MHz, Chloroform-d) of 1i
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"H NMR-spectrum (500 MHz, Chloroform-d) of 1k
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13C NMR-spectrum (126 MHz, Chloroform-d) of 1k
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"H NMR-spectrum (400 MHz, Chloroform-d) of 1m
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13C NMR-spectrum (101 MHz, Chloroform-d) of 1m
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"H NMR-spectrum (500 MHz, Chloroform-d) of 1o
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13C NMR-spectrum (126 MHz, Chloroform-d) of 1o
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F NMR-spectrum (376 MHz, Chloroform-d) of 1o
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"H NMR-spectrum (500 MHz, Chloroform-d) of 2a
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13C NMR-spectrum (126 MHz, Chloroform-d) of 2a
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"H NMR-spectrum (400 MHz, Chloroform-d) of 2b
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13C NMR-spectrum (126 MHz, Chloroform-d) of 2b
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"H NMR-spectrum (500 MHz, Chloroform-d) of 2¢
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13C NMR-spectrum (126 MHz, Chloroform-d) of 2¢
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"H NMR-spectrum (400 MHz, Chloroform-d) of 2d
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13C NMR-spectrum (101 MHz, Chloroform-d) of 2d
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"H NMR-spectrum (400 MHz, Chloroform-d) of 2d
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13C NMR-spectrum (101 MHz, Chloroform-d) of 2e
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"H NMR-spectrum (500 MHz, Chloroform-d) of 2f
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13C NMR-spectrum (126 MHz, Chloroform-d) of 2f

w6l ~
(Iatad

91'cs —
°e'se —

86°L9 —

8T°08 —

9L796 —

0L°L0T —

VI~
€S9I —

vT STl
50921 V
€6'921 —
R
€T6TI
€r6Tl
96'621
£0€1
v et
€5€€l
€0°LET
8€'8€1
9r'$El

€6'851 -1
€E°6S1 \

OH

Me

Me

MeO

T T T T
160 140 120 100
5 (ppm)

T
180

T
200

S105



"H NMR-spectrum (500 MHz, Chloroform-d) of 2g
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13C NMR-spectrum (126 MHz, Chloroform-d) of 2g
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F NMR-spectrum (471 MHz, Chloroform-d) of 2g
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"H NMR-spectrum (400 MHz, Chloroform-d) of 2h
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13C NMR-spectrum (126 MHz, Chloroform-d) of 2h
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"H NMR-spectrum (500 MHz, Chloroform-d) of 2i
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13C NMR-spectrum (126 MHz, Chloroform-d) of 2i
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"H NMR-spectrum (500 MHz, Chloroform-d) of 2j
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13C NMR-spectrum (126 MHz, Chloroform-d) of 2j
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F NMR-spectrum (471 MHz, Chloroform-d) of 2j
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"H NMR-spectrum (500 MHz, Chloroform-d) of 2k

€T —
8¥'Cc—

om&v.

09y

LTS —

Me

Me

I
(0]
OO Me
2k

¢
509

=901
01'C

Hx:.c
Fore
Jeo'l

10

5 (ppm)

S116



13C NMR-spectrum (126 MHz, Chloroform-d) of 2k
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"H NMR-spectrum (400 MHz, Chloroform-d) of 21
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13C NMR-spectrum (101 MHz, Chloroform-d) of 21
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"H NMR-spectrum (500 MHz, Chloroform-d) of 2m
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13C NMR-spectrum (126 MHz, Chloroform-d) of 2m
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13C NMR-spectrum (101 MHz, Chloroform-d) of 2n
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"H NMR-spectrum (400 MHz, Chloroform-d) of 20
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13C NMR-spectrum (101 MHz, Chloroform-d) of 20
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"H NMR-spectrum (400 MHz, Chloroform-d) of 2p
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13C NMR-spectrum (101 MHz, Chloroform-d) of 2p
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"H NMR-spectrum (400 MHz, Chloroform-d) of 2q
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13C NMR-spectrum (101 MHz, Chloroform-d) of 2q
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"H NMR-spectrum (500 MHz, Chloroform-d) of 2r
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13C NMR-spectrum (126 MHz, Chloroform-d) of 2r
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"H NMR-spectrum (400 MHz, Chloroform-d) of 2s
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13C NMR-spectrum (101 MHz, Chloroform-d) of 2s
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"H NMR-spectrum (400 MHz, Chloroform-d) of 2t
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13C NMR-spectrum (101 MHz, Chloroform-d) of 2t
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"H NMR-spectrum (400 MHz, Chloroform-d) of 2u
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13C NMR-spectrum (101 MHz, Chloroform-d) of 2u
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"H NMR-spectrum (400 MHz, Chloroform-d) of 2v
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13C NMR-spectrum (101 MHz, Chloroform-d) of 2v
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"H NMR-spectrum (400 MHz, Chloroform-d) of 2w
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13C NMR-spectrum (101 MHz, Chloroform-d) of 2w
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"H NMR-spectrum (500 MHz, Chloroform-d) of 2x
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13C NMR-spectrum (126 MHz, Chloroform-d) of 2x
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"H NMR-spectrum (500 MHz, Chloroform-d) of 2y
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13C NMR-spectrum (126 MHz, Chloroform-d) of 2y
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"H NMR-spectrum (500 MHz, Chloroform-d) of 2z
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13C NMR-spectrum (126 MHz, Chloroform-d) of 2z
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"H NMR-spectrum (400 MHz, Chloroform-d) of 2ab
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13C NMR-spectrum (101 MHz, Chloroform-d) of 2ab

A 8 o [N — —
6 Iy E N ~ a © a
et cooddddaaaaz 2 N S = b
———a
OH
li li OBn
2ab
|
" — N ” l J
T T T T T T T T T T T T T T
200 180 160 140 120 100 80
5 (ppm)

$149



"H NMR-spectrum (400 MHz, Chloroform-d) of 2ac
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13C NMR-spectrum (101 MHz, Chloroform-d) of 2ac
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"H NMR-spectrum (500 MHz, Chloroform-d) of 2ad
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13C NMR-spectrum (126 MHz, Chloroform-d) of 2ad
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3aa
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3ba
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3ba
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3ca
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3ca

8T —
8061 ~_
6017 ~
66'€C ~

6CSE—

$9°09 —

98'89 —

6L'811 7
0€'+T1
69'T1
LSl
6L°STI
11921
ST9TI
09921
€1821
S0°6T1 o ﬁ
Y1621 o
LT6TI A
29'6T1
9OET \f
SI'TEIAE
LLTEN W
60°€E1
16°€€1 \
LUPEL
91'8€1
6T'8¢1
LL'8E]
€5°€ST —

A

3ca, Ar = 2,4,6-Me;CgH,

T
160

T
180

T
200

T
100

T
120

T
140

3 (ppm)

S159



"H NMR-spectrum (400 MHz, Chloroform-d) of 3da
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3da
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3ea
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3ea
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3fa
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3fa
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3ga
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3ga
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"H NMR-spectrum (500 MHz, Chloroform-d) of 3ha
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13C NMR-spectrum (126 MHz, Chloroform-d) of 3ha
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"H NMR-spectrum (500 MHz, Chloroform-d) of 3ia
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13C NMR-spectrum (126 MHz, Chloroform-d) of 3ia
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3ja
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3ja
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3ka
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3ka
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3la
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3la
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3ma
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3ma
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3na
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"H NMR-spectrum (400 MHz, Chloroform-d) of 30a
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13C NMR-spectrum (101 MHz, Chloroform-d) of 30a
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F NMR-spectrum (376

MHz, Chloroform-d) of 30a
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13C NMR-spectrum (126 MHz, Chloroform-d) of 3ab
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3ac
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3ac

LO6T~_
9L°61 —
e/

19°09 —
2069 —

LY6IT
1421 A
09°5Z1
$8°STI 1
86'ST1
67971 |
9T |
1,921 |
TrLTI
LY'LTI
91'8TI 4
00621
€061
YT6TI
957621 A
16'6C1
69°0€1
69'TE
¥8°TET
66TE1 —~

STPED \
el
LY LET
1781
sTsel

£€6°0¥1
8S€ST —

==

FATTTE

OH

o
Ph

Me

3ac, Ar = 2,4,6-Me3CGH2

T
100

T
120

T
140

T
160

T
180

T
200

5 (ppm)

5188



"H NMR-spectrum (500 MHz, Chloroform-d) of 3ad
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13C NMR-spectrum (126 MHz, Chloroform-d) of 3ad
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3ae
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3ae
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3af
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3af
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3ag
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3ag
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F NMR-spectrum (376 MHz, Chloroform-d) of 3ag
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"H NMR-spectrum (500 MHz, Chloroform-d) of 3ah
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13C NMR-spectrum (126 MHz, Chloroform-d) of 3ah
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"H NMR-spectrum (500 MHz, Chloroform-d) of 3ai
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13C NMR-spectrum (126 MHz, Chloroform-d) of 3ai
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"H NMR-spectrum (500 MHz, Chloroform-d) of 3aj
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13C NMR-spectrum (126 MHz, Chloroform-d) of 3aj
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F NMR-spectrum (376 MHz, Chloroform-d) of 3aj
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3ak
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3ak
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3al
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3al
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3am
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3am

161~
1L°61 =
orie”

§ETS —
€609 —

05'89 —

18811 7
SV |
65°sT1 |
6'ST1 1
$6'ST1
01921
sTozl |
691 1
0L'LT1 ]
€6'8C1 |
01621
L1621
SE6T1 Y
PITEL
LTTET A
8E°TET
19°2€1 7
88°7€1
sovel
99°p€1 9
61951
rIsel
TH8El

6551 —

—

e

/

=

0€L9T —

OH

l : O _Ar
MeOzC

Me

N

3am, Ar = 2,4,6-Me3C6H2

T
100

T
120

T
140

T
160

T
180

T
200

5 (ppm)

S210



"H NMR-spectrum (400 MHz, Chloroform-d) of 3an
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3an
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3ao
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3ao
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3ap
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"H NMR-spectrum (500 MHz, Chloroform-d) of 3aq
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13C NMR-spectrum (126 MHz, Chloroform-d) of 3aq
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"H NMR-spectrum (500 MHz, Chloroform-d) of 3ar
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13C NMR-spectrum (126 MHz, Chloroform-d) of 3ar
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"H NMR-spectrum (500 MHz, Chloroform-d) of 3as
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13C NMR-spectrum (126 MHz, Chloroform-d) of 3as
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3at
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3at
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3au
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13C NMR-spectrum (126 MHz, Chloroform-d) of 3au
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3av
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3av
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"H NMR-spectrum (500 MHz, Chloroform-d) of 3aw
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13C NMR-spectrum (126 MHz, Chloroform-d) of 3aw
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"H NMR-spectrum (500 MHz, Chloroform-d) of 3ax
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13C NMR-spectrum (126 MHz, Chloroform-d) of 3ax
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3ay
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3ay
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3az
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3az
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3aaa
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3aaa
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"H NMR-spectrum (400 MHz, Chloroform-d) of 3aab
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13C NMR-spectrum (101 MHz, Chloroform-d) of 3aab
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"H NMR-spectrum (500 MHz, Chloroform-d) of 3aac
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13C NMR-spectrum (126 MHz, Chloroform-d) of 3aac
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"H NMR-spectrum (400 MHz, Chloroform-d) of 4
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13C NMR-spectrum (101 MHz, Chloroform-d) of 4
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"H NMR-spectrum (500 MHz, Chloroform-d) of 5
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13C NMR-spectrum (126 MHz, Chloroform-d) of 5
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"H NMR-spectrum (500 MHz, Chloroform-d) of 6
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13C NMR-spectrum (126 MHz, Chloroform-d) of 6
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"H NMR-spectrum (400 MHz, Chloroform-d) of 7

86’1 —
LT —

S9CT—

0L'E~_
e
86'€
[N

;&/

Y6y —
90°S
60°S \

/]

/

I ////J J

NH,

l l O\/Ar

Me

Ar = 2,4,6-M 93C6H2

i

o

=609
0'¢

Feot

Frot

Eso't
001

10

5 (ppm)

S249



13C NMR-spectrum (101 MHz, Chloroform-d) of 7
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"H NMR-spectrum (400 MHz, Chloroform-d) of 8
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13C NMR-spectrum (101 MHz, Chloroform-d) of 8
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F NMR-spectrum (376 MHz, Chloroform-d) of 8
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"H NMR-spectrum (500 MHz, Chloroform-d) of 9
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13C NMR-spectrum (126 MHz, Chloroform-d) of 9
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"H NMR-spectrum (400 MHz, Chloroform-d) of 10
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13C NMR-spectrum (101 MHz, Chloroform-d) of 10
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"H NMR-spectrum (400 MHz, Chloroform-d) of 11
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13C NMR-spectrum (101 MHz, Chloroform-d) of 11
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"H NMR-spectrum (500 MHz, Chloroform-d) of d-3aa

681 —

81'C—

89'C~
LLT

AN
Naad
€8y
98y A
68
06t
6y
€6’y
€0's
S0's

—

Ar = 2,4,6-M63CGH2

0°¢
10°1

oot
01

10°1

200'1

Fioz

10

5 (ppm)

S260



13C NMR-spectrum (101 MHz, Chloroform-d) of d-3aa
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"H NMR-spectrum (400 MHz, Chloroform-d) of the mixture of 3aa/d-3aa
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X. HPLC Chromatograms

740 N
] 1-8.310
1204
100+
80: 12-11.887
v
60
40
20:
=15 I—'="‘_‘”_"_r' T T T T ) L N B pea— T T T T Ton: ¥ T T T T
[ X)) 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Integration Results
To. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a
1 8.310 21.040 125.153 49.78 61.14 n.a.
2 11.887 21.229 79.553 50.22 38.86 n.a.
Total: 42.269 204.705 100.00 100.00
P50
1-8.350
3004
] Me ‘
250 O
1 (0] Ar
C™
150 Ar = 2,4,6-Me;CgH,
| 3aa
100
50
] 12-12.043
42 T T T T T T T 1. -+ % T o T T T T T T T T T
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.04
Integration Results
Klo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
[1 8.350 54126 313437 95.51 97.00 n.a.
2 12.043 2.547 9.706 449 3.00 n.a.
Total: 56.674 323.142 100.00 100.00

HPLC (Chiralpak AD-H): tr = 8.4 (major), 12.0 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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F110.0 N
100.0 1-7.757
87.54
750:
625 12-10.920
50.0
37.5:
25.04
125
= =""_NL'—" J
Q== ————————————————— e, e LS
A 0.0 2.0 4.0 6.0 8.0 10.0 12.0 134%
Integration Results
0. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.757 14.480 96.825 49.79 61.04 na.
2 10.920 14.600 61.813 50.21 38.96 n.a.
Total: 29.081 158.639 100.00 100.00
FEoo+
555 1-7.780
160
120 O OH
100 OO O Ar
80
Ar = 2,4,6-M9306H2
60 3ba
40+
20
] 2-10.957
42 T T T T T T T T T T T T.. '~ v T I T T 7 T T T T
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.04
Integration Results
0. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 1 7.780 26.996 179.780 96.02 97.28 n.a.
2 10.957 1.120 5019 3.98 272 na._ 4
Total: 28.116 184.799 100.00 100.00

HPLC (Chiralpak AD-H): tg = 7.8 (major), 11.0 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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#20.0 1 k|
112,51 1-7.820
100.0 4
87.5
y 2-9.813
75.04
62.5
! -
50.0
375
250
12.54 J
'03=FEEEE:::;:;::::::F::::ZZZFZZZZZZZZ$:::::::;’{\. R TR e ] T
A 0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.000
Integration Results
Ko [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount Y
min mAU*min mAU % % n.a.
1 7.820 15.852 109.240 49.84 57.76 n.a.
2 9.813 15.952 79.898 50.16 42.24 na.__ 4
Total 31.805 189.138 100.00 100.00
P60- ¥
: 1-7.653
140
120—-
11004
1 OH
80
1 ~Ar
60—~
1 Ar = 2,4,6-Me306H2
404 3ca
20:
. |2-9.583
14 L —
L 0.00 125 2,50 375 5.00 6.25 7.50 8.75 1000 11.0g
Integration Results
MNo. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.653 21.162 147.947 96.23 97.18 n.a.
] 9.583 0.830 4.287 3.77 282 n.a.
Total: 21.992 152.233 100.00 100.00

HPLC (Chiralpak AD-H): tr = 7.7 (major), 9.6 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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30

20

10

14

s 0.00

1.25

2.50

375

12-10.143

875

10.00

T
11.25 120

Integration Results

o

Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

1
g

7.707
10.143

12.897
12.949

90.155
60.993

49.90
50.10

59.65
40.35

n.a.
n.a.

Total:

25.846

151.148

100.00

100.00

B00-

180
160
140
120

100 +

20

EE

Ar = 2,4,6-Me3CeH2
3da

W 0.00

125

250

375

'5.00

625

1-7.693

8.75

2-10.130

10.00

1125 12.0

Integration Results

To.

Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

1
g

7.693
10.130

25471
1.197

178.440

5.830

95.51
449

96.84
3.16

n.a.
n.a.

Total:

26.668

184.270

100.00

100.00

HPLC (Chiralpak AD-H): tr = 7.7 (major), 10.1 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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Chromatogram

150.0 h
1-7.510
45.0
40.0 4
35.0
12-9.627

30.0
25.0 1
20.0
15.0 4
10.04
5.0

| J LSS W
-0'8-|' LI T T T T T T T ‘I"'I""lI"'I""IT""I"
h 000 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.0
Integration Results
Klo.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount

min mAU*min mAU % % n.a.
1 7510 6.507 45282 50.38 59.68 n.a.
2 9.627 6.407 30.598 49.62 40.32 n.a.
Total: 12.914 75.880 100.00 100.00
Chromatogram
P30 N
1-7.533

160+
140
120}
11001
80
60

: Ar = 2,4,6-M63C6H2

i 3ea
40
20

| 2 -9.650
'1=.;..|; | AL R S S 71 r r Tt T [ ‘Tt T T T [ Tt T T T
A 0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.00
/Integration Results
MNo. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
| min mAU*min mAU % % n.a.
& 7.533 23912 165.616 93.54 9548 na.
2 9.650 1.652 7.846 6.46 452 n.a.
Total: 25.564 173.463 100.00 100.00

HPLC (Chiralpak AD-H): tr = 7.5 (major), 9.7 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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Chromatogram

0.0+
80.04
70.0
60.0:
50.0
40.0
30.0
20.0

10.04

-0.81

1-7.943

2-11.210

- —

A 0.0

T
2.0

T

T
12.0

" 140

T T

15.04

\Integration Results

Kio. [Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

2

7.943
11.210

12.886
13.212

81433
48.409

49.38
50.62

62.72
37.28

n.a.
n.a.

fTotaI:

26.097

129.842

100.00

100.00

Chromatogram

F20.0
112,51

100.0
8754
75_0:
62.5;
50.02
3751
25.01

12.54

-0.84
0.0

2.0

Ph

OH

o

Ar = 2,4,6-M33C6H2

3fa

4.0

12-11.250

(o T T T I S T

6.0

T

8.0

Integration Results

Ro.

Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

0
2

7.970
11.250

17.455
2.409

107.235
8.838

87.87
12.13

92.39
7.61

n.a.
n.a.

Total:

19.863

116.073

100.00

100.00

HPLC (Chiralpak AD-H): tg = 8.0 (major), 11.3 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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-14

A 0.0
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2 -12.580
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\Integration Results

moA Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount \
n.a.

2

9.500
12.580

35.785
35.862

177.881
123.238

49.95
50.05

59.07
40.93

n.a.
na. 4

:Total:

71.647

301.119

100.00

100.00

004

800
700
600

o0
'4oot
300
jzooi

100

AR e

14

Me ‘
O OH
OO O\/Ar

Ar = 2,4,6-Me3CgH>»
3ga

1-9.507

12-12.590

A 00

20 40

6.0

8.0

100

" 120

140

15.04

/Integration Results

Mo [Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

,E%___"

9.507
12.590

173.250
9.131

854.147
31.549

94.99
5.01

96.
3.56

n.a.
n.a.

|Total:

182.381

885.696

100.00

100.00

HPLC (Chiralpak AD-H): tr =9.5 (major), 12.6 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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Chromatogram

11.00 k.
10.001 1-9.707
8.75]
7.50 1
6.254
|2-15.403
4 5.00
3.751
250
1.257
0.00 J , .
-0.80 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
h 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 17.&
lIntegration Results
MNo.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
| min mAU*min mAU % % n.a.
[1 9.707 1.994 9.751 50.15 64.63 n.a.
¥ 15.403 1.983 5.336 49.85 35.37 n.a.
Total: 3.977 15.087 100.00 100.00
Chromatogram
1220 N
200-: 1-9.723
175:
150
1257
100
75
] Ar = 2,4,6-Me3CeH2
] 3ha
50:
25
] 12-15.417
4 I
T T T T T A TR G T F R R T P R . T T - . T T - T T T T |
A 00 20 40 6.0 8.0 10.0 12.0 140 160 17.0)
/Integration Results
Mo. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
‘ min mAU*min mAU % % n.a.
1 9.723 40.502 195.364 95.40 97.31 n.a.
2 15.417 1.955 5.405 4.60 2.69 n.a.
Total: 42.457 200.769 100.00 100.00

HPLC (Chiralpak AD-H): tr =9.7 (major), 15.4 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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iChromatgram

'5.00 Yy
1-10.717
4.004
3.00
12 -16.747
2.001
1.001
0.00- — ,
_080 ¥ r X v T T 3 3 s T 3 T £ Y T ] y )] T N ] T S T 9 $ L T 8 L
h 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0d
\Integration Results
Mo, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.717 0.996 4.305 49.76 63.81 n.a.
2 16.747 1.006 2441 50.24 36.19 n.a.
§Total: 2.002 6.746 100.00 100.00
Chromatogram
50,0 - ¥
1-10.680
50.0
40.0 1
30.04
20.0 1
Ar = 2,4,6-M93C6H2
3ia
10.0 4
12-16.700
'0'8:"1- LR SR S (T I"ll"'l"l"l"'l"
h 00 20 40 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.04
/Integration Results
Mo. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
11 10.680 12.673 53.989 94.83 96.86 n.a.
2 16.700 0.692 1.751 517 3.14 n.a.
Total: 13.365 55.740 100.00 100.00

HPLC (Chiralpak AD-H): tr =10.7 (major), 16.7 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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90.0 h
11-8.633
80.0
70.0 1
60.0 4
50.0 1 12-13.703
40.0 4
30.04
20.0 4
10.0 4
] \ !
083 r T T T T ¥ T T T T
hn 00 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.04
Integration Results
Kio. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.633 14.207 83.506 49.35 63.85 n.a.
2 13.703 14.582 47.270 50.65 36.15 n.a.
Total 28.789 130.776 100.00 100.00
504
1225
1-8.683
200
] Cl
175 iiln
150
] OH
125
E O _Ar
100
- Ar = 2,4,6-Me3CgH,
3ja
50
25
] 12 -13.787
S T T T T T T T— 71 T T T T T T T T I- T T T T
h 00 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.04
\Integration Results
Kio. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
I min mAU*min mAU % % n.a.
[ i 8.683 35.361 204.539 94.02 96.42 n.a.
| 13.787 2.251 7.603 5.98 3.58 n.a.
37.612 212.142 100.00 100.00

| Total:

HPLC (Chiralpak AD-H): tg =8.7 (major), 13.8 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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130.0 1 e
1-8.330
25.04
20.01
15.0 4
12-13.233
10.0 4
5.0 1
'0'8: T T T T T T T T T T T T T T T T T T T T T
h 00 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.
\Integration Results
0. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a
1 8.330 4.163 25.797 49.94 64 .49 n.a.
Y4 13.233 4173 14.206 50.06 35.51 n.a.
J;Total: 8.336 40.003 100.00 100.00
fE0.0-
1-8.330
70.0 1
160.01 cl
|50.0 Me i
OH
40.0 4
OO O\/ Ar
30.0:
Ar = 2,4,6-M83C6H2
3ka
20.0 4
10.0 4
k 12-13.237
-0'8:1 T T T T T T T T T T T T T T — T T T
| - 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.04
/Integration Results
MNo. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount Y
] min mAU*min mAU % % n.a.
[ I 8.330 12.035 73.988 92.20 95.50 n.a.
Y 13.237 1.018 3.485 7.80 4.50 na. 4
Total: 13.053 77.474 100.00 100.00

HPLC (Chiralpak AD-H): tg =8.3 (major), 13.2 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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190.0 3
80.04 1-8.243
70.0 1
60.0 4
50.01
2 -12.363
40.0 4
30.0 1
20.0
10.0 A
-0.83 T T T T T T T T IJ\'A T T T — T T T I| T T T T T
N 00 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.04
Integration Results
Ko, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.243 12.116 78.005 4963 62.99 n.a.
2 12.363 12.297 45829 50.37 37.01 n.a.
Total: 24.413 123.835 100.00 100.00
%00
180 1-8.243
160
] Me
1401
] Me
120 1 O OH
100 G O O Ar
80
i Ar = 2,4,6-M8306H2
60-_ 3la
401
20
] 2-12.353
£ !
— ————— : :
A 00 20 40 6.0 8.0 10.0 12.0 140 15.0
Integration Results
Flo.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 I 8.243 27.230 174.278 91.48 94.82 n.a.
2 12.353 2.536 9.523 8.52 518 na._ 4
Total: 29.766 183.802 100.00 100.00

HPLC (Chiralpak AD-H): tg =8.2 (major), 12.4 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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a0+

N
1-11.063
120 ~
100: 12-13.693
80
60-—
40
20—-
14
A 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
/Integration Results
Mo [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
l min mAU*min mAU % % na
1 11.063 32.548 129.305 49.93 56.57 n.a.
2 13.693 32.638 99.262 50.07 4343 n.a.
|Total: 65.187 228.567 100.00 100.00
150.0 &
{1 -11.047
80.0
70.0 1 Ph
60.0 1 Me ‘
ﬂli: OH
50.0 1
O _Ar
1
40.0 4
2001 Ar = 2,4,6-Me3CGH2
3ma
20.0 4
10.04 12 - 13.680
083 r T T T T T T I T .
A 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
/Integration Results
Mo,  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.047 20.208 80.718 87.97 90.55 n.a.
4 13.680 2.764 8.422 12.03 9.45 na._ 4
\'Total: 22.973 89.140 100.00 100.00

HPLC (Chiralpak AD-H): tg =11.0 (major), 13.7 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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Chromatogram

1250 Y
225
] 1-8.693
2004
1757
150
125 g
1 12-13.327
100
75
50 1
25
] ]
-5- T T T T T T T T T T T T T T T T T T T T T T T T T 'I T T T T T T
h 00 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.04
Integration Results
Ro.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.693 38.273 207.783 50.20 64.26 n.a.
2 13.927 37.961 115.549 49.80 35.74 n.a.
Total: 76.234 323.333 100.00 100.00
Chromatogram
600 Sy
1-8.707
5004
] OMe
400? Me ‘
| (o
3004
1 OO O\/ Ar
2004
] Ar = 2,4,6-Me3CeH2
] 3na
100
12-13.950
0+ : T : T
-1 00 2 T T T T T T T
h 00 20 4.0 6.0 8.0 10.0 12.0 14.0 15.4
Integration Results
Kio. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.707 95.763 520.725 90.09 94.14 na.
2 13.950 10.536 32.442 9.91 5.86 n.a.
Total: 106.298 553.167 100.00 100.00

HPLC (Chiralpak AD-H): tg =8.7 (major), 14.0 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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Chromatogram

135.0 A
30.0 1-7.543
25.0 1
20.0
] 2-10.730
15.0 1
10.04
5.0
0.0 //\/ML 1 b
5.0- r T T T T T T
h 00 2.0 4.0 6.0 8.0 10.0 12.0 14.0d
/Integration Results
MNo. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount Y
‘ min mAU*min mAU % % n.a.
" 7.543 4637 29.094 4959 61.43 n.a.
10.730 4.713 18.271 50.41 38.57 na. 4
Total: 9.349 47.365 100.00 100.00
EChromatggram
F20.0
11251 \1-7.530
100.0
87.5 CF3
Me ‘
75.09
] OH
62.5
O _Ar
50.0 4
%5 Ar = 2,4,6-Me3CeH,
3o0a
25.0
‘12.5E 12-10.713
0.0 T T
5.0- T T T T T T T T
A 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.04
\Integration Results
Mo [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
\ min mAU*min mAU % % n.a.
|1 i 7.530 17.109 111.958 85.84 90.38 n.a.
Y] 10.713 2.821 11.918 14.16 9.62 n.a.
§Total: 19.930 123.875 100.00 100.00

HPLC (Chiralpak AD-H): tg =7.5 (major), 10.7 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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[50.0 N
1-13.380

50.0 4

40.01

30.0

12 - 25.953

20.04

10.0 1

i 4, STV SO B | ]
-0'8_| T T T T T T T T T T T T T T : T T T T T T T T T T T :
h 00 5.0 10.0 15.0 20.0 25.0 28.0d
Integration Results
Mo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.

1 13.380 20.218 53.424 49.77 68.73 n.a.
2 25.953 20.407 24.307 50.23 31.27 na. 4
Total: 40.625 77.731 100.00 100.00
Chromatogram

150.0 - N

1 - 13.400
50.0 1
Me ‘
O _Ar
30.0 Ph
HO
Ph
20.0 Ar = 2,4,6-MB3CGH2
3ab
10.0 1
i 12 - 26.000
0.0 — - ,

5.0- 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

A 00 5.0 10.0 15.0 20.0 25.0 289
/Integration Results

MNo. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
[ min mAU*min mAU % % n.a.

|1 13.400 19.877 52.329 96.12 98.20 na.

2 26.000 0.803 0.959 3.88 1.80 na. 4
|Total: 20.680 53.288 100.00 100.00

HPLC (Chiralpak AD-H): tr =13.4 (major), 26.0 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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1350 N
300 1-10.060
250
] 12-13.180
2004
150
100
50
.1_- 1 1
\_ 00 20 40 6.0 8.0 10.0 120 140 150
Integration Results
Ko, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.060 62.793 291.311 49.86 58.41 n.a.
2 13.180 63.153 207.432 50.14 41.59 n.a.
Total: 125.946 498.743 100.00 100.00
JFoo-
600 i1-10.077
500 4
Me ‘
400 - O OH
] O _Ar
- 00
Ph
200 Ar = 2,4,6-Me3CgH,
E 3ac
1004
] 12-13.207
1 |
T T T T T T T T T T T T T T T T T T T T T T
A 0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.04
\Integration Results
Mo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
1 min mAU*min mAU % % na.
|1 i 10.077 126.491 588.840 95.00 96.32 n.a.
2 13.207 6.663 22.527 5.00 3.68 n.a.
|Total: 133.154 611.367 100.00 100.00

HPLC (Chiralpak AD-H): tg =10.1 (major), 13.2 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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140 N
120 4 \1-8.787
1004
80+ 12-11.923
60
404
204
————————————— — - —
h 00 2.0 4.0 6.0 8.0 10.0 12.0 14.04
\Integration Results
Mo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
‘ min mAU*min mAU % % n.a.
{1 8.787 22.958 116.683 50.22 60.76 n.a.
2 11.923 22.753 75.367 49.78 39.24 na.__ 4
i:TotaI 45.712 192.050 100.00 100.00
P50
400+ 1-8.793
350
300
250 OH
~Ar
2004
150 o
] Ar = 2,4,6-M9306H2
] 3ad
100
50
] J 2-11.937
_1: |
0.0 20 40 6.0 8.0 10.0 12.0 149
\Integration Results
Mo [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
! min mAU*min mAU % % na
[ i 8.793 76.969 384.757 94.40 96.27 n.a.
) 11.937 4.565 14.924 5.60 3.73 na.__ 4
|Total: 81.535 399.682 100.00 100.00

HPLC (Chiralpak AD-H): tg =8.8 (major), 11.9 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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A40- 3
1-12.260
1204
1004
80
v
60
40: 12 -32.900
20
-13
00 5.0 10.0 15.0 20.0 25.0 30.0 35.0 37.0
Integration Results
Fo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 12.260 41.886 130.594 50.61 77.32 na.
2 32.900 40.874 38.305 49.39 22.68 n.a.
Total: 82.759 168.899 100.00 100.00
#20.0
1125
] 1-12.917
100.0
87.51 OH
75.0 _Ar
62.5 HO
] Ar = 2,4,6-MG3CGH2
50.0 3ae
3757
25.0
12.5
e ; |2-34.66
S e L Todae T T T o 0% oo T L e VTS ey T Tt
N 0.0 5.0 10.0 15.0 20.0 25.0 30.0 350 37.04
Integration Results
Flo.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a
1 I 12.917 34.228 103.335 94.98 98.37 n.a.
2 34.667 1.810 1.713 5.02 1.63 n.a.
Total: 36.038 105.048 100.00 100.00

HPLC (Chiralpak AD-H): tr =12.9 (major), 34.7 (minor)
Condition: hexane/isopropanol = 60/40, flow rate 0.5 mL/min, 25°C.
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140 N
1-11.380
120
100+
12-14.577
80
60—-
401
20—-
-1_: | L
| ST T T T T T T T T T T T T T T T T T A T R T T T T T
h 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.04
\Integration Results
Mo [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
‘ min mAU*min mAU % % n.a.
{1 11.380 29.699 129.687 50.16 58.22 n.a.
| 14.577 29.506 93.069 49.84 41.78 n.a.
|Total 59.205 222.756 100.00 100.00
%00
180: 2-14.603
160
140
120 OH
~_Ar
1004
80
] MeO Ar = 2,4,6-Me3CgH,
60 3af
401
20t 11-11.417
] Nl .
. 0.0 20 40 6.0 8.0 100 12.0 14.0 16.0
Integration Results
0. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 I 11.417 2.980 12.970 5.01 6.75 n.a.
2 14.603 56.559 179.051 94.99 93.25 n.a.
Total: 59.539 192.021 100.00 100.00

HPLC (Chiral MD): tg =11.4 (minor), 14.6 (major)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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250 3
225 11-10.607
200
12 -12.447
1754
150 |
125
' ]
100
757
50
257
.1_E 1
\ 00 20 40 6.0 8.0 10.0 12.0 140 150
Integration Results
0. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount Y
min mAU*min mAU % % n.a.
1 10.607 53.926 221.386 50.15 55.20 n.a.
2 12.447 53.603 179.668 49.85 44.80 na. 4
Total: 107.529 401.054 100.00 100.00
Chromatogram
1600+ N
. 11-10.627
|500-
400
] OH
300 ~ AT
2004 F5CO Ar = 2,4,6-Me3CgH>
1 3ag
1004
) 12-12.470
e =l e
A 00 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.04
|Integration Results
No. Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
i min mAU*min mAU % % na.
|1 10.627 136.648 558.698 94.46 95.32 n.a.
2 12.470 8.020 27.424 5.54 4.68 n.a.
Total: 144.668 586.123 100.00 100.00

HPLC (Chiralpak AD-H): tr =10.6 (major), 12.5 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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150.0 b
11-10.190
45.0 4
40.0
35.0
30.04 12-14.753
25.04
20.0 4
15.0 S
10.0 S
5.0 4
1 R A 1} 1
-0.8- — 1 VR ) T T T T 7 T 7 T T Vel T'- T T T : T
h 00 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.04
Integration Results
Mo.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.190 12.741 46.821 50.40 61.19 n.a.
2 14.753 12.537 29.698 49.60 38.81 n.a.
Total: 25.277 76.520 100.00 100.00
JFo.0-
11-10.100
35.0
30.0 1
25.0
20.0 1
15.0
10.0 4
3ah
5.0 1
2-14.640
] Al I
0.8- = & T R ) T | [T . o | T 7 — T T T r' T Tl & ol I T
h 00 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.04
/Integration Results
‘No, Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
‘ min mAU*min mAU % % n.a.
[ I 10.100 9.680 35.755 9443 96.21 n.a.
‘ 14.640 0.571 1.408 5.57 3.79 na. 4
|Total: 10.252 37.163 100.00 100.00

HPLC (Chiralpak AD-H): tg =10.1 (major), 14.6 (minor)
Condition: hexane/isopropanol = 65/35, flow rate 0.75 mL/min, 25°C.
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Moo
] 11-13.093
90-_
801
70 12-16.063
60
50
40
30
20
101
4 P nl X i
L 00 2 40 eo 80 " 10.0 "120 140 180 174
Integration Results
Klo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount Y
min mAU*min mAU % % n.a.
1 1 13.093 28111 91.208 50.06 57.06 n.a.
2 16.063 28.044 68.649 49.94 4294 na. 4
Total: 56.155 159.857 100.00 100.00
A40- )
. 11-13.110
1204
100+
| OH
80 ~Ar
v
60
d Cl Ar = 2,4,6-Me3CGH2
1 3ai
40
20:
: 12 -16.080
-13
N 00 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 17&
Integration Results
To. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a
1 13.110 37.804 122.425 94.09 95.68 n.a.
2 16.080 2.373 5.522 591 432 n.a.
Total: 40.177 127.947 100.00 100.00

HPLC (Chiralpak AD-H): tg =13.1 (major), 16.1 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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170.0

60.0 1

50.0 1

40.0

30.0 4

20.04

10.0 4

-083

11-11.843

2-14.653

\ 00

T
2.0

4.0

6.0

8.0

Integration Results

Kio. [Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

11.843
14.663

15.653
15.503

57.871
44.047

50.24
49.76

56.78
43.22

n.a.
n.a.

Total:

31.157

101.918

100.00

100.00

§ooi
2505
200{
150
100{

50 1

14

Ar = 2,4,6-Me3C6H2

3aj

11-11.860

Ay

2-14.690

00

T
2.0

4.0

6.0

8.0

" 100

120

140

" 160

Integration Results

Fo. [Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount |
n.a.

1
g

11.860
14.690

65.037
4191

241.695
11.980

93.95
6.05

95.28
472

n.a.
na. 4

Total:

69.229

253.676

HPLC (Chiralpak AD-H): tg =11.9 (major), 14.7 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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150.0 N
70.01 1-13.037

60.0

OH
50.0
AT
40.01 |2 -20.963
300: Ar = 2,4,6-M93C6H2
3ak

20.0

10.0 4

-0.82 "l""lll"'l"
\ 00 25 5.0 75 10.0 125 15.0 20.0 225 240
\Integration Results
MNo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount

min mAU*min mAU % % n.a

1 13.037 21.164 67.747 49.75 64.10 n.a.
2 20.963 21.372 37.942 50.25 35.90 n.a.
|Total: 42.536 105.689 100.00 100.00
Chromatogram

1140+ N
120j 1-13.063

1004

80 4

60

404

204

] 2 -21.003
4 1 ]
T

-5_""l""l""l""l""l""I""I""l""l""
h 00 25 5.0 S 10.0 125 15.0 17.5 20.0 225 25.0d
/Integration Results
_Wo. Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
[ min mAU*min mAU % % n.a.
i 13.063 35.852 114.726 94.32 96.73 n.a.
‘ 21.003 2.158 3.879 5.68 3.27 na._ 4
Total: 38.010 118.605 100.00 100.00

HPLC (Chiralpak AD-H): tg =13.1 (major), 21.0 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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Chromatogram

B50,

225
2001 11-11.087
17.5
15.0 4 -
12-14.777
125
10.0 A
754
5.0
254
] | —
'0‘8:1' T L L T B ] R Tl L M L B ] P s s A S A R b ENCt S T T
A 00 25 5.0 7.5 10.0 125 15.0 175 20.%
Integration Results
Flo.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 I 11.087 5.082 19.980 51.00 58.78 n.a.
2 14.777 4883 14.013 49.00 41.22 n.a.
Total: 9.965 33.993 100.00 100.00
50
j 11-11.093
300
2501
OH
2004
] ~Ar
1 S
150
i \ o
Ar = 2,4,6-Me3CeH2
100: 3al
50
j2-14.783
—1-"1"'I"I"'I"'I"I"I"'I"'I' T
A 00 20 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.8
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 1 11.093 83.420 331.750 94.31 95.72 n.a.
2 14.783 5.030 14.820 5.69 428 n.a.
Total: 88.450 346.570 100.00 100.00

HPLC (Chiralpak AD-H): tg =11.1 (major), 14.8 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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1160 3
1 1-11.803

140:

120:

100

80:

1 2-21.937

60:

404

20:

-1 T —T T T e e L S e e e e L e e e B L B B e e e e e e LA B s
h 00 25 5.0 75 10.0 12.5 15.0 17.5 20.0 225 240
Integration Results
Ko, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount

min mAU*min mAU % % n.a

1 11.803 39.373 149.779 49.79 67.75 n.a.
2 21.937 39.702 71.305 50.21 32.25 na.__ 4
Total: 79.076 221.084 100.00 100.00
500 A

] 1-11.860
800+
700
5004
[ O\/ Ar
4004

MGOZC

300

] Ar = 2,4,6-M6306H2
900 ] 3am
100

1 i |2-22.050

14 s I
v 00 25 5.0 75 10.0 125 15.0 175 200 225 24
Integration Results
Flo.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount

min mAU*min mAU % % n.a.
1 11.860 212.940 807.597 93.18 96.63 n.a.
2 22.050 15.596 28.134 6.82 3.37 n.a.
Total: 228.536 835.731 100.00 100.00

HPLC (Chiralpak AD-H): tg =11.9 (major), 22.1 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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[90.0 b
1-12.180
80.04
70.04
60.0 -
50.0 1
12-22.343

40.0 4
30.04
20.0
10.0 4

] _/\N/\_,\_.‘AJ
'O'Bz""lll I"'I"'I""I.:"'l T Toolhe X o l"!'l"'
h_ 00 25 5.0 75 10.0 125 15.0 17.5 20.0 225 25.0d
Integration Results
Ro.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount

min mAU*min mAU % % n.a.

1 12.190 23.339 84.840 50.16 67.02 n.a.
2 22.343 23.186 41.746 49.84 32.98 n.a.
Total: 46.525 126.586 100.00 100.00
300+ 2
2501 1-12.190
wo L

] “Ii: OH
150 ] l O._Ar

1 NC
100

: Ar = 2,4,6-Me306H2

3an

50 1

] 0 = 12 -22.347
'1-""|"ll"'ll"‘_'_ﬁﬁ_"l""l R L) Y I"'I'I"'
w00 25 5.0 75 10.0 125 15.0 17.5 20.0 225 25.04
Integration Results
No.  [Peak Name Retention Time Area Height Relative Area [ Relative Height | Amount

min mAU*min mAU % % n.a.

1 12.190 66.445 241.862 92.44 96.08 n.a.
2 22.347 5.436 9.871 7.56 3.92 n.a.
Total: 71.881 251.733 100.00 100.00

HPLC (Chiralpak AD-H): tr =12.2 (major), 22.3 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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Chromatogram

qOO-_ A
90- 1-7.247
80
70
] 2-9.043
60
50
40
30
20
101
-2 e eTes oy '1'*"'1"E||
h 0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.00
lIntegration Results
MNo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
\ min mAU*min mAU % % na
1 7.247 11.802 87.586 49.75 58.15 n.a.
‘g 9.043 11.922 63.028 50.25 41.85 n.a.
|Total 23.725 150.614 100.00 100.00
Chromatogram
130 B
. 1n-7.223
160
140
120
- Me ‘
100 O OH
i i-Pr. O Ar
QL
60
: Ar = 2,4,6-M63C6H2
40 3ao
20
i 12-9.017
=l T T ol ol oV T X % ol T T LV
h 000 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.00
/Integration Results
Mo. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
‘ min mAU*min mAU % % n.a.
1 7.223 22.063 161.758 92.49 94.34 n.a.
3 9.017 1.793 9.705 7.51 5.66 na.__ 4
:Total: 23.856 171.463 100.00 100.00

HPLC (Chiralpak AD-H): tg =7.2 (major), 9.0 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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H50- N
4 1-16.403
160
2-19.167
140
120
100-
1 i 1
804
60
401
20
-1=- L S Tl s P S B Eomn Eo e |
[ R 25 5.0 75 10£ 125 15.0 175 200 21.Q
Integration Results
0. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a
1 16.403 54122 169.923 50.27 54.20 n.a.
2 19.167 53.642 143.595 49.73 45.80 na._ 4
Total: 107.664 313.518 100.00 100.00
JF50-
] 12-19.170
300
250 Me ‘
(o
200
i Ph lil.“li: O _Ar
150
Ar = 2,4,6-Me3CeH2
1001 3ap
50
|1-16.423
-1-' L R e A T T L P AYE] Pl 'l'l' L [Ty
N 0.0 25 5.0 75 10.0 12.5 15.0 17.5 200 21.Q4
\Integration Results
MNo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
1 min mAU*min mAU % % n.a.
|1 I 16.423 7145 22.596 5.77 6.70 n.a.
v 19.170 116.790 314.852 94.23 93.30 n.a.
|Total: 123.936 337.447 100.00 100.00

HPLC (Chiral MD): tr =16.4 (minor), 19.2 (major)

Condition: hexane/isopropanol = 95/5, flow rate 0.5 mL/min, 25°C.
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Chromatogram

9.001
11-9.623
8.004
7.00
6.00
2-12,
5.004
4.004
3.004
2.004
1.00
0.004 T T
-0.80 - T T T T T T T T T T T T T T T T T T T T T T T T T
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.64
Integration Results
Mo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 I 9.623 1.633 8.200 50.09 59.85 n.a.
2 12.997 1.626 5.502 49.91 40.15 n.a.
Total: 3.259 13.702 100.00 100.00
Chromatogram
80 3
160 11-9.637
140+
i Me ‘
120 4
i OH
1 4
100
00 o O O O _Ar
80
604 Ar = 2,4,6-Me3CGH2
i 3aq
40
20
] 2-13
-1 = T T \ R . T TS T G L R T R T T TR T R X
h 00 2.0 4.0 6.0 8.0 10.0 12.0 13.64
Integration Results
Mo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.637 32.037 160.110 95.55 97.00 n.a.
2 13.007 1.491 4.959 445 3.00 n.a.
Total: 33.528 165.069 100.00 100.00

HPLC (Chiralpak AD-H): tr =9.6 (major), 13.0 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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F40-

1-8.330

1204
1004 12-11.507
80
60

40 1

204

-13

g 00 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.04
Integration Results ]
0. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount

min mAU*min mAU % % n.a.
1 I 9.390 24.202 128.667 4991 56.38 n.a.
2 11.507 24.289 99.530 50.09 43.62 n.a.
Total: 48.491 228.197 100.00 100.00
FE50

] 1-9.390

3004
2501

] Me ‘
2004
] OH

4261 EtO l l O_Ar

100 4
] Ar = 2,4,6-Me306H2
1 3ar
50
2-11.513
.1; L
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.04
Integration Results
0. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 I 9.390 59.191 311.649 94.07 95.28 n.a.
2 11.513 3731 15.441 5.93 4.72 n.a.
Total: 62.922 327.091 100.00 100.00

HPLC (Chiralpak AD-H): tg =9.4 (major), 11.5 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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Chromatogram

o0, N
160.0 1-10.427
| 50.0 1 12-12.480
7 40.0
130.0 1
20.0 4
110.0 4
I - =
4 0.8 ) T T T T T T T T T T T T T T T T T T ' T T T " T T
h 00 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
\Integration Results
No. Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
|1 10.427 19.021 58.846 50.03 54.98 n.a.
2 12.480 18.999 48.191 49.97 45.02 n.a.
Total: 38.020 107.038 100.00 100.00
Chromatogram
[Foo-
600
| 2 -12.460
5004
1 Me
| S
400
I O._ Ar
3004 OO
g Ph OH
. Ph
200
1 Ar = 2,4,6-Me3CGH2
1 3as
1004
] 11-10.420
Az T T T T Tee, T . T T T T
h 00 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.04
\Integration Results
Kio. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount ¥
I min mAU*min mAU % % n.a.
|1 I 10.420 10.805 36.251 45 5.9 n.a.
2 12.460 229.380 572.605 95.50 94.05 na. 4
|Total: 240.185 608.856 100.00 100.00

HPLC (Chiralpak AD-H): tg =10.4 (minor), 12.5 (major)
Condition: hexane/isopropanol = 60/40, flow rate 0.5 mL/min, 25°C.
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J0.0-
11-12.170
25.0 4
2-14.77
20.0 1
15.0 1
10.0 4
5.0 1
] A T
08- 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
h 00 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.04
\Integration Results
No. Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a
1 i 12170 6.937 25.336 49.73 55.50 n.a.
2 14.770 7.013 20.317 50.27 44.50 n.a.
Total: 13.949 45.652 100.00 100.00
FEoo+
] 11-12.163
250 1
1 Me ii.u
200
] O OH
] O _Ar
s I e en
] CO,Me
100+
4 Ar = 2,4,6-M93C6H2
3at
50
] 12-14.767
1= T T T T T T T T T T T T T T T T T T T T T T T T T T T T I T T 5
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.04
Integration Results _]
Ro.  [Peak Name Retention Time Area Height Relative Area | Relative Height [ Amount
min mAU*min mAU % %
1 12.163 77.334 281.996 93.49 95.01
2 14.767 5.386 14.816 6.51 4.99
Total: 82.719 296.812 100.00 100.00

HPLC (Chiralpak AD-H): tr =12.2 (major), 14.8 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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#50.0+
45.0]
40.0
35.0
30.0
25.0
20.0
15,0
1001

5.0 1

-087

\ 000

-6.747

12-9.943

S —

T

e
1.25

T

T T T T T T

T T T T

7.50

A

875 10

lInteg

ration Results

0 '11.0%

0.

Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
na.

-
2

6.747
9.943

5.271
5331

44135
23.712

49.72
50.28

65.05
34.95

n.a.
n.a.

[Total:

10.603

67.847

100.00

100.00

;Chromatggram

F120.0
1125

100.0
875
75.0:
62.5;
so.o;
3757
25.01
1251

-0.82
h 0.0

Me

2.0

Ar = 2,4,6-MG3CGH2

3au

4.0

6.0

11-6.760

8.0

12 -9.950

10.0

13.0

Int

ration Results

Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

1

2

6.760
9.950

12.803
0.999

103.516
4520

92.76
7.24

95.82
4.18

n.a.
n.a.

Total:

13.802

108.036

HPLC (Chiralpak AD-H): tr =6.8 (major), 10.0 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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604

o] 11-10.080
70.0 1
60.0 4 12-13.037
50.0 1
40.0
30.0 1
20.0 4
10.0 1
e . ——
N 00 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0d
\Integration Results
mo, Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
! min mAU*min mAU % % n.a
11 10.080 16.594 80.417 49.96 57.56 n.a.
2 13.037 16.620 59.303 50.04 4244 na._ 4
|Total 33.214 139.719 100.00 100.00
[Chromatogram
140+ N
1204
8 1-10.030
1004
e
80.] OBn
O _Ar
60
i Ar = 2,4,6-Me306H2
404 3av
204
2 -12.953
_3: T T T T T T T T T T T 5 G % =2l T T T T T T T T T T T
h 00 20 4.0 6.0 8.0 10.0 12.0 14.0 16.0  17.0
\Integration Results
Mo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
‘ min mAU*min mAU % % n.a.
11 10.030 24.292 116.795 91.91 93.76 n.a.
2 12.953 2.138 7.769 8.09 6.24 n.a.
|Total 26.429 124.564 100.00 100.00

HPLC (Chiralpak AD-H): tr =10.0 (major), 13.0 (minor)
Condition: hexane/isopropanol = 96/4, flow rate 0.5 mL/min, 25°C.
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Po.00

8.75

7.504

6.25

5.00

375

2.50 4

1.25 4

1-10.663

2-11.203

0.00

-0.804

T T T

0.0

2.0 40

6.0

8.0

14.9

L
\Integration Results

Mo. [Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

10.663
11.203

1.433
1.411

8.983
7.988

50.39
49.61

52.93
47.07

n.a.
n.a.

=
3
| Total

2.844

16.971

100.00

100.00

Chromatogram

404

12.0 1

10.0 1

8.0

6.0

4.0

2.0

0.0

oo

Ar = 2,4,6-M93C6H2
3aw

Me

OTBS

-084

1-10.843

12-11.400

T T T

w00

T T T T T

2.0 4.0

12.0 13.04

Integration Results

Ko, [Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

1
£

10.843
11.400

1.895
0.100

12.169
1.358

94.97
5.03

89.96
10.04

n.a.
n.a.

Total:

1.995

13.526

HPLC (Chiralpak AD-H): tg =10.8 (major), 11.4 (minor)
Condition: hexane/isopropanol = 99/1, flow rate 0.5 mL/min, 25°C.
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0.0
35.0
30.0-
25.0
20.0-
150
10.0

5.0

{1-8.447

12-10.477

I

h

125

10,00

\Integration Results

1125

12.0

0. |Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount

n.a.

>
2

8.447
10.477

6.046
5.960

34.984
26.075

50.36
49.64

57.30
42.70

n.a.
n.a.

A

J;Total:

12.005

61.059

100.00

100.00

g0.0-

45.0 4
40.0 4
35.0
30.0
25.0 1
20.0
15.0:
10.0 4

5.0 1

Me

Ar = 2,4,6-Me3CGH2

3ax

1-8.453

JU

2 -10.487

-087

T

0.00

T
1.25

T T T T T

8.75

T T

10.00

/Integration Results

1125

12.0

0. |Peak Name

|

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount

n.a.

-

2

8.453
10.487

8.031
0.611

46.848
2.682

92.93
7.07

94 .58
542

n.a.
n.a.

[Total:

8.642

49.530

100.00

100.00

HPLC (Chiralpak AD-H): tg =8.5 (major), 10.5 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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] 1-7.940
90 R-8277
80
70
60
50
40
30
20
10
14 7 - T T

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.004

Integration Results
_ﬁo. Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a
]1 (I 7.940 12.452 92.806 4947 51.06 n.a.
8.277 12.718 88.956 50.53 48.94 n.a.
|Total: 25.169 181.762 100.00 100.00
Chromatogram
%0.0- ¥
1-7.963
70.04
50.04 n-Bu
O _Ar
“  CC
1
300+ Ar = 2,4,6-Me3CgH,
3ay
20.04
10.04 2-8.310
U.Cl:
'5-0'| T T T T T T T T T I — T D T T R P T T o T T T T
[ 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.04
Integration Results
0. |Peak Mame Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAl % % n.a.

1 7.963 9.725 73.494 88.84 89.65 n.a.

2 8.310 1.222 8.480 11.16 10.35 n.a.
Total: 10.947 81.974 100.00 100.00

HPLC (Chiral MD): tr =8.0 (major), 8.3 (minor)
Condition: hexane/isopropanol = 96/4, flow rate 0.5 mL/min, 25°C.
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Chromatogram

F20.0

112,51

100.04

87.54

75.0 1

625

50.0 ]
375

25.01

12,54

-0.84
A 0.0

20

40 6.0

1-11.233

12.0

2 -14.500

14.0

160  17.04

/Integration Results

No. Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

|
2

11.233
14.500

23.323
23.973

103.979
79.173

49.31
50.69

56.77
43.23

n.a.
n.a.

Total:

47.297

183.151

100.00

100.00

Chromatogram

M0

14

HEIEEF

1-11.237

12 -14.500

Integration Results

Kio. [Peak Name
\

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

1

11.237
14.500

36.733
11.078

163.052
36.757

76.83
2317

81.60
18.40

n.a.
n.a.

] Total:

47.812

199.809

100.00

100.00

HPLC (Chiralpak AD-H): tg =11.2 (major), 14.5 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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|Chromatogram

150.0 &
1-13.447
50.0 4
40.0 1
30.0
20.0 A
|2 - 40.347
10.0 4
__,\_JJA_A_‘ J k 1
'0'8-""I""I""‘I""l"‘I"'I""I""I"l"
h 00 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 44 .4
\Integration Results
0. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 13.447 14.317 50.517 49.70 76.85 n.a.
Y4 40.347 14.490 15.219 50.30 23.15 n.a.
i‘TotaI: 28.807 65.736 100.00 100.00
Chromatogram
1200 A
180 1-13.450
160
140 Me ‘
] OH
120 4
OBn
w O
80+ 3aaa
60
40
20
2 - 40.370
4 AN A .
A 00 50 100 150 200 250 300 350 400 450 50.Q
\Integration Results
Fo.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 13.450 49.979 175.017 90.84 97.07 na.
2 40.370 5.037 5.289 9.16 293 n.a.
iTotaI: 55.017 180.306 100.00 100.00

HPLC (Chiralpak AD-H): tr =13.5 (major), 40.4 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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'Chromatggrarn

5.0 4 N
40.0 4 1-17.510
135.0 1
130,01
25.0]
120.0 4
2 -32.083
15.0 ]
10.0 4
| 5.0
| _w I 1
,-O'S-I""I""I""I"'I'I"'I"'I"'I"'I
h 00 5.0 10.0 15.0 20.0 250 30.0 35.0 41.04
\Integration Results
Mo.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
| min mAU*min mAU % % na.
H 17.510 15.219 39.049 50.06 70.31 n.a.
2 38.083 15.184 16.491 49.94 29.69 n.a.
Total: 30.403 55.540 100.00 100.00
Chromatogram
1300+ "y
1-17.457
250 1
200 Me ‘
(o [
oo =
1004 3aab
50
| 12-38.017
14 A NNl |
T ) [ e L e v | L e D [ LV [ il L L w5 PV e e e Sy O A 7] L TT%) P YA T o ) |
h 00 5.0 10.0 15.0 2&.0 250 30.0 35.0 41.04
|Integration Results
Mo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
\ min mAU*min mAU % % n.a.
1 17.457 103.461 264.278 91.61 96.20 n.a.
2 38.017 9.477 10.443 8.39 3.80 n.a.
|Total: 112.938 274721 100.00 100.00

HPLC (Chiral MD): tr =17.5 (major), 38.0 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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|Chromatogram
[To0+ Y

i 1-11.343
90+

80
70 ] 12 -13.607
60
50

40
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R
e e L s e S e L R T = lot ol & T T ol
L oo 20 4.0 6.0 g0 10.0 12.0 14.0 16.0 1.0

/Integration Results
Mo. [Peak Name

Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.

1 11.343 21.169 91.722 49.90 56.70 n.a.

2 13.607 21.254 70.036 50.10 43.30 n.a.

iTotaI: 42.423 161.758 100.00 100.00

Chromatogram
504
] 12-13.583

. b [¥) N
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o o o o
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PEFEETEN SR B

'
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0.0 20 " 40 6.0 8.0 10.0 12.0 14.0 16.0 18.00
tegration Results

=P

No. Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
‘ min mAU*min mAU % % n.a.

[ i 11.347 10.004 44 493 12.09 15.76 na.

2 13.583 72.749 237.749 87.91 84.24 na._ 4
Total: 82.753 282.241 100.00 100.00

HPLC (Chiralpak AD-H): tg =11.3 (minor), 13.6 (major)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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Chromatogram

1110.0 B
100.0 A 11-11.377
87.5
12-13.293
75.0—_
62.5
50.0 ]
37.5:
25.0 1
125
-0.8° T T T T T T T T T T T T T T T T T T 'I T T T L T T T T
h 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0d
/Integration Results
Mo. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
‘ min mAU*min mAU % % n.a.
11 11.377 21.582 98.248 50.04 55.09 n.a.
3 13.293 21.549 80.103 49.96 4491 na.__ 4
Total: 43.131 178.351 100.00 100.00
Chromatogram
J2000- Y
1800: 11-11.367
1600
1400 Me ‘
1200 ‘ CHO
] O.__Ar
-
800
] Ar =2,4,6-Me;CgH,
600 4
400
200
] 12-13.290
1] AN I !
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
A 00 20 4.0 6.0 8.0 10.0 12.0 14.0 15.04
/Integration Results
No. Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
| min mAU*min mAU % % n.a.
& 11.367 423491 1815.753 94.42 95.37 n.a.
2 13.290 25.039 88.246 5.58 463 n.a.
Total: 448.530 1903.999 100.00 100.00

HPLC (Chiralpak AD-H): tg =11.4 (major), 13.3 (minor)
Condition: hexane/isopropanol = 90/10, flow rate 0.5 mL/min, 25°C.
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Chromatogram

130.0 1 N
|1-6.583
25.0 4
@2 - 15.660
20.0 1
15.0
10.0 4
5.0 1
.0'8:|""|' 1.1 -7 7 & =T T .1 % LB O T R B E ) T 1. = =TT T
00 25 5.0 75 10.0 12.5 15.0 17.5 20.0 225 25.04
\Integration Results
Mo [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
l min mAU*min mAU % % na
11 6.583 23.591 24333 48.51 54.05 n.a.
Vi 15.660 25.038 20.684 51.49 45.95 n.a.
|Total 48.630 45.017 100.00 100.00
Chromatogram
M50 N
] 1-6330
400
350
] Me
300 O
] COOH
250—: OO O _Ar
200 4
Ar = 2,4,6-M9306H2
150 5
100
50
] 2 - 15.560
1 — — ;
h 00 25 5.0 75 10.0 12.5 15.0 17.5 20.0 225 25.0
Integration Results
Kio. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.330 338.015 424 433 95.02 96.16 n.a.
2 15.560 17.705 16.961 4.98 3.84 na.__ 4
Total: 355.720 441.394 100.00 100.00

HPLC (Chiralpak IA): tg =6.3 (major), 15.6 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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Chromatogram

1220+

200
175;
150E
125%
100%
75
50

251

5

\ 00 10

4.0

1-7.247

12-8.120

10.0

Integration Results

0. |Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

7.247
8.120

25.235
25530

190.341
166.501

49.71
50.29

53.34
46.66

n.a.
na. 4

Total:

50.766

356.842

100.00

100.00

|Chromatogram

50.0 1

45.0 1
40.0 S
35.04
30.0 1
25.01
20.0 1
15.0:
10.04

5.0

Ar = 2,4,6-Me;CgH,

6

1-7.260

0813

\ 00

T
1.0

\Integration Results

0. |Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

-
2

7.260
8.140

5938
0.328

45531
2217

94.76
524

95.36
464

J[Total:

6.266

47.748

100.00

100.00

HPLC (Chiralpak AD-H): tg =7.3 (major), 8.1 (minor)
Condition: hexane/isopropanol = 90/10, flow rate 0.5 mL/min, 25°C.
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Chromatogram

13.0: N
11-7.743
15.0 4 12 -9.480
12.54
10.04
7.5
5.0 1
251 J
0.0 _ N I |
-254
-5.0- i = = - T T T T T A
h 00 2.0 4.0 6.0 8.0 10.0 12.0 14.0d
Integration Results
Mo.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.743 6.695 15.215 50.17 51.94 n.a.
2 9.480 6.649 14.079 49.83 48.06 na. 4
Total: 13.344 29.294 100.00 100.00
Chromatogram
116.0 R
15.0 1
|1-7.843
(O w
100 2
O _Ar
7.5
5.0 Ar = 2,4,6-M83C6H2
7
2.5
,J\AM 12 - 10.067
0.0 i | ;
1-2.54
5.0- 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
A 00 2.0 4.0 6.0 8.0 10.0 12.0 14.04
\Integration Results
Kio. [Peak Name Retention Time Area Height Relative Area | Relative Height [ Amount
min mAU*min mAU % % n.a.
i 7.843 4596 13.500 94.87 95.72 n.a.
2 10.067 0.249 0.604 513 4.28 n.a.
|Total: 4.845 14.104 100.00 100.00

HPLC (Chiralpak AD-H): tg =7.8 (major), 10.1 (minor)
Condition: hexane/isopropanol = 65/35, flow rate 0.5 mL/min, 25°C.
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Chromatogram

150.0 7 N
|1-12.837
50.0 1
1 12-15.117

40.0 4
30.0 1
L}
20.0 1
10.0 1

0.0 4 1 T 2
.5'0-"|"1"'|' T T T N O R ) T OO R ST FIFer A R AP OO SR R
o 00 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.4
Integration Results
Flo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount

min mAU*min mAU % % n.a.
1 12.837 30.368 50.768 50.51 52.46 n.a.
2 15117 29.754 46.015 49.49 47.54 n.a.
Total: 60.122 96.783 100.00 100.00
Chromatogram
;300 A
12-15.100
250
Me ‘
H H
2004 N\n/N CF3
Oj S
150_- OO Ar CF3
] Ar = 2,4,6-Me3CgH,

100:

50

|1-12.873

5_‘ 1/\| 1 "
R R R 8.0 10.0 120 140 160 180 20
Integration Results
Mo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount

min mAU*min mAU % % n.a.

1 12.873 9.299 16.432 5.25 5.69 n.a.
2 15.100 167.684 272.280 94.75 94.31 n.a.
Total: 176.983 288.712 100.00 100.00

HPLC (Chiralpak AD-H): tg =12.9 (minor), 15.1 (major)
Condition: hexane/isopropanol = 97/3, flow rate 0.5 mL/min, 25°C.
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Chromatogram

180.0 4

70.0 4
60.0 1
50.0 1
40.0 1
3(10:

120.0 4

10.0 4

1-9.117

12-11.613

-0.83

T T T T T T T T T T T T T T T T T T T

00

12.0

13.04

Integration Results

Mo.  [Peak Name Relative Area

%

Area
mAU*min

Retention Time
min

Height
mAU

Relative Height
%

Amount \
n.a.

[1 9117

11.613

12.437
12.545

71.006
53.044

49.78
50.22

57.24
42.76

n.a.
n.a.

A

|Total: 24.983 124.051 100.00

100.00

Chromatogram

50
225: 1-9.157
200%
175%
150:
125;
100;
75E

50

257

14 |

T T T T T T T T T T
0.0 2.0

140 15

4.0 6.0 8.0
Integration Results

Fo. [Peak Name Relative Area

%

Area
mAU*min

Retention Time
min

Height
mAU

Relative Height
%

Amount Y
n.a.

9.157
11.670

38.410
2.107

220.223
9.380

94.80
5.20

i1
2

95.91
4.09

n.a.

na. 4

Total: 40.517 229.603 100.00

HPLC (Chiralpak AD-H): tg =9.2 (major), 11.7 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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Chromatogram

[50.0

11-9.317
80.0

2-10.463
70.0 1
60.0 4
50.0 1

'40.0 +

30.0 4

20.0 1

10.0 4

L

0.0 T T
504

L 00 20 6.0

T T T T T T T T T T T T T T T T T T T

/Integration Results

Area
mAU*min

Height Relative Area
mAU %

Retention Time
min

0. |Peak Name

Relative Height
%

Amount
n.a.

16.035
16.389

80.288 49.45
73.033 50.55

1 9317
2 10.463

52.37
47.63

n.a.
n.a.

{Total: 32.424 153.322 100.00

100.00

Chromatogram

%50

12 -10.450

300

250
Me

200

] OH
150
] |Mliillllii 10

100

50

-5 I I

T T T T T T T T T T
n 00 20

140 1504

4.0 6.0 8.0
Integration Results

Area
mAU*min

Retention Time
min

Fo.  [Peak Name Height Relative Area

mAU %

Relative Height
%

Amount
n.a.

23.059 56
323.064 94.38

1 9317
2 10.460

4.256
71.462

6.66
93.34

n.a.
n.a.

Total: 75.718 346.123 100.00

HPLC (Chiralpak AD-H): tg =9.3 (minor), 10.5 (major)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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Chromatogram

9.0+
: e.o-f
7.0-5
6o
: s.o-f
I 4.0—2
7 z.o—f
|10

0.0

1.0

11-16.080

12-17.693

\ 00

T
2.0

"40 60

120

20,

Integration Results

No. Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

.:1
2

16.080
17.693

2.255
2.245

8.519
7.9

50.11
49.89

52.23
47.77

n.a.
n.a.

;Total:

4.500

16.311

100.00

100.00

Chromatogram

112.00
11.251

10.00:
8757
7.50
6.25
5.00
375
250

1.25]

0.00 1

-1.001

1-16.117

e 00

Tt
2.0

/Integration Results

MNo. |Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

7

16.117
17.737

2.835
0.068

10.589
0.250

97.66
234

97.70

230

n.a.
n.a.

Total:

2.903

10.839

100.00

100.00

HPLC (Chiral MD): tg = 16.1 (major), 17.7 (minor)

Condition: hexane/isopropanol = 95/5, flow rate = 0.5 mL/min, 25°C.
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Chromatogram

F00.0
| 875 1-8.370
| 7501
62,5
] 2-12.060
1 50.0
| 37.54
| 2501
| 1251
0.0 . :
5.0- T T T T T T T T T T T T T T T T T T T T T
A 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.04
/Integration Results
Mo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
7|1 I 8.370 14.305 85.258 50.17 61.08 n.a.
2 12.060 14.207 54.319 49.83 38.92 na. 4
Total: 28.513 139.577 100.00 100.00
;Chromatggram
P60
140 1-8.373
120-
] Me
1004
] OH
80+ D
] O\/ Ar
60
40:
] Ar = 2,4,6-Me306H2
201 d-3aa
1 J 2-12.070
] 1 F I ;
-5- T T T T T T T T T T T T T T T T T T T T T T
h 00 2.0 4.0 6.0 8.0 10.0 12.0 14.04
\Integration Results
MNo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
\ min mAU*min mAU % % na.
|1 I 8.373 22695 135.374 92.91 95.36 na
Y4 12.070 1.731 6.594 7.09 4.64 na._ 4
%Total: 24.426 141.967 100.00 100.00

HPLC (Chiralpak AD-H): tg =8.4 (major), 12.1 (minor)
Condition: hexane/isopropanol = 70/30, flow rate 0.5 mL/min, 25°C.
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