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1. General Information

Unless otherwise mentioned, all experiments were carried out under an atmosphere of
argon or using standard Schlenk techniques. Solvents and reagents were purchased
from commercial suppliers and used without further purification. Column
Chromatography was performed with silica gel Merck 60 (300-400 mesh). NMR
spectra were recorded on a Bruker DPX 400 spectrometer at 400 MHz for 'H NMR,
101 MHz for 13C NMR and a Bruker DPX 600 spectrometer at 600 MHz for 'H
NMR, 151 MHz for 3C NMR. CDCl; and d5-DMSO was the solvent used for the
NMR analysis, with tetramethylsilane (TMS) as the internal standard. Chemical shifts
are reported in ppm and coupling constants are given in Hz. Chemical shifts were
reported relative to TMS (0.00 ppm) for 'H NMR and relative to CDCl; (77.0 ppm)
for 13C NMR. HPLC analysis was carried out on Agilent 1260 Series instrument
using a chiral stationary phase. PE refers to petroleum ether, and EA refers to ethyl

acetate.
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2. General Experimental Details

2.1 General Procedure for the Synthesis of Substrate

o) CN KOBu
J]\ + J > R1M\KCN

R" TOEt R? THF, rt
S1 S2 1

Scheme S1. Synthetic route of compound 1.

Procedure A : Preparation of ketones 1b~1n, 1q~1u, 1y, 1z."-2

To a solution of KO'Bu (2.48 g, 22 mmol, 2.2 equiv.) in THF (40 mL) was added
ethyl ester S1 (10 mmol, 1.0 equiv.) at ambient temperature with stirring for 10 min
and then the corresponding cyanide S2 (10 mmol, 1.0 equiv.) was added immediately
to the above THF solution. The mixture was stirred at room temperature for 1~16 h
until the start materials was consumed completely. The mixture was quenched by H,O
(15 mL) and EtOAc (20 mL), and then treated with 2 M HCI to adjust the pH to 7.
After above process, the mixture was extracted by EtOAc (30 mL*2), the combined
organic layer was washed by saturated NaHCOj (aq.) and brine, dried over anhydrous
Na,SO,, filtered and concentrated under vacuum. The crude product was purified by
chromatography (PE:EA from 30:1 to 5:1). Compound 1 was obtained with medium
to high yield (75% ~ 96%).

(@]
0] NaH, DMF CN
+ > 1
CN CHsl R
R1ﬂv 0~ RT
S3 1a, 10

Scheme S2. Synthetic route of compound 1a and 10.3

Procedure B : Preparation of ketones 1a, 10

To a solution of DMF (20 mL) was cooled to 0 C and NaH (600 mg, 60% in oil, 1.5
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equiv.) was added slowly, the mixture was stirred for 5 min, the corresponding
cyanide S3 (10 mmol, 1.0 equiv.) was added at the temperature and the mixture was
stirred for 30 min, CH;I was added slowly by syringe and then the mixture was stirred
at room temperature for 4 hours until the start materials was consumed completely.
The mixture was quenched by 2 mL H,0 at 0 C, and then treated with 2 M HCI to
adjust the pH to 7. After above process, the mixture was extracted by EtOAc (30
mL*2), the combined organic layer was washed by saturated NaHCO; (aq.) and brine,
dried over anhydrous Na,SO,, filtered and concentrated under vacuum. The crude
product was purified by chromatography (PE:EA from 30:1 to 5:1). Compound la
and 1o was obtained as yellow oil (75% ~ 90% yield).

F O CN KO'Bu F O o
OEt +
THF, -10 °C

S1p 1p

Scheme S3. Synthetic route of compound 1p.2

Procedure C : Preparation of ketones 1p

To a solution of KO’Bu (2.48 g, 22 mmol, 2.2 equiv.) in THF (40 mL) was cooled to
-10C, 3-methylbutanenitrile (0.83 g, 10 mmol, 1.0 equiv.) was added with stirring for
10 min and then the corresponding ethyl ester S1p (1.68 g, 10 mmol, 1.0 equiv.) was
added immediately to the above THF solution at -10 C. The mixture was stirred at -10
C for 1 h until the start materials was consumed completely. The mixture was
quenched by H,O (15 mL) and EtOAc (20 mL), and then treated with 2 M HCI to
adjust the pH to 7. After above process, the mixture was extracted by EtOAc (50
mL*2), the combined organic layer was washed by saturated NaHCO; (aq.) and brine,
dried over anhydrous Na,SO,, filtered and concentrated under vacuum. The crude
product was purified by chromatography (PE:EA from 30:1 to 5:1). Compound 1p

was obtained with 85% yield.
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Scheme S4. Synthetic route of compound 1v.*4

Procedure D : Preparation of ketones 1v

Step I: To a solution of NaH (600 mg, 60% in oil, 1.5 equiv.) in DMF (10 mL) was
cooled to 0 C. Ethyl 1H-indole-2-carboxylate S4 (1.89 g, 10 mmol, 1.0 equiv.) was
added slowly to the mixture with stirring 20 min. Then CH3lI (7.1 g, 5.0 equiv.) was
added into the mixture and the mixture was stirred at room temperature for 2 h. TLC
indicated the ethyl ester was consumed completely and the mixture was quenched by
H,0 (10 mL), extracted by EtOAc (50 mL*2), the combined organic layer was
washed by saturated NH4ClI (aq.) and brine, dried over anhydrous Na,SO,, filtered and
concentrated under vacuum. The crude product was purified by chromatography
(PE:EA from 50:1 to 9:1). Ethyl 1-methyl-1H-indole-2-carboxylate S5 was obtained
with an equivalent yield.

Step 2: To a solution of KOBu (2.48 g, 22 mmol, 2.2 equiv.) in THF (40 mL) was
added Ethyl 1-methyl-1H-indole-2-carboxylate S5 (2.03 g, 10 mmol, 1.0 equiv.) at
ambient temperature with stirring for 10 min and then 3-methylbutanenitrile (10
mmol, 1.0 equiv.) was added immediately to the above THF solution. The mixture
was stirred at room temperature for 1 h until the start materials was consumed
completely. The mixture was quenched by 15 mL H,O and 20 mL EtOAc, and then
treated with 2 M HCI to adjust the pH to 7. After above process, the mixture was
extracted by EtOAc (30 mL*2), the combined organic layer was washed by saturated
NaHCOj; (aq.) and brine, dried over anhydrous Na,SO,, filtered and concentrated
under vacuum. The crude product was purified by chromatography (PE:EA from 30:1

to 6:1). Compound 1v was obtained as a white solid (75% yield).
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NaOMe, THF CN
rt, 1h

n

n=1,2

1w, 1x

Scheme S5. Synthetic route of compound 1w, 1x.> ¢

Procedure E : Preparation of ketones 1w, 1x

Step 1: To a solution of NaH (800 mg, 60% in oil, 1.0 equiv.) in THF (50 mL) was
cooled to 0 C. The corresponding ketone S6 (20 mmol, 1.0 equiv.) was added slowly
to the mixture with stirring 10 min. Then ethyl formate (3 g, 40 mmol, 2.0 equiv.) was
added into the mixture and the mixture was stirred at room temperature for 3 h. TLC
indicated the ethyl ester was consumed completely and the mixture was quenched by
H,0 (20 mL), HCI (3 M, 10 mL) was added into the mixture and extracted by EtOAc
(50 mL*2), the combined organic layer was washed by saturated NH4CI (aq.) (20
mL*1) and brine (20 mL*1), dried over anhydrous Na,SO,, filtered and concentrated
under vacuum. The crude product was purified by chromatography (PE:EA from 50:1
to 9:1). S7 was obtained as a yellow solid (85 ~ 90% yield)

Step 2: To a solution of S7 and NH,OH-HCI (2.0 equiv.) in AcOH (10 mL) was
stirred at 80 C for 2 h. TLC (PE/EA = 10/1) indicated that the start material was
consumed completely and two main spots with lower polarity were detected. The
mixture was concentrated under vacuum to remove most AcOH. Saturated NaHCO;
(aq.) (20 mL) was added into the mixture and extracted by EtOAc (50 mL*2), the
combined organic layer was washed by brine (20 mL*1), dried over anhydrous
Na,SO,, filtered and concentrated under vacuum. The crude product was purified by

chromatography (PE:EA from 50:1 to 9:1). Isomers S8 and S8’ was obtained as a
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yellow solid (88 ~ 92% yield).

Step 3: To a solution of S8 and S8’ in THF was added NaOMe (3.0 equiv.), and the
mixture was stirred at room temperature for 1 h. H;O (20 mL) and EtOAc (50 mL)
was added into the mixture and then treated with 2 M HCI to adjust the pH to 7. The
red solution was changed into yellow. The solution was extracted by EtOAc (50
mL*2) and the combined organic layer was washed by brine (20 mL*1), dried over
anhydrous Na,SO,, filtered and concentrated under vacuum. The crude product was
purified by chromatography (PE:EA from 20:1 to 4:1). 1w, 1x was obtained as a
white solid (45% ~ 60% yield).

2.2 Characterization Data of 1

o
©)J\rCN

2-methyl-3-0xo0-3-phenylpropanenitrile (1a)®: yellow oil, 1.20 g, 75% yield. 'H
NMR (400 MHz, Chloroform-d) 6 8.11 — 7.94 (m, 2H), 7.71 — 7.63 (m, 1H), 7.61 —
7.47 (m, 2H), 4.39 (q,J = 7.2 Hz, 1H), 1.65 (d, J= 7.2 Hz, 3H). '3C NMR (101 MHz,
Chloroform-d) & 190.8, 134.5, 133.6, 129.1, 128.7, 118.1, 33.6, 14.9. HRMS
(ESI-TOF) m/z: [M+H]* Calcd for C,(H;(NO" = 160.0757; Found 160.0756.

0]

CN
Et

2-benzoylbutanenitrile (1b)!: white solid, 1.56 g, 90% yield. '"H NMR (400 MHz,
Chloroform-d) & 8.00 — 7.93 (m, 2H), 7.69 — 7.61 (m, 1H), 7.56 — 7.49 (m, 2H), 4.35
(dd, J = 8.1, 5.6 Hz, 1H), 2.19 — 1.94 (m, 2H), 1.16 (t, J = 7.4 Hz, 3H). 3C NMR
(101 MHz, Chloroform-d) 6 190.8, 134.4, 133.9, 129.0, 128.6, 117.2,41.4,23.5, 11.4.
HRMS (ESI-TOF) m/z: [M+H]" Caled for C;;H;;NO" = 174.0913; Found 174.0913.
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©)J:KCN

2-benzoyl-3-methylbutanenitrile (1¢)”: white solid, 1.72 g, 92% yield. 'TH NMR
(400 MHz, Chloroform-d) 6 8.03 — 7.89 (m, 2H), 7.72 — 7.61 (m, 1H), 7.59 — 7.48 (m,
2H),4.37 (dd, J=5.4, 3.1 Hz, 1H), 2.56 — 2.36 (m, 1H), 1.18 (dd, /= 6.8, 1.5 Hz, 3H),
1.10 (dd, J = 6.8, 2.8 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) 6 191.2, 134.3,
129.0, 128.5, 116.1, 47.8, 29.8, 21.3, 18.6, 18.6. HRMS (ESI-TOF) m/z: [M+Na]*
Calcd for C;,H{3NNaO" =210.0889; Found 210.0887.

CN

2-benzoyl-4-methylpentanenitrile (1d)’: colorless oil, 1.81 g, 90% yield. 'TH NMR
(400 MHz, Chloroform-d) & 8.05 — 7.93 (m, 2H), 7.73 — 7.61 (m, 1H), 7.61 — 7.47 (m,
2H), 4.43 (dd, J= 9.8, 5.2 Hz, 1H), 2.00 — 1.88 (m, 2H), 1.85 — 1.73 (m, 1H), 1.02 (dd,
J =144, 6.3 Hz, 6H). 3C NMR (101 MHz, Chloroform-d) & 191.0, 134.3, 133.8,
129.0, 128.6, 117.3, 38.4, 38.3, 26.3, 22.6, 21.2. HRMS (ESI-TOF) m/z: [M+H]*
Calcd for C;3H{xNO*" =202.1226; Found 202.1227.

O
o
Bn
2-benzoyl-4-phenylbutanenitrile (1e)”: white solid, 2.20 g, 88% yield. 'TH NMR (400
MHz, Chloroform-d) 6 7.99 — 7.92 (m, 2H), 7.69 — 7.60 (m, 1H), 7.55 — 7.47 (m, 2H),

7.39 — 7.26 (m, 5H), 4.58 — 4.47 (m, 1H), 3.44 — 3.17 (m, 2H). 3C NMR (101 MHz,
Chloroform-d) 6 190.0, 135.9, 134.6, 134.0, 129.1, 129.0, 128.9, 128.8, 127.6, 116.9,
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41.8, 35.5. HRMS (ESI-TOF) m/z: [M+H]" Calcd for C;¢H4sNO" = 236.1070; Found
236.1069.

O

CN
Ph

3-0x0-2,3-diphenylpropanenitrile (1f)': white solid, 2.10 g, 95% yield. '"H NMR
(400 MHz, Chloroform-d) 6 8.01 —7.91 (m, 2H), 7.69 — 7.56 (m, 1H), 7.56 — 7.31 (m,
7H), 5.66 — 5.54 (m, 1H). 13C NMR (101 MHz, Chloroform-d) & 188.9, 134.4, 133.6,
130.3, 129.6, 129.2, 129.1, 129.0, 128.2, 116.5, 46.6. HRMS (ESI-TOF) m/z:
[M+H]" Caled for C;sH,NO™ =222.0913; Found 222.0913.

P

2-(naphthalen-2-yl)-3-oxo-3-phenylpropanenitrile (1g)3: white solid, 2.52 g, 93%
yield. 'TH NMR (400 MHz, Chloroform-d) & 8.06 — 7.96 (m, 3H), 7.93 — 7.82 (m, 3H),
7.64 —7.44 (m, 6H), 5.79 (s, 1H). 3C NMR (101 MHz, Chloroform-d) 8 188.9, 134.4,
133.6, 133.4, 133.1, 129.8, 129.3, 129.0, 128.0, 127.9, 127.8, 127.6, 127.1, 127.0,
125.0, 116.6, 46.9. HRMS (ESI-TOF) m/z: [M+H]* Calcd for C;9H,NO*" =272.1070;
Found 272.1069.

Q)im
F

2-(4-fluorobenzoyl)-3-methylbutanenitrile (1h): white solid, 1.64 g, 80% yield. 'H
NMR (400 MHz, Chloroform-d) & 8.05 — 7.92 (m, 2H), 7.25 — 7.16 (m, 2H), 4.21 (d,
J=5.6 Hz, 1H), 2.54 — 2.37 (m, 1H), 1.15 (dd, J = 14.9, 6.7 Hz, 6H). 13C NMR (101
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MHz, Chloroform-d) & 189.5, 166.4 (d, J = 258.6 Hz), 131.5 (d, J = 10.1 Hz), 130.8,
(d, J=3.0 Hz), 116.4 (d, J = 22.2 Hz), 116.0, 47.8, 29.9, 21.3, 18.8. ’F NMR (376
MHz, Chloroform-d) 6 -102.3. HRMS (ESI-TOF) m/z: [M+H]" Calcd for
Ci,Hi3FNO* =206.0976; Found 206.0975.

X
Cl

2-(4-chlorobenzoyl)-3-methylbutanenitrile (1i): white solid, 1.87 g, 85% yield. 'H
NMR (400 MHz, Chloroform-d) 6 7.93 — 7.85 (m, 2H), 7.53 — 7.47 (m, 2H), 4.29 (d,
J=5.4Hz, 1H), 2.51 — 2.37 (m, 1H), 1.18 (d, J = 6.8 Hz, 3H), 1.11 (d, J/ = 6.7 Hz,
3H). BC NMR (101 MHz, Chloroform-d) 6 190.0, 140.9, 132.6, 130.0, 129.4, 115.9,
478, 29.8, 21.2, 18.7. HRMS (ESI-TOF) m/z: [M+H]* Calcd for C;,H;CINO* =
222.0680; Found 222.0681.

)

jop e
Br

2-(4-bromobenzoyl)-3-methylbutanenitrile (1j): white solid, 2.30 g, 87% yield. 'H
NMR (400 MHz, Chloroform-d) 6 7.85 — 7.79 (m, 2H), 7.72 — 7.66 (m, 2H), 4.24 (dd,
J=15.6,2.1 Hz, 1H), 2.53 —=2.39 (m, 1H), 1.19 (d, /= 6.8 Hz, 3H), 1.13 (d, /= 6.7 Hz,
3H). 3C NMR (101 MHz, Chloroform-d) & 190.2, 133.1, 132.5, 130.1, 129.8, 115.9,
4738, 29.8, 21.3, 18.8. HRMS (ESI-TOF) m/z: [M+H]" Calcd for C,H;3BrNO* =
266.0175; Found 266.0175.

0

ox
F3C

3-methyl-2-(4-(trifluoromethyl)benzoyl)butanenitrile (1k): white solid, 2.32 g, 91%
yield. 'H NMR (400 MHz, Chloroform-d) & 8.08 (d, /= 8.2 Hz, 2H), 7.81 (d, J= 8.2
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Hz, 2H), 4.36 — 4.28 (m, 1H), 2.55 —2.41 (m, 1H), 1.21 (d, J = 6.8 Hz, 3H), 1.14 (dd,
J=6.7,2.1 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 190.38, 137.09, 135.67,
135.34, 129.00, 126.23, 126.19, 126.16, 126.12, 124.59, 121.88, 115.65, 48.17, 29.74,
21.30, 18.73, 18.71. 13C NMR (101 MHz, Chloroform-d) 6 190.4, 137.1, 135.5 (q, J =
35.4 Hz), 129.0, 126.2 (q, J = 3.5 Hz), 123.3 (q, J =272.7 Hz), 115.7, 48.2, 29.7, 21.3,
18.7. F NMR (376 MHz, Chloroform-d) 8 -63.3. HRMS (ESI-TOF) m/z: [M-H]-
Calcd for C;3H 1FsNO-=254.0798; Found 254.0799.

0]

o

3-methyl-2-(4-methylbenzoyl)butanenitrile (11): white solid, 1.93 g, 96% yield. 'H
NMR (400 MHz, Chloroform-d) 6 7.87 — 7.81 (m, 2H), 7.34 — 7.29 (m, 2H), 4.26 (d,
J=5.6 Hz, 1H), 2.51 — 2.39 (m, 4H), 1.16 (d, J = 6.8 Hz, 3H), 1.12 (d, J = 6.7 Hz,
3H). 3C NMR (101 MHz, Chloroform-d) & 190.6, 145.5, 131.9, 129.8, 128.8, 116.3,
47.7,30.0, 21.7, 21.4, 18.9. HRMS (ESI-TOF) m/z: [M+H]"* Calcd for C;3sH;(NO* =
202.1226; Found 202.1226.

@)

ox
MeO

2-(4-methoxybenzoyl)-3-methylbutanenitrile (1m): white solid, 1.62 g, 75% yield.
TH NMR (400 MHz, Chloroform-d) 8 7.98 — 7.90 (m, 2H), 7.04 — 6.96 (m, 2H), 4.23
(d, J=5.8 Hz, 1H), 3.92 (s, 3H), 2.53 — 2.41 (m, 1H), 1.16 (dd, J = 9.8, 6.7 Hz, 6H).
13C NMR (101 MHz, Chloroform-d) 6 189.4, 164.4, 131.1, 127.2, 116.5, 114.2, 55.6,
474, 30.0, 21.3, 18.9. HRMS (ESI-TOF) m/z: [M+H]" Calcd for C;3H(NO," =
218.1176; Found 218.1175.
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2-(3-methoxybenzoyl)-3-methylbutanenitrile (1n): white solid, 1.95 g, 90% yield.
TH NMR (400 MHz, Chloroform-d) & 7.53 — 7.40 (m, 3H), 7.23 — 7.16 (m, 1H), 4.31
(d, J=5.5 Hz, 1H), 3.89 (s, 3H), 2.53 — 2.42 (m, 1H), 1.19 (d, J = 6.8 Hz, 3H), 1.13
(d, J= 6.7 Hz, 3H). BC NMR (101 MHz, Chloroform-d) & 191.0, 160.1, 135.7, 130.0,
121.0, 120.7, 116.1, 113.0, 55.5, 47.9, 30.0, 21.3, 18.7. HRMS (ESI-TOF) m/z:
[M+H]* Calcd for C3H;sNO," = 218.1176; Found 218.1175.

O

MeO\©)H/CN

3-(3-methoxyphenyl)-2-methyl-3-oxopropanenitrile (10): white solid, 2.72 g, 72%
yield. 'TH NMR (400 MHz, Chloroform-d) 6 7.59 — 7.41 (m, 3H), 7.23 — 7.17 (m, 1H),
4.40 (q, J = 7.2 Hz, 1H), 3.88 (s, 3H), 1.65 (d, /= 7.2 Hz, 3H). 13C NMR (101 MHz,
Chloroform-d) 6 190.7, 160.1, 134.9, 130.0, 121.1, 120.9, 118.1, 113.0, 55.5, 33.8,
15.0. HRMS (ESI-TOF) m/z: [M-H]  Calcd for C;1H;(NO, = 188.0717; Found
188.0713.

@)icm

2-(2-fluorobenzoyl)-3-methylbutanenitrile (1p): colorless oil, 1.74 g, 85% yield. 'H
NMR (600 MHz, Chloroform-d) 67.89 (t, J = 7.6 Hz, 1H), 7.66 — 7.59 (m, 1H), 7.31
(t, J=7.6 Hz, 1H), 7.19 (dd, J = 11.5, 8.4 Hz, 1H), 4.38 (d, ] = 4.3 Hz, 1H), 2.42 (dq,
J =12.6, 6.3 Hz, 1H), 1.21 (d, J = 6.8 Hz, 3H), 1.04 (d, ] = 6.8 Hz, 3H). 3C NMR
(151 MHz, Chloroform-d) 6 189.4 (d, /J=4.5 Hz), 161.3 (d, J=255.2 Hz), 136.0 (d, J
=9.1 Hz), 131.4 (d, J = 3.0 Hz), 125.2 (d, J = 3.0 Hz), 123.1 (d, J = 12.1 Hz), 116.8
(d,J=24.2 Hz), 115.5,52.3 (d,J=9.1 Hz), 29.0, 21.5, 18.1.
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19F NMR (376 MHz, Chloroform-d) 6 -110.2. HRMS (ESI-TOF) m/z: [M+H]* Calcd
for C;,H3FNO™ = 206.0976; Found 206.0976.

2-(3,4-dimethoxybenzoyl)-3-methylbutanenitrile (1q): white solid, 2.12 g, 86%
yield. '"H NMR (400 MHz, Chloroform-d) 6 7.61 — 7.47 (m, 2H), 6.93 (d, J = 8.3 Hz,
1H), 4.25 (d, J = 5.9 Hz, 1H), 3.97 (d, J = 9.7 Hz, 6H), 2.54 — 2.41 (m, 1H), 1.19 —
1.11 (m, 6H). 13C NMR (101 MHz, Chloroform-d) & 189.4, 154.4, 149.5, 127.5, 123 4,
116.6, 110.7, 110.1, 56.2, 56.0, 47.2, 30.2, 21.3, 19.0. HRMS (ESI-TOF) m/z:
[M+H]* Calcd for Ci4HsNO;™ = 248.1281; Found 248.1280.

oo

2-(2-naphthoyl)-3-methylbutanenitrile (1r): white solid, 1.94 g, 82% yield. 'H
NMR (400 MHz, Chloroform-d) 6 8.53 — 8.43 (m, 1H), 8.07 — 7.88 (m, 4H), 7.75 —
7.58 (m, 2H), 4.46 (d, J = 5.7 Hz, 1H), 2.57 (pd, J = 6.8, 5.7 Hz, 1H), 1.21 (dd, J =
18.9, 6.7 Hz, 6H). 13C NMR (101 MHz, Chloroform-d) & 191.1, 136.0, 132.3, 131.8,
130.6, 129.7, 129.3, 129.1, 127.9, 127.3, 123.8, 116.3, 47.8, 30.1, 21.4, 18.9. HRMS
(ESI-TOF) m/z: [M+H]* Calcd for C;cH;sNO* = 238.1226; Found 238.1225.

S 0O
W

CN
3-methyl-2-(thiophene-2-carbonyl)butanenitrile (1s): white solid, 1.54 g, 80%
yield. 'TH NMR (400 MHz, Chloroform-d) & 7.87 — 7.84 (m, 1H), 7.82 — 7.77 (m, 1H),
7.23 —7.20 (m, 1H), 4.06 (dd, J = 6.2, 1.7 Hz, 1H), 2.61 — 2.44 (m, 1H), 1.19 (t, J =
6.9 Hz, 6H). 3C NMR (101 MHz, Chloroform-d) 8 183.6, 141.4, 136.0, 133.4, 128.6,
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116.2, 48.7, 30.7, 21.2, 19.3. HRMS (ESI-TOF) m/z: [M+H]* Calcd for C;oH;,NOS*
= 194.0634; Found 194.0635.

0] 0
|/
CN

2-(furan-2-carbonyl)-3-methylbutanenitrile (1t): white solid, 1.40 g, 79% yield. 'H
NMR (400 MHz, Chloroform-d) ¢ 7.68 (d, J= 1.7 Hz, 1H), 7.46 — 7.38 (m, 1H), 6.68
—6.60 (m, 1H), 4.14 (d, J = 6.0 Hz, 1H), 2.59 — 2.41 (m, 1H), 1.19 — 1.10 (m, 6H).
13C NMR (101 MHz, Chloroform-d) 6 179.7, 150.6, 147.5, 119.5, 115.9, 113.2, 47.8,
29.9, 21.1, 19.0. HRMS (ESI-TOF) m/z: [M+H]" Calcd for C,oH{,NO," = 178.0863;
Found 178.0862..

3-methyl-2-picolinoylbutanenitrile (1u): white solid, 1.61 g, 86% yield. 'H NMR
(400 MHz, Chloroform-d) & 8.75 — 8.67 (m, 1H), 8.15 — 8.09 (m, 1H), 7.96 — 7.87 (m,
1H), 7.62 — 7.53 (m, 1H), 5.16 (d, J = 5.2 Hz, 1H), 2.60 — 2.46 (m, 1H), 1.20 (d, J =
6.7 Hz, 3H), 1.09 (d, J = 6.8 Hz, 3H). '3C NMR (101 MHz, Chloroform-d) & 192.8,
150.7, 149.2, 137.4, 128.2, 123.0, 116.6, 46.1, 29.5, 21.4, 18.5. HRMS (ESI-TOF)
m/z: [M+H]" Calcd for C;;H;3N,O" = 189.1022; Found 189.1022.

A CN

N O
\
3-methyl-2-(1-methyl-1H-indole-2-carbonyl)butanenitrile (1v): white solid, 1.92 g,
80% yield. 'H NMR (400 MHz, Chloroform-d) 6 7.77 —7.71 (m, 1H), 7.50 — 7.40 (m,

2H), 7.37 (s, 1H), 7.26 — 7.19 (m, 1H), 4.22 (d, J = 6.3 Hz, 1H), 4.10 (s, 3H), 2.57 (m,
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1H), 1.20 (dd, J = 9.9, 6.7 Hz, 6H). 3C NMR (101 MHz, Chloroform-d) & 184.1,
140.8, 132.4, 127.2, 125.6, 123.3, 121.4, 116.6, 113.0, 110.6, 49.0, 32.3, 31.1, 21.3,
19.3. HRMS (ESI-TOF) m/z: [M+H]" Calcd for C;sH;7N,O" = 241.1335; Found
241.1334.

O

Qijcm

1-0x0-1,2,3,4-tetrahydronaphthalene-2-carbonitrile (1w)°: white solid, 1.02 g, 60%
yield. 'H NMR (400 MHz, Chloroform-d) 6 8.14 — 8.05 (m, 1H), 7.63 — 7.54 (m, 1H),
7.39 (t,J=7.6 Hz, 1H), 7.31 (d,J=7.7 Hz, 1H), 3.78 (dd, J = 11.3, 4.5 Hz, 1H), 3.24
— 3.04 (m, 2H), 2.67 — 2.55 (m, 1H), 2.55 — 2.39 (m, 1H). ¥C NMR (101 MHz,
Chloroform-d) 6 187.8, 142.9, 134.8, 130.3, 128.9, 128.2, 127.4, 116.7, 40.7, 27.8,
27.6. HRMS (ESI-TOF) m/z: [M+H]" Caled for C,;H;(NO* = 172.0757; Found
172.0757.

CN

5-0x0-6,7,8,9-tetrahydro-5H-benzo[7]annulene-6-carbonitrile (1x)'%: colorless oil,
0.83 g, 45% yield. "TH NMR (400 MHz, Chloroform-d) & 7.82 — 7.74 (m, 1H), 7.53 —
7.47 (m, 1H), 7.41 — 7.33 (m, 1H), 7.30 — 7.24 (m, 1H), 3.97 (dd, /=9.8, 4.6 Hz, 1H),
3.18 — 2.86 (m, 2H), 2.37 — 2.09 (m, 3H), 2.02 — 1.86 (m, 1H). '3C NMR (101 MHz,
Chloroform-d) 6 195.2, 141.1, 136.5, 133.3, 130.2, 129.6, 127.2, 117.2, 42.5, 32.5,
27.2,24.2. HRMS (ESI-TOF) m/z: [M+H]" Calcd for C;;H,NO™ = 186.0913; Found
186.0914.

0
)J\(CN

Ph
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3-oxo0-2-phenylbutanenitrile (1y)!: white powder, 1.19 g, 75% yield. 'H NMR (400
MHz, Chloroform-d) & 7.53 — 7.38 (m, 5H), 4.71 (s, 1H), 2.29 (s, 3H). *C NMR (101
MHz, Chloroform-d) 6 196.4, 129.7, 129.6, 129.3, 127.9, 116.1, 51.5, 26.9. HRMS
(ESI-TOF) m/z: [M+H]* Calcd for C,oH;(NO" = 160.0757; Found 160.0757.

@)

\)J\(CN

Ph
3-oxo0-2-phenylpentanenitrile (1z)?: white powder, 1.38 g, 80% yield. '"H NMR (400
MHz, Chloroform-d) 6 7.51 — 7.33 (m, 5H), 4.70 (s, 1H), 2.78 — 2.45 (m, 2H), 1.04 (t,
J =7.2 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 199.4, 129.9, 129.6, 129.2,
127.9, 116.3, 50.6, 33.1, 7.6. HRMS (ESI-TOF) m/z: [M+H]" Calcd for C;;H,NO* =
174.0913; Found 174.0913.
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3. Detailed Optimization of the Reaction Conditions.

Table S1. Evaluation of the effects of ligand in Ir-catalyzed asymmetric hydrogenation of 1a?

0 OH
[I(COD)CI],/L, 'PrOH ©/K(
CN S/C =100, Hp, RT, 12 h CN
1a 2a
entry ligand base temp. (°C)  Hy (bar) conv. (%)b ee (%)° dr

1 f-amphox  KOBu (10 mol%) 25 50 <5 - -
2 f-ampha  KO'Bu (10 mol%) 25 50 <5 - -
3 f-amphol  KO'Bu (10 mol%) 25 50 <5 - -
4 f-amphox  KO'Bu (10 mol%) 25 80 <5 - -
5 f-amphol  KO'Bu (10 mol%) 25 80 <5 - -
6 f-amphox  KOBu (105 mol%) 50 50 <5 - -
7 f-ampha  KO'Bu (105 mol%) 50 50 <5 - .
8 f-amphol  KO'Bu (105 mol%) 50 50 <5 - -

8 Reaction conditions: 0.1 mmol of substrate 1a, 0.25 mol % [Ir(COD)Cl],, 1 mol %
ligand pre-complexed in ‘PrOH, PrOH (1.0 mL). ® Conversions were determined by 'H NMR
spectroscopy. °Diastereomeric ratio (dr) were determined by "H NMR spectroscopy. ¢
Enantiomeric excesses (ee) were determined by HPLC analysis using a chiral stationary phase.

H
04(7 nll
\
N PhaP OH Arzp on AP

Fe

Ar= 3,5-( BU)206H3 Ar= 3,5- ( Bu)zceHg
f-amphox f-ampha f-amphol

S17



Table S2. Evaluation of ligand in Rh-catalyzed asymmetric hydrogenation of 1a®

O OH
Mental/L, DCM,
S/C =100, RT,H,(50b 20 h
CN - RT, Hz (50 bar), CN
1a 2a
entry metal ligand conv. (%)°  ee (%)° drd
1 [Rh(NBD),]BF, (Re, Sp)-Duanphos <5 - ]
2 [Rh(NBD),]BF, (S)-Binapine <5 - -
3 [Rh(NBD),]BF, (S)-BINAP <5 - -
4 [Rh(NBD),]BF, (R)-SEGPHOS <5 - -
5 [Rh(NBD),]BF4 (R, S)-Josiphos <5 - -
6 [Rh(NBD),]BF, (S,S)-Ph-BPE <5 - -
7 [Rh(NBD),]BF, (S, S)-Me-DuPhos <5 - -
8 [Rh(NBD),]BF4 (R,R)-QuinoxP* <5 . i

@ Reaction conditions: 0.1 mmol of substrate 1a, 1 mol % [Rh(NBD),]BF4, 1.1 mol %
ligand pre-complexed in DCM, DCM (1.0 mL). ® Conversions were determined by 'H NMR
spectroscopy. °Diastereomeric ratio (dr) were determined by "H NMR spectroscopy. d
Enantiomeric excesses (ee) were determined by HPLC analysis using a chiral stationary phase.

S
PPh, o PPh, @;!;PCVZ
PPh, <o ‘ PPh, Fe PP
0 <

(S)-BINAP (R)-SEGPHOS (R,S)-JosiPhos
tBu Me
Q ©: I O HH O
PP
Me Me Bu Bu By
(S,S)-Me-DuPhos (R,R)—QumoxP* (Rc,Sp)-DuanPhos (S)-Binapine
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4. General Procedure of Asymmetric Transfer Hydrogenation of 1

via DKR

To a 10 mL Schleck tube charged with a magnetic stirring bar were added
successively substrate 1 (0.2 mmol), formic acid/trimethylamine azeotropic mixture
(5/2) (50 pL), the catalyst (1.5 mg) and the solvent (2 mL). The mixture was then
stirred at room temperature for the indicated reaction time. After completion, the
reaction solution was concentrated and the residue was passed through a short
column of silica gel (eluent: EA:PE = 2:1) to remove the metal complex. The ee or dr
values of compounds 2 were determined by HPLC analysis on a chiral stationary
phase. The physical data were identical in all respect to those previously reported.

It should be emphasized that cat.1, cat.2, cat.3, cat.5, cat.6 were purchased from
commercial suppliers and used without further purification, cat.4 were synthesized

according to the literature.?’

Characterization Data of 2

OH

mCN

(2R,3R)-3-hydroxy-2-methyl-3-phenylpropanenitrile (2a): white solid; 31 mg, 97%
yield; >99% ee, 96:4 dr; [a]*°p = +80.0 (¢ 0.5, CHC]l3); The absolute configurations
of 2a was assigned as (2/,3/9) by comparing the NMR and specific rotation with
the known compound.!' HPLC (Chiralpak IB column, hexane/isopropanol = 95/5;
flow rate = 1.0 mL/min; UV detection at 220 nm; t; = 15.7 min, t, = 16.7 min, t; =
18.6 min, t; = 20.4 min (major). "H NMR (400 MHz, Chloroform-d) 6 7.48 — 7.31 (m,
5H), 4.71 (dd, J=6.7,2.9 Hz, 1H), 2.91 (p, J= 7.1 Hz, 1H), 2.60 (d, J= 3.5 Hz, 1H),
1.24 (d, J=17.2 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) 6 140.0, 128.8, 128.8,
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126.2, 121.0, 75.1, 34.5, 14.7. HRMS (ESI-TOF) m/z: [M+Cl]- Caled for
Ci1oH;,CINO- = 196.0535; Found 196.0527.

(R)-2-((R)-hydroxy(phenyl)methyl)butanenitrile (2b)!!: white solid, 34 mg, 97%
yield, >99% ee, 96:4 dr; [a]?°p = +55.0 (¢ 0.5, CHCIl3); The absolute configurations
of 2b was assigned as (&4 by X-ray; HPLC (Chiralpak IA column,
hexane/isopropanol = 93/7; flow rate = 1.0 mL/min; UV detection at 220 nm; t; = 9.6
min, t, = 10.6 min, t; = 11.8 min, t; = 12.6 min (major). 'TH NMR (400 MHz,
Chloroform-d) 6 7.50 — 7.32 (m, 5H), 4.78 (dd, J = 6.6, 3.0 Hz, 1H), 2.82 — 2.71 (m,
1H), 2.59 (d, J = 3.5 Hz, 1H), 1.68 — 1.46 (m, 2H), 1.08 (t, J = 7.4 Hz, 3H). 3C NMR
(101 MHz, Chloroform-d) 6 140.3, 128.8, 128.7, 126.2, 120.1, 73.9, 42.7,22.4, 11.6.
HRMS (ESI-TOF) m/z: [M+CIl]- Calcd for C;H;3CINO- = 210.0691; Found
210.0684.

OH

o

(R)-2-((R)-hydroxy(phenyl)methyl)-3-methylbutanenitrile (2¢)!>: white solid, 37
mg, 98% yield, >99% ee, 98:2 dr; [a]*’p = +29.4 (¢ 0.5, CHCl;); HPLC (Chiralpak
IB column, hexane/isopropanol = 95/5; flow rate = 1.0 mL/min; UV detection at 220
nm; t; = 12.3 min, t, = 13.7 min, t; = 16.9 min, t, = 18.8 min (major). 'H NMR (400
MHz, Chloroform-d) 6 7.51 — 7.28 (m, 5H), 4.84 (d, J=7.3 Hz, 1H), 2.70 (dd, J = 7.3,
5.2 Hz, 1H), 2.66 (s, 1H), 1.81 — 1.56 (m, 1H), 1.10 (d, J = 6.7 Hz, 3H), 1.05 (d, J =
6.8 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 140.6, 128.9, 128.7, 126.1, 119.1,
72.5, 48.6, 27.4, 21.5, 18.7. HRMS (ESI-TOF) m/z: [M+Cl]- Calcd for C;,H;sCINO-
=224.0848; Found 224.0842.
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CN

(R)-2-((R)-hydroxy(phenyl)methyl)-4-methylpentanenitrile (2d): white solid, 40
mg, 99% yield, >99% ee, 99:1 dr; [0]*°p = +15.0 (¢ 0.5, CHCIl;); HPLC (Chiralpak
IC column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV detection at 220
nm; t; = 8.1 min, t, = 10.7 min, t3 = 13.2 min (major), t; = 14.4 min. '"H NMR (400
MHz, Chloroform-d) 6 7.50 — 7.34 (m, 5H), 4.78 (dd, J = 5.9, 2.6 Hz, 1H), 2.97 —
2.87 (m, 1H), 2.44 (brs, 1H), 1.94 — 1.80 (m, 1H), 1.80 — 1.66 (m, 1H), 1.26 — 1.15 (m,
1H), 0.96 (d, J = 6.6 Hz, 3H), 0.90 (d, J = 6.6 Hz, 3H). 3C NMR (101 MHz,
Chloroform-d) 6 140.4, 128.8, 128.8, 126.1, 120.1, 74.4, 39.2, 37.7, 26.0, 23.0, 21.1.
HRMS (ESI-TOF) m/z : [M+CI]- Caled for C;3H;CINO- = 238.1004; Found
238.0999.

OH

“_CN

D

(R)-2-((R)-hydroxy(phenyl)methyl)-4-phenylbutanenitrile (2¢)'3: white solid, 49
mg, 98% yield, >99% ee, 97:3 dr; [a]*°p = +17.8 (¢ 0.5, CHCIl;); HPLC (Chiralpak
IC column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV detection at 220
nm; t; = 11.5 min, t, = 14.9 min, t; = 15.9 min, t, = 18.9 min (major). 'H NMR (400
MHz, Chloroform-d) & 7.53 — 7.09 (m, 10H), 4.84 — 4.66 (m, 1H), 3.10 — 2.99 (m,
1H), 2.99 — 2.84 (m, 2H), 2.65 (d, J = 3.9 Hz, 1H). 3C NMR (101 MHz,
Chloroform-d) 6 140.2, 136.7, 128.9, 128.8, 128.8, 128.7, 127.2, 126.0, 119.5, 72.8,

43.2, 35.2. HRMS (ESI-TOF) m/z: [M+Cl]- Caled for CisH,sCINO- = 272.0848;
Found 272.0846.
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OH

“_CN

S

(2R,3R)-3-hydroxy-2,3-diphenylpropanenitrile (2f)'*: white solid, 44 mg, 97%
yield, >99% ee, 97:3 dr; [0]*°p = - 6.2 (¢ 0.5, CHCIl;); HPLC (Chiralpak IE column,
hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV detection at 220 nm; t; =
11.4 min, t, = 12.9 min, t; = 15.1 min (major), t; = 24.6 min. 'H NMR (600 MHz,
Chloroform-d) 6 7.37 — 7.15 (m, 10H), 4.97 (dd, J = 6.0, 2.5 Hz, 1H), 4.05 (d, /= 5.8
Hz, 1H), 2.63 — 2.54 (m, 1H). 3C NMR (151 MHz, Chloroform-d) & 139.3, 132.4,
128.9, 128.7, 128.5, 128.5, 128.4, 126.2, 118.7, 76.3, 47.3. HRMS (ESI-TOF) m/z:
[M-H]* Calcd for C;sHp,NO- = 222.0924; Found 222.0919.

(2R,3R)-3-hydroxy-2-(naphthalen-2-yl)-3-phenylpropanenitrile (2g)'*: white solid,
54 mg, 99% yield, >99% ee, 97:3 dr; [a]*p = - 24.6 (¢ 0.5, CHCl;); HPLC
(Chiralpak IC column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV
detection at 220 nm; t; = 13.0 min, t, = 14.9 min, t; = 17.9 min, t, = 26.5 min (major).
TH NMR (400 MHz, Chloroform-d) & 7.92 — 7.75 (m, 4H), 7.55 (dt, J = 6.3, 3.4 Hz,
2H), 7.38 = 7.27 (m, 6H), 5.09 (dd, J= 5.6, 1.8 Hz, 1H), 4.25 (d, /= 5.5 Hz, 1H), 2.62
(d, J=3.5 Hz, 1H). BC NMR (101 MHz, Chloroform-d) & 139.3, 133.0, 132.9, 129.8,
128.7, 128.7, 128.6, 128.5, 127.9, 127.8, 127.7, 126.7, 126.2, 125.6, 118.7, 76.2, 47.5.
HRMS (ESI-TOF) m/z: [M-H]" Calcd for C;oH4NO- = 272.1081; Found 272.1080.

OH

F
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(R)-2-((R)-(4-fluorophenyl)(hydroxy)methyl)-3-methylbutanenitrile (2h): white
solid, 41 mg, 99% vyield, >99% ee, 98:2 dr; [0]*’p = +55.4 (¢ 0.5, CHCl;); HPLC
(Chiralpak IC column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV
detection at 220 nm; t; = 5.3 min, t, = 5.8 min, t; = 10.6 min, t; = 12.6 min (major).
'H NMR (400 MHz, Chloroform-d) & 7.44 — 7.33 (m, 2H), 7.15 — 7.05 (m, 2H), 4.87
(d, J=17.1 Hz, 1H), 2.77 (s, 1H), 2.67 (dd, J= 7.1, 5.3 Hz, 1H), 1.78 — 1.65 (m, 1H),
1.12 (d, J= 6.8 Hz, 3H), 1.08 (d, /= 6.7 Hz, 3H). 13C NMR (101 MHz, Chloroform-d)
0 162.8 (d, J=252.5 Hz), 136.5 (d, /= 10.1 Hz), 127.9 (d, J = 10.1 Hz), 119.0, 115.8
(d, J=120.2 Hz), 71.8, 48.7, 27.4, 21.4, 18.8. 'F NMR (376 MHz, Chloroform-d) &
-112.9. HRMS (ESI-TOF) m/z: [M+Cl]- Calcd for C1,H4CIFNO- = 242.0753; Found
242.0750.

OH

Cl

(R)-2-((R)-(4-chlorophenyl)(hydroxy)methyl)-3-methylbutanenitrile (2i) white
solid, 44 mg, 98% yield, >99% ee, 98:2 dr; [0]*’p = +61.8 (¢ 0.5, CHCl;); HPLC
(Chiralpak ID column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV
detection at 220 nm; t; = 6.3 min, t, = 6.8 min, t; = 8.0 min, t; = 8.7 min (major). 'H
NMR (400 MHz, Chloroform-d) 6 7.42 — 7.31 (m, 4H), 4.87 (d, /= 6.9 Hz, 1H), 2.71
—2.65 (m, 1H), 2.65 — 2.50 (m, 1H), 1.80 — 1.70 (m, 1H), 1.13 (d, J = 6.6 Hz, 3H),
1.08 (d, J= 6.7 Hz, 3H). 13C NMR (151 MHz, Chloroform-d) & 139.1, 134.6, 129.1,
127.5, 118.8, 71.9, 48.7, 27.5, 21.4, 18.9. HRMS (ESI-TOF) m/z: [M+CI]- Calcd for
C1pH14CILNO- = 258.0458; Found 258.0455.

OH

Br

(R)-2-((R)-(4-bromophenyl)(hydroxy)methyl)-3-methylbutanenitrile (2j) white
solid, 52 mg, 97% yield, >99% ee, 98:2 dr; [a]*’p = +43.6 (¢ 0.5, CHCl;); HPLC
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(Chiralpak ID column, hexane/isopropanol = 95/5; flow rate = 1.0 mL/min; UV
detection at 220 nm; t; = 11.5 min, t, = 12.6 min, t; = 16.2 min, t, = 17.5 min (major).
'H NMR (400 MHz, Chloroform-d) 4 7.61 — 7.50 (m, 2H), 7.31 — 7.26 (m, 2H), 4.86
(dd, J=17.0, 3.7 Hz, 1H), 2.67 (dd, J = 6.9, 5.5 Hz, 1H), 2.63 — 2.53 (m, 1H), 1.82 —
1.71 (m, 1H), 1.13 (d, J = 6.7 Hz, 3H), 1.09 (d, /= 6.7 Hz, 3H). 3C NMR (101 MHz,
Chloroform-d) & 139.6, 132.0, 127.8, 122.7, 118.8, 71.9, 48.6, 27.5, 21.4, 18.9.
HRMS (ESI-TOF) m/z: [M+CI]- Caled for C;,H4BrCINO- = 301.9953; Found
301.9951.

OH

FsC

(R)-2-((R)-hydroxy(4-(trifluoromethyl)phenyl)methyl)-3-methylbutanenitrile (2k)
white solid, 50 mg, 97% yield, >99% ee, 98:2 dr; [a]*’p = +30.6 (¢ 0.5, CHCl3);
HPLC (Chiralpak A column, hexane/isopropanol = 97/3; flow rate = 1.0 mL/min,;
UV detection at 220 nm; t; = 15.4 min, t, = 16.9 min, t; = 20.4 min, t; = 31.1 min
(major). 'TH NMR (400 MHz, Chloroform-d) 6 7.68 (d, J = 8.1 Hz, 2H), 7.53 (d, J =
8.0 Hz, 2H), 4.96 (dd, J = 6.7, 3.2 Hz, 1H), 2.93 — 2.76 (m, 1H), 2.69 (t, J = 6.2 Hz,
1H), 1.86 — 1.73 (m, 1H), 1.15 (d, J= 6.7 Hz, 3H), 1.10 (d, J = 6.8 Hz, 3H). 13C NMR
(101 MHz, Chloroform-d) 6 144.6, 130.9 (q, J = 32.8 Hz), 126.5, 125.8 (q, J = 3.5
Hz), 123.9 (q, J=272.7 Hz), 118.6, 71.8, 48.8, 27.6, 21.3, 19.1. 'F NMR (376 MHz,
Chloroform-d) 6 -62.7. HRMS (ESI-TOF) m/z: [M+ClI]- Calcd for C;3H4CIF;NO- =
292.0721; Found 292.0721.

OH

(R)-2-((R)-hydroxy(p-tolyl)methyl)-3-methylbutanenitrile (21) white solid, 40 mg,
98% yield, >99% ee, 99:1 dr; [a]*’p = +46.0 (¢ 0.5, CHCl3); HPLC (Chiralpak IC
column, hexane/isopropanol = 85/15; flow rate = 1.0 mL/min; UV detection at 220
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nm; t; = 5.4 min, t, = 6.4 min, t; = 10.9 min, t; = 13.8 min (major). 'H NMR (400
MHz, Chloroform-d) & 7.28 — 7.23 (m, 2H), 7.22 — 7.15 (m, 2H), 4.81 (dd, J= 7.6, 2.8
Hz, 1H), 2.71 (dd, J=17.5, 5.0 Hz, 1H), 2.36 (s, 3H), 2.35 —2.25 (m, 1H), 1.75 — 1.64
(m, 1H), 1.09 (d, J = 6.7 Hz, 3H), 1.05 (d, J = 6.8 Hz, 3H). 3C NMR (101 MHz,
Chloroform-d) 6 138.7, 137.6, 129.6, 126.1, 119.2, 72.6, 48.6, 27.4, 21.5, 21.1, 18.6.
HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C;3H;NNaO" = 226.1202; Found
226.1200.

(R)-2-((R)-hydroxy(4-methoxyphenyl)methyl)-3-methylbutanenitrile (2m) white
solid, 43 mg, 98% yield, >99% ee, 99:1 dr; [a]*’p = +54.8 (¢ 0.5, CHCl;); HPLC
(Chiralpak IC column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV
detection at 220 nm; t; = 10.7 min, t, = 12.0 min, t; = 23.9 min, t, = 29.1 min (major).
TH NMR (400 MHz, Chloroform-d) & 7.31 — 7.27 (m, 2H), 6.99 — 6.84 (m, 2H), 4.79
(d, J=17.6 Hz, 1H), 3.81 (s, 3H), 2.69 (dd, J = 7.6, 5.0 Hz, 1H), 2.54 (s, 1H), 1.72 —
1.60 (m, 1H), 1.08 (d, J = 6.8 Hz, 3H), 1.04 (d, J = 6.8 Hz, 3H). 3C NMR (101 MHz,
Chloroform-d) 6 159.8, 132.6, 127.4, 119.3, 114.2, 72.3, 55.3, 48.5, 27.3, 21.5, 18.5.
HRMS (ESI-TOF) m/z: [M+Na]" Calced for C;3H;7NNaO," = 242.1151; Found
242.1148.

OH

(R)-2-((R)-hydroxy(3-methoxyphenyl)methyl)-3-methylbutanenitrile (2n) white
solid, 43 mg, 98% yield, >99% ee, 99:1 dr; [a]*’p = +52.8 (¢ 0.5, CHCl;); HPLC
(Chiralpak IC column, hexane/isopropanol = 85/15; flow rate = 1.0 mL/min; UV
detection at 220 nm; t; = 6.3 min, t; = 8.8 min, t3 = 10.8 min, t; = 16.6 min (major).
TH NMR (400 MHz, Chloroform-d) 4 7.35 — 7.27 (m, 1H), 6.97 — 6.87 (m, 3H), 4.85
—4.77 (m, 1H), 3.83 (s, 3H), 2.87 (s, 1H), 2.71 (dd, /= 7.3, 5.2 Hz, 1H), 1.78 — 1.67
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(m, 1H), 1.11 (d, J = 6.7 Hz, 3H), 1.06 (d, J = 6.8 Hz, 3H). 3C NMR (101 MHz,
Chloroform-d) & 159.9, 142.2, 129.9, 119.1, 118.4, 114.0, 111.7, 72.4, 55.2, 48.5,
27.3, 21.4, 18.7. HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C;3H;;NNaO," =
242.1151; Found 242.1149.

OH

(2R,3R)-3-hydroxy-3-(3-methoxyphenyl)-2-methylpropanenitrile (20) white solid,
37 mg, 97% yield, >99% ee, 95:5 dr; [a]*’p = +64.8 (¢ 0.5, CHCIl3); The absolute
configurations of 20 was assigned as (24, 38 by X-ray Diffraction; HPLC
(Chiralpak IC column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV
detection at 220 nm; t; = 15.2 min, t, = 20.3 min, t; = 21.6 min, t; = 29.7 min (major).
'H NMR (400 MHz, Chloroform-d) 4 7.38 — 7.29 (m, 1H), 7.02 — 6.87 (m, 3H), 4.71
(dd, /=6.8, 2.4 Hz, 1H), 3.84 (s, 3H), 2.93 (p, J = 7.1 Hz, 1H), 2.60 (s, 1H), 1.27 (d,
J=7.2 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 159.9, 141.6, 129.8, 121.0,
118.5, 114.3, 111.7, 75.1, 55.3, 34.5, 14.8. HRMS (ESI-TOF) m/z: [M+Cl]- Calcd for
C11H3;CINO, = 226.0640; Found 226.0634.

F  OH
*94

Syn-(2-fluorophenyl)(hydroxy)methyl)-3-methylbutanenitrile (2p) white solid, 39
mg, 95% yield, 71% ee, 95:5 dr; [a]*’p = -52.6 (¢ 1.0, CHCI3). The relative
configuration of 2p was assigned syn- by X-ray Diffraction, HPLC (Chiralpak IC
column, hexane/isopropanol = 95/5; flow rate = 1.0 mL/min; UV detection at 210 nm;
t; = 9.0 min (major), t, = 10.4 min, t; = 15.4 min, t; = 22.2 min. 'H NMR (400 MHz,
Chloroform-d) 6 7.6 — 7.5 (m, 1H), 7.4 — 7.3 (m, 1H), 7.2 — 7.2 (m, 1H), 7.2 — 7.0 (m,
1H), 5.2 (dd, J = 8.5, 4.9 Hz, 1H), 3.0 (dd, J = 8.5, 4.4 Hz, 1H), 2.3 (dq, /= 5.0, 1.2
Hz, 1H), 2.2 (pd, J = 6.8, 4.4 Hz, 1H), 1.1 (dd, J = 6.8, 5.7 Hz, 6H). 13C NMR (101
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MHz, Chloroform-d) 6 160.1 (d, J = 247.5 Hz), 130.5, (d, /= 8.1 Hz), 128.3 (d, J =
4.0 Hz), 127.8 (d, J = 3.0 Hz), 124.8 (d, J = 3.0 Hz), 118.1, 115.8 (d, J = 22.2 Hz),
66.7 (d, J = 2.0 Hz), 46.9 (d, J = 1.0 Hz), 26.4, 21.7, 17.9. YF NMR (376 MHz,
Chloroform-d) ¢ -118.0. HRMS (ESI-TOF) m/z: [M+CI]- Calcd for C;,H4,CIFNO- =
242.0753; Found 242.0749.

OH

MeO

(R)-2-((R)-(3,4-dimethoxyphenyl)(hydroxy)methyl)-3-methylbutanenitrile  (2q)
white solid, 49 mg, 98% vyield, >99% ee, 99:1 dr; [a]?’p = +42.6 (¢ 0.5, CHCI;).
HPLC (Chiralpak TA column, hexane/isopropanol = 95/5; flow rate = 1.0 mL/min;
UV detection at 220 nm; t; = 28.2 min, t, = 30.2 min, t3 = 33.7 min, t; = 42.6 min
(major). '"H NMR (400 MHz, Chloroform-d) 6 6.99 — 6.82 (m, 3H), 4.81 (dd, J= 7.4,
2.6 Hz, 1H), 3.92 (s, 3H), 3.90 (s, 3H), 2.71 (dd, J= 7.4, 5.1 Hz, 1H), 2.51 (d, J=3.7
Hz, 1H), 1.79 — 1.70 (m, 1H), 1.12 (d, J = 6.8 Hz, 3H), 1.08 (d, /= 6.8 Hz, 3H). 13C
NMR (101 MHz, Chloroform-d) & 149.4, 149.3, 133.1, 119.2, 118.7, 111.0, 108.8,
72.5, 56.0, 55.9, 48.6, 27.4, 21.5, 18.7. HRMS (ESI-TOF) m/z: [M+Na]* Calcd for
C4H{9NNaO;" = 272.1257; Found 272.1254.

OH

o’

(R)-2-((R)-hydroxy(naphthalen-2-yl)methyl)-3-methylbutanenitrile (2r) white
solid, 47 mg, 98% yield, >99% ee, 98:2 dr; [a]*’p = +46.0 (c 0.5, CHCl;). HPLC
(Chiralpak IC column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV
detection at 220 nm; t; = 8.2 min, t, = 10.0 min, t; = 16.5 min, t; = 20.0 min (major).
TH NMR (400 MHz, Chloroform-d) 8 7.9 — 7.8 (m, 4H), 7.6 — 7.4 (m, 3H), 5.0 (d, J =
7.4 Hz, 1H), 2.8 (dd, J = 7.5, 5.0 Hz, 2H), 1.8 — 1.6 (m, 1H), 1.1 (d, /= 6.7 Hz, 3H),
1.1 (d, J = 6.8 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) 4 137.8, 133.4, 133.0,

S27



128.9, 128.0, 127.7, 126.5, 126.5, 125.7, 123.3, 119.1, 72.8, 48.4, 27.4, 21.5, 18.6.
HRMS (ESI-TOF) m/z: [M+Cl]- Caled for C;cH;;CINO- = 274.1004; Found

274.1002.
s, OH
| yam

CN

(R)-2-((R)-hydroxy(thiophen-2-yl)methyl)-3-methylbutanenitrile (2s) yellow oil,
38 mg, 97% yield, >99% ee, >99:1 dr; [0]*°p = +40.6 (¢ 0.5, CHCI3); HPLC
(Chiralpak IC column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV
detection at 220 nm; t; = 8.1 min, t, = 10.3 min, t; = 14.7 min, t, = 18.1 min (major).
'H NMR (400 MHz, Chloroform-d) 4 7.39 — 7.31 (m, 1H), 7.14 — 7.07 (m, 1H), 7.07
—6.96 (m, 1H), 5.12 (d, J= 7.5 Hz, 1H), 3.04 (s, 1H), 2.80 (dd, J = 7.6, 5.0 Hz, 1H),
1.87 — 1.73 (m, 1H), 1.11 (d, J = 6.8 Hz, 3H), 1.09 (d, J = 6.8 Hz, 3H). 3C NMR
(101 MHz, Chloroform-d) & 143.9, 126.9, 125.8, 125.3, 118.8, 68.6, 48.8, 27.5, 21.4,
18.4. HRMS (ESI-TOF) m/z: [M+CIl]- Calcd for C,oH;3CINOS* = 230.0412; Found

230.0407.
o OH
| Y

CN

(R)-2-((R)-furan-2-yl(hydroxy)methyl)-3-methylbutanenitrile (2t) yellow oil, 35
mg, 98% yield, >99% ee, >99:1 dr; [a]*’p = +52.2 (¢ 0.5, CHCl;); HPLC (Chiralpak
IC column, hexane/isopropanol = 85/15; flow rate = 1.0 mL/min; UV detection at 220
nm; t; = 6.1 min, t, = 6.5 min, t; = 11.0 min, t; = 11.7 min (major). 'H NMR (400
MHz, Chloroform-d) & 7.43 (d, J = 2.3 Hz, 1H), 6.46 — 6.36 (m, 2H), 4.90 (d, /= 7.3
Hz, 1H), 2.99 (dd, J= 7.3, 5.3 Hz, 1H), 2.83 (s, 1H), 1.83 — 1.70 (m, 1H), 1.11 (s, 3H),
1.09 (s, 3H). 13C NMR (101 MHz, Chloroform-d) & 152.5, 142.8, 118.9, 110.5, 108.1,
66.3,45.9,27.4,21.3, 18.7. HRMS (ESI-TOF) m/z: [M+CI]- Calcd for C;oH;3CINO,*
=214.0640; Found 214.0634.
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(R)-2-((R)-hydroxy(pyridin-2-yl)methyl)-3-methylbutanenitrile (2u) yellow oil, 37
mg, 97% yield, >99% ee, 96:4 dr; [a]*°p = +45.6 (¢ 0.5, CHCl;); HPLC (Chiralpak
ID column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV detection at 220
nm; t; = 9.9 min, t, = 12.8 min, t; = 15.1 min, t; = 21.9 min (major). "H NMR (400
MHz, Chloroform-d) ¢ 8.60 (dt, J = 4.7, 1.4 Hz, 1H), 7.77 (td, J = 7.7, 1.7 Hz, 1H),
7.43 —7.35 (m, 1H), 7.34 — 7.26 (m, 1H), 4.97 (d, J = 4.2 Hz, 1H), 2.81 (dd, J =74,
4.2 Hz, 1H), 2.18 = 2.01 (m, J = 6.8 Hz, 1H), 1.16 (t, J= 6.8 Hz, 6H). 13C NMR (101
MHz, Chloroform-d) 6 158.3, 148.6, 137.2, 123.3, 120.7, 118.7, 70.7, 48.0, 27.9, 20.9,
20.3. HRMS (ESI-TOF) m/z: [M+H]* Calcd for C;1H;5sN,O" = 191.1179; Found
191.1176.

(R)-2-((R)-hydroxy(1-methyl-1H-indol-2-yl)methyl)-3-methylbutanenitrile (2v)
white solid, 46 mg, 96% yield, >99% ee, 90:10 dr; [a]*’p = +48.0 (¢ 0.5, CHCl);
HPLC (Chiralpak IE column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min;
UV detection at 220 nm; t; = 9.8 min, t; = 11.2 min, t; = 12.4 min (major), t, = 14.4
min. "H NMR (400 MHz, Chloroform-d) 6 7.7 — 7.6 (m, 1H), 7.3 — 7.2 (m, 2H), 7.2 —
7.1 (m, 1H), 6.5 (s, 1H), 5.0 (t, /= 6.8 Hz, 1H), 3.8 (s, 3H), 3.1 (dd, J= 7.3, 5.0 Hz,
1H), 2.5 (d, J=6.5 Hz, 1H), 1.9 (pd, J = 6.8, 5.0 Hz, 1H), 1.1 (t, J= 6.5 Hz, 6H). 13C
NMR (151 MHz, Chloroform-d) & 138.1, 137.3, 126.8, 122.5, 121.0, 120.0, 119.0,
109.3, 100.7, 65.9, 46.2, 30.2, 27.9, 21.5, 18.6. HRMS (ESI-TOF) m/z: [M+H]*
Calcd for C;sHgN,O" = 243.1492; Found 243.14809.
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OH

(1R,25)-1-hydroxy-1,2,3,4-tetrahydronaphthalene-2-carbonitrile (2w)!5:  white
solid, 34 mg, 98% yield, >99% ee, >99:1 dr; [a]*’p = +6.4 (¢ 0.5, CHCl;); HPLC
(Chiralpak IC column, hexane/isopropanol = 80/20; flow rate = 1.0 mL/min; UV
detection at 220 nm; t; = 8.9 min, t, = 11.6 min, t; = 14.9 min, t; = 22.0 min (major).
'H NMR (400 MHz, Chloroform-d) & 7.50 — 7.42 (m, 1H), 7.35 — 7.27 (m, 2H), 7.22
—7.11 (m, 1H), 4.96 (dd, J = 6.5, 4.0 Hz, 1H), 3.20 — 3.12 (m, 1H), 3.12 — 3.01 (m,
1H), 2.91 — 2.78 (m, 1H), 2.50 (d, J = 6.8 Hz, 1H), 2.44 — 2.30 (m, 1H), 2.20 — 2.08
(m, 1H). BC NMR (101 MHz, Chloroform-d) 8 135.1, 134.8, 129.1, 128.8, 128.7,
126.8, 120.0, 67.2, 34.2, 27.0, 21.7. HRMS (ESI-TOF) m/z: [M+H]" Calcd for
C1Hp,NO* =174.0913; Found 174.0912.

(5R,65)-5-hydroxy-6,7,8,9-tetrahydro-SH-benzo[7]annulene-6-carbonitrile (2x):
white solid, 36 mg, 96% yield, >99% ee, >99:1 dr; [a]*’p = -22.0 (¢ 0.5, CHCl3);
HPLC (Chiralpak IC column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min;
UV detection at 220 nm; t; = 13.3 min, t, = 15.6 min, t; = 16.8 min, t; = 25.2 min
(major). 'H NMR (400 MHz, Chloroform-d) 6 7.52 — 7.40 (m, 1H), 7.32 — 7.23 (m,
2H), 7.18 — 7.12 (m, 1H), 5.13 (s, 1H), 3.20 (s, 1H), 3.12 — 3.00 (m, 1H), 2.77 — 2.65
(m, 1H), 2.47 — 2.33 (m, 2H), 2.18 — 2.06 (m, 1H), 1.85 — 1.72 (m, 2H). *C NMR
(101 MHz, Chloroform-d) & 140.3, 139.2, 129.8, 128.4, 126.6, 126.3, 120.1, 73.7,
37.8, 34.8, 30.5, 24.9. HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C,H3NNaO* =
210.0889; Found 210.0888.

OH

Me/"\rCN

Ph
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(2R,35)-3-hydroxy-2-phenylbutanenitrile (2y): white solid, 31 mg, 96% yield, >99%
ee, 93:7 dr; [a]*’p = +42.4 (¢ 0.5, CHCl3); The absolute configurations of 2y was
assigned as (24, 35) by X-ray; HPLC (Chiralpak IC column, hexane/isopropanol =
85/15; flow rate = 1.0 mL/min; UV detection at 220 nm; t; = 13.3 min, t, = 15.6 min,
t; = 16.8 min, t; = 25.2 min (major). 'H NMR (400 MHz, Chloroform-d) & 7.52 —
7.32 (m, 5H), 4.22 — 4.06 (m, 1H), 3.84 (d, J= 5.1 Hz, 1H), 2.30 (s, 1H), 1.35 (d, J =
6.3 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) 8 132.8, 129.1, 128.5, 128.2, 118.9,
69.8, 46.4, 20.9. HRMS (ESI-TOF) m/z: [M+Cl]- Calcd for C;oH;;CINO* = 196.0535;
Found 196.0527.

OH

Et/\rCN

Ph

(2R,35)-3-hydroxy-2-phenylpentanenitrile (2z) white solid, 34 mg, 97% yield, >99%
ee, 81:19 dr; [a]*’p = +22.2 (¢ 1.0, CHCl3); HPLC (Chiralpak IC column,
hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV detection at 220 nm; t; =
10.4 min, t, = 13.5 min, t; = 14.4 min, t; = 20.6 min (major). 'H NMR (400 MHz,
Chloroform-d) 6 7.5 — 7.3 (m, 5H), 4.0 — 3.9 (m, 1H), 3.9 — 3.8 (m, 1H), 2.3 (d, J =
5.2 Hz, 1H), 1.8 — 1.5 (m, 2H), 1.1 — 1.0 (m, 3H).13C NMR (101 MHz, Chloroform-d)

o 133.0, 129.1, 128.4, 128.1, 118.8, 75.0, 44.9, 27.7, 10.0. HRMS (ESI-TOF) m/z:
[M+H]* Calcd for C;{H{sNO* =176.1070; Found 176.1069.
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5. Synthetic Applications

:. P\P+h2/ PMe,OH
Fe /Pt\CI -
oH  [EPPn R oH O
cat.5
N (sScata Q&CN ©/‘\:)‘\NH2
standard condition Y ref 17 Y
1,139 (S.5)-2d, 1.25 g, 99% yield 3d, 1.32 g, 97% yield

>99% ee, 99:1 dr

IS 0
ke o~
e
é —_— ‘s, N/\/\N
MeCN, reflux, 2 h
4d Y o}
(o)

4d, 1.24 g, 95% yield, >999
9 % yie % ee (R, R)-lpenoxazone

Step 1: In a nitrogen filled glovebox, to a 50 mL Schleck tube charged with a
magnetic stirring bar were added successively substrate 1d (6.2 mmol, 1.25 g),
formic acid/trimethylamine azeotropic mixture (5/2 molar ratio) (1.5 mL), the
catalyst (cat.5, 46 mg, 0.062 mmol) and the solvent (30 mL). The mixture was then
stirred at room temperature for 12 h. After completion, The reaction solution was
concentrated and the residue was passed through a short column of silica gel (eluent:
EA:PE = 2:1) to remove the metal complex. Compounds (S,5)-2d'¢ was obtained as a
white solid (1.25 g, 99% vyield, >99% ee, 99:1 dr); [a]*’p = -19.8 (¢ 0.5, CHCl3);
HPLC (Chiralpak IC column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min;
UV detection at 220 nm; t; = 8.1 min, t; = 10.7 min (major), t; = 13.2 min, t, = 14.4
min. "TH NMR and 3C NMR was the same as 2d. HRMS (ESI-TOF) m/z: [M+CI1]
Calcd for C;3H7CINO- = 238.1004; Found 238.0999.

Step 2!7: In a nitrogen filled glovebox, to a 10 mL vial charged with a magnetic
stirring bar were added cat.5 (9.1 mg, 0.01 mmol), AgBF,, (2 mg, 0.01 mmol), THF
(2 mL), the mixture was stirred for 1 h, then water (2 mL) was added into the vial and
stirred for another 5 min. The vial was taken outside of the glovebox and nitriles 2d’
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(6.2 mmol, 1.25 g) were added. The reaction mixture was then warmed up to 40 °C
and was stirred for 12 hours. After then, it was diluted with water (5 mL) and
extracted by ethyl acetate twice (10 mL for each). The combined organic layer was
washed with brine (10 mL), and then solvent was removed by rotary evaporator to
produce the crude products, which were purified by flash chromatography (SiO,, 80%
EtOAc in petroleum ether). The products 3d were obtained as a white solid (1.32 g,
97% yield). 'TH NMR (400 MHz, Chloroform-d) & 7.4 — 7.3 (m, 5H), 5.7 (d, J=20.2
Hz, 2H), 4.8 (d, /= 5.9 Hz, 1H), 3.8 (s, 1H), 2.7 - 2.5 (m, 1H), 1.9 - 1.5 (m, 3H), 1.3
— 1.2 (m, 2H), 0.9 (dd, J = 10.7, 6.5 Hz, 6H). 3C NMR (101 MHz, Chloroform-d) &
177.5, 142.7, 128.5, 127.7, 126.0, 75.4, 51.6, 39.1, 25.8, 23.2, 21.9.

Step 3. To a solution of 3d (1.32 g, 6 mmol, 1.0 equiv.), [hydroxyl
(tosyloxy)iodo]benzene (2.9 g, 7.5 mmol, 1.25 equiv.) in CH;CN (15.0 mL) was
heated at reflux for 2 h. The reaction was allowed to cool down and concentrated. The
resulting product was treated with sat. NaHCOj; (10 mL), extracted with DCM (5 mL
x 3), and concentrated as a white solid which was purified with flash chromatography
(30% EtOAc in petroleum ether) to yield 4d (1.24 g, 95% yield, >99% ee) as a white
solid. "TH NMR (400 MHz, Chloroform-d) 6 7.5 — 7.4 (m, 5H), 7.0 (s, 1H), 5.1 (d, J =
6.7 Hz, 1H), 3.9 — 3.8 (m, 1H), 1.8 — 1.6 (m, 2H), 1.6 — 1.5 (m, 1H), 0.9 (dd, J = 8.8,
6.5 Hz, 6H). 3C NMR (101 MHz, Chloroform-d) & 159.6, 138.2, 128.9, 128.8, 125.9,
84.2,59.1,44.2,25.0, 23.0, 21.8. [a]?*p = +28.4 (¢ 1.0, CHCl;); HPLC (Chiralpak IC
column, hexane/isopropanol = 95/5; flow rate = 1.0 mL/min; UV detection at 220 nm;
t; = 16.2 min (major), t;, = 17.5 min. HRMS (ESI-TOF) m/z: [M+H]* Calcd for
Ci3H;sNO," =220.1332; Found 220.1331.
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OMe OMe OMe

ATH-DKR 1. LAH, THF, -40°C
CN standard condition cN 2 37% CH;0, NaBH;CN -
o HO AcOH, MeOH HO N
10,1.89¢g 20. 98% yield, 1.88 g 50

95:5 dr, >99% ee

1.5 g, 80% yield

99:1 dr, >99% ee
after recrystallization

OMe OH
Dess-Martin-reagent ©/
DCM, 0° -
CM, 0°C o 'Tl/ \/\‘/\’Tj

60 (S, S) Tapentadol

Step 1: In a nitrogen filled glovebox, to a 50 mL Schleck tube charged with a

magnetic stirring bar were added successively substrate 1d (10 mmol, 1.89 g), formic

acid/trimethylamine azeotropic mixture (5/2 molar ratio) (2.5 mL), the catalyst (cat.4,

74 mg, 0.1 mmol) and the solvent (50 mL). The mixture was then stirred at room

temperature for 12 h. After completion, the reaction solution was concentrated and

the residue was passed through a short column of silica gel (eluent: EA:PE = 2:1) to

remove the metal complex. Compounds 20 was obtained as a white solid (1.88 g,

98% yield, >99% ee, 95:5 dr). Pure compounds 20 (1.50 g, 80% yield, >99% ee, 99:1

dr) were obtained after recrystallization (isopropanol/n-hexane)

Step 2'%: To a suspension solution of LAH in THF was cooled to -40 °C, a solution of
20 (1 g, 5.2 mmol, 1.0 equiv.) in THF was added into the mixture by springe, then the
mixture was stirred at -40 °C for 2 h. TLC showed 20 was consumed completely and
then the mixture was warmed to room temperature. The mixture was quenched by 1
mL H,0 slowly and filtered by Celite, washed by DCM (30 mL x 3), combined the
organic layer and concentrated in vacuum to obtained the crude. The crude was
dissolved in MeOH (20 mL) and cooled to 0 °C, CH,O (1.2 mL, 37% wt in water)
was added into the mixture and the mixture was stirred at room temperature for 30

min, then NaBH;CN (0.69 g, 10.4 mmol, 2.0 equiv.) and AcOH (1.3 mL) was added
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into the mixture. The mixture was stirred at 0 °C for 2 h. After then, it was diluted
with water (5 mL) and extracted by ethyl acetate twice (10 mL for each). The
combined organic layer was washed with brine (10 mL), and then solvent was
removed by rotary evaporator to produce the crude products, which were purified by
flash chromatography (Si0,, 3% MeOH in DCM). The products 50 were obtained as
a colorless oil (0.93 g, 80% yield). "H NMR (400 MHz, Chloroform-d) & 7.3 — 7.2
(m, 1H), 6.9 (dt, /= 4.8, 1.7 Hz, 2H), 6.8 — 6.8 (m, 1H), 4.4 (d, /= 9.3 Hz, 1H), 3.8
(s, 3H), 2.7 (t, J = 12.0 Hz, 1H), 2.4 (s, 7H), 2.0 — 1.9 (m, 1H), 0.6 (d, J = 6.8 Hz,
3H). BC NMR (101 MHz, Chloroform-d) & 159.5, 145.5, 129.0, 119.7, 112.8, 112.6,
83.0, 67.6, 55.1, 45.6,36.4, 15.3.

Step 32%: To a solution of 50 (0.23 g, 1 mmol, 1.0 equiv.) in DCM was cooled to 0 °C
and the Dess-Martin reagent (0.51 g, 1.2 mmol, 1.2 equiv.) was added into the
mixture and stirred for 1 h. TLC showed the S0 was consumed completely and the
mixture was quenched by sat. NaHCO; (aq.) (10 mL) and extracted by DCM (20 mL
x 2), combined organic layers and dried over anhydrous Na,SO,, concentrated in
vacuum. The crude product was purified by chromatography (Al,O;, PE/EA = 10/1
~2/1). 60 (180 mg) was obtained with 82% yield. 'TH NMR (600 MHz, Chloroform-d)
07.6(dt,J=17.6,13Hz, 1H), 7.5-7.5 (m, 1H), 7.4 (t, J=7.9 Hz, 1H), 7.1 = 7.1 (m,
1H), 3.9 (s, 3H), 3.7 (td, /= 7.2, 6.2 Hz, 1H), 2.8 (dd, J=12.3, 7.5 Hz, 1H), 2.4 - 2.3
(m, 1H), 2.2 (s, 6H), 1.2 (d, J = 7.0 Hz, 3H). 13C NMR (151 MHz, Chloroform-d) &
203.3, 159.9, 138.0, 129.6, 120.8, 119.5, 112.7, 62.8, 55.4, 45.9, 39.3, 16.7. HPLC
(Chiralpak IC column, hexane/isopropanol = 80/20; flow rate = 1.0 mL/min; UV
detection at 220 nm; t; = 5.8 min (major), t, = 8.8 min. HRMS (ESI-TOF) m/z:
[M+H]* Caled for Cy3H0NO," =222.1489; Found 222.1487.
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6. Computational Details

Geometries of transition states for the anti- and syn- products were optimized in gas
phase by DFT calculation using the Gaussian 16 package.?! All the structures are
optimized using the B3LYP-D3(BJ) functional®? with the basis set lanz2dz for Rh,>
6-31G* for other main group atoms.?* Polarization functions ((f = 1.350) were added
for Rh.2> Geometric structures of all species were optimized at T = 298.15 K.
Frequency calculations were performed to verify the optimized transition states to
have only one imaginary and to obtain relative Gibbs free energies (within the
harmonic approximation) at 298.15 K. Transition state structures were confirmed to
connect appropriate reactants or products by intrinsic reaction coordinate (IRC)
calculations.?¢

Tsanti

\/ X

TSanti

E =-2832.284946; G = -2831.498379; Frequency = -1145.94.
Rh 0.78220200 -0.67893600  -0.81919100
S -1.78303600  -2.20689700 0.39551500
0] -1.84759900  -2.46574800 1.85063500
0] -1.12266700  -3.19690500  -0.47334500
0] 1.59223200 6.12443400  -1.92409600
N -1.10743200  -0.74484200 0.06824600
N 0.97460700 0.78907900 0.58231500
C -1.32473400 0.28190200 1.10849900
C -0.34537100 1.42308000 0.78718200
C -2.74577500 0.80884200 1.14814000
C -3.39804700 1.18815300 -0.03007300
C -4.70025100 1.67902000 0.00812200
C -5.36567000 1.80428300 1.23071400
C -4.71844400 1.43627600 2.41039000
C -3.41442400 0.93971000 2.36655200
C -0.32496000 2.49397000 1.85641800
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0.15881400
0.17610000
-0.29218400
-0.78033400
-0.79214100
-3.48061700
-4.50165400
-5.79775400
-6.08942200
-5.05013700
-3.74895500
-7.48605900
2.06093800
1.86012100
1.85088700
1.64419200
1.45797300
1.45473000
1.64984100
1.71113300
1.52794400
2.50952200
1.88863800
0.55914900
0.29295300
3.94789200
2.55036700
-0.37136300
-0.98941500
1.26991700
-1.06201300
-0.65545400
-2.88978000
-5.20254200
-6.38404100
-5.22963700
-2.91041000
0.52967900
0.55498800
-0.27930400
-1.15662500
-1.17324700
-4.26790500
-6.59299600

2.21941900
3.22259300
4.50407400
4.78012500
3.77825500
-2.05298200
-1.90617100
-1.65704600
-1.55307000
-1.73854700
-1.98712200
-1.21766600
1.73738400
2.55375500
3.94694300
4.76730000
4.18414100
2.80199300
1.96305500
6.74904400
0.50259300
-0.51020800
-1.79400000
-1.58412900
-0.16410300
-0.28942400
-3.12898700
-2.64770700
0.50877600
0.12785400
-0.11693900
1.88555000
1.05546500
1.95167800
2.18216500
1.52822800
0.64182200
1.22621500
3.00164800
5.28131800
5.77123600
3.98815200
-1.96519700
-1.52295500

S37

3.14312600
4.11221200
3.81176900
2.53366300
1.56210700
-0.15684700
0.77884900
0.33641800
-1.02924500
-1.95117300
-1.52296500
-1.48980000
0.28301400
-0.97846300
-0.85949300
-1.97320000
-3.23336500
-3.35224600
-2.24233800
-0.65289700
-2.43659600
-2.19220500
-2.48210300
-2.91998300
-2.83572200
-1.84226300
-2.36430600
-3.41215600
-3.20153900
1.59144700
2.09417000
-0.15864500
-0.97901000
-0.91613300
1.26154100
3.36480600
3.28167700
3.38053000
5.10620800
4.57080600
2.29424300
0.56639400
1.83448300
1.06484200
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-5.26494600
-2.94687900
-7.69656200
-8.24035400
-7.62487800
2.98136700
2.16717200
1.97528900
1.30145300
1.29235100
2.69311400
0.92697000
1.60004900
4.23502300
4.15001600
4.59501200
3.51178200
2.72590300
1.92379100
-0.64336500
0.10231000
-1.28840800
-1.04068200
-1.84506500
-1.07293400
1.49950300
5.59387700
4.21673600
3.46992900
4.14058100
5.51983800
6.25232400
6.15366200
3.69151200
3.59329800
6.02095800
7.32455400
1.95136200
1.32834400
1.53635800
0.26316000
1.93772300
1.41040600
2.99708500

-1.68526500
-2.13649100
-0.14957800
-1.77422700
-1.44186000
1.14991500
2.42552100
4.37770500
4.82764700
2.35236500
6.55603500
6.40883200
7.81880900
-0.81532100
0.77652800
-0.65350000
-3.05042700
-3.54881300
-3.83378000
-3.33111400
-3.22224600
-2.20851500
1.50763500
-0.06965300
0.61599700
-1.72871800
-0.64203400
-0.71661600
-1.79723100
-2.81825300
-2.74940600
-1.65757300
0.20726300
0.05203100
-3.67219500
-3.55325800
-1.60373100
-1.77469800
-3.09187800
-0.71083200
-2.86775900
-3.45015500
-4.29680000
-3.70652400
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-3.01574100
-2.23632700
-1.34558300
-0.92276100
-2.55207300
0.23586900
1.12913700
0.12600400
-4.09245000
-4.32779000
-0.20247700
0.03548600
-0.83513700
-0.92877800
-1.71112100
-2.65019100
-1.85428600
-3.36409000
-1.80905300
-2.60436900
-4.21766000
-3.81388100
-2.76183300
-2.84586800
-4.29132500
0.65722500
1.79487600
2.00875700
1.52509100
0.83523000
0.62955500
1.10015700
2.17816700
2.56353400
0.45812700
0.09670100
0.93315800
1.74238900
2.30577400
2.46187600
2.42665200
3.67107700
4.12010800
3.57694400



H
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1.84224300
1.41993500
1.52048000

-2.58074400
-4.20460100
-5.06903400

4.32629700
1.35567700
0.58603200

E =-2832.280342; G = -2831.494675; Frequency = -667.34.
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0.80507700
-1.70233900
-1.73727200
-1.02092000
1.41895600
-1.08002500
0.96364200
-1.30588100
-0.37957200
-2.74545900
-3.43931500
-4.75999500
-5.40246800
-4.71408200
-3.39124600
-0.38365700
0.11408700
0.10539300
-0.40157700
-0.90182200
-0.88851300
-3.40937200
-4.42225100
-5.73289100
-6.04660200
-5.01302900
-3.69746800
-7.46136200
2.01776000
1.78599700
1.74159400
1.50503900
1.32309200
1.35327400
1.58005200
1.53384100
1.49254400
2.50587600

-0.58881700
-2.27908000
-2.66810000
-3.17119200
6.32469100
-0.77223100
0.79848300
0.15535000
1.35906700
0.61501200
1.07844000
1.50463000
1.47872000
1.02532000
0.59446400
2.34286800
1.98083700
2.90551400
4.19213800
4.55436400
3.63211300
-2.14092900
-2.12236700
-1.88598600
-1.66789200
-1.72382000
-1.95784300
-1.34875900
1.80498100
2.70664900
4.08682000
4.97667800
4.47713800
3.10722600
2.19929400
6.86384900
0.75387700
-0.24998300
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-0.91759800
0.16562900
1.59088100
-0.79567300
-1.54052000
-0.04589100
0.56541500
1.08356300
0.83918200
1.20215500
0.07909400
0.18946800
1.43034100
2.55573000
2.43955900
1.98871100
3.24839900
4.29277900
4.09444700
2.84272000
1.79541300
-0.35805300
0.59761000
0.19258400
-1.15461600
-2.09983300
-1.70948900
-1.56880000
0.34147900
-0.84933600
-0.63070300
-1.68346000
-2.98018200
-3.19562500
-2.14744500
-0.22994900
-2.44237900
-2.31168900
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1.91806000
0.57110200
0.26776700
3.94312800
2.63678300
-0.34290200
-1.03926000
1.33059700
-1.00098500
-0.71958300
-2.94750700
-5.29373900
-6.43488000
-5.20699100
-2.85476000
0.52089600
0.49592300
-0.40841700
-1.30692100
-1.27896500
-4.17220800
-6.52281900
-5.24385900
-2.90002100
-7.70983700
-8.18558300
-7.60686800
2.95462100
2.10064300
1.86335200
1.14307200
1.19292800
2.52410100
0.76390700
1.39518500
4.24799200
4.12131100
4.59380500
3.57487200
2.86620100
2.01728300
-0.62043600
0.14363800
-1.25914200

-1.50966600
-1.30012100
0.09468200
-0.02531700
-2.81462500
-2.32914500
0.76270400
0.15606300
-0.31086300
1.87844100
1.06426200
1.84525800
1.80632300
0.99998100
0.23101900
0.98521300
2.61821100
4.90733600
5.55009100
3.90872200
-2.26852600
-1.85236700
-1.57958800
-2.00500200
-0.30618100
-1.98119500
-1.48529200
1.24831400
2.42191200
4.44995700
5.17472300
2.72257100
6.66474700
6.45796500
7.94038000
-0.61503500
1.03149300
-0.30798100
-2.80121500
-3.02409600
-3.63614300
-3.07865600
-2.83218600
-1.86559700
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-2.73552100
-3.10886300
-2.87476000
-1.95642000
-2.84275300
-3.69778000
-3.15162000
1.49523600
2.02693000
-0.06517000
-0.88755200
-0.69365300
1.51710300
3.52364500
3.31140600
3.40404100
5.26486200
4.91227700
2.68268000
0.81970700
1.64098300
0.93802400
-3.15248900
-2.44179400
-1.32986400
-1.04384100
-2.64493600
0.25158300
1.24249100
0.38197600
-3.79108200
-4.19890000
0.19888000
0.43854700
-0.33779400
-1.08794300
-1.74183800
-2.79340100
-2.28773300
-3.89674600
-2.47081600
-2.95260300
-4.54227700
-4.07330700
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-1.10176100
-1.87162900
-1.15418300
1.42190400
5.75329000
4.40321500
3.46131500
3.89686100
5.24681500
6.18122200
6.47336900
4.04844500
3.17690600
5.56846400
7.23219300
1.99186000
1.34063900
1.74809000
0.31975700
1.25501200
2.23439900
0.60577000
0.80652300
2.03199100
2.59178900

1.72119700

0.13639000

0.95632800
-1.74237300
-1.18601100
-1.08836800
-1.95481800
-2.92136500
-3.02698300
-2.15592100
-0.50716400
-0.34933500
-3.58521700
-3.78752900
-2.23531500
-1.78769200
-3.03334700
-0.68264200
-2.70996500
-4.33898100
-4.80688500
-5.04584300
-4.14035500
-3.25556800
-3.46059000
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-2.63113100
-2.82303800
-4.22648800
0.60396800
1.48175000
1.82330800
1.26033600
0.34588700
0.00829300
0.57360800
1.93101300
2.53238000
-0.11692900
-0.69888300
0.30990700
1.64704000
2.33891700
2.36981800
2.56006900
1.53269600
1.40771700
2.05710700
0.55546600
3.61399900
4.61037400
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13C NMR of 1i (101 MHz, Chloroform-d)
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H NMR of 1m (400 MHz, Chloroform-d)
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TH NMR of 10 (400 MHz, Chloroform-d)
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F NMR of 1p (376 MHz, Chloroform-d)
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13C NMR of 1r (101 MHz, Chloroform-d)
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13C NMR of 1t (101 MHz, Chloroform-d)
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13C NMR of 1v (101 MHz, Chloroform-d)
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13C NMR of 1x (101 MHz, Chloroform-d)
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13C NMR of 1z (101 MHz, Chloroform-d)
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TH NMR of 2a (400 MHz, Chloroform-d)
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TH NMR of 2b (400 MHz, Chloroform-d)
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TH NMR of 2d (400 MHz, Chloroform-d)
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TH NMR of 2f (600 MHz, Chloroform-d)
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H NMR of 2h (400 MHz, Chloroform-d)
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13C NMR of 2i (151 MHz, Chloroform-d)
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13C NMR of 2u (101 MHz, Chloroform-d)
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13C NMR of 2w (101 MHz, Chloroform-d)
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13C NMR of 2y (101 MHz, Chloroform-d)
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H NMR of 4d (400 MHz, Chloroform-d)
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I3C NMR of 50 (101 MHz, Chloroform-d)
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13C NMR of 60 (101 MHz, Chloroform-d)

L 3800000

77.2 CDCI3
77.0 CDCI3
3

203.3
159.9
4380
76.8 CDCI3

L 3600000

— 1206
~1208
\ 1195

1127
—62.8
— 554
—45.9
39
6.7

L
\

L 3400000
OMe L 3200000
L 3000000
L 2800000
| L 2600000
L 2400000
L 2200000
L 2000000
L 1800000
L 1600000
L 1400000
L 1200000
L 1000000
L 800000

L 600000

L 400000

L 200000

L ~200000

L -400000

T T T T T T T T T T T T T T T
210 2po 190 18 17 160 150 14 130 120 110 100 90 80 70 60 50 o 30 20| 10 0 -10

£1 (ppm)

$130



9. HPLC Spectra of the Products

DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\.. 3\WFY-3-PH-ME-GH-2 2019-12-18 11-41-58\002-P2-A5-PH-ME-RAC.D)
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100
OH Peak RetTime Type Width Area Height Area
CN #  [min] [min] [mAU*s] [mAU] %
s eennes [ -omefemeee R o [-mmeee- |
1 15.731 BV 0.3079 1145.29163 57.12619 22.5809
2 16.730 VB 0.3435 1365.03845 60.43626 26.9134
3 18.614 BB 0.3582 1161.72754 49.79366 22.9849
rac-2a 4 20.442 BB 0.4148 1399.89929 51.83371 27.6608
DAD1 A, Sig=220.4 Ref=360,100 (WFY\WFY-3- -3-Ph-Me-GH-2 2019-12-18 11-41-58\003-P2-A6-W FY-3-Ph-Me-GH D)
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

OH Peak RetTime Type Width Area Height Area
B CN # [min] [min] [mAU*s ] [mAU] %
T P [ P |weeemmneee |wememee e |-mmmneee |
1 18.704 BB 0.3400  82.19085 3.57836  3.9347
2a 2 20.382 BB 0.4176 2006.66602  72.35162 96.0653

DAD1 A, Sig=220,4 Ref=360,100 (WFY\WFY-3-103\wfy-3-103-rac 2019-12-17 17-08-26\009-P2-A3-Ph-Et-rac.D)
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
OH : ; *
#  [min] [min] [mAU*s] [mAU] %
CN ----]------- [===| s | [ [Femeaeas |
1 9.579 VB ©.1854 2557.42505 211.06950 25.6237
2 10.6089 BB ©.2057 2526.95093 189.32288 25.3184
3 11.834 MF ©.2454 2368.29712 160.83191 23.7288
rac-2b 4 12.623 MF 0.2637 2528.00952 159.79291 25.3290
DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...-3-103-RAC 2019-12-17 17-08-26\010-P2-A4-wfy-3-98-Ph-Et-gh.D)
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height

Area
[::::I/i::]/(:N #  [min] [min]  [mAU*s] [mAU] %
peemamans e [ezmmsnsene fresresnans |rnmmes I

1 9.601 BB 9.1857 47.53036 3.91227 3.3995
2b 2 12.630 BB ©.2389 1350.63159 87.11134 96.6005

DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...-IPR-GH 2019-12-19 09-14-31\002-P2-A1-WFY-3-103-Ph-iPr-RAC.D)
mAU _|
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
OH #  [min] [min] [mAU*s] [mAU] %
on el |--me ] -mmmee- |--meeeeee |<mmmee e <o mmee |
1 12.334 BB ©.2597 5818.49023 339.94931 40.0401
2 13.714 BB ©.2713 1362.35803 76.66584 9.3751
3 16.867 BB ©.3669 5985.54590 241.71751 41.1897
rac-2c 4 18.791 BB ©.3695 1365.25842 56.58040 9.3951
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DAD1 A, Sig=220,4 Ref=360,100 (WFYA\WFY-3-__h-iPr-GH 2019-12-19 09-14-31\004-P2-A2-WFY-3-103-Ph-iPr-GH.D)
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

OH Peak RetTime Type Width Area Height Area
R cN [min] [min]  [mAU*s] [mAU] %
Ol R R e |-mmmee e | <ommmee |
1 12.188 MM ©9.3007  34.25894 1.899097 9.5043
2 16.721 BB ©.3852 80.72643 3.04639 1.1883
2c 3 18.145 BB 0.4101 6678.21973 241.92043 98.3073
DAD1 A, Sig=220,4 Ref=360,100 (D:\Chem32\...-127\wfy-3-127-IC 2020-03-26 22-48-09\002-P2-A1-Ph-iBu-rac.D)
mAU |
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
OH #  [min] [min] [mAU*s] [mAU] %
S Rt |- -=n = |- -ommeeee |- mmmmeee |- -oene |
1 8.058 BB 0.1715 2246.27783 202.40559 27.4718
2 10.668 BB 09.2281 1813.80139 122.97688 22.1827
3 13.175 BB 0.2872 1824.44727 98.91670 22.3129
rac-2d 4 14.429 BB ©.3277 2292.13672 108.82095 28.0327
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DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...3-127\WFY-3-127-IC 2020-03-26 22-48-09\003-P2-A2-ph-iBu-gh.D)
mAU |
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

9H CN Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

R R R |--mmmeeee o |=--mmee- |

1 13.180 BB ©.2953 4566.75293 240.78107 99.2367

2d 2 14.521 BB ©.3115 35.12726  1.72535 ©.7633

DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...3-152-PH-IBU-SS 2020-04-15 16-30-22\003-P2-D2-ph-ibu-gh-ss.D)
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 8.191 BB 0.1749 53.10488 4.66295  ©.8258
2 10.806 BB 0.2441 6377.93945 408.59674 99.1742
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DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...PH-BN-GH 2019-12-19 10-56-06002-P2-A3-WFY-3-103-Ph-Bn-RAC.D)
mAU b 4
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Signal 1: DAD1 A, Sig=220,4 Ref=3606,100
Peak RetTime Type Width Area Height Area
OH #  [min] [min] [mAU*s] [mAU] %
Soeef e R R |--ommeeee |-ommmeeee |-emmmeee |
CN 1 11.537 BB 0.2583 4603.34619 279.25366 17.5640
Bn 2 14.872 BV 0.3362 4659.10010 215.56697 17.7767
3 15.914 VB ©.3681 8451.85254 359.73685 32.2479
rac-2e 4 18.882 BB 0.4401 8494.70117 302.04135 32.4114
DAD1 A, Sig=220,4 Ref=360,100 (WFY\WFY-3-...-Ph-Bn-GH 2019-12-19 10-56-06\003-P2-A4-WFY-3-103-Ph-Bn-GH.D)
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
OH #  [min] [min] [mAU*s] [mAU] %
C ceeefemeeees R R o | <eemeee- |
CN 1 11.558 BB 0.2604 30.50459 1.75828 0.6980
Bn 2 14.869 BB 0.3364 102.40769 4.73421 2.3433
3 15.920 BB 9.3201 34.12290 1.56765 0.7808
2e 4 18.875 BB 9.4369 4203.23535 150.01447 96.1779
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DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...3-109\WFY-3-109-RR-PH-PH 2018-12-27 15-22-39\003-P2-A8-rac.D)
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
OH # [min] [min] [mAU*s] [mAU] %
R E— [----]------- [----------  i——— [-------- |
CN 1 11.419 BB  ©.2118 4091.59668 302.56561 41.4906
2 12.875 BB 0.2421 4103.66406 262.98245 41.6130
Ph 3 15.122 BB 0.2827 834.58087 46.21941 8.4630
rac-2f 4 24.573 BB 9.4792 831.65771 27.16036 8.4334
DADT A, Sig=220,4 Ref=360,100 (WFY\wfy-3-__.y-3-109-rr-ph-ph 2019-12-27 15-22-39\004-P2-A9-ph-ph-gh-rr.D}
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
OH #  [min] [min]  [mAU*s] [mAU] %
o ON =zme | mmmmmne e [=rrmmmaenn |remmmemenn | mmmemme |
1 11.245 BB 9.2122 286.65845 20.87524 2.7226
Ph 2 12.726 BB ©.2389 37.41732  2.43966 ©.3554
2f 3 14.866 BB 0.2926 1.02046e4 539.79620 96.9220
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DAD1 A, Sig=220,4 Ref=360,100 (D:\Chem32\...127\wfy-3-127-IC 2020-03-26 22-48-09\004-P2-A3-ph-2nai-rac.D)
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

CN Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
R REREE R R |<-mme e |<-mmee |
1 12.991 BB ©.3131 2.18268e4 1083.35278 42.2539
2 14.876 VB R ©.3542 2.13362e4 939.96118 41.3041
3 17.973 BV ©.4125 4254.04590 160.90092 8.2353
4 26.691 BBA 0.6141 4239.25928 1087.95382 8.2067

DAD1 A, Sig=220,4 Ref=360,100 (D:\Chem32\..-127\wfy-3-127-IC 2020-03-26 22-48-09\005-P2-Ad-ph-2naigh D)
mAU &
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

CN Peak RetTime Type Width Area Height Area

O #  [min] [min]  [mAU*s] [mAU] %
e | e mmmimm | rommomenm e mmemimmncn [l I

13.013 MM 0.3447 396.14542 19.15421 0.3280
14.896 MM 8.3771 2694.77539 119.89927 2.2314

1
2

2g O 3 17.988 BB 0.4185 112.86046 4.,13392 9.0935
4 26.534 BB 0.7331 1.17564e5 2553.61279 97.3471
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DAD1 A, Sig=220,4 Ref=360,100 (D:\Chem32\. \wfy-3-125-p-F-gh 2020-03-26 16-00-40\002-P2-A1-P-F-Ph-rac.D)

mAU |
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
L P |--mmmeeee- <o mmmeee |<-mmeee |
CN 1 5.313 BV 0.1368 2262.32690 256.73651 39.6514
2 5.835 VB ©.1486 2198.22900 231.79065 37.9450
3 10.638 BB 0.2318 646.10577 43.36775 11.1528
rac-2h 4 12.570 BB ©.2752 686.53595 38.65216 11.8507

mAU ]
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200 —
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DAD1 A, Sig=220,4 Ref=360,100 (D\CHEM32\...5\WFY-3-125-P-F-GH 2020-03-26 16-00-40\004-P2-A2-P-F-Ph-gh.D)
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type
OH i

CN
/J::::]//j:]:;\ 1 5.308 BB
F

2 5.825 BB
2h 3 12.504 BB

Width Area
[min] [mAU*s ]

©.1311  72.36233
0.1492 60.45570

Height
[mAU]

8.69673
6.23175

0.9207
0.7692

0.2928 7726.95703 415.76404 98.3102
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DAD1 A, Sig=220,4 Ref=360,100 (D:\Chem32\...fy-3-125-p-Cl-gh 2020-03-26 13-19-42\002-P2-A2-P-CI-Ph-rac.D)
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
OH #  [min] [min] [mAU*s] [mAU] %
L R |--ommmeee |--mmmneee |--ooeee |
CN 1 6.277 BV  ©.1436 6238.18506 664.27386 40.1052
2 6.888 VB ©.1652 6261.91846 583.40918 40.2578
Cl . 3 8.087 BV ©.1822 1524.20667 128.63445 9.7991
rac-2i 4 8.731 VB ©.1993 1530.24524 117.95774 9.8379
DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\.. WFY-3-125-P-CL-GH 2020-03-26 13-19-42\003-P2-A3-P-CI-Ph-gh.D)
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
OH # [min] [min]  [mAU*s] [mAU] %
CN e onoeee [N | ==mmmmeea |=mmeeees | =mmmeeee |
1 6.260 BB 0.1491 42.70802 4.40583 0.8394
Cl 2 6.880 BB 0.1718 48.47708 4.29161 0.9528
2i 3 8.685 BB ©.2015 4996.67480 379.66565 98.2078
DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...-3-138-P-BR-IPR 2020-04-03 18-27-45\004-P2-A1-p-Br-ipr-rac.D)
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
OH #  [min] [min] [mAU*s] [mAU] %
S B e e |-omeemeee |-omem e R |
CN 11.495 BB 0.3157 8967.84188 440.18137 40.8856
12.624 BB ©0.3842 8970.76855 360.67764 40.8989
16.177 BV 0.4288 2002.16211 72.35490 9.1281
17.459 VB 0.4661 1993.22327 66.42188 9.0874
DAD1 A, Sig=220,4 Ref=360,100 (D:\Chem32\...y-3-138-p-Br-ipr 2020-04-03 18-27-45\005-P2-A2-p-Br-ipr-gh.D)
mAU %
] M
400 —| ‘ ‘
|
, |
300 ‘ \
1 ‘|
200 ‘ \
B
100 i ‘ \‘
|
s o j \
] = & \
0 A -
7‘.5 1b 12;.5 o 1‘5 ] 17‘.5 I 2|0




Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area

OH #  [min] [min]  [mAU*s] [mAU] %
/@/':(CN---w ------- |=-on = e e |<ommmmnee |<-omnee |
1 11.514 BB 0.3498 106.58302 4.64356 0.7468
Br 2 12.719 BB 0.4468 119.38648 3.54566 0.8366

3 17.289 BB 0.4836 1.40451e4  450.71274 98.4166

DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...6\134MEO-IPR-IA 2020-04-10 09-02-37\011-P2-C3-p-CF3-ipr-rac.D)

mAU 2 o
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
OH # [min] [min] [mAU*s] [mAU] %
~gmm| snanmas e |geesmnaman jrsmmmmnans ommmane |
CN 1 15.443 BV  ©.4677 6922.04834 236.36053 40.8411
2 16.902 VB ©.4875 6961.53223 225.92717 41.0741
F3C 3 20.417 BB  ©.4803 1529.25085 49.51363 9.0228
rac-2k 4 31.163 BB  0.7682 1535.89575 26.03856 9.0620
DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...46\34MEO-IPR-IA 2020-04-10 09-02-37\012-P2-C4-p-CF3-ipr-gh.D)
mAU 3
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 15.463 BB 0.4391 167.71164 5.76951 1.1140

@/I?N---w ------- P |=mmmneees |+mmmneees | mmnmeee |
FsC 2 16.959 BB 0.4548 150.04596 4.93426 0.9967

2k 3 28.884 BB  1.2048 1.47366e4 152.03629 97.8893
DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...42-2\W T-1-42-2 2020-01-15 21-32-21\003-P2-A2-Me-Ph-iPr-rac.D)
mAU 1 3
160 -] &
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140
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1m{
80—:
50—_ ‘
40 “ =
] 3 g
7 \1 | A f\
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
OH  ooe|omomee e | --mmmmeee <o mmmeee | <omomee |
CN 1 5.439 BV R 0.1112 1301.81860 178.26654 39.6570
2 6.391 BB 0.1316 1301.72913 152.40450 39.6542
3 16.911 BB 9.2439 340.89539 21.62929 10.3846
rac-21 4 13.801 BB ©.3139 338.25549 16.72901 10.30642
DAD1 A, Sig=220,4 Ref=360,100 (WFY\WT-1-42-2\wt-1-42-2 2020-01-15 21-32-21\002-P2-A1-Me-Ph-iPr-gh.D)
mAU =
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
OH #  [min] [min]  [mAU*s] [mAU] %
" CN =omof-mmoee- R e |---ee oo e | semreecs |
1 5.439 BB ©.1083  38.31833 5.42966 ©.3878
2 6.404 BV R 0.1509 84.04675 8.39009 ©.8506
2| 3 13.777 BB ©.3124 9758.14844 485.65204 98.7616
DAD1 A, Sig=220,4 Ref=360,100 (WFY\WT-1-32\p-MeO-Ph-GH 2020-01-08 21-43-33002-P2-A1-RAC.D)
mAU : §
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4 | |
0 M o J LJ l\_E s / \ : = K
5 ' s 20 " T 5 - 0 mig
Signal 1: DAD1 A, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
OH #  [min] [min] [mAU*s] [mAU] %
R R P |--onmeee |- -meeeee- |- meeees |
CN 1 10.655 BB ©.2293 8040.62256 541.26685 40.1140
2 11.991 BB 0.2624 8042.65869 477.83093 40.1242
MeO 3 23.893 BB ©.5288 2031.00696 59.72286 10.1325
rac-2m 4 29.151 BB ©.6385 1930.12415 47.05499 9.6292
DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...1-32\P-MEO-PH-GH 2020-01-08 21-43-33\003-P2-A2-P-MeO-Ph-gh.D)
mAU m
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o R T el
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
OH #  [min] [min]  [mAU*s] [mAU] %
ON oo feeaee |--en e |--ommeeee |<-mmmeeee- <o meee |
1 10.699 BB 0.2314 34.99600 2.30113 0.3550
MeO 2 12.040 BB 0.2662 54.13079 3.12301 0.5491
2m 3 29.122 BB 0.6585 9769.68066 230.50720 99.0960
DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\.. -3-144-1C-85-15 2020-04-08 09-09-51\011-P2-A1-3MeO-ipr-rac.D)
mAU |
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100
OH
MeO CN Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s] [mAU] %
B e | -=memmnee |-mmmemeee J-mmnee |
1 6.329 BB 0.1421 9664.85547 1043.45007 40.7994
rac-2n 2 8.865 BB 0.2061 9698.44043 724.63324 46.9412
3 10.791 BB 0.2483 2174.72412 136.19897 9.1804
4 16.630 BB ©0.3861 2150.69092 86.49084 9.0790
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DAD1 A, Sig=220,4 Ref=360,100 (D:\Chem32\...y-3-144-IC-85-15 2020-04-08 09-09-51\012-P2-A3-3MeO-ipr-gh.D)

mAU ]
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100
OH Peak RetTime Type Width Area Height Area
z # [min] [min] [mAU*s ] [mAU] %
MeO e P |--omeeeee |<ommmeeee- |--on-ee- |
1 6.520 BB 9.1381 66.87336 7.49793 0.4700
2 9.085 BB 0.2009 114.76154 8.75934 @.8065
2n 3 16.740 BB 0.3904 1.40472e4 560.47455 98.7235
DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...8\WFY-3-3MEO-ME 2020-04-03 11-40-09\004-P2-A3-3-MeO-Me-rac.D)
AU ]
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# min min mAU*s mAU %
on M AL, LR BER L |
MeO CN 1 15.212 BB ©.3286 8178.73438 386.88409 21.8069
2 20.259 BV 0.4288 1.03999e4  375.90005 27.7293
3 21.550 VB 0.4808 8511.24902 273.66748 22.6935
rac-20 4 29.679 BB 0.6446 1.04153e4  251.77489 27.7702
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DAD1 A, Sig=220,4 Ref=360,100 (D:\Chem32\...38\wfy-3-3MeQ-Me 2020-04-03 11-40-09\005-P2-A4-3-MeO-Me-gh.D)
mAU
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# min min mAU*s mAU %
on T L T
MeO CN 1 15.251 BB  ©.3485 103.28951  4.62576 ©.4684
2 20.319 BB 0.3832 66.03498 2.44445 0.2995
3 21.597 BB 0.5173 1021.89075 30.94227 4.6341
20 4 29.568 BB 0.6512 2.08602e4 495.46228 94.5980
DAD1 C, Sig=210,4 Ref=360,100 (D:\CHEM32\...-16 \WFY-3-O-F-IPR-2 2020-04-27 14-09-33\002-P2-D 1-0-F-rac.D)
mAU | 3
F s
8
| g 5
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] | | \. i g
0 1 /, L \_,u \(\—Ij \1_/
5 w0 5 20 o 25 ~ min
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
F OH #  [min] [min] [mAU*s ] [mAU] %
on ol ) R | -oemeeeee | -ommeee e <= |
1 9.064 BB 0.2401 2.0276%9e4 1327.95178 44.2037
2 10.480 MF 0.2915 2.05040e4 1172.18066 44.6989
3 15.404 BB 0.3433 2520.09692 114.26657 5.4938
rac-2p 4 22.207 BB 8.5105 2570.42969  78.39901  5.6036
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mAU | 5
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DAD1 C, Sig=210,4 Ref=360,100 (D:\Chem32\...3-161\wfy-3-0-F-ipr-2 2020-04-27 14-09-33\003-P2-D2-0-F-gh.D)
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6 ik L e -
é 1‘0 1I5 2’0 2‘5 min
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
TR S et R R |<--eeeee- |--eeeees |
CN 1 9,007 BB  ©.2410 2.23563e4 1457.16895 81.0743
2 1@.437 BB 0.2712 3799.98022 218.13766 13.7865
3 15.299 BB 0.2894 47.78440 2.14945 9.1733
2p 4 22.015 BB 0.4854 1371.82393 44,01171 4.9720
DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...6\34MEQO-IPR-IA 2020-04-10 09-02-37\008-P2-C1-34MeO-ipr-rac.D)
mAU | &
175 T g
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area

OH # [min] [min]  [mAU*s] [mAU] %
MeO O P |--mmmeeee <o mmmmee |<eeeee- |
1 28.170 BV  ©.6345 7562.81836 175.58913 39.6231
2 30.187 VB ©.6875 7742.40039 164.97217 40.5640
MeO 3 33,735 BB ©.7559 1864.88452 37.00548 9.7705
rac-2q 4 42.617 BB 1.2378 1916.77527 20.33390 10.0424
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DAD1 A, Sig=220,4 Ref=360,100 (D:\Chem32\...46\34MeO-ipr-IA 2020-04-10 09-02-37\009-P2-C2-34MeO-ipr-gh.D)
mAU )
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Signal 1: DAD1 A, Sig=220,4 Ref=366,100
OH Peak RetTime Type Width Area Height Area
=z # min min mAU*s mAU %
MeO CN |[1]| |[1]|[ ]|[I|] |
m 1 28.821 MF 0.8000  84.87601 1.76833 0.4777
MeO 2 30.834 FM 0.8544 106.87153 2.08463 0.6015
2q 3 39.431 BB 1.5787 1.75765e4 141.54314 98.9208

DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...-4-2NAI-IPR-IC 2020-05-19 10-50-15\002-P2-B1-2nai-ipr—rac.D)
mAU | {
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
OH # [min] [min] [mAU*s ] [mAU] %
ReSI EECEERE === mm - R |---oemme- --mmm-- |
CN 1 8.225 BB ©.1817 2.00924ed4 1727.65234 39.9902
2 10.027 BB ©0.2226 2.05040ed4 1436.21814 40©.8092
3 16.503 BB ©.3719 4848.21973 2082.106570 9.6495
rac-2r 4 20.027 BB ol(_5\3)04529 4798.82959 164.24512 9.5512



mAU

500 |
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200

DAD1 A, Sig=220,4 Ref=360,100 (WFY\WFY-4-...y-4-2nai-ipr-IC 2020-05-19 10-50-15\003-P2-B2-2nai-ipr-gh.D)

994
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S
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2.5 5 75 10 125 15 175 20

Signal 1: DAD1 A, Sig=220,4 Ref=360,100

OH Peak RetTime Type Width Area Height Area
H #  [min] [min] [mAU*s] [mAU] %

N

ON oo fomeeeas P B |ommmneees | <mmneeee |+mmmeees |
1 8.226 BB 0.1682 85.53915 7.78632 0.5178
2 10.028 BB 0.2169

161.65442 11.57545 0.9785
2r 3 19.994 BB 0.4587 1.62735e4 554.03052 98.5037
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DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\.._SAIFEN-IPR-IC 2020-04-06 21-17-59\002-P2-A1-saifen-ipr-rac.D)

mAU 1
700 — =~
] 5
600
500 s
400 - \
300 ‘
200 ‘ -
5 g
100 “ n ©
] | ‘ \ \
L) LA J\
0*;— k__,Q ; / L .
o ‘2‘.5' II ‘5 - I7!5I o '1bl o ‘12‘.5I - ‘1|5 - 17|.5 ‘ 2|0 ‘22‘.5 Imirl|
Signal 1: DAD1 A, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
S OH #  [min] [min] [mAU*s] [mAU] %
| S R e |-mmmeeeee |-mmmm e |--mmeee |
% CN 1 8.064 BB 0.1679 6961.39844 644.96796 36.7072
2 10.267 BB 0.2174 6976.12891 498.86754 36.7848
3 14.707 BB ©0.3079 2504.91479 126.03194 13.2083
rac-2s 4 18.142 BB ©.3890 2522.24023 101.13436 13.2997
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DAD1 A, Sig=220,4 Ref=360,100 (D:\Chem32\...-saifen-ipr-IC 2020-04-06 21-17-59\003-P2-A2-saifen-ipr-gh.D)

17.960

—

2s

OH

Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area

1 17.960 BB

[min] [mAU*s]
©.3922 1.40207e4
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DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...6\FUNAN-IPR-IC 2020-04-10 15-12-34\002-P2-C1-funan-ipr-rac.D)

mAU ]
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Signal 1: DAD1 A,

Peak RetTime Type

# [min]
P 1  6.082 BV
CN 2  6.545 VB
3 11.029 BV
rac-2t 4 11.731 VB

Sig=220,4 Ref=360,100

wWidth Area Height
[min] [mAU*s] [mAU]

0.1239 1.31248e4 1629.85120
©.1373 1.33320e4 1505.92297
©.2308 3742.30273 249.83577
0.2496 3739.09009 232.55389
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DAD1 A, Sig=220,4 Ref=360,100 (WFY\wfy-3-146\funan-ipr-IC 2020-04-10 15-12-34\003-P2-C2-funan-ipr-gh.D)

mAU )
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1 T T | T T T T R
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
S B e R |<mmmme e |<--mnee- |
1 6.079 BB 0.1302 22.42718 2.61248 ©9.8735
2 6.544 BB 0.1434 67.50278 7.19804 0.2212
3 11.678 BB 0.2632 3.04244e4 1800.02405 99.7053
DAD1 C, Sig=210,4 Ref=360,100 (D:\CHEM32\...FY-3-161\ID 2020-04-21 17-13-23\006-P2-D3-pyridine-ipr-rac.D)
mAU =
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Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
OH # [min] [min] [mAU*s] [mAU] %
“ CN =-=-]----=- |--oefseeeee |--mmmeeee |<ommmmeee- |- mmeee |
1 9.887 BB 0.2796 5158.41553 271.56555 41.1046
N 2 12.847 BB 0.3786 5149.39355 205.29298 41.0327
3 15.121 BB 0.4168 1130.03271 40.83860 9.0046
rac-2u 4 21.921 BB 0.6159 1111.64343 27.36733  8.8581
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DAD1 C, Sig=210,4 Ref=360,100 (D:\Chem32\...wfy-3-161\ID 2020-04-21 17-13-23\007-P2-D6-pyridine-ipr-gh.D)
mAU O
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Signal 1: DAD1 C, Sig=210,4 Ref=360,100

OH Peak RetTime Type Width Area Height Area
R #  [min] [min] [mAU*s] [mAU] %
N CN
e ERREEE B s R |<-mee e |
N 1 10.153 BB ©.3928 88.19749 2.95008 ©.5061
2 13.046 BB ©.4056 620.99884 22.11316 3.5633
2u 3 21.241 BB ©.7889 1.67186e4  319.29181 95.9307
DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...6\WFY-3-YINDUO-IE 2020-05-04 21-54-37\002-P2-D1-yinduc-rac.D)
mAU g
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
R EREEEE IR EREEes |- meoeee | --ooee o |- ome o |
\ OH 9.770 BB 0.2073 2.04307e4 1515.25435 30.2138
N CN 11.1e3 BB ©.2404 2.04278e4 1306.91003 30.20895

1
2

| 3 12.429 BB ©.2500 1.33722e4 829.93390 19.7754
4 14.362 BB ©.2918 1.33897e4 710.56689 19.8013
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DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...76\WFY-3-YINDUO-GH 2020-05-05 18-58-17\004-P2-D3-yinduo-gh.D)
mAU _|
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
| on #  [min] [min]  [mAU*s]  [mAU] %
~ min min mAU*s m
N : CN
, R R R e |-oeeeeee B | -oen e |
1 9.827 BB ©.1928 1718.35608 136.54561 8.3563

2 11.221 BB ©.2262 268.78317 18.42914 1.3071
2v 3 12.398 BB ©.2449 1.85764e4 1172.30872 90.3366
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DAD1 A, Sig=220,4 Ref=360,100 (DACHEM32\..\FUNAN-IPR-IC 2020-04-10 15-12-34\005-P2-C3-bencyclhex-rac.D)

mAU _| % 5
5] '\
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| \
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el . il G et
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R R e | --memeee O |-mmeeee |
OH 1 8.999 BB 0.1916 3070.74023 245.97900 19.4299
CN 2 11.652 BB 0.2576 3081.28271 185.72432 19.4967
3 14.947 BB 0.3277 4803.76807 228.07488 30.3956
4 22.023 BB 0.4980 4848.36914 152.03448 30.6778
rac-2w
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DAD1 A, Sig=220,4 Ref=360,100 (D:\Chem32\...6\funan-ipr-IC 2020-04-10 15-12-34\006-P2-C4-bencyclhex-gh.D)

5 15 20 25 miny
Signal 1: DAD1 A, Sig=220,4 Ref=360,100
?FI Peak RetTime Type Width Area Height Area
SCN e ming [min]  [mAU*s] [mAU] %
el R R |-ommmeeee oD < mmmee |
1 14.955 BB 0.2604  25.32539 1.29339 9.1793
2w 2 21.935 BB ©.5104 1.40977e4  430.13272 99.8207
DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...CYCLPEN-GH-2 2020-04-29 11-13-54\002-P2-D1-ben-cyclpen-rac.D)
mAU ] g
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
HO #  [min] [min] [mAU*s ] [mAU] %
ON oo R R |--mmeeee s |---ee - |
1 13.342 VB 9.3208 8690.33887 414.22369 30.4958
2 15.59@ BV 0.3502 8552.07422 380.58572 30.0107
3 16.774 VB ©.3895 5617.70508 224.83192 19.7135
rac-2x 4 25.161 BB 0.5776 5636.67627 150.96576 19.7800
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DAD1 A, Sig=220,4 Ref=360,100 (D\CHEM32\...157\WFY-3-ME-PH-IC 2020-04-17 19-52-19\002-P2-D1-Me-ph-rac.D)
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OH ceoefemenee |--e]ommeeee |--ommemee- |- meemee <= mme o |
CN 1 8.335 BV ©.1882 7635.12012 635.41748 30.1394
2 9.140 VB ©.2091 7852.36914 583.09247 30.9970
Ph 3 11.021 BV  ©.2393 4899.50146 318.87286 19.3406
rac-2y 4 12.012 VB 0.2647 4945.70752 290.39880 19.5230



DAD1 A, Sig=220,4 Ref=360,100 (D:\Chem32\...-157\wfy-3-Me-ph-IC 2020-04-17 19-52-19\003-P2-D2-Me-ph-gh.D)
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4 12.043 BB 0.2701 7046.66113 406.83102 92.5535
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DAD1 C, Sig=210,4 Ref=360,100 (D:\CHEM32\...-105\WFY-3-ET-PH-2 2019-12-22 21-17-02\002-P2-A1-ET-PH-RAC D)
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e B P | -mmmmenes s |-mmmeeee |
Et CN 1 10.618 VB R ©.2164 8907.22168 630.19586 30.4836
2 13.7e3 BV 0.2841 8837.02832 481.55527 38.2434
Ph 3 14.737 VB ©.3059 5747.90088 291.67786 19.6713

rac-2z 4 20.926 BB ©0.4406 5727.51855 202.10811 19.6016

DAD1 C, Sig=210,4 Ref=360,100 (D:\Chem32\...3-105\WFY-3-Et-Ph-2 2019-12-22 21-17-02\004-P2-A2-ET-PH-GH.D)
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Signal 1: DAD1 C, Sig=21@,4 Ref=360,100
Peak RetTime Type Width Area Height Area
OH # [min] [min]  [mAU*s] [mAU] %
T S R T | +ommmnenee | <emnneee |
1 16.478 BB 9.2194 443.20517 31.26807 7.8148
, Ph 2 13.490 BB ©.2895 627.30200 33.64384 11.0609
z

3 20.562 BB ©.4409 4600.82275 163.21222 81.1242
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DAD1 A, Sig=220,4 Ref=360,100 (D:\CHEM32\...-9-IC-95-5 2020-05-12 11-09-59\002-P2-D1-CN-yansheng1-rac1.D)
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o ENH Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

rac-4d
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0.3534 3400.99731 144.08339 50.8713
2 17.531 VB

0.3849 3284.50098 128.18715 49.1287
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|

N

————— T[T —
5 7.5 10 125 15

———T—
175 20 min
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Height
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0.3577 3489.90430 146.61394 100.0000
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DAD1 C, Sig=220,4 Ref=360,100 (W FY\W FY-4-...wfy-4-ketone-ic-2 2020-05-30 18-53-57\relacation00003--004.D)
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OMe Signal 1: DAD1 C, Sig=220,4 Ref=360,100
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~
o NI P P s |--mmmeeeee ot < mmmee |
| al 5.845 MF 0.1217 1.76109e4 2411.45508 48.5819
rac-60 2 8.788 BB ©.1718 1.86390e4 1675.39746 51.4181
DAD1 C, Sig=220,4 Ref=360,100 (DACHEMSTA...NTOL\WFY-4-KETONE-IC-2 2020-05-30 18-53-57\relacation00002.D)
mAU = o
§ &
600 v@‘
500
400
300 +
200
100 &
o
g
| B G0
o - ) S SRR L__, ,.J)df_r . SESIE—
2 i 8 10 12 14 16 18 min
Signal 1: DAD1 C, Sig=220,4 Ref=360,100
OMe
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
o Nl EE |- oo mmeee- |« mmmeeee <o mmmeee - < e mmnee |
| 1 5.871 MF ©.1205 4658.94385 644.43915 98.6424
60 2 B8.877 FM ©0.2151 64.11850 4.96781 1.3576
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10. Crystallographic Information

The crystal data of compound 2y has been deposited in CCDC with number 2013113.
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Z 54 cxy3001_OmP 21 21 21 R = 0.03 RES= 0 -83 X
Table S3. Crystal data and structure refinement for cxy3001_Om.
Identification code cxy3001 Om
Empirical formula CioHi1NO
Formula weight 161.20
Temperature/K 100.0
Crystal system orthorhombic
Space group P2,2,2,
a/A 5.3129(3)
b/A 9.1009(5)
c/A 18.1932(9)
o/° 90
/e 90
y/° 90
Volume/A3 879.68(8)
V4 4
Pealcg/cm’ 1.217
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wmm'! 0.629

F(000) 344.0

Crystal size/mm? 0.41 x0.31 x0.29

Radiation CuKa (A =1.54178)

20 range for data collection/ (9.722 to 144.17

Index ranges -6<h<6,-11<k<11,-20<1<22
Reflections collected 8067

Independent reflections 1716 [Riy = 0.0228, Ryigma = 0.0224]
Data/restraints/parameters 1716/0/112

Goodness-of-fit on F? 1.113

Final R indexes [[>=2c (I)] |[R; =0.0250, wR, = 0.0644

Final R indexes [all data] R; =0.0251, wR, = 0.0644

Largest diff. peak/hole / e A3 |0.16/-0.11

Flack parameter 0.02(5)

Table S4. Fractional Atomic Coordinates (x10*) and Equivalent Isotropic
Displacement Parameters (A2x10%) for cxy3001_Om. Ugq is defined as 1/3 of of the
trace of the orthogonalised Uy, tensor.

Atom x y z U(eq)
01 1658.5(17) 4938.0(11) 5773.7(5) 22.5(3)
N1 6162(3) 8150.6(14) 5488.7(7) 29.1(3)
Cl1 925(3) 7114.0(16) 8251.1(8) 24.3(3)
C2 398(3) 7724.5(16) 7569.7(8) 23.9(3)
C3 1866(3) 7366.7(15) 6963.9(8) 21.0(3)
C4 3885(2) 6400.5(14) 7035.8(7) 18.2(3)
Cs 5438(2) 5931.4(14) 6375.0(7) 18.7(3)
Cé6 4200(2) 4629.2(14) 5953.6(7) 18.7(3)
C7 5711(3) 4171.6(16) 5283.5(7) 22.93)
C8 2936(3) 6157.7(15) 8327.2(7) 24.6(3)
C9 4411(3) 5802.4(15) 7723.5(7) 20.9(3)
C10 5866(3) 7180.9(15) 5876.4(7) 21.6(3)
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The crystal data of compound 3p has been deposited in CCDC with number 2013116.
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Table S5. Crystal data and structure refinement for cxy3010_0m.

Identification code

cxy3010 Om

Empirical formula

Ci,.5sH;7CIFNO,

Formula weight 267.72
Temperature/K 100.0
Crystal system monoclinic
Space group P2,

a/A 10.8748(3)
b/A 9.6587(2)
c/A 12.8523(3)
o/° 90

p/e 101.2930(10)
y/° 90
Volume/A3 1323.82(6)
V4 4

Pealcg/cm? 1.343
wmm'! 2.615
F(000) 564.0
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Crystal size/mm? 0.32 x0.26 x 0.25

Radiation CuKa (A =1.54178)

20 range for data collection/?|7.014 to 144.436

Index ranges -13<h<13,-11<k<11,-15<1<15
Reflections collected 21243

Independent reflections 5043 [Rip; = 0.0331, Rgigma = 0.0298]
Data/restraints/parameters  [5043/5/334

Goodness-of-fit on F2 1.026

Final R indexes [[>=2c (I)] [R;=0.0417, wR,=0.1124
Final R indexes [all data] R, =0.0420, wR, =0.1128
Largest diff. peak/hole / e A-(0.41/-0.40
Flack parameter -0.006(17)

Table S6. Fractional Atomic Coordinates (x104) and Equivalent Isotropic
Displacement Parameters (A2x10°%) for cxy3010_0Om. Uq is defined as 1/3 of of the
trace of the orthogonalised Uy, tensor.

Atom X y 4 U(eq)
cl 427.2(11) 3619.1(11) 7949.9(8) 49.7(3)
C2 936.4(13) 6465.5(13) 7470.2(17) 81.1(5)
F1 2672.7(17) 2282(2) 5908.5(15) 30.6(4)
01 4409.8(17) 6437(2) -531.9(14) 15.7(4)
02 4754.2(18) 6199(2) 2813.4(14) 17.7(4)
03 4840.9(19) 3795(2) 4024.2(14) 19.0(4)
F2 2187.4(18) 7693(2) 720(2) 41.4(6)
04 4484(2) 3991(2) 7239.1(15) 29.0(5)
N2 4706(2) 4125(3) -513.4(17) 16.9(5)
N1 4418(2) 6317(3) 7100.4(18) 20.9(5)
Cl 1546(3) 3641(3) 1365(2) 24.3(6)
Cc2 2445(3) 5216(4) 4141(2) 30.4(7)
C3 396(3) 4603(5) 4425(3) 40.8(10)
C4 7275(3) 5993(4) 500(2) 26.6(7)
Cs 1156(4) 5424(5) 3950(3) 42.8(10)
C6 7383(3) 4978(4) 2300(3) 28.7(7)
C7 566(3) 4469(4) 868(3) 26.7(7)
C8 909(3) 3546(4) 5093(3) 32.6(7)
C9 5159(3) 4986(3) 5743(2) 21.4(6)
C10 796(3) 5846(4) 649(3) 30.8(7)
Cl1 1997(3) 6354(3) 933(2) 24.0(6)
Cl12 2195(3) 3345(3) 5263(2) 21.4(6)
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C13 2755(3) 4172(3) 1629(2) 19.9(5)
Cl4 6611(2) 5890(3) 1448(2) 17.0(5)
C15 3009(2) 5554(3) 1420.6(19) 15.1(5)
C16 4652(2) 5068(3) 6759(2) 15.8(5)
C17 2999(3) 4154(3) 4810.5(19) 18.1(5)
C18 4314(2) 6167(3) 1680.4(19) 13.9(5)
C19 4407(2) 3891(3) 5003(2) 15.9(5)
C20 4744(2) 5352(3) -40.8(19) 12.3(5)
C21 5234(2) 5341(3) 1148.2(18) 12.3(5)
C22 1592(4) 4891(5) 7965(4) 50.8(12)
C23 7363(5) 4181(7) 5415(5) 24.8(8)
C24 6579(5) 4403(6) 6267(4) 17.5(8)
C25 7270(5) 5977(7) 6619(5) 22.5(9)
C24A 6567(5) 4974(6) 5783(5) 17.5(8)
C25A 7226(6) 5448(7) 7082(5) 22.5(9)
C23A 7081(6) 3511(7) 6020(5) 24.8(8)
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The crystal data of compound 2b has been deposited in CCDC with number 2013520.
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Table S7. Crystal data and structure refinement for cxy3013_0m.

Identification code cxy3013 Om
Empirical formula C;;H;3NO
Formula weight 175.22
Temperature/K 100.0
Crystal system orthorhombic
Space group P2,2,2;

a/A 5.3989(2)
b/A 12.0855(5)
c/A 14.8743(6)
o/° 90

p/e 90

y/° 90
Volume/A3 970.52(7)

V4 4

Pealcg/cm? 1.199

wmm'! 0.608

F(000) 376.0
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Crystal size/mm?

0.34 x0.31 x 0.28

Radiation

CuKa (A = 1.54178)

20 range for data collection/®

9.428 to 144.266

Index ranges

-6<h<6,-14<k<13,-15<1<18

Reflections collected

7903

Independent reflections

1863 [Rin; = 0.0316, Rgigma = 0.0272]

Data/restraints/parameters

1863/0/120

Goodness-of-fit on F2

1.099

Final R indexes [[>=2c (I)]

R, =0.0279, wR; = 0.0692

Final R indexes [all data]

R;=10.0280, wR, = 0.0693

Largest diff. peak/hole / e A3

0.15/-0.14

Flack parameter

-0.01(6)

Table S8. Fractional Atomic Coordinates (x104) and Equivalent Isotropic
Displacement Parameters (A2x103) for cxy3013_0m. Uq is defined as 1/3 of of the
trace of the orthogonalised Uy, tensor.

Atom X y z U(eq)

Ol 9635.6(19) 5771.5(8) 2386.9(7) 17.8(2)
N1 7904(2) 8604.4(10) 2518.5(9) 23.1(3)
Cl 7274(3) 6085.4(11) 5666.5(10) 19.3(3)
C2 9208(3) 6518.6(12) 5165.1(10) 18.6(3)
C3 9226(3) 6398.7(12) 4234.2(10) 16.7(3)
C4 7300(3) 5851.5(10) 3797.8(9) 15.0(3)
C5 7237(3) 5746.6(11) 2782.7(9) 15.8(3)
C6 5709(3) 6682.8(11) 2339.0(9) 15.7(3)
C7 5211(3) 6463.6(12) 1334.7(9) 19.5(3)
Cs8 3423(3) 7289.5(13) 915.2(10) 24.7(4)
C9 5345(3) 5533.6(12) 5236.7(10) 19.9(3)
C10 5362(3) 5420.1(12) 4308.8(10) 18.0(3)
Cll1 6958(3) 7757.6(12) 2456.5(9) 17.0(3)
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The crystal data of compound 4d has been deposited in CCDC with number 2013878.
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Table S9. Crystal data and structure refinement for cxy3019_0Om.

Identification code cxy3019 Om
Empirical formula Ci3H7NO,
Formula weight 219.27
Temperature/K 100.0
Crystal system orthorhombic
Space group P2,2,2;

a/A 5.75740(10)
b/A 19.2528(5)
c/A 22.0973(5)
o/° 90

p/e 90

y/° 90
Volume/A3 2449.40(9)

V4 8

Pealcg/cm? 1.189

wmm'! 0.640

F(000) 944.0
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Crystal size/mm? 0.32 x0.29 x 0.28

Radiation CuKoa (A =1.54178)

20 range for data collection/® |6.088 to 143.97

Index ranges -7<h<6,-23<k<23,-25<1<26
Reflections collected 33200

Independent reflections 4729 [Rine = 0.0315, Rgigma = 0.0213]
Data/restraints/parameters 4729/0/294

Goodness-of-fit on F2 1.075

Final R indexes [[>=2c (I)] R; =0.0264, wR, = 0.0650
Final R indexes [all data] R;=0.0267, wR; =0.0652
Largest diff. peak/hole / e A3 [0.18/-0.20

Flack parameter -0.01(3)

Table S10. Fractional Atomic Coordinates (x104) and Equivalent Isotropic
Displacement Parameters (A2x10%) for cxy3019 Om. Ugq is defined as 1/3 of of the
trace of the orthogonalised Uy, tensor.

Atom x y z U(eq)
ol 7338.0(19) 4164.5(5) 4188.2(5) 22.1(2)
02 4569(2) 4715.2(6) 3651.1(5) 26.7(3)
03 4752(2) 6544.9(6) 4031.3(5) 26.103)
04 2669.8(19) 7182.0(5) 3378.6(5) 21.8(2)
N1 6963(2) 5297.1(7) 4317.9(6) 23.73)
N2 2919(2) 6054.9(6) 3203.7(6) 23.003)
Cl 10454(3) 2753.4(8) 5868.2(8) 26.003)
C2 8406(3) 3134.5(8) 5889.4(7) 24.9(3)
C3 8037(3) 3669.2(8) 5480.5(7) 22.403)
C4 9716(3) 3830.2(8) 5046.1(7) 18.6(3)
Cs 9276(3) 4383.3(3) 4578.7(7) 19.4(3)
C6 8481(3) 5095.3(7) 4814.0(7) 18.6(3)
C7 10402(3) 5614.3(8) 4941.8(7) 19.93)
Cs 9506(3) 6338.0(8) 5127.9(7) 22.003)
C9 7741(3) 6297.6(9) 5640.0(8) 30.6(4)
C10 12140(3) 2914.4(8) 5442.8(8) 26.2(4)
Cll 11775(3) 3452.8(8) 5033.9(7) 21.93)
C12 6145(3) 4743.7(8) 4020.4(7) 21.403)
Cl13 11532(3) 6805.1(8) 5312.5(8) 26.3(4)
Cl14 -3595(3) 8515.8(8) 2323.3(8) 24.003)
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C15 -1807(3) 8388.6(8) 1919.5(7) 26.8(4)
C16 -49(3) 7926.0(8) 2069.3(7) 24.3(3)
C17 -86(3) 7575.6(8) 2619.8(7) 19.1(3)
C18 1823(3) 7073.3(8) 2763.9(6) 19.6(3)
C19 1220(3) 6294.4(8) 2758.9(7) 20.4(3)
C20 1504(3) 5965.4(8) 2139.2(7) 23.2(3)
C21 1124(3) 5178.7(8) 2115.6(8) 28.1(4)
C22 -1310(5) 4967.0(12) 2292.3(12) 56.8(6)
C23 3554(3) 6571.8(8) 3577.4(7) 21.6(3)
C24 -3616(3) 8177.3(8) 2875.7(8) 25.1(3)
C25 -1889(3) 7704.6(8) 3025.0(7) 23.2(3)
C26 1714(4) 4913.0(10) 1484.0(8) 40.6(5)
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The crystal data of compound 20 has been deposited in CCDC with number 2015445.
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Table S11. Crystal data and structure refinement for cxy3020_Om.
Identification code cxy3020 Om
Empirical formula C11H3NO,
Formula weight 191.22
Temperature/K 100.0

Crystal system monoclinic
Space group P2,

a/A 5.6863(2)
b/A 10.3963(3)
c/A 8.8733(3)

a/° 90

pB/e 100.3130(10)
y/° 90
Volume/A3 516.08(3)

V4 2

Pealcg/cm? 1.231

wmm-! 0.689

F(000) 204.0
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0.28 x 0.25 x 0.24

Radiation CuKa (A =1.54178)

20 range for data collection/° {10.132 to 136.282
-5<h<6,-12<k<12,-10<1<10

Crystal size/mm?

Index ranges

Reflections collected 9079
Independent reflections 1836 [Rin; = 0.0311, Rgigma = 0.0245]
Data/restraints/parameters 1836/1/131

Goodness-of-fit on F2 1.064

Final R indexes [[>=2c (1)] R; =0.0253, wR, = 0.0655
Final R indexes [all data] R; =0.0255, wR; =0.0656
Largest diff. peak/hole / e A2 (0.16/-0.12

Flack parameter 0.05(8)

Table S12. Fractional Atomic Coordinates (x104) and Equivalent Isotropic
Displacement Parameters (A2x10%) for cxy3020 Om. Ugq is defined as 1/3 of of the
trace of the orthogonalised Uy, tensor.

Atom X y V4 U(eq)
01 4315(2) 4119.4(14) 3112.8(14) 29.4(3)
02 11200.2(18) 6083.0(11) 8651.0(13) 18.3(3)
N1 7831(3) 3576.8(16) 10156.2(18) 24.9(4)
Cl1 7184(3) 6876.1(17) 10180(2) 21.5(4)
Cc2 7022(3) 5853.7(15) 8921.0(19) 16.8(4)
C3 8825(3) 6093.2(15) 7828.8(17) 15.4(3)
C4 8564(3) 5077.0(15) 6583.6(18) 16.7(4)
C5 6559(3) 5119.7(17) 5413.8(19) 19.0(4)
Cé6 6201(3) 4160.2(18) 4305(2) 21.4(4)
C7 2657(4) 5161(2) 2967(2) 30.4(4)
C8 7840(3) 3154.7(17) 4365(2) 23.5(4)
C9 9817(3) 3119.2(17) 5521(2) 23.1(4)
C10 10204(3) 4081.5(16) 6636.3(19) 19.3(4)
Cll1 7452(3) 4567.0(16) 9606.8(19) 17.3(4)
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