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1. General methods

Unless otherwise noted, all reactions were carried out under ambient atmosphere; when the
reactions required heating, the heat source was oil bath. *H NMR (400 or 600 MHz ), *C NMR (100
or 150 MHz) and °*F NMR (376 MHz) spectra were recorded on Varian INOVA-400/54, Agilent
DD2-600/54, Bruker AVANCE NEO 400 or Bruker Ascend™ 400 instruments (Chemical shifts were
reported in ppm from tetramethylsilane with the solvent resonance as the internal standard in CDCl3
solution, unless otherwise noted). The following abbreviations were used to explain the multiplicities:
s = singlet, d = doublet, t = triplet, dd = double doublet, ddd = double double doublet, dt = double
triplet; td = triple doublet; tt = triple triplet, m = multiplet, br = broad, and coupling constants J) are
reported in Hertz (Hz). High resolution mass spectra (HRMS) were recorded on a Waters SYNAPT
G2, Agilent G1969-85000 or Shimadzu LCMS-IT-TOF using a time-of-flight mass spectrometer
equipped with electrospray ionization (ESI) source. X-ray diffraction experiments were carried out
on an Agilent Gemini or Xcalibur E and the data obtained were deposited at the Cambridge
Crystallographic Data Centre. In each case, diastereomeric ratio was determined by *H NMR analysis
and enantiomeric excess was determined by HPLC (Agilent Technologies: 1220 Infinity II, 1200
Series, 1260 Infinity) analysis on a chiral column in comparison with authentic racemate, using a
Daicel Chiralpak AD-H Column (250 %4.6 mm), Chiralpak IG Column (250 x4.6 mm), Chiralpak
ID Column (250 x4.6 mm), Chiralpak IB Column (250 <4.6 mm), Chiralpak IF Column (250 %<4.6
mm) or Chiralpak IE Column (250 %4.6 mm). UV detection was monitored at 254 nm. The specific
optical rotation was obtained from Rudolph Research Analytical Autopol | automatic polarimeter in
CHCl3 solution at 25 °C. The melting point was obtained from WRX-4 Mel-Temp apparatus. Column
chromatography was performed on silica gel (200—300 mesh) eluting with ethyl acetate (EtOAc) and
petroleum ether or dichloromethane (DCM)/methanol (MeOH). TLC was performed on glass-backed
silica plates. UV light, 12, and solution of potassium permanganate were used to visualize products or
starting materials. All chemicals were used without purification as commercially available unless
otherwise noted. Petroleum ether (60—90 <C), dichloromethane (DCM) and 1,2-dichloroethane (DCE)
was redistilled. The enones 2, cyclic 2,4-dienones 7a—7f,>% primary amine catalysts C1, C2, C5,

C6,* and C12,° were synthesized according to the literature procedures.
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2. Preparation of substrates and catalysts

2.1 General procedure for the preparation of activated N-alkyl pyridinium salts®’

R (1.2 equiv) N
alkyl bromide (1.2 equiv

N/ CH4CN, reflux |
alkyl
1
N CN N CN N CN N CN N CN SN CN
|+/ _ |+/ |+/ |+/ |+/ B |+/ _
N Br N Br_ N N Br_ N Br HN Br
o O O Cr s iy
Br NC
1a, 96% 1b, 95% 1¢c, 95% 1d, 99% 1e, 21% 1f, 84%

In a flask equipped with a magnetic stirring bar and a reflux condenser, pyridine derivative (2.0
mmol, 1.0 equiv) and alkyl bromide (3.0 mmol, 1.2 equiv) were dissolved in acetonitrile (5.0 mL)
and the resulting mixture was heated at 80 <. After completion (monitored by TLC, EtOAc/
petroleum ether = 1:5), the mixture was cooled to 0 <C and EtOAc (4.0 mL) was added dropwise until
a white precipitate was formed. The solid was then filtered and washed with cold Et0 to afford the
desired N-alkyl pyridinium salt 1.

2.2 General procedure for the preparation of N-benzyl 4-methyl-3-nitropyridinium salt®

R Ikyl bromine (1.5 equiv) N
alkyl promine .0 equiv
| N | o B
N~ CH4CN, reflux N
alkyl
6

In a flask equipped with a magnetic stirring bar and a reflux condenser, 4-methyl-3- substituted
(2.0 mmol, 1.0 equiv) and alkyl bromide (0.36 mL, 3.0 mmol, 1.5 equiv) were dissolved in acetonitrile
(2.0 mL) and the resulting mixture was heated at 80 <€ for 18 h. After completion (monitored by TLC,
EtOAc/petroleum ether = 1:5), the mixture was cooled to 0 <C and EtOAc (4.0 mL) was added
dropwise until a precipitate was formed. The solid was then filtered and washed repeatedly with cold

Et>O to afford the desired pyridinium salt 6.
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2.3 Procedure for the preparation of N-benzyl quinolinium salts

General procedure for the preparation of N-benzyl quinolinium salts 4

7 X
= X BnBr (1.2 equiv) R+ | ©
N z N

N CH3CN, reflux |
4 Bn

In a flask equipped with a magnetic stirring bar and a reflux condenser, quinoline derivative (2.0
mmol, 1.0 equiv) and alkyl bromide (3.0 mmol, 1.2 equiv) were dissolved in acetonitrile (5.0 mL)
and the resulting mixture was heated at 80 €€ for 48 h. After completion (monitored by TLC,
EtOAc/petroleum ether = 1:5), the mixture was cooled to 0 <C and EtOAc (4.0 mL) was added
dropwise until a precipitate was formed. The solid was then filtered and washed with EtOAc to afford

the desired N-benzyl quinolinium salt 4 (except for 4a).

Typical procedure for the preparation of N-benzyl quinolinium salts 4a

O,N
O,N _ X
N BnBr (1.0
) olitenin o) we
N N

EtOAc, 105 °C, sealed tube |
4a Bn

In a sealed tube equipped with a magnetic stirring bar, 6-nitroquinoline (0.87 g, 5.0 mmol, 1.0
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equiv) and benzyl bromide (0.61 ml, 5.0 mmol, 1.0 equiv) were dissolved in EtOAc (10.0 mL) and
the resulting mixture was heated at 105 <€ for 3 days. A yellow precipitate was formed, which was

cooled to rt, filtered and washed repeatedly with EtOAc to afford the 1-benzyl-6-nitroquinolin-1-ium

bromide 4a.
~CN 3-Cyano-1-(2-methylbenzyl)pyridin-1-ium bromide 1d: white solid, 99% vyield, mp
| e = 199-200 °C; 'H NMR (400 MHz, D20) : & (ppm) 1H NMR (400 MHz, D20) § 9.32

D (d, J = 1.6 Hz, 1H), 9.13 (d, J = 6.3 Hz, 1H), 8.97 (dt, J = 8.2, 1.4 Hz, 1H), 8.28 (dd, J

= 8.1, 6.4 Hz, 1H), 7.56 — 7.44 (m, 1H), 7.45 — 7.33 (m, 3H), 5.97 (s, 2H), 2.27 (s, 3H);

13C NMR (100 MHz, D;0): 5 (ppm) 149.2, 147.8, 147.7, 138.6, 131.5, 131.4, 131.0, 129.0, 128.9,
127.1,114.2, 113.2, 63.7, 18.1.

cN 3-Cyano-1-(2-hydroxyethyl)pyridin-1-ium bromide 1f: white solid, 84% yield, mp =

X
| {7 e 126-127°C; 'H NMR (400 MHz, D;0) : & (ppm) 9.61 — 9.48 (m, 1H), 9.29 — 9.19 (m,
1H), 9.04 (dt, J = 8.1, 1.5 Hz, 1H), 8.37 (ddd, J = 9.3, 6.3, 2.6 Hz, 1H), 4.95 — 4.84 (m,
OH

2H), 4.21 - 4.06 (m, 2H); 3C NMR (100 MHz, D,0): § (ppm) 149.2, 148.6, 148.5, 128.9,
113.9, 113.3, 64.6, 59.9.

O,N 1-Benzyl-6-nitroquinolin-1-ium bromide 4a: yellow solid, 20% yield, mp =
X

o) 112-113°C; IH NMR (400 MHz, DMSO-ds) : & (ppm) 10.02 (dd, J = 5.9, 1.5

B
kphr Hz, 1H), 9.68 (d, J = 8.4 Hz, 1H), 9.55 (d, J = 2.6 Hz, 1H), 8.84 (dd, J = 9.7, 2.6

Hz, 1H), 8.76 (d, J = 9.7 Hz, 1H), 8.51 (dd, J = 8.4, 5.8 Hz, 1H), 7.53-7.32 (m,
5H), 6.50 (s, 2H); 23C NMR (100 MHz, DMSO-ds): § (ppm) 154.1, 150.5, 147.1, 140.1, 133.9, 130.2,
129.6, 129.4, 128.9, 128.0, 127.4, 125.0, 122.3, 61.0.

NG 1-Benzyl-6-cyanoquinolin-1-ium bromide 4b: white solid, 49% yield, mp =
X

+

N _
kPhBr Hz, 1H), 9.44 (dt, J = 8.5, 1.2 Hz, 1H), 9.20 (d, J = 1.9 Hz, 1H), 8.70 (d, J =

191-192 °C; H NMR (400 MHz, DMSO-ds) : & (ppm) 9.92 (dd, J = 5.9, 1.5
9.3 Hz, 1H), 8.54 (dd, J = 9.3, 1.9 Hz, 1H), 8.45 (dd, J = 8.4, 5.8 Hz, 1H), 7.54—

7.20 (m, 5H), 6.44 (s, 2H): 3C NMR (100 MHz, DMSO-ds): 5 (ppm) 153.6, 149.1, 139.4, 137.6,
136.4, 134.0, 129.9, 129.6, 129.4, 128.0, 124.8, 121.5, 117.5, 113.0, 60.7.

S5



N 1-Benzyl-7-nitroquinolin-1-ium bromide 4c: yellow solid, 79% yield, mp
OZN/©\/Q | =285-236°C; 'H NMR (400 MHz, D20):  (ppm) 9.58 (dd, J = 5.8, 1.5 Hz,
kPhBr 1H), 9.37-9.30 (m, 2H), 8.69 (dd, J = 9.1, 1.9 Hz, 1H), 8.63 (d, J = 9.0 Hz,

1H), 8.31 (dd, J = 8.6, 5.8 Hz, 1H), 7.62-7.31 (m, 5H), 6.43 (s, 2H); 13C NMR (100 MHz, D20): §
(ppm) 154.5, 153.1, 151.1, 140.2, 135.8, 135.4, 134.5, 132.2, 132.1, 130.5, 127.4, 126.1, 118.0, 64.1.

2.4 General procedure for the preparation of primary amine catalysts C3, C4, C7-C10

R!

X 7 * 7
R'=H
R'= OMe

Boc,0,NaHCO3

COOH NaOH COOH N= N—'po TFA

It I .
R?" “NH, t, 1,4-dioxane/ H,0  R®” “NHBoc DCC,DMAP XJS*/RZ 0°Ctort, DCM XJS*/RZ
s1
s2 rt, DCM BocHN H,N
N= R'=H R'=H
S3  Ri-oMe R'=OMe

Preparation of S2: Amino acid S1 (10 mmol) was dissolved in dioxane/water (2:1, 30 mL), and
NaOH (1 M, 10 mL) was added. The mixture was cooled in an ice-bath, and (Boc).0O (3.27 g, 15.0
mmol) and NaHCOz (840 mg, 10.0 mmol) were added. The reaction mixture was stirred at room
temperature overnight, and then it was evaporated in vacuo. The residue was diluted with EtOAc (40
mL), and cooled in an ice-bath and acidified to pH = 2.5-3 with 1 M KHSO4 aqueous solution. The
organic layer was separated, and the aqueous fraction was extracted with EtOAc (20 mL x 2). The
combined organic layers were washed with water, dried and evaporated, leaving products as a
colorless oil in a quantitative yield. The crude product was used for the condensation step without
further purification.

Preparation of S3: cinchona alkaloid was added to a solution of crude residue S2 in dry DCM (50
mL). The mixture was cooled in an ice-bath, and DCC (2.06 g, 10.0 mmol), EtsN (1.40 mL, 10.0
mmol) and DMAP (122 mg, 1.00 mmol) were added. After stirring at room temperature overnight,
the precipitates were filtered and the cake was washed with DCM. The filtrate was dried and
evaporated, and the residue was purified by chromatography on silica (DCM/MeOH = 50:1 to 25:1).
Preparation of C3, C4 and C7-C10: TFA (3 mL) was added to a solution of S3 (3.0 mmol) in DCM

(15 mL) in an ice-bath, and the mixture was stirred at room temperature for 5 h. The solution was
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evaporated, and a solution of NaOH (1M) was added slowly at 0 <C until pH was adjusted to 9. The
organic layer was separated, and the aqueous layer was extracted with DCM (25 mL x 2). The
combined organic layers were dried and evaporated, and the residue was purified
chromatographically on silica gel (DCM/MeOH = 50:1).

Quinyl (S)-2-amino-3,3-dimethylbutanoate C3: white solid, 13% yield

7
5 /73] for 3 steps, mp = 101-102 °C; [a]o®® = 8.6 (¢ = 1.0 in CHCIl3); *H NMR
0]
0 (400 MHz, CHCly): & (ppm) 8.75 (d, J = 4.6 Hz, 1H), 8.01 (d, J = 9.2 Hz,

HN 1H), 7.52 (d, J = 2.7 Hz, 1H), 7.40 (d, J = 4.6 Hz, 1H), 7.37 (dd, J = 9.2,

2.7 Hz, 1H), 6.57 (s, 1H), 5.99-5.70 (m, 1H), 5.05 (dt, J = 5.4, 1.6 Hz,
1H), 5.02 (d, J = 1.5 Hz, 1H), 3.97 (s, 3H), 3.44 (t, J = 13.2 Hz, 1H), 3.20 (s, 1H), 3.13-2.89 (m, 2H),
2.78-2.49 (m, 2H), 2.37-2.21 (m, 1H), 2.08-1.95 (m, 1H), 1.94-1.83 (m, 1H), 1.73 (m, 2H), 1.61-
1.53 (m, 2H), 1.51-1.42 (m, 1H), 0.82 (s, 9H); 3C NMR (100 MHz, CHCl5): & (ppm) 174.6, 157.9,
147.4,144.9,143.2,141.7,131.8, 127.3, 121.9, 119.6, 114.6, 101.6, 63.7, 59.2, 56.4, 55.6, 42.3, 42.3,
39.6, 34.7, 27.7, 27.4, 26.2, 25.4; HRMS (ESI-TOF) m/z: [M + H]" Calcd for C2sH3sN303 438.2751;
Found 438.2751.

Quinidinyl (R)-2-amino-3,3-dimethylbutanoate C4: white solid, 15%
yield for 3 steps, mp = 115-116 °C; [o]p?® = +46.8 (¢ = 0.75 in CHCls);
'H NMR (400 MHz, CHCls): & (ppm) 8.74 (d, J = 4.4 Hz, 1H), 8.01 (d,

J=9.2 Hz, 1H), 7.48 (d, J = 2.7 Hz, 1H), 7.42-7.21 (m, 2H), 6.69-6.51
(m, 1H), 6.10-5.89 (m, 1H), 5.22-4.95 (m, 2H), 3.97 (s, 3H), 3.37 (q, J = 8.7 Hz, 1H), 3.21 (s, 1H),
2.94-2.82 (m, 2H), 2.81-2.59 (M, 2H), 2.42-2.16 (m, 1H), 1.88-1.82 (m, 1H), 1.82-1.75 (m, 1H),
1.71-1.50 (m, 5H), 0.84 (s, 9H); 1*C NMR (100 MHz, CHCls): § (ppm) 174.6, 157.9, 147.4, 144.8,
1435, 140.3, 131.8, 127.3, 121.9, 119.3, 115.0, 101.5, 63.7, 59.3, 55.6, 49.7, 49.1, 39.7, 34.7, 29.7,
27.7, 26.4, 26.3, 24.6; HRMS (ESI-TOF) m/z: [M + H]* Calcd for CzsHasNsOs 438.2751; Found
438.2747.
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3. Detailed screening conditions for dearomative cascade reactions

3.1 Complete screening conditions for dearomative cascade reaction of enone 2a and activated

N-alkyl pyridinium salt 1a

CN o) C (20 mol %)
| N S A (20 mol %)
@) o4 B (1.1 equiv)
’}l Br
Bn OH
1a 2a

C1R'=0CH3;R?=H
C5R'=H RZ=H
C6R'=H R? = t-Bu

COOH

C7R"=0OCH3 R3=Ph,X=N R

C8R'=0CH3, R®*=Ph,X=0 | aA1R=0H R

C3R'=0OCH3 R®=tBuX=0 | A3R=F A2R = H

COR'=H,R®=Ph,X=0 A4R=H A6R=F

A5R = SH A7 R = Cl
entry?® cat B A solvent T (°C) t (h) yield (%)° ee (%)°

1 C1 B2 Al CHCl3 rt 36 45 94
2 C5 B2 Al CHCI3 rt 36 58 89
3 C6 B2 Al CHCI3 rt 36 51 90
4 C13 B2 Al CHCI3 rt 36 35 74
5 Cl1 B2 Al CHCI3 rt 36 30 23
6 C1l B2 A3 CHCI3 rt 48 56 81
7 C1l B2 A4 CHCI3 rt 48 29 82
8 C1l B2 A5 CHCI3 rt 48 15 86
9 C1l B2 A2 CHCI3 rt 48 45 85
10 C1l B2 A6 CHCl3 rt 48 30 84
11 C1l B1 Al CHCl3z rt 36 56 96
12 C1l AcONa Al CHCl3z rt 48 44 71
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13 C1 B1 Al CHCls 40 36 63 94

14 C1 B1 Al THF 40 36 37 87
15 C1 B1 Al DCE 40 60 65 97
16 C1 B1 Al CH3CN 40 40 56 91
17 C1 B1 Al DCM 40 18 62 95
18 C1 B1 Al DCM 25 48 78 98

aUnless noted otherwise, reactions were performed with pyridinium salt 1a (0.11 mmol, 1.1 equiv), enone 2 (0.1 mmol, 1.0 equiv), C (20
mol %), A (20 mol %), B (1.1 equiv) in sovent (1.0 mL) at rt. ®Yield of the isolated product. °Determined by HPLC analysis on a chiral

stationary phase.

3.2 Complete screening conditions for dearomative cascade reaction with enone 2a and N-alkyl

qguinolinium salt 4a

0 C (20 mol %) i
O2N XN A (20 mol %)
| o) o, X B (1.2 equiv) ! L NO,
N Br g A A
OH solvent, rt
Bn O :-'N
4a 2a H 1
Bn
5a
entry? cat A B solvent yield (%)° ee (%)°
1 c1 Al NazHPO4 DCM 71 3
2 c7 Al NazHPO4 DCM 18 17
3 c8 Al NazHPO4 DCM 48 37
4 c3 Al NazHPO4 DCM 27 66
5 C9 Al NazHPO4 DCM 31 37
6 c10 Al NazHPO4 DCM 31 -40
7 cl1 Al NazHPO4 DCM 0 /
8 C12 Al NazHPO4 DCM 33 —62
9 c3 A3 NazHPO4 DCM 37 70
10 c3 A5 NazHPO4 DCM 40 67
11 c3 A4 NazHPO4 DCM 23 70
12 c3 (R)-A2 NazHPO4 DCM 54 75
13 c3 (R)-A2 B1 DCM 52 48
14 c3 (R)-A2 B2 DCM 48 45
15 c3 (R)-A2 K2CO3 DCM 0 /
16 c3 (R)-A2 NazHPO4 DCE 54 83
17 c3 (R)-A2 NazHPO4 CHCls 43 71
18 c3 (R)-A2 NazHPO4 Tol 14 66
19¢ c3 (R)-A2 NazHPO4 DCE 70 87
20¢ c3 A2 NazHPO4 DCE 70 89
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aUnless noted otherwise, reactions were performed with alkylquinolinium salt 4a (0.12 mmol, 1.2 equiv), enone 2a (0.1 mmol, 1.0
equiv), C (20 mol %), A (20 mol %), B (1.1 equiv) in sovent (1.0 mL) at rt. ®Yield of the isolated product. “Determined by HPLC
analysis on a chiral stationary phase. %ln 2 ml DCE.

3.3 Complete screening conditions for dearomative cascade reaction with cyclic dienone 7a and

N,4-dialkyl pyridinium salt 6

0] COzMe
o Rt
o)
| ®J o B (2.2 equiv) _~_NO2
N Br + > |
oh MeOOC solvent, rt o ) 'Tl
6 7a Bn
8a
entry? cat A B solvent yield (%)° ee (%)°
1 c1 (R)-A2 NazHPO4 CHCl3 38 75
2 c6 (R)-A2 NazHPO4 CHCl3 19 66
3 cs (R)-A2 NazHPO4 CHCl3 16 -17
4 C10 (R)-A2 NazHPO4 CHCl3 14 -48
5 C12 (R)-A2 NazHPO4 CHCl3 0 -
6 C1 Al B2 CHCI3 57 53
7 C1 A4 B2 CHCl3 30 52
8 c1 (R)-A2 B2 CHCl3 45 70
10 c1 (R)-A7 B2 CHCl3 60 63
11 C1 A7 B2 CHCl3 38 60
12 C1 AcOH B2 CHCl3 27 67
13 c1 (R)-A2 B1 CHCl3 63 15
14 c1 (R)-A2 TEA CHCl3 0 -
15 c1 (R)-A2 DBU CHCls 0 -
16 C1 (R)-A2 NaHCOs CHCl3 33 45
17 c1 (R)-A2 KOAc CHCl3 24 60
18¢ c1 (R)-A2 NazHPO. CHCl3 43 70
194 C1 (R)-A2 Naz:HPO4 DCM 64 78
204 C1 (R)-A2 Naz:HPO4 DCE 58 75
214 C1 (R)-A2 Naz:HPO4 THF 60 70
234 C1 (R)-A2 Naz:HPO4 Tol 20 76
234 C1 (R)-A2 Naz:HPO4 CH3CN 57 71
244.¢ C1 (R)-A2 Naz:HPO4 DCM 75 81

aUnless noted otherwise, reactions were performed using 7a (0.05 mmol,1.0 equiv), 6 (0.06 mmol,1.2 equiv), C (20 mol %), A (40
mol %), B (2.2 equiv) in solution (0.5mL) at 25 °C for 48 h. "Yield of the isolated product; “Determined by HPLC analysis on a chiral
stationary phase. B (1.2 equiv). 7a (0.1 mmol, 1.0 equiv), amine C1 (20 mol %), and A (40 mol %) were stirred in solution (1.0 mL)
at 25 °C. Followed by B (0.12 mmol, 1.2 equiv) and 6 (0.12 mmol, 1.2 equiv) were added uniformly in four portions in the period of
12 hours.
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4. General procedure for dearomative cascade reaction with enones 2 and

activated azaarene salts

4.1 General procedure for dearomative cascade reaction with enones 2 and activated N-

alkyl pyridinium salts 1

~CN o) C1 (20 mol %)

| o e R3 A1 (20 mol %)
ﬁ/ Br . | A B1 (1.1 equiv)
R 2" Vo DCM, rt, 48-60 h
1 2

General procedure A: A mixture of activated N-alkyl pyridinium salt 1 (0.11 mmol, 1.1 equiv),
enone 2 (0.1 mmol, 1.0 equiv), amine C1 (20 mol %), acid Al (20 mol %) and B1 (0.11 mmol, 1.1
equiv) was stirred in DCM (1.0 mL) at rt, and the reaction was monitored by TLC. After completion,
the product 3 was obtained by flash chromatography on silica gel. The racemic 3 was generally

obtained under the catalysis of benzylamine. The enantiomers were obtained with amine C2.

Synthesis of 3a: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one 2a
(16.2 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-1-ium
bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5 mg, 0.020 mol,
20 mol %), acid additive Al (2.8 mg, 0.020 mol, 20 mol %) and B1 (19.7 mg,

0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for 48 h. After
completion, it was purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1:4) to
give product 3a: 27.8 mg (0.0781 mmol), as a white solid, 78% yield; mp = 96-97 °C; [a]p?® = +73.6
(c =0.60 in CHCI3); 98% ee, determined by HPLC analysis [Daicel Chiralpak 1D, n-hexane/i-PrOH
= 60:40, 1.0 mL mint, L = 254 nm]: t (minor) = 13.45 min, t (major) = 16.70 min; *H NMR (400
MHz, CDCls): & (ppm) 7.42-7.32 (m, 3H), 7.28-7.25 (m, 2H), 7.12 (m, 2H), 7.98-6.94 (m, 1H), 6.92
(s, 1H), 6.85 (d, J = 8.2 Hz, 1H), 4.87 (d, J = 2.5 Hz, 1H), § 4.57 (d, J = 14.8 Hz, 1H), 4.43 (d, J =
14.8 Hz, 1H), 3.85-3.76 (m, 1H), 2.98 (ddd, J = 13.7, 8.7, 3.7 Hz, 1H), 2.93-2.78 (m, 3H), 2.53 (dd,
J=18.4,3.7 Hz, 1H), 2.29 (dd, J = 18.4, 13.9 Hz, 1H); 3C NMR (100 MHz, CDCls): & (ppm) 204.3,

149.8, 141.3, 131.6, 125.0, 124.43, 124.37, 124.3, 124.2, 120.1, 119.0, 116.3, 113.9, 78.2, 77.2, 53.0,
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40.9, 37.3, 29.2, 27.7, 24.5; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C23H20N202Na 379.1417;
Found 379.1422.

Synthesis of ent-3a: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one

0 2a (16.2 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-1-ium
O i A N bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), and amine C2 (6.5 mg, 0.020
mol, 20 mol %), acid additive Al (2.8 mg, 0.020 mol, 20 mol %) and B1

enta pn (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for 48
h. After completion, purification by flash chromatography on silica gel (EtOAc/petroleum ether = 1:4)
gave product ent-3a: 16.2 mg (0.0455 mmol), as a white solid, 46% yield; [o]p?® = —70.3 (c = 0.60
in CHCI3); 95% ee, determined by HPLC analysis [Daicel Chiralpak 1D, n-hexane/i-PrOH = 60:40,

1.0 mL min, A = 254 nm]: t (minor) = 17.08min, t (major) = 13.61 min.

Synthesis of 3b: A mixture of (E)-4-(2-hydroxy-3-methylphenyl)but-3-en-2-
one 2b (17.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-1-
ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5 mg, 0.020
mol, 20 mol %), acid additive Al (2.8 mg, 0.020 mol, 20 mol %) and B1 (19.7

mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for 48 h. After
completion, purification by flash chromatography on silica gel (EtOAc/petroleum ether = 1:4) gave
product 3b: 10.0 mg (0.0270 mmol), as a white semi solid, 27% yield; [a]p?® = +61.8 (c = 0.22 in
CHCl3); 91% ee, determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0
mL min?, A = 254 nm]: t (minor) = 12.48 min, t (major) = 14.14 min; *H NMR (400 MHz, CDCls):
8 (ppm) 7.42-7.31 (m, 3H), 7.30-7.26 (m, 2H), 7.02-6.91 (m, 3H), 6.90-6.80 (m, 1H), 4.85 (d, J =
2.4 Hz, 1H), 4.59 (d, J = 14.8 Hz, 1H), 4.44 (d, J = 14.8 Hz, 1H), 3.82 (dt, J = 9.0, 4.1 Hz, 1H), 3.04—
2.94 (m, 1H), 2.90 (dd, J = 16.3, 4.7 Hz, 1H), 2.87-2.83 (m, 1H), 2.79 (dd, J = 16.3, 3.5 Hz, 1H),
2.54 (dd, J = 18.4, 3.8 Hz, 1H), 2.31 (dd, J = 18.4, 13.9 Hz, 1H), 2.16 (s, 3H); 3C NMR (150 MHz,
CDCIs): & (ppm) 208.4, 151.9, 145.4, 135.6, 129.4, 129.1, 128.4, 128.1, 127.3, 125.9, 123.8, 122.4,
120.4, 82.5, 81.2, 57.2, 45.1, 41.4, 33.2, 32.0, 28.7, 15.6; HRMS (ESI-TOF) m/z: [M + Na]* Calcd
for C24H22N202Na 393.1573; Found 393.1574.
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Synthesis of 3c: A mixture of (E)-4-(3-chloro-2-hydroxyphenyl)but-3-en-2-
one 2¢ (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-1-
ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5 mg, 0.020
mol, 20 mol %), acid additive Al (2.8 mg, 0.020 mol, 20 mol %) and B1

(19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for 60
h. After completion, purification by flash chromatography on silica gel (EtOAc/petroleum ether = 1:4)
gave product 3c: 10.5 mg (0.0228 mmol), as a white solid, 23% yield; mp = 78-80 °C; [a]p?® = +29.1
(c =0.36 in CHCIz3); 95% ee, determined by HPLC analysis [Daicel Chiralpak ID, n-hexane: i-PrOH
= 60:40, 1.0 mL min%, A = 254 nm]: t (minor) = 12.97 min, t (major) = 15.56 min; *H NMR (400
MHz, CDCls): & (ppm) 7.42-7.28 (m, 5H), 7.22 (dd, J = 8.0, 1.5 Hz, 1H), 7.02 (dt, J = 7.9, 1.3 Hz,
1H), 6.94 (d, 1H), 6.90 (d, J = 7.9 Hz, 1H), 4.85 (d, J = 2.6 Hz, 1H), 4.64 (d, J = 14.6 Hz, 1H), 4.46
(d, J = 14.6 Hz, 1H), 3.88-3.77 (m, 1H), 3.01 (ddd, J = 13.8, 8.7, 3.8 Hz, 1H), 2.97-2.83 (m, 2H),
2.79 (dd, J = 16.2, 3.6 Hz, 1H), 2.57 (dd, J = 18.6, 3.7 Hz, 1H), 2.31 (dd, J = 18.6, 13.8 Hz, 1H); 13C
NMR (100 MHz, CDCl3): & (ppm) 207.7, 149.6, 145.4, 135.2, 129.1, 128.9, 128.5, 128.4, 126.8,
126.2, 123.3, 123.2, 120.0, 82.8, 81.7, 57.0, 45.0, 41.3, 33.0, 32.2, 28.7; HRMS (ESI-TOF) m/z: [M
+ Na]* Calcd for C2sH19N20.*’CINa 415.0998; Found 415.1038; Calcd for Ca3HisN202*CINa
413.1027; Found 413.1024.

Synthesis of 3d: A mixture of (E)-4-(2-hydroxy-4-methylphenyl)but-3-
en-2-one 2d (17.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-
cyanopyridin-1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine

C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 0.020 mol,

3d kPh 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL)
was stirred at rt for 48 h. After completion, purification by flash chromatography on silica gel
(EtOAc/petroleum ether = 1:4) gave product 3d: 20.0 mg (0.0541 mmol), as a white solid, yield 54%;
mp = 129-130 °C; [a]p?® = +57.7 (¢ = 0.60 in CHCl5); 94% ee, determined by HPLC analysis [Daicel
Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min™, A = 254 nm]: t (minor) = 13.67 min, t (major)
=15.23 min; *H NMR (400 MHz, CDCls): & (ppm) 7.41-7.31 (m, 3H), 7.29-7.26 (m, 2H), 6.98 (d, J
= 8.0 Hz, 1H), 6.91 (s, 1H), 6.78 (dd, J = 8.0, 1.8 Hz, 1H), 6.67 (s, 1H), 4.85 (d, J = 2.8 Hz, 1H), 4.57
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(d,J = 14.8 Hz, 1H), 4.43 (d, J = 14.8 Hz, 1H), 3.82-3.72 (m, 1H), 3.02-2.93 (m, 1H), 2.91-2.75 (m,
3H), 2.53 (dd, J = 18.4, 3.7 Hz, 1H), 2.28 (dd, J = 18.4, 14.0 Hz, 1H), 2.26 (s, 3H); 3C NMR (100
MHz, CDCls): 6 (ppm) 208.5, 153.6, 145.4, 138.6, 135.6, 129.1, 128.4, 128.20, 128.16, 124.1, 120.9,
120.3, 118.2, 82.2, 81.3, 57.1, 44.9, 41.3, 33.2, 31.5, 28.6, 21.0; HRMS (ESI-TOF) m/z: [M + Na]*
Calcd for C24H22N20,Na 393.1573; Found 393.1573.

Synthesis of 3e: A mixture of (E)-4-(2-hydroxy-4-methoxyphenyl)
but-3-en-2-one 2e (19.2 mg, 0.1 mmol, 1.0 equiv) and N-benzyl 3-
CN cyanopyridin-1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv),
amine C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive Al (2.8 mg,

3e kPh 0.020 mol, 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in
DCM (2.0 mL) was stirred at 4 <€ for 8 days. After completion, purification by flash chromatography
on silica gel (EtOAc/petroleum ether = 1:4) gave product 3e: 16.6 mg (0.0430 mmol), as a white solid,
43% yield; mp = 133-135 °C; [a]o®® = +31.1 (c = 1.1 in CHCls3); 96% ee, determined by HPLC
analysis [Daicel Chiralpak 1D, n-hexane/i-PrOH = 60:40, 1.0 mL min, A = 254 nm]: t (minor) =
19.69 min, t (major) = 22.43 min; *H NMR (400 MHz, CDCls): (ppm) & 7.43-7.30 (m, 3H), 7.28-7.25
(m, 2H), 6.99 (d, J = 8.6 Hz, 1H), 6.91 (s, 1H), 6.55 (dd, J = 8.6, 2.6 Hz, 1H), 6.37 (d, J = 2.6 Hz,
1H), 4.87 (d, J = 2.6 Hz, 1H), 4.57 (d, J = 14.8 Hz, 1H), 4.43 (d, J = 14.8 Hz, 1H), 3.71-3.80 (m,
1H), 3.75 (s, 3H), 2.97 (ddd, J = 13.4, 8.8, 3.8 Hz, 1H), 2.82 (m, 2.71-2.92, 3H), 2.53 (dd, J = 18.4,
3.8 Hz, 1H), 2.26 (dd, J = 18.4, 14.0 Hz, 1H); 3C NMR (100 MHz, CDCls): § (ppm) 208.5, 159.5,
154.6, 145.3,135.6, 129.1, 128.4, 128.2, 120.3, 115.9, 110.2, 102.4, 82.3, 81.4, 57.1,55.4, 44.9, 41.3,
33.1, 31.3, 28.5; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C24H22N20O3Na 409.1523; Found
409.1526.

Synthesis of 3f: A mixture of (E)-4-(4-chloro-2-hydroxyphenyl)but-3-
en-2-one 2f (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-
cyanopyridin-1-ium bromide la (30.2 mg, 0.110 mmol, 1.1 equiv),
amine C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive Al (2.8 mg,

0.020 mol, 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM
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(1.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography on silica
gel (EtOAc/petroleum ether = 1:5) gave product 3f: 27.0 mg (0.0692 mmol), as a white solid, yield
69%; mp = 156-157 °C; [a]p® = +49.5 (¢ = 1.60 in CHClI3); 96% ee, determined by HPLC analysis
[Daicel Chiralpak AD-H, n-hexane/i-PrOH = 60:40, 1.0 mL min™, A =254 nm]: t (minor) = 6.50 min,
t (major) = 7.71 min; *H NMR (400 MHz, CDCls): & (ppm) 7.49-7.32 (m, 3H), 7.32-7.21 (m, 2H),
7.07-6.98 (m, 1H), 6.94 (dd, J = 8.3, 2.2 Hz, 1H), 6.91 (d, J = 1.1 Hz, 1H), 6.87 (d, J = 2.2 Hz, 1H),
4.86 (d, J = 2.6 Hz, 1H), 4.56 (d, J = 14.8 Hz, 1H), 4.43 (d, J = 14.8 Hz, 1H), 3.72-3.84 (m, 1H),
3.05-2.93 (m, 1H), 2.93-2.70 (m, 3H), 2.54 (dd, J = 18.5, 3.8 Hz, 1H), 2.22 (dd, J = 18.5, 14.0 Hz,
1H); 3C NMR (100 MHz, CDCls): & (ppm) 207.7, 154.5, 145.2, 135.4, 133.5, 129.5, 129.1, 128.5,
128.2, 123.4, 122.7, 120.1, 118.2, 82.5, 81.6, 57.1, 44.8, 41.2, 33.0, 31.6, 28.5; HRMS (ESI-TOF)
m/z: [M + Na]" Calcd for CozsHisN20*’CINa 415.0998; Found 415.1009; Calcd for
C23H19N202*°CINa 413.1027; Found 413.1027.

Synthesis of 3g: A mixture of (E)-4-(2-hydroxy-5-methylphenyl)but-3-
en-2-one 2g (17.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-
cyanopyridin-1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine

C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive Al (2.8 mg, 0.020 mol,

20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL)
was stirred at rt for 48 h. After completion, purification by flash chromatography on silica gel
(EtOAc/petroleum ether = 1:4) gave product 3g: 31.4 mg (0.0849 mmol), as a white solid, 85% yield;
mp = 155-156 °C; [a]p® = +95.6 (¢ = 0.55 in CHCls); 95% ee, determined by HPLC analysis [Daicel
Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min%, A = 254 nm]: t (minor) = 13.40 min, t (major)
= 16.05 min; *H NMR (400 MHz, CDCls): 5 (ppm) 7.40-7.31 (m, 3H), 7.29-7.26 (m, 2H), 6.96-6.87
(m, 3H), 6.74 (d, J = 8.2 Hz, 1H), 4.83 (d, J = 2.6 Hz, 1H), 4.56 (d, J = 14.8 Hz, 1H), 4.42 (d, J =
14.8 Hz, 1H), 3.72-3.80 (m, 1H), 2.97 (ddd, J = 13.9, 8.7, 3.7 Hz, 1H), 2.92-2.75 (m, 3H), 2.53 (dd,
J=18.4,3.7 Hz, 1H), 2.31 (dd, J = 18.4, 13.9 Hz, 1H), 2.23 (s, 3H); *C NMR (100 MHz, CDCls):
d (ppm) 208.6, 151.6, 145.4, 135.6, 132.4, 129.14, 129.06, 128.6, 128.4, 128.2, 123.8, 120.4, 117.7,
82.2, 81.2, 57.1, 44.9, 41.4, 33.2, 31.8, 28.6, 20.8; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for
C24H22N202Na 393.1573; Found 393.1571.
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Synthesis of 3h: A mixture of (E)-4-(2-hydroxy-5-methoxyphenyl)
but-3-en-2-one 2h (19.2 mg, 0.999 mmol, 1.0 equiv) and N-benzyl 3-
cyanopyridin-1-ium bromide la (30.2 mg, 0.110 mmol, 1.1 equiv),
amine C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive Al (2.8 mg,

0.020 mol, 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in
DCM (2.0 mL) was stirred at 4 <€ for 7 days. After completion, purification by flash chromatography
on silica gel (EtOAc/petroleum ether = 1:4) gave product 3h: 25.0 mg (0.0648 mmol), as a white
solid, 65% yield; mp = 142-143 °C; [a]p?® = +71.2 (¢ = 1.7 in CHCls); 96% ee, determined by HPLC
analysis [Daicel Chiralpak 1D, n-hexane: i-PrOH = 60:40, 1.0 mL min, A = 254 nm]: t (minor) =
18.76 min, t (major) = 21.40 min; *H NMR (400 MHz, CDCls): & (ppm) 7.32-7.41 (m, J = 3H), 7.31-
7.23 (m, 2H), 6.91 (s, 1H), 6.78 (d, J = 8.9 Hz, 1H), 6.69 (dd, J = 8.9, 2.9 Hz, 1H), 6.60 (d, J = 2.9
Hz, 1H), 4.81 (d, J = 2.6 Hz, 1H), 4.56 (d, J = 14.8 Hz, 1H), 4.42 (d, J = 14.8 Hz, 1H), 3.74-3.82 (m,
1H), 3.72 (s, 3H), 2.97 (ddd, J = 12.5, 8.7, 3.8 Hz, 1H), 2.92-2.70 (m, 3H), 2.55 (dd, J = 18.4, 3.8
Hz, 1H), 2.34 (dd, J = 18.4, 13.9 Hz, 1H); *C NMR (100 MHz, CDCls): & (ppm) 208.3, 155.2, 147.6,
145.3, 135.6,129.1, 128.4, 128.2, 125.0, 120.3, 118.8, 114.6, 112.8, 82.4,81.2,57.1, 55.7, 44.9, 41 .4,
33.2,32.2,28.7; HRMS (ESI-TOF) m/z: [M + H]" Calcd for C24H23N203387.1703; Found 387.1702.

Synthesis of 3i: A mixture of (E)-4-(5-chloro-2-hydroxyphenyl)but-3-
en-2-one 1li (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-

cyanopyridin-1-ium bromide 2a (30.2 mg, 0.110 mmol, 1.1 equiv),

amine C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive Al (2.8 mg,

3i Ph 0.020 mol, 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM
(1.0 mL) was stirred at 4 <€ for 60 h. After completion, purification by flash chromatography on silica
gel (EtOAc/petroleum ether = 1:4) gave product 3i: 25.1 mg (0.0643 mmol), as a white solid, 64%
yield; mp = 105-106 °C; [a]o? = +102.6 (¢ = 1.20 in CHCl3); 97% ee, determined by HPLC analysis
[Daicel Chiralpak 1D, n-hexane/i-PrOH = 60:40, 1.0 mL min, X = 254 nm]: t (minor) = 16.44 min, t
(major) = 19.49min; 'H NMR (400 MHz, CDCls): & (ppm) 7.43-7.30 (m, 3H), 7.27 (d, J = 1.9 Hz,
1H), 7.25 (d, J = 1.6 Hz, 1H), 7.12-7.04 (m, 2H), 6.92 (d, J = 1.2 Hz, 1H), 6.79 (d, J = 9.4 Hz, 1H),
4.84 (d, J = 2.6 Hz, 1H), 4.56 (d, J = 14.8 Hz, 1H), 4.43 (d, J = 14.8 Hz, 1H), 3.74-3.84 (m, 1H),
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3.04-2.94 (m, 1H), 2.94-2.72 (m, 3H), 2.56 (dd, J = 18.4, 3.6 Hz, 1H), 2.26 (dd, J = 18.4, 14.0 Hz,
1H); *C NMR (100 MHz, CDCls): & (ppm) 207.8, 152.5, 145.3, 135.4, 129.1, 128.6, 128.5, 128.2,
127.9, 125.9, 120.1, 119.4, 82.5,81.4, 57.1, 44.8, 41.3, 32.9, 31.9, 28.5; HRMS (ESI-TOF) m/z: [M
+ Na]* Calcd for C2sH19N20,*’CINa 415.0998; Found 415.1029; Calcd for Ca3HisN.02*CINa
413.1027; Found 413.1029.

Synthesis of 3j: Amixture of (E)-4-(5-fluoro-2-hydroxyphenyl)but-3-en-
2-one 1j (18.0 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-
cyanopyridin-1-ium bromide 2a (30.2 mg, 0.110 mmol, 1.1 equiv), amine

C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive Al (2.8 mg, 0.020 mol,

20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL)
was stirred at rt for 48 h. After completion, purification by flash chromatography on silica gel
(EtOAc/petroleum ether = 1:4) gave product 3j: 27.0 mg (0.0722 mmol), as a white solid, 72% vyield;
mp = 160-161 °C; [a]p®= +56.9 (c = 0.90 in CHCI3); 97% ee, determined by HPLC analysis [Daicel
Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min%, A = 254 nm]: t (minor) = 13.12 min, t (major)
= 16.05 min; *H NMR (400 MHz, CDCls): & (ppm) 7.30—7.43 (m, 3H), 7.31-7.22 (m, 2H), 6.92 (s,
1H), 6.86-6.73 (M, 3H), 4.84 (d, J = 2.6 Hz, 1H), 4.56 (d, J = 14.8 Hz, 1H), 4.43 (d, J = 14.8 Hz, 1H),
3.75-3.82 (m, 1H), 3.03-2.95 (m, 1H), 2.91 (dd, J = 16.3, 4.7 Hz, 1H), 2.83 (td, J = 9.1, 2.6 Hz, 1H),
2.75 (dd, J = 16.3, 3.5 Hz, 1H), 2.56 (dd, J = 18.4, 3.7 Hz, 1H), 2.29 (dd, J = 18.4, 13.9 Hz, 1H); *C
NMR (100 MHz, CDCl3): & (ppm) 207.7, 158.2 (d, J = 241.9 Hz), 149.8 (d, J = 2.2 Hz), 145.2, 135.5,
129.1,128.5,128.2,125.6 (d, J = 7.1 Hz), 120.1, 119.3 (d, J = 8.3 Hz), 115.6 (d, J = 23.4 Hz), 114.48
(d, J=23.4 Hz), 82.5, 81.3, 57.1, 44.8, 41.3, 32.9, 32.2, 28.6; %F NMR (376 MHz, CDCls): 5 (ppm)
—119.45; HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C23H19N202FNa 397.1323; Found 397.1327.

0 Synthesis of ent-3j: A mixture of (E)-4-(5-fluoro-2-hydroxyphenyl)but-3-

G en-2-one 1j (18.0 mg, 0.1 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-
CN

H 1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C2 (6.5 mg,

H Nk 0.020 mol, 20 mol %), acid additive Al (2.8 mg, 0.020 mol, 20 mol %) and

B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for
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48 h. After completion, purification by flash chromatography on silica gel ( EtOAc/petroleum ether
= 1:4) gave product ent-3j: 21.5 mg (0.0574 mmol), as a white solid, 57% yield; [a]o® = -53.3 (c =
0.63 in CHCI3); 96% ee, determined by HPLC analysis [Daicel Chiralpak 1D, n-hexane/i-PrOH =
60:40, 1.0 mL min%, A = 254 nm]: t (minor) = 15.22 min, t (major) = 12.36min.

Synthesis of 3k: A mixture of (E)-4-(2-hydroxy-5-(trifluoromethyl)
phenyl)but-3-en-2-one 2k (23.0 mg, 0.0999 mmol, 1.0 equiv) and N-
benzyl 3-cyanopyridin-1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1
equiv, amine C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive Al (2.8

mg, 0.020 mol, 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in
DCM (1.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography on
silica gel (EtOAc/petroleum ether = 1:4) gave product 3k: 34.4 mg (0.0811 mmol), as a white solid,
81% yield; mp = 220 °C; [a]o® = +96.2 (c = 1.1 in CHClIs3); 97% ee, determined by HPLC analysis
[Daicel Chiralpak IF, n-hexane/i-PrOH = 80:20, 1.0 mL min, , = 254 nm]: t (minor) = 18.92 min, t
(major) = 20.51 min; *H NMR (400 MHz, CDCls): § (ppm) 7.23-7.36 (m, 5H), 7.22-7.14 (m, 2H),
6.89-6.81 (m, 2H), 4.82 (d, J = 2.6 Hz, 1H), 4.49 (d, J = 14.8 Hz, 1H), 4.36 (d, J = 14.8 Hz, 1H),
3.72-3.80 (m, J = 8.8, 4.1 Hz, 1H), 3.00-2.86 (M, 1H), 2.89-2.68 (m, 3H), 2.47 (dd, J = 18.4, 3.7 Hz,
1H), 2.13 (dd, J = 18.4, 13.9 Hz, 1H); 3C NMR (100 MHz, CDCls): & (ppm) 207.3, 156.6, 145.2,
135.3,129.1, 128.6, 128.2, 125.9 (g, J = 3.8 Hz), 125.6 (q, J = 3.5 Hz), 125.3 (q, J = 32.5 Hz), 124.8,
123.8(q, J =270 Hz), 120.0, 118.6, 82.6, 81.6, 57.2, 44.7, 41.3, 32.9, 31.8, 28.5; 1°F NMR (376 MHz,
CDCls): 8 (ppm) —61.76; HRMS (ESI-TOF) m/z: [M + H]* Calcd for C24H20N202F3 447.1291; Found
447.1287.

Synthesis of 3l: A mixture of (E)-4-(2-hydroxy-5-nitrophenyl)but-3-
en-2-one 21 (20.7 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-
cyanopyridin-1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv),
amine C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive Al (2.8 mg,

0.020 mol, 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in

DCM (2.0 mL) was stirred at rt for 24 h. After completion, purification by flash chromatography on
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silica gel (EtOAc/petroleum ether = 1:4) gave product 3l: 24.3 mg (0.0606 mmol), as a white
semisolid, 61% yield; [a]p?® = +265.0 (c = 0.56 in CHCI3): 96% ee, determined by HPLC analysis
[Daicel Chiralpak 1D, n-hexane/i-PrOH = 60:40, 1.0 mL min, A = 254 nm]: t (minor) = 35.32 min, t
(major) = 30.06 min; *H NMR (400 MHz, CDCls): § (ppm) 7.99 (d, J = 2.6 Hz, 1H), 7.94 (dd, J =
9.0, 2.6 Hz, 1H), 7.36-7.25 (m, 3H), 7.24-7.17 (m, 2H), 6.90-6.85 (m, 2H), 4.88 (d, J = 2.6 Hz, 1H),
451 (d, J = 14.8 Hz, 1H), 4.39 (d, J = 14.8 Hz, 1H), 3.90-3.76 (m, 1H), 3.01-2.92 (m, 1H), 2.94—
2.75 (m, 3H), 2.51 (dd, J = 18.6, 3.8 Hz, 1H), 2.07 (dd, J = 18.6, 13.9 Hz, 1H); 13C NMR (100 MHz,
CDCl3): & (ppm) 206.8, 159.2, 145.0, 143.0, 135.1, 129.2, 128.7, 128.2, 125.1, 124.8, 124.3, 119.7,
118.8, 83.0, 82.0, 57.3, 44.7, 41.1, 32.6, 31.9, 28.3; HRMS (ESI-TOF) m/z: [M + H]* Calcd for
C23H20N304 402.1448; Found 402.1448.

Synthesis of 3m: A mixture of (E)-4-(2-hydroxy-6-methylphenyl)but-3-en-
2-one 2m (17.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-
CN 1-jum bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5 mg,

0.020 mol, 20 mol %), acid additive Al (2.8 mg, 0.020 mol, 20 mol %) and

3m Ph B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for
24 h. After completion, purification by flash chromatography on silica gel (EtOAc/ petroleum ether
= 1:4) gave product 3m: 28.9 mg (0.0781 mmol), as a white solid, 78% yield; mp = 189-190 °C;
[0]o?® = +101.3 (¢ = 0.60 in CHCls); 96% ee, determined by HPLC analysis [Daicel Chiralpak ID, n-
hexane/i-PrOH = 60:40, 1.0 mL min™t, A = 254 nm]: t (minor) = 13.46 min, t (major) = 20.21 min; H
NMR (400 MHz, CDCl3): & (ppm) 7.29-7.39 (m, 3H), 7.20-7.25 (m, 2H), 7.02 (t, J = 7.8 Hz, 1H),
6.93 (s, 1H), 6.81 (d, J = 7.5 Hz, 1H), 6.70 (d, J = 8.1 Hz, 1H), 4.74 (d, J = 2.9 Hz, 1H), 4.54 (d, J =
15.0 Hz, 1H), 4.42 (d, J = 15.0 Hz, 1H), 3.93 (ddd, J = 10.2, 5.7, 2.8 Hz, 1H), 3.03 (dt, J = 10.7, 7.6
Hz, 1H), 2.91 (ddd, J = 10.5, 7.8, 2.8 Hz, 1H), 2.85 (dd, J = 15.8, 5.7 Hz, 1H), 2.70 (dd, J = 15.8, 2.9
Hz, 1H), 2.66-2.54 (m, 2H), 2.27 (s, 3H); 23C NMR (100 MHz, CDCl5): & (ppm) 208.9, 154.9, 145.0,
137.0,135.7,129.1,128.4,128.1, 127.8, 125.6, 124.2, 120.6, 115.9, 83.7, 80.9, 57.1, 42.9,41.4, 34.1,
31.2,29.4,19.3; HRMS (ESI-TOF) m/z: [M + H]* Calcd for C24H23N202 371.1754; Found 371.1759.
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Synthesis of 3n: A mixture of (E)-4-(6-chloro-2-hydroxyphenyl)but-3-en-
2-one 2n (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-
1-ium bromide l1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5 mg,
0.020 mol, 20 mol %), acid additive Al (2.8 mg, 0.020 mol, 20 mol %) and

B1(19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for
48 h. After completion, purification by flash chromatography on silica gel (EtOAc/petroleum ether =
1:4) gave product 3n: 35.1 mg (0.090 mmol), as a white solid, 90% yield; mp = 148-149 °C; [a]p®
=+109.9 (c = 1.7 in CHCIs); 95% ee, determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-
PrOH = 60:40, 1.0 mL min, X = 254 nm]: t (minor) = 13.24 min, t (major) = 16.17 min; *H NMR
(400 MHz, CDCls): 5 (ppm) 7.41-7.29 (m, 3H), 7.26-7.20 (m, 2H), 7.10-6.99 (m, 2H), 6.93 (s, 1H),
6.78 (dd, J = 7.9, 1.6 Hz, 1H), 4.75 (dd, J = 2.7, 1.4 Hz, 1H), 4.54 (d, J = 15.0 Hz, 1H), 4.42 (d, J =
15.0 Hz, 1H), 4.03 (ddd, J = 10.5, 5.8, 2.8 Hz, 1H), 3.12 (dd, J = 16.2, 2.8 Hz, 1H), 3.09-2.98 (m,
1H), 2.92 (ddd, J = 10.5, 7.8, 2.8 Hz, 1H), 2.84 (dd, J = 16.2, 5.8 Hz, 1H), 2.66-2.45 (m, 2H); 13C
NMR (100 MHz, CDCl): & (ppm) 208.6, 155.8, 144.8, 135.4, 133.9, 129.1, 128.7, 128.5, 128.1,
124.7,124.0, 120.3, 117.0, 84.2,81.2,57.2, 42.2, 41.4, 33.7, 31.8, 29.3; HRMS (ESI-TOF) m/z: [M
+ Na]* Calcd for C2sH19N20.*’CINa 415.0998; Found 415.1035; Calcd for CasHisN202*CINa
413.1027; Found 413.1024.

Synthesis of ent-3n: A mixture of (E)-4-(6-chloro-2-hydroxyphenyl)but-3-en-

cl G 2-one 2n (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-1-
CN

SO(
Sl Nk mol, 20 mol %), acid additive Al (2.8 mg, 0.020 mol, 20 mol %) and B1 (19.7
ent-3n “pp

| ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C2 (6.5 mg, 0.020

mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for 48 h. After
completion, purification by flash chromatography on silica gel ( EtOAc/petroleum ether = 1:4) gave
product ent-3n: 32.5 mg (0.0833 mmol), as a white solid, 83% yield; [a]o® = —137.0 (c = 0.79 in
CHCI3); 94% ee, determined by HPLC analysis [Daicel Chiralpak ID, n-hexane: i-PrOH = 60:40,

1.0 mL min, A = 254 nm]: t (minor) = 16.43 min, t (major) = 13.25 min.
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Synthesis of 3o0: A mixture of (E)-4-(6-bromo-2-hydroxyphenyl)but-3-en-
2-one 20 (24.0 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-
1-ium bromide l1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5 mg,
0.020 mol, 20 mol %), acid additive Al (2.8 mg, 0.020 mol, 20 mol %) and

B1(19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for
36 h. After completion, purification by flash chromatography on silica gel (EtOAc/petroleum ether =
1:4) gave product 30: 35.1 mg (0.0808 mmol), as a white solid, 81% yield; mp = 126-127 °C; [a]p®®
= +142.3 (c = 1.60 in CHCI3); 95% ee, determined by HPLC analysis [Daicel Chiralpak 1D, n-
hexane/i-PrOH = 60:40, 1.0 mL min, A = 254 nm]: t (minor) = 14.79 min, t (major) = 18.29 min; H
NMR (400 MHz, CDCls): & (ppm) 7.44-7.30 (m, 3H), 7.28-7.16 (m, 3H), 6.99 (t, J = 8.1 Hz, 1H),
6.93 (s, 1H), 6.81 (dd, J = 8.2, 1.2 Hz, 1H), 4.74 (s, 1H), 4.54 (d, J = 15.0 Hz, 1H), 4.42 (d, J = 15.0
Hz, 1H), 4.00 (ddd, J = 10.5, 6.0, 2.8 Hz, 1H), 3.15 (dd, J = 16.0, 2.8 Hz, 1H), 3.09-2.99 (m, 1H),
2.92 (ddd, J = 10.7, 7.8, 2.9 Hz, 1H), 2.83 (dd, J = 16.0, 6.0 Hz, 1H), 2.65-2.50 (m, 2H); 3C NMR
(100 MHz, CDCls): § (ppm) 208.5, 155.8, 144.7, 135.4, 129.12, 129.10, 128.5, 128.1, 125.6, 123.9,
120.3,117.7, 84.4, 81.2, 57.2, 42.6, 41.5, 33.9, 33.8, 29.4; HRMS (ESI-TOF) m/z: [M + Na]* Calcd
for C23H19N202"°BrNa 457.0522; Found 457.0528; Calcd for C23H19N202*'BrNa 459.0502; Found
459.0504.

Synthesis of 3p: A mixture of (E)-4-(3-hydroxynaphthalen-2-yl)but-3-
en-2-one 2p (21.2 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-
cyanopyridin-1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), and
amine C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive Al (2.8 mg,

0.020 mol, 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in
DCM (1.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography on
silica gel (EtOAc/petroleum ether = 1:4) gave product 3p: 21.4 mg (0.0527 mmol), as a white solid,
53% yield; mp = 213-214 °C; [a]p®® = +273.0 (c = 0.37 in CHCIs); 96% ee, determined by HPLC
analysis [Daicel Chiralpak AD-H, n-hexane/i-PrOH = 80:20, 1.0 mL min, A = 254 nm]: t (minor) =
22.99 min, t (major) = 31.23 min; *H NMR (400 MHz, CDCls): & (ppm) 7.68 (dd, J = 8.2, 3.9 Hz,
2H), 7.61 (s, 1H), 7.44-7.31 (m, 5H), 7.30 (d, J = 1.8 Hz, 2H), 7.25 (s, 1H), 6.95 (s, 1H), 4.94 (d, J

S21



= 2.6 Hz, 1H), 4.61 (d, J = 14.8 Hz, 1H), 4.46 (d, J = 14.8 Hz, 1H),3.94-4.05 (m, 1H), 2.99-3.06 (m,
1H), 2.98 (d, J = 4.1 Hz, 2H), 2.90 (td, J = 9.1, 2.7 Hz, 1H), 2.56 (dd, J = 18.3, 3.8 Hz, 1H), 2.34 (dd,
J =18.3, 13.8 Hz, 1H); *C NMR (100 MHz, CDCl3): & (ppm) 208.1, 152.0, 145.4, 135.5, 133.3,
129.9, 129.1, 128.5, 128.3, 128.2, 127.6, 126.6, 126.5, 125.3, 124.7, 120.2, 113.4, 82.4, 81.6, 57.1,
45.6, 41.4, 33.0, 32.1, 28.7; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C27H22N20;Na 429.1573;
Found 429.1573.

Synthesis of 3q: A mixture of (E)-4-(4-hydroxypyridin-3-yl)but-3-en-2-one
2q (16.3 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-1-ium
bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5 mg, 0.020 mol,
20 mol %), acid additive Al (2.8 mg, 0.020 mol, 20 mol %) and B1 (19.7

mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at 4 <€ for 60 h.
After completion, purification by flash chromatography on silica gel (EtOAc/petroleum ether = 2:1)
gave product 3g: 22.1 mg (0.0619 mmol), as a white solid, 62% vyield; mp = 135-137 °C; [o]p®® =
+63.1 (c = 0.70 in CHCI3); 98% ee (the peaks of two enantiomers were assigned by using a mixture
of 3q and its enantiomer obtained with amine C2), determined by HPLC analysis [Daicel Chiralpak
ID, n-hexane/i-PrOH = 70:30, 1.0 mL min™, L =254 nm]: t (major) = 46.27 min, t (minor) = 52.73min;
IH NMR (400 MHz, CDCls): & (ppm) 8.36 (s, 1H), 8.29 (d, J = 5.6 Hz, 1H), 7.43-7.34 (m, 3H), 7.27
(dd, 3 =7.9, 1.8 Hz, 2H), 6.92 (t, J = 1.2 Hz, 1H), 6.77 (d, J = 5.6 Hz, 1H), 4.92 (d, J = 2.7 Hz, 1H),
4.56 (d, J = 14.8 Hz, 1H), 4.45 (d, J = 14.8 Hz, 1H), 3.82-3.1 (m, 1H), 3.06-2.97 (m, 1H), 2.97-2.81
(m, 3H), 2.58 (dd, J = 18.4, 3.7 Hz, 1H), 2.14 (dd, J = 18.4, 13.8 Hz, 1H); 3C NMR (100 MHz,
CDCls): & (ppm) 206.9, 160.6, 150.7, 149.5, 145.1, 135.1, 129.2, 128.6, 128.2, 120.6, 119.7, 112.7,
82.5,82.0,57.2,44.4,41.1, 32.8, 29.6, 28.3; HRMS (ESI-TOF) m/z: [M + H]* Calcd for C22H20N30:
358.1550; Found 358.1549.

S22



Synthesis of 3r: A mixture of (E)-1-(2-chloro-6-hydroxyphenyl)pent-1-en-
3-one 2r (21.0 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 3-cyanopyridin-
1-ium bromide 1a (30.2 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5 mg,
0.020 mol, 20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 20 mol %) and

B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for
4 days. After completion, purification by flash chromatography on silica gel (EtOAc/petroleum ether
= 1:4) gave product 3r as inseparable diastereomers: 20.6 mg (0.0510mmol), as a white solid, 51%
yield; mp = 141-142 °C; [0]p?® = +131.2 (c = 0.59 in CHCI3); 3.6:1 dr; 97% ee, 96% ee, determined
by HPLC analysis [Daicel Chiralpak 1D, n-hexane: i-PrOH = 60:40, 1.0 mL min, A = 254 nm]: t
(minor) = 8.76 min, t1 (major) = 10.22 min, t> (minor) = 11.73 min, t> (major) = 12.17 min; for major
diastereomer: *H NMR (400 MHz, CDCls): § (ppm) 7.40-7.32 (m, 3H), 7.25-7.19 (m, 2H), 7.07—
7.02 (m, 2H), 6.98 (s, 1H), 6.77 (dd, J = 7.6, 1.9 Hz, 1H), 4.72 (dd, J = 3.3, 1.5 Hz, 1H), 4.56 (d, J =
15.1 Hz, 1H), 4.45 (d, J = 15.1 Hz, 1H), 4.04 (ddd, J = 10.9, 6.2, 2.5 Hz, 1H), 2.99 (dd, J = 15.8, 2.6
Hz, 1H), 2.95-2.83 (m, 1H), 2.79-2.69 (m, 2H), 1.30 (d, J = 6.6 Hz, 3H); 1*C NMR (100 MHz,
CDCls): & (ppm) 210.5, 154.7, 144.4, 134.3, 132.8, 128.1, 127.51, 127.50, 127.0, 123.8, 123.7, 121.1,
115.8, 83.5, 77.9, 55.9, 45.2, 40.2, 34.2, 33.4, 29.8, 13.4; HRMS (ESI-TOF) m/z: [M + H]" Calcd for
C24H22N.0,*"Cl 407.1335; Found 407.1337; Calcd for C24H22N20,%Cl 405.1364, Found 405.1369.

o Synthesis of 3s: A mixture of (E)-4-(6-

H
‘\\OAC

hydroxyphenyl)-2-oxobut-3-en-1-yl  acetate 2s

CN (22.0 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl

3-cyanopyridin-1-ium bromide 1a (30.2 mg, 0.110

3s-2 Ph mmol, 1.1 equiv), amine C1 (6.5 mg, 0.020 mol, 20
mol %), acid additive Al (2.8 mg, 0.020 mol, 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv)
in DCM (1.0 mL) was stirred at rt for 60 h. After completion, purification by flash chromatography
on silica gel (EtOAc/petroleum ether = 1:4) gave product 3s (as a mixture of diastereomers, only 3s-
1 can be partially isolated): 26.5 mg (0.0640 mmol), as a white solid, 64% yield; mp (3s-1) = 113-115
°C; [a]o® (3s-1) = —=74.0 (¢ = 0.47 in CHCls); 1:1 dr; 3s-1: 91% ee, determined by HPLC analysis

S23



[Daicel Chiralpak 1B-H, n-hexane/i-PrOH = 60:40, 1.0 mL mint, A =254 nm]: t (minor) =35.83 min,
t (major) = 38.50 min; 3s-2: 94% ee, determined by HPLC analysis [Daicel Chiralpak IB-H, n-
hexane/i-PrOH = 60:40, 1.0 mL min, A = 254 nm]: t (minor) =30.94 min, t (major) = 43.39 min; H
NMR (400 MHz, CDCls, 3s-1): & (ppm) 7.33 (dd, J = 5.0, 1.9 Hz, 3H), 7.25-7.15 (m, 1H), 7.14-7.05
(m, 3H), 7.01 (d, J = 8.1 Hz, 1H), 6.97 (s, 1H), 5.74 (d, J = 3.7 Hz, 1H), 5.03 (d, J = 3.7 Hz, 1H),
421 (d, J = 14.5 Hz, 1H), 4.11 (d, J = 14.5 Hz, 1H), 3.62 (ddd, J = 13.7, 9.2, 4.7 Hz, 1H), 3.45 (dd,
J=8.2,3.7Hz, 1H), 3.24 (ddd, J = 8.7, 3.7, 9.2 Hz, 1H), 2.97 (dd, J = 18.9, 4.7 Hz, 1H), 2.61 (dd, J
=18.9, 13.7 Hz, 1H), 2.23 (s, 3H); 3C NMR (100 MHz, CDCls, 3s-1): & (ppm) 201.3, 170.2, 150.7,
149.3, 134.7, 129.1, 128.74, 128.71, 128.5, 128.4, 123.3, 122.3, 119.2, 117.6, 80.6, 78.6, 76.0, 53.9,
43.0, 35.2, 34.2, 27.2, 20.7; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for CasH22N20sNa 437.1472;
Found 437.1478.

Synthesis of 3t: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one
2a (16.2 mg, 0.0999 mmol, 1.0 equiv) and N-(4-bromobenzyl) 3-
cyanopyridin-1-ium bromide 1b (38.6 mg, 0.109 mmol, 1.1 equiv),
amine C1 (6.5 mg, 0.020 mol, 20 mol %), acid additive Al (2.8 mg,
0.020 mol, 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in

DCM (1.0 mL) was stirred at rt for 48 h. After completion, purification
by flash chromatography on silica gel (EtOAc/petroleum ether = 1:4) gave product 3t: 37.3 mg
(0.0859 mmol), as a white solid, 86% yield; mp = 211-212 °C; [a]o® = +63.8 (c = 0.93 in CHCI3);
96% ee, determined by HPLC analysis [Daicel Chiralpak 1D, n-hexane/i-PrOH = 60:40, 1.0 mL min°
1 X =254 nm]: t (minor) = 14.99 min, t (major) = 18.40 min; *H NMR (400 MHz, CDCls): § (ppm)
7.51 (d, J = 8.4 Hz, 2H), 7.14 (dd, J = 19.6, 8.3 Hz, 4H), 6.97 (dd, J = 8.0, 6.5 Hz, 1H), 6.89 (s, 1H),
6.83 (d, J = 8.0 Hz, 1H), 4.83 (d, J = 2.6 Hz, 1H), 4.53 (d, J = 15.0 Hz, 1H), 4.37 (d, J = 15.0 Hz,
1H), 3.76-3.85 (M, 1H), 3.04-2.93 (m, 1H), 2.75-2.95 (m, 3H), 2.54 (dd, J = 18.4, 3.8 Hz, 1H), 2.28
(dd, J = 18.4, 13.9 Hz, 1H); 3C NMR (100 MHz, CDCls): § (ppm) 208.1, 153.7, 145.1, 134.6, 132.2,
129.9, 128.5, 128.4, 124.1, 123.2, 122.5, 120.0, 117.9, 82.1, 82.0, 56.5, 44.9, 41.3, 33.3, 31.8, 28.6;
HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C23H19N20,"°BrNa 457.0522; Found 457.0524, Calcd
for C23H19N2028BrNa 459.0502; Found 459.0503.
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Synthesis of 3u: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one
2a (16.2 mg, 0.0999 mmol, 1.0 equiv) and N-(4-cyanobenzyl) 3-cyano-
pyridin-1-ium bromide 1c (33.0 mg, 0.110 mmol, 1.1 equiv), amine C1
(6.5 mg, 0.020 mol, 20 mol %), acid additive Al (2.8 mg, 0.020 mol,

K@ 20 mol %) and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL)

CN was stirred at rt for 60 h. After completion, purification by flash

chromatography on silica gel (EtOAc/petroleum ether = 1:4) gave product 3u: 28.1 mg (0.0738
mmol), as a white solid, 74% yield; mp = 117-118 °C; [a]o® = +68.0 (c = 0.96 in CHCI3); 97% ee,
determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min, A =254
nm]: t (minor) = 28.86 min, t (major) = 33.63 min; *H NMR (400 MHz, CDCls): § (ppm) 7.68 (d, J
= 8.3 Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H), 7.12 (d, J = 7.3 Hz, 2H), 7.06-6.94 (m, 1H), 6.89 (s, 1H),
6.80 (dd, J = 8.5, 1.4 Hz, 1H), 4.84 (d, J = 2.6 Hz, 1H), 4.66 (d, J = 15.7 Hz, 1H), 4.48 (d, J = 15.7
Hz, 1H), 3.94-3.62 (m, 1H), 2.96-3.10 (m, 1H), 2.95-2.78 (m, 3H), 2.54 (dd, J = 18.3, 3.7 Hz, 1H),
2.28 (dd, J = 18.3, 13.8 Hz, 1H); 3C NMR (100 MHz, CDCls): & (ppm) 208.0, 153.5, 145.0, 141.3,
132.8, 128.7, 128.53, 128.50, 124.0, 123.3, 119.8, 118.3, 117.9, 112.4, 82.8, 82.4, 56.6, 44.8, 41.2,
33.3, 31.8, 28.5; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C2sH19N3O2Na 404.1375; Found
404.1371.

Synthesis of 3v: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one 2a
(16.2 mg, 0.0999 mmol, 1.0 equiv) and N-(2-methylbenzyl) 3-cyano-
pyridin-1-ium bromide 1d (31.7 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5

mg, 0.020 mol, 20 mol %), acid additive Al (2.8 mg, 0.020 mol, 20 mol %)
3v jij and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt

for 60 h. After completion, purification by flash chromatography on silica
gel (EtOAc/petroleum ether = 1:4) gave product 3v: 26.0 mg (0.0703 mmol), as a white solid, 70%
yield; mp = 114-115 °C; [a]p® = +85.2 (¢ = 0.65 in CHCls3); 95% ee, determined by HPLC analysis
[Daicel Chiralpak 1D, n-hexane/i-PrOH = 60:40, 1.0 mL min, X = 254 nm]: t (minor) = 13.00 min, t
(major) = 15.71 min; *H NMR (400 MHz, CDCls): § (ppm) 7.23-7.26 (m, 1H), 7.22-7.17 (m, 3H),
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7.16-7.08 (m, 2H), 6.97 (td, J = 7.5, 1.3 Hz, 1H), 6.88-6.83 (m, 1H), 6.87 (s, 1H), 4.82 (d, J = 2.6
Hz, 1H), 4.58 (d, J = 14.3 Hz, 1H), 4.42 (d, J = 14.3 Hz, 1H), 3.76-3.86 (m, 1H), 2.90-3.00 (m, 1H),
2.92-2.78 (m, 3H), 2.54 (dd, J = 18.4, 3.8 Hz, 1H), 2.32 (s, 1H), 2.29 (dd, J = 18.4, 14 Hz, 1H); 13C
NMR (100 MHz, CDCls): & (ppm) 208.4, 153.9, 145.1, 137.1, 133.0, 131.1, 129.6, 128.7, 128.5,
128.4, 126.5, 124.2, 123.1, 120.4, 117.9, 82.0, 81.3, 55.0, 44.9, 41.4, 33.2, 31.9, 28.7, 19.2; HRMS
(ESI-TOF) m/z: [M + Na]* Calcd for C24H22N202Na 393.1579; Found 393.1574.

Synthesis of 3w: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one 2a
(16.2 mg, 0.0999 mmol, 1.0 equiv) and N-butyl 3-cyanopyridin-1-ium
bromide 1e (26.5 mg, 0.110 mmol, 1.1 equiv) , amine C1 (6.5 mg, 0.020 mol,
20 mol %), acid additive A1 (2.8 mg, 0.020 mol, 20 mol %) and B1 (19.7
mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt for 48 h. After

completion, purification by flash chromatography on silica gel
(EtOAc/petroleum ether = 1:4) gave product 3w: 27.3 mg (0.0848 mmol), as a white solid, 85% vyield;
mp = 154 °C; [a]o®® = +85.2 (¢ = 0.65 in CHCls); 97% ee, determined by HPLC analysis [Daicel
Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min%, A = 254 nm]: t (minor) = 10.98 min, t (major)
= 14.36 min; *H NMR (400 MHz, CDCls): & (ppm) 7.13 (t, J = 7.5 Hz, 2H), 6.98 (td, J = 7.5, 1.3 Hz,
1H), 6.85 (s, 1H), 6.83 (d, J = 7.8 Hz, 1H), 4.94 (d, J = 2.6 Hz, 1H), 3.92-3.84 (m, 1H), 3.39 (dt, J =
14.3, 7.3 Hz, 1H), 3.24 (dt, J = 14.3, 7.3 Hz, 1H), 3.01-2.78 (m, 4H), 2.53 (dd, J = 18.4, 3.8 Hz, 1H),
2.29 (dd, J = 18.4, 14.0 Hz, 1H), 1.56-1.68 (m, 2H), 1.43-1.31 (m, 2H), 0.96 (t, J = 7.3 Hz, 3H); °C
NMR (100 MHz, CDCla): & (ppm) 208.5, 154.0, 145.3, 128.5, 128.4, 124.2, 123.1, 120.6, 118.1, 83.2,
79.8,53.9,45.1, 41.3,33.4, 32.0, 31.5, 28.5, 19.8, 13.8; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for
C24H22N202Na 345.1573; Found 345.1576.
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Synthesis of 3x: A mixture of (E)-4-(6-chloro-2-hydroxyphenyl)but-3-en-2-
one 2n (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-(2-hydroxyethyl) 3-cyano-
pyridin-1-ium bromide 1f (25.1 mg, 0.110 mmol, 1.1 equiv), amine C1 (6.5
mg, 0.020 mol, 20 mol %), acid additive Al (2.8 mg, 0.020 mol, 20 mol %)
and B1 (19.7 mg, 0.112 mmol, 1.1 equiv) in DCM (1.0 mL) was stirred at rt

for 4 days. After completion, purification by flash chromatography on silica
gel (EtOAc/petroleum ether = 1:1) gave product 3x: 30.6 mg (0.0889 mmol), as a white semisolid,
89% vyield; [a]o® = +152.0 (c = 0.01 in CHCIs); 93% ee, determined by HPLC analysis [Daicel
Chiralpak 1D, n-hexane/i-PrOH = 60:40, 1.0 mL mint, L = 254 nm]: t (minor) = 10.44 min, t (major)
= 20.96 min; *H NMR (400 MHz, CDCl5): & (ppm) 7.16-7.00 (m, 2H), 6.93 (s, 1H), 6.78 (dd, J =
7.2,2.2 Hz, 1H), 4.90 (s, 1H), 4.11 (ddd, J = 10.1, 5.9, 2.7 Hz, 1H), 3.90-3.74 (m, 2H), 3.56 (ddd, J
=14.9,6.7,4.2 Hz, 1H), 3.36 (ddd, J = 14.9, 5.3, 3.9 Hz, 1H), 3.16 (dd, J = 16.1, 2.7 Hz, 1H), 3.10-
2.95 (m, 2H), 2.87 (dd, J = 16.1, 5.8 Hz, 1H), 2.62-2.45 (m, 2H); 3C NMR (100 MHz, CDCls): &
(ppm) 208.5, 155.5, 144.8, 134.1, 128.8, 125.0, 124.1, 120.2, 116.9, 86.0, 80.9, 61.4, 57.0,42.2, 41.2,
33.6, 31.9, 29.1; HRMS (ESI-TOF) m/z: [M + H]* Calcd for CigH17N203s%'Cl 347.0971; Found
347.0971; Calcd for C1gH17N203*°Cl 345.1000; Found 345.0997.

Asymmetric reaction on a 1.0 mmol scale

CN e} C1 (20 mol %)
m o “ A1 (20 mol %)
@ .
N/ Br , B1 (1.1 equiv)
Bn OH DCM, 25 °C, 48 h
1a 2a

A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one 2a (162 mg, 1.00 mmol, 1.0 equiv) and N-
benzyl 3-cyanopyridin-1-ium bromide 1a (302 mg, 1.10 mmol, 1.1 equiv), amine C1 (65.0 mg, 0.20
mmol, 20 mol %), acid additive Al (28.0 mg, 0.200 mmol, 20 mol %) and B1 (197 mg, 1.10 mmol,
1.1 equiv) in DCM (10.0 mL) was stirred at rt for 48 h. After completion, purification by flash
chromatography on silica gel (EtOAc/petroleum ether = 1:4) gave product 3a: 263.4 mg (0.739 mmol),
as a white solid, 74% yield; 98% ee.
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4.2 General procedure for dearomative cascade reaction with enones 2 and activated N-

alkyl quinolinium salts 4

C3 (20 mol%)
A2 (20 mol%)

" Vel s B X Na,HPO,
N / H
S e (1.2 equiv)
EWG NBr- AP > —
4 Bn R 2 rt, DCE

General procedure B: A mixture of activated N-alkyl quinolinium salt 4a (0.12 mmol, 1.2 equiv),
enone 2 (0.1 mmol, 1.0 equiv), amine C2 (20 mol %), acid A2 (20 mol %) and Na,HPO4 (0.12 mmol,
1.2 equiv) were stirred in DCE (2.0 mL) at rt, and the reaction was monitored by TLC. After
completion, the product 5 were obtained by flash chromatography on silica gel. The racemic 5 was
obtained under the catalysis of ()-1,2-diphenylethane-1,2-diamine. The enantiomers were obtained

with amine C4.

Synthesis of 5a: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one
2a (16.2 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-nitroquinolin-1-
ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv), amine C3 (8.7 mg,
0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 0.018 mol, 20 mol %)

and Na;HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) in DCE (2.0 mL) was
stirred at rt for 48 h. After completion, purification by flash chromatography on silica gel (EtOAc/
petroleum ether = 1:4) gave product 5a: 29.9 mg (0.0702 mmol), as a yellow solid, 70% yield, mp =
196 °C; [0]p?® = +10.4 (c = 0.87 in CHCls); 89% ee, determined by HPLC analysis [Daicel Chiralpak
ID, n-hexane/i-PrOH = 60:40, 1.0 mL min, A = 254 nm]: t (minor) = 16.64 min, t (major) = 17.90
min; 'H NMR (400 MHz, CDCls): & (ppm) 8.03 (d, J = 2.6 Hz, 1H), 7.95 (dd, J = 9.2, 2.7 Hz, 1H),
7.43-7.27 (m, 5H), 7.19-7.12 (m, 1H), 7.14-7.08 (m, 1H), 6.98 (td, J = 7.5, 1.3 Hz, 1H), 6.84 (dd, J
=8.1, 1.3 Hz, 1H), 6.70 (d, J = 9.2 Hz, 1H), 5.21 (d, J = 3.0 Hz, 1H), 4.91 (d, J = 17.0 Hz, 1H), 4.83
(d, J = 17.0 Hz, 1H), 4.01-3.92 (m, 1H), 3.70-3.58 (m, 1H), 3.19 (td, J = 9.1, 2.8 Hz, 1H), 3.06 (dd,
J=16.2,4.8 Hz, 1H), 2.87 (dd, J = 16.2, 3.1 Hz, 1H), 2.71 (dd, J = 18.4, 13.9 Hz, 1H), 2.61 (dd, J =
18.4, 4.6 Hz, 1H); 3C NMR (100 MHz, CDCls): & (ppm) 208.7, 154.3, 147.1, 139.7, 136.3, 129.0,

S28



128.5, 128.3, 127.8, 126.5, 125.4, 124.9, 124.5, 123.2, 123.1, 118.1, 112.5, 87.2, 55.0, 45.1, 44.9,
33.3, 32.4, 31.8; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for CsH22N20sNa 449.1472; Found

449.1472.
0 Synthesis of ent-5a: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-
G one 2a (16.2 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-nitroquinolin-
NO
O H | A O * 1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv), amine C4 (8.7 mg,
O N 0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 0.020 mol, 20 mol %)
ent-5a ~ph

and Na;HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) in DCE (2.0 mL) was
stirred at rt for 60 h. After completion, purification by flash chromatography on silica gel
(EtOAc/petroleum ether = 1:4) gave product ent-5a: 28.2 mg (0.0662 mmol), as a yellow solid, 66%
yield, [a]p® = -12.5 (c = 0.59 in CHCIs); 89% ee, determined by HPLC analysis [Daicel Chiralpak
ID, n-hexane/i-PrOH = 60:40, 1.0 mL min%, A = 254 nm]: t (minor) = 18.07 min, t (major) = 16.48

min.

Synthesis of 5b: A mixture of (E)-4-(2-hydroxy-3-methylphenyl)but-3-
en-2-one 2b (17.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-
nitroquinolin-1-ium bromide 5a (41.4 mg, 0.120 mmol, 1.2 equiv),

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg,

0.020 mol, 20 mol %) and Na;HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv)
in DCE (1.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography
on silica gel (EtOAc/petroleum ether = 1:4) gave product 5b: 29.6 mg (0.0672 mmol), as a yellow
solid, 67% yield; mp = 138-140 °C; [a]o® = —32.7 (c = 0.41 in CHCIs); 84% ee, determined by
HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min™, X = 254 nm]: t (minor)
=15.78 min, t (major) = 17.10 min; *H NMR (400 MHz, CDCls): § (ppm) 8.04 (d, J = 2.7 Hz, 1H),
7.96 (dd, J = 9.2, 2.7 Hz, 1H), 7.43-7.32 (m, 4H), 7.30 (dd, J = 6.3, 2.4 Hz, 1H), 7.03-6.93 (m, 2H),
6.92-6.82 (m, 1H), 6.69 (d, J = 9.2 Hz, 1H), 5.19 (d, J = 2.8 Hz, 1H), 4.89 (s, 2H), 4.04-3.87 (m,
1H), 3.74-3.50 (m, 1H), 3.23-3.14 (m, 1H), 3.07 (dd, J = 16.1, 5.0 Hz, 1H), 2.83 (dd, J = 16.1, 3.0
Hz, 1H), 2.76 (dd, J = 18.5, 14.3 Hz, 1H), 2.60 (dd, J = 18.5, 4.3 Hz, 1H), 2.10 (s, 3H); 3C NMR
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(100 MHz, CDCls): 8 208.9, 152.4, 147.1, 139.6, 136.3, 129.4, 129.0, 127.7, 127.5, 126.4, 126.0,
125.4, 124.7, 1245, 123.0, 122.5, 112.4, 87.7, 55.1, 45.3, 45.0, 33.2, 32.6, 32.1, 15.7; HRMS (ESI-
TOF) m/z: [M + Na]* Calcd for C27H24N20sNa 463.1628; Found 463.1632.

Synthesis of 5¢: A mixture of (E)-4-(3-chloro-2-hydroxyphenyl)but-3-
en-2-one 2¢ (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-
nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv),

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg,

0.020 mol, 20 mol %) and Na;HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv)
in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography
on silica gel (EtOAc/petroleum ether = 1:4) gave product 5¢: 26.6 mg (0.0578 mmol), as a yellow
solid, 58% yield; mp = 124-126 °C; [a]p®® = —56.7 (¢ = 0.65 in CHCls3); 81% ee, determined by
HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min, A = 254 nm]: t (minor)
= 15.83 min, t (major) = 19.60 min; *H NMR (400 MHz, CDCls): § (ppm) 8.03 (d, J = 2.7 Hz, 1H),
7.96 (dd, J=9.2, 2.6 Hz, 1H), 7.46-7.31 (m, 4H), 7.34-7.25 (m, 1H), 7.19 (dd, J = 7.8, 1.5 Hz, 1H),
7.06 (dd, 1H), 6.96-6.86 (m, 1H), 6.74 (d, J = 9.2 Hz, 1H), 5.21 (d, J = 2.8 Hz, 1H), 4.94 (d, J = 16.9
Hz, 1H), 4.88 (d, J = 16.9 Hz, 1H), 4.03-3.94 (m, 1H), 3.73-3.59 (m, 1H), 3.27-3.14 (m, 1H), 3.09
(dd, J = 16.1, 5.0 Hz, 1H), 2.82 (dd, J = 16.1, 3.0 Hz, 1H), 2.73 (dd, J = 18.6, 13.9 Hz, 1H), 2.62 (dd,
J=18.6,4.6 Hz, 1H); *C NMR (100 MHz, CDCls): & (ppm) 208.4, 150.1, 146.9, 139.8, 136.0, 129.1,
128.9, 127.8, 127.1, 126.9, 126.6, 125.3, 124.6, 123.4, 123.3, 122.8, 112.6, 88.1, 54.8, 45.2, 44.8,
33.1, 32.8, 31.9; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C2sH2:N2043'Cl 485.1053; Found
485.1059; Calcd for C26H21N204°°Cl 483.1082; Found 483.1080.

Synthesis of 5d: A mixture of (E)-4-(2-hydroxy-4-methylphenyl)but-
3-en-2-one 2d (17.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-

NO, . T : :
% nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv),

:
s Nk and amine C2 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0
5d Ph

mg, 0.020 mol, 20 mol %) and NazHPO4 (17.0 mg, 0.120 mmol, 1.2
equiv) in DCE (2.0 mL) was stirred at rt for 60 h. After completion, purification by flash
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chromatography on silica gel (EtOAc/petroleum ether = 1:4) gave product 5d: 29.1 mg (0.0661
mmol), as a yellow solid, 66% yield; mp = 106-108 °C; [a]p®® = —27.1 (¢ = 0.73 in CHCl3); 86% ee,
determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min, A =254
nm]: t (minor) = 17.02 min, t (major) = 15.70 min; *H NMR (400 MHz, CDCls): & (ppm) 8.03 (d, J
= 2.7 Hz, 1H), 7.95 (dd, J = 9.2, 2.7 Hz, 1H), 7.43-7.27 (m, 5H), 7.03 (d, J = 7.9 Hz, 1H), 6.80 (dd,
J=8.0, 1.8 Hz, 1H), 6.69 (d, J = 9.2 Hz, 1H), 6.65 (d, J = 1.8 Hz, 1H), 5.19 (d, J = 2.7 Hz, 1H), 4.91
(d, J=17.0 Hz, 1H), 4.82 (d, J = 17.0 Hz, 1H), 4.02-3.86 (m, 1H), 3.68-3.55 (m, 1H), 3.17 (td, J =
9.0, 2.8 Hz, 1H), 3.03 (dd, J = 16.2, 4.7 Hz, 1H), 2.85 (dd, J = 16.1, 3.1 Hz, 1H), 2.70 (dd, J = 18.4,
14.0 Hz, 1H), 2.60 (dd, J = 18.4, 4.6 Hz, 1H), 2.24 (s, 3H); 3C NMR (100 MHz, CDCls): & 209.1,
154.0, 147.1,139.6, 138.5, 136.4, 129.0, 128.2, 127.7, 126.4, 125.4,124.5, 124.2,123.1, 121.6, 118.4,
112.5, 87.2, 55.0, 45.1, 44.9, 33.2, 32.1, 31.7, 21.0; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for
C27H24N202Na 463.1628; Found 463.1624.

Synthesis of 5e: A mixture of (E)-4-(4-chloro-2-hydroxyphenyl)but-
3-en-2-one 2f (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-
nitroguinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv),

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg,

0.020 mol, 20 mol %) and NaxHPO4 (17.0 mg, 0.120 mmol, 1.2
equiv) in DCE (1.0 mL) was stirred at rt for 48 h. After completion, purification by flash
chromatography on silica gel (EtOAc/petroleum ether = 1:4) gave product 5e: 25.2 mg (0.0548 mmol),
as a yellow solid, 55% yield; mp = 127-128 °C; [0]p?® = —40.0 (¢ = 0.45 in CHCls); 83% ee,
determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min, A =254
nm]: t (minor) = 18.50 min, t (major) = 16.15 min; *H NMR (400 MHz, CDCls): & (ppm) 8.03 (d, J
= 2.7 Hz, 1H), 7.96 (dd, J = 9.2, 2.6 Hz, 1H), 7.45-7.28 (m, 5H), 7.08 (d, J = 8.4 Hz, 1H), 6.96 (dd,
J=8.4,2.1 Hz, 1H), 6.86 (d, J = 2.1 Hz, 1H), 6.72 (d, J = 9.2 Hz, 1H), 5.19 (d, J = 2.8 Hz, 1H), 4.91
(d, J = 16.9 Hz, 1H), 4.81 (d, J = 16.9 Hz, 1H), 3.98-3.85 (m, 1H), 3.73-3.56 (m, 1H), 3.19 (td, J =
9.1, 2.8 Hz, 1H), 3.06 (dd, J = 16.2, 4.8 Hz, 1H), 2.83 (dd, J = 16.2, 3.1 Hz, 1H), 2.72-2.52 (m, 2H);
13C NMR (100 MHz, CDCls): 6 (ppm) 208.3, 154.9, 146.8, 139.8, 136.1, 133.5, 129.5, 129.1, 127.9,
126.5, 125.3,124.5, 123.5, 123.4, 122.9, 118.3, 112.6, 87.5, 55.0, 44.9, 44.8, 33.0, 32.1, 31.6; HRMS
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(ESI-TOF) m/z: [M + Na]* Calcd for CzH21N.04*'Cl 485.1053; Found 485.1060; Calcd for
C26H21N204%°Cl 483.1082; Found 483.1074.

o Synthesis of ent-5e: A mixture of (E)-4-(4-chloro-2-hydroxyphenyl)

G but-3-en-2-one 2f (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl

O g O NO: 6-nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv),

cl Of N amine C4 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg,
ent:se ph 0.020 mol, 20 mol %) and NazHPO4 (17.0 mg, 0.120 mmol, 1.2

equiv) in DCE (2.0 mL) was stirred at rt for 60 h. After completion, purification by flash
chromatography on silica gel (EtOAc/petroleum ether = 1:5) gave product ent-5e: 30.9 mg (0.0672
mmol), as a yellow solid, 67% yield; [0]p?® = +35.6 (¢ = 0.82 in CHCI3); 88% ee, determined by
HPLC analysis [Daicel Chiralpak 1D, n-hexane/i-PrOH = 60:40, 1.0 mL min’, A = 254 nm]: t (minor)

= 15.60 min, t (major) =17.80 min.

Synthesis of 5f: A mixture of (E)-4-(2-hydroxy-5-methylphenyl)but-
3-en-2-one 2g (17.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-
nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv),

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg,

0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv)
in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography
on silica gel (EtOAc/petroleum ether = 1:4) gave product 5f: 34.4 mg (0.0782 mmol), as a yellow
solid, 78% yield; mp = 110-112 °C; [a]po® = +32.0 (c = 0.79 in CHClI3); 86% ee, determined by HPLC
analysis [Daicel Chiralpak 1D, n-hexane/i-PrOH = 60:40, 1.0 mL min, A = 254 nm]: t (minor) =
16.14 min, t (major) = 17.49 min; *H NMR (400 MHz, CDCls): § (ppm) 8.03 (d, J = 2.7 Hz, 1H),
7.95 (dd, J = 9.2, 2.7 Hz, 1H), 7.41-7.27 (m, 5H), 6.94 (d, J = 2.1 Hz, 1H), 6.91 (dd, J = 8.3, 2.1 Hz,
1H), 6.73 (d, J = 8.2 Hz, 1H), 6.69 (d, J = 9.3 Hz, 1H), 5.16 (d, J = 2.6 Hz, 1H), 4.90 (d, J = 17.0 Hz,
1H), 4.81 (d, J = 17.0 Hz, 1H), 3.99-3.86 (m, 1H), 3.70-3.51 (m, 1H), 3.16 (td, J = 9.1, 2.8 Hz, 1H),
3.04 (dd, J = 16.3, 4.8 Hz, 1H), 2.87 (dd, J = 16.2, 3.1 Hz, 1H), 2.73 (dd, J = 18.4, 14.1 Hz, 1H), 2.60
(dd, J = 18.4, 4.3 Hz, 1H), 2.25 (s, 3H); 3C NMR (150 MHz, CDCl3): & (ppm) 209.0, 151.9, 147.1,
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139.6, 136.3, 132.4, 129.1, 129.0, 128.7, 127.7, 126.4, 125.3, 124.5, 124.4, 123.0, 117.8, 112.4, 87 .2,
54.9, 45.0, 45.0, 33.2, 32.3, 31.7, 20.8; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C27H24N202Na
463.1628; Found 463.1622.

o Synthesis of 5g: A mixture of (E)-4-(2-hydroxy-5-methoxyphenyl)
but-3-en-2-one 2h (19.2 mg, 0.1 mmol, 1.0 equiv) and N-benzyl 6-

nitroquinolin-1-ium bromide 4a (41.4mg, 0.120 mmol, 1.2 equiv),

|:| § amine C2 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0

mg, 0.020 mol, 20 mol %) and Na;HPO4 (17.0 mg, 0.120 mmol,
1.2 equiv) in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash
chromatography on silica gel (EtOAc/petroleum ether = 1:4) gave product 5g: 33.5 mg (0.0734 mmol),
as a yellow solid, 73% vyield; mp = 115-117 °C; [a]p®® = +38.3 (¢ = 0.82 in CHCIs); 88% ee,
determined by HPLC analysis [Daicel Chiralpak AD-H, n-hexane/i-PrOH = 60:40, 1.0 mL min%, 1, =
254 nm]: t (minor) = 13.74 min, t (major) = 16.79 min; *H NMR (400 MHz, CDCls): § (ppm) 8.02
(d,J=2.6 Hz, 1H), 7.94 (dd, J = 9.2, 2.7 Hz, 1H), 7.40-7.27 (m, 5H), 6.77 (d, J = 8.7 Hz, 1H), 6.72—
6.62 (m, 3H), 5.14 (d, J = 2.2 Hz, 1H), 4.90 (d, J = 17.0 Hz, 1H), 4.82 (d, J = 17.0 Hz, 1H), 3.97-
3.88 (m, 1H), 3.73 (s, 3H), 3.69-3.57 (m, 1H), 3.16 (td, J = 9.1, 2.8 Hz, 1H), 3.06 (dd, J = 16.2, 4.9
Hz, 1H), 2.84 (dd, J = 16.2, 3.0 Hz, 1H), 2.76 (dd, J = 18.4, 14.2 Hz, 1H), 2.60 (dd, J = 18.4, 4.2 Hz,
1H); 3C NMR (100 MHz, CDCls): & (ppm) 208.9, 155.2, 148.0, 147.1, 139.6, 136.4, 129.0, 127.8,
126.5,125.7, 125.4,124.5, 123.1, 118.9, 114.4, 112.9, 112.4, 87.4, 55.7, 55.0, 45.1, 45.0, 33.1, 32.8,
31.8; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C27H24N20sNa 479.1577; Found 479.1583.

Synthesis of 5h: A mixture of (E)-4-(5-fluoro-2-hydroxyphenyl)but-3-
en-2-one 2j (18.0 mg, 0.1 mmol, 1.0 equiv) and N-benzyl 6-
nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv),

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg,

0.020 mol, 20 mol %) and NazHPO4 (17.0 mg, 0.120 mmol, 1.2 equiv)
in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography

on silica gel (EtOAc/petroleum ether = 1:4) gave product 5h: 32.2 mg (0.0725 mmol), as a yellow
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solid, 73% yield; mp = 117-119 °C; [a]o® = +5.8 (c = 0.65 in CHCls); 87% ee, determined by HPLC
analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min, A = 254 nm]: t (minor) =
15.07 min, t (major) = 16.92 min; *H NMR (400 MHz, CDCls): § 8.03 (d, J = 2.7 Hz, 1H), 7.95 (dd,
J=9.2, 2.7 Hz, 1H), 7.45-7.28 (m, 5H), 6.94-6.77 (m, 3H), 6.70 (d, J = 9.2 Hz, 1H), 5.17 (d, J = 2.7
Hz, 1H), 4.91 (d, J = 17.0 Hz, 1H), 4.82 (d, J = 17.0 Hz, 1H), 4.00-3.84 (m, 1H), 3.77-3.52 (m, 1H),
3.18 (td, J = 9.1, 2.8 Hz, 1H), 3.08 (dd, J = 16.2, 4.9 Hz, 1H), 2.81 (dd, J = 16.2, 3.1 Hz, 1H), 2.71
(dd, J = 18.5, 13.6 Hz, 1H), 2.62 (dd, J = 18.6, 4.9 Hz, 1H); 3C NMR (100 MHz, CDCls): & (ppm)
208.3, 158.2 (d, J =241.7 Hz), 150.2, 146.9, 139.7, 136.1, 129.0, 127.8, 126.4, 126.3 (d, J = 7.3 Hz),
125.3,124.5,122.8, 119.4 (d, J = 8.2 Hz), 115.5 (d, J = 23.5 Hz), 114.5 (d, J = 23.4 Hz), 112.4, 87 .4,
54.9, 44.9, 44.8, 32.8, 32.7, 31.7; '°F NMR (376 MHz, CDCls): & (ppm) —119.4; HRMS (ESI-TOF)
m/z: [M + Na]* Calcd for C2sH21N20sFNa 467.1378; Found 467.1370.

Synthesis of 5i: A mixture of (E)-4-(5-chloro-2-hydroxyphenyl)but-
3-en-2-one 2i (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-

nitroguinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv),

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg,
0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv)
in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography
on silica gel (EtOAc/petroleum ether = 1:4) gave product 5i: 38.2 mg (0.0830 mmol), as a yellow
solid, 83% yield; mp = 116117 °C; [a]p® = +69.3 (c = 0.15 in CHClI3); 89% eg, determined by HPLC
analysis [Daicel Chiralpak 1D, n-hexane/i-PrOH = 60:40, 1.0 mL min™, A = 254 nm]: t (minor) =
16.58 min, t (major) = 17.45 min; *H NMR (400 MHz, CDCls): § (ppm) 8.03 (d, J = 2.7 Hz, 1H),
7.95 (dd, J = 9.1, 2.7 Hz, 1H), 7.41-7.28 (m, 5H), 7.13 (d, J = 2.5 Hz, 1H), 7.07 (dd, J = 8.7, 2.5 Hz,
1H), 6.78 (d, J = 8.7 Hz, 1H), 6.71 (d, J = 9.2 Hz, 1H), 5.17 (d, J = 2.8 Hz, 1H), 4.90 (d, J = 16.9 Hz,
1H), 4.81 (d, J = 16.9 Hz, 1H), 3.97-3.87 (m, 1H), 3.72-3.52 (m, 1H), 3.18 (td, J = 9.1, 2.8 Hz, 1H),
3.06 (dd, J = 16.3, 4.9 Hz, 1H), 2.83 (dd, J = 16.3, 3.1 Hz, 1H), 2.74-2.55 (m, 2H); 3C NMR (100
MHz, CDCls): & (ppm) 208.2, 152.9, 146.8, 139.8, 136.1, 129.1, 128.6, 128.3, 128.0, 127.9, 126.6,
126.5,125.3,124.5,122.9, 119.6, 112.6, 87.4,55.0, 44.91, 44.89, 32.9, 32.5, 31.6; HRMS (ESI-TOF)
m/z: [M + Na]* Calcd for C2sH21N204%'Cl 485.1053; Found 485.1060; Calcd for C2sH21N204%°Cl
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483.1082; Found 483.1075.

o Synthesis of ent-5i: A mixture of (E)-4-(5-chloro-2-hydroxyphenyl)
G but-3-en-2-one 2i (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl
cl NO
O H | H ’ 6-nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv),
o I°N
H

ontsi “pr amine C4 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg,

0.020 mol, 20 mol %) and NazHPO4 (17.0 mg, 0.120 mmol, 1.2 equiv)

in DCE (2.0 mL) was stirred at rt for 60 h. After completion, purification by flash chromatography
on silica gel (EtOAc/petroleum ether = 1:5) gave product 5i: 37.6 mg (0.0817 mmol), as a yellow
solid, 82% yield, [0]p?®> = —70.8 (c = 0.65 in CHCI3); 86% ee, determined by HPLC analysis [Daicel
Chiralpak 1D, n-hexane/i-PrOH = 60:40, 1.0 mL mint, L = 254 nm]: t (minor) = 18.50 min, t (major)

=17.11 min.

Synthesis of 5j: A mixture of (E)-4-(2-hydroxy-6-methylphenyl)but-3-
en-2-one 2m (17.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-
nitroguinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv),

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg,

0.020 mol, 20 mol %) and Na;HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv)
in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography
on silica gel (EtOAc/petroleum ether = 1:4) gave product 5j: 25.2 mg (0.0573 mmol), as a yellow
solid, 57% yield; mp = 219-220 °C; [a]p® = —3.5 (¢ = 0.69 in CHCls); 81% ee, determined by HPLC
analysis [Daicel Chiralpak 1D, n-hexane/i-PrOH = 60:40, 1.0 mL min, A = 254 nm]: t (minor) =
15.10 min, t (major) = 19.80 min; *H NMR (400 MHz, CDCls): § (ppm) 8.04 (d, J = 2.4 Hz, 1H),
7.95 (dd, J = 9.2, 2.5 Hz, 1H), 7.38-7.31 (m, 2H), 7.31-7.27 (m, 3H), 7.07-6.99 (m, 1H), 6.84 (d, J
= 7.5 Hz, 1H), 6.72 (d, J = 8.1 Hz, 1H), 6.65 (d, J = 9.1 Hz, 1H), 5.05 (d, J = 2.2 Hz, 1H), 4.85 (m,
2H), 4.16-4.05 (m, 1H), 3.79-3.64 (m, 1H), 3.30-3.17 (m, 1H), 3.14-2.95 (m, 2H), 2.66 (dd, J =
15.6, 2.3 Hz, 1H), 2.59 (dd, J = 19.2, 4.2 Hz, 1H), 2.32 (s, 3H); 3C NMR (100 MHz, CDCls): & (ppm)
209.3, 155.2, 146.6, 139.3, 136.8, 136.2, 129.0, 127.8, 127.7, 126.3, 125.6, 125.4,125.2,124.8, 123.1,
116.1, 111.8, 88.7, 54.1, 44.6, 43.3, 34.0, 33.5, 31.2, 19.1; HRMS (ESI-TOF) m/z: [M + Na]" Calcd
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for C,7H24N204Na 463.1628; Found 463.1624.

Synthesis of 5k: A mixture of (E)-4-(6-chloro-2-hydroxyphenyl)but-3-
en-2-one 2n (19.6 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-
nitroguinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv),

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg,

0.020 mol, 20 mol %) and Na;HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv)
in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography
on silica gel (EtOAc/petroleum ether = 1:6) gave product 5k: 20.1 mg (0.0436 mmol), as a yellow
solid, 44% yield; mp = 246 °C; [a]p®® = 65.2 (c = 0.84 in CHClIs3); 80% ee, determined by HPLC
analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min, A = 254 nm]: t (minor) =
15.67 min, t (major) = 17.48min; *H NMR (400 MHz, CDCls): § (ppm) 8.06 (dd, J = 2.6, 0.7 Hz,
1H), 7.98 (dd, J = 9.2, 2.7 Hz, 1H), 7.40-7.32 (m, 2H), 7.32-7.26 (m, 3H), 7.12-7.03 (m, 2H), 6.81
(dd, J = 7.0, 2.3 Hz, 1H), 6.68 (d, J = 9.2 Hz, 1H), 5.09 (dd, J = 3.1, 1.4 Hz, 1H), 4.89 (d, J = 17.5
Hz, 1H), 4.83 (d, J = 17.5 Hz, 1H), 4.29-4.17 (m, 1H), 3.80-3.67 (m, 1H), 3.31-3.17 (m, 1H), 3.14—
2.99 (m, 2H), 2.98 (dd, J = 19.0, 14.2 Hz, 1H), 2.62 (ddd, J = 19.0, 4.7, 1.2 Hz, 1H); 13C NMR (100
MHz, CDCIs): 6 (ppm) 209.1, 156.0, 146.3, 139.6, 136.0, 133.8, 129.1, 128.7, 127.8, 126.3, 125.3,
124.9, 124.8, 124.6,122.9, 117.1, 112.0, 89.1, 54.3, 44.8, 42.5, 33.5, 33.2, 32.0; HRMS (ESI-TOF)
m/z: [M + Na]* Calcd for C2sH21N204>"Cl 485.1053; Found 485.1068; Calcd for CasH21N.04*Cl
483.1082; Found 483.1082.

Synthesis of 5I: A mixture of (E)-4-(3,5-dibromo-2-hydroxyphenyl)
but-3-en-2-one 2t (31.8 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl
6-nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv),
amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg,

0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2
equiv) in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash
chromatography on silica gel (EtOAc/petroleum ether = 1:4) gave product 5I: 37.0 mg (0.0636 mmol),
as a yellow solid, 64% yield; mp = 146-148 °C; [a]o® = +69.3 (¢ = 0.15 in CHCIs); 80% ee,
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determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min™, A =254
nm]: t (minor) = 17.23 min, t (major) = 19.90 min; *H NMR (400 MHz, CDCls): § (ppm) 8.05-7.99
(m, 1H), 7.99-7.89 (m, 1H), 7.49 (s, 1H), 7.42-7.33 (m, 4H), 7.33-7.27 (m, 1H), 7.23 (d, J = 2.3 Hz,
1H), 6.75 (dd, J = 9.4, 3.2 Hz, 1H), 5.16 (s, 1H), 4.94 (d, J = 16.9 Hz, 1H), 4.87 (d, J = 16.9 Hz, 1H),
4.01-3.90 (m, 1H), 3.73-3.58 (m, 1H), 3.26-3.14 (m, 1H), 3.10 (dd, J = 16.2, 5.2 Hz, 1H), 2.78 (dd,
J=16.3,3.0 Hz, 1H), 2.72-2.57 (m, 2H); 3C NMR (100 MHz, CDCls): & (ppm) 207.9, 150.3, 146.7,
139.9, 135.8, 134.2, 130.5, 129.1, 128.8, 127.9, 126.7, 125.3, 124.6, 122.7, 115.3, 113.5, 112.7, 88.4,
54.7, 45.1, 44.8, 33.0, 32.8, 31.9; HRMS (ESI-TOF) m/z: [M + H]" Calcd for C26H21N2048'Br"°Br
584.9842; Found 584.9848; C2sH21N204"°Br, 582.9863; Found 582.9801. C26H21N204'Br,586.9822;
Found 586.9838.

Synthesis of 5m: A mixture of (E)-4-(3-hydroxynaphthalen-2-yl)
but-3-en-2-one 1p (21.2 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl
6-nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv),
amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg,

0.020 mol, 20 mol %) and NazHPO4 (17.0 mg, 0.120 mmol, 1.2 equiv)
in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography
on silica gel (EtOAc/petroleum ether = 1:4) gave product 5m: 25.3 mg (0.0532 mmol), as a yellow
solid, 53% yield; mp = 235-236 °C; [a]p®® = —47.1 (¢ = 0.79 in CHCls); 85% ee, determined by
HPLC analysis [Daicel Chiralpak 1D, n-hexane/i-PrOH = 60:40, 1.0 mL min™, A = 254 nm]: t (minor)
= 24.03 min, t (major) = 21.64 min; *H NMR (400 MHz, CDCls): § (ppm) 7.96 (d, J = 2.6 Hz, 1H),
7.89 (dd, J = 9.2, 2.7 Hz, 1H), 7.62 (d, J = 8.1 Hz, 1H), 7.60-7.51 (m, 2H), 7.41-7.19 (m, 6H), 7.19
(d, = 6.0 Hz, 2H), 6.65 (d, J = 9.2 Hz, 1H), 5.19 (d, J = 2.8 Hz, 1H), 4.87 (d, J = 16.9 Hz, 1H), 4.78
(d, J = 16.9 Hz, 1H), 4.18-3.99 (m, 1H), 3.65-3.49 (m, 1H), 3.16 (td, J = 9.0, 2.8 Hz, 1H), 3.06 (dd,
J=16.3,4.9 Hz, 1H), 2.93 (dd, J = 16.2, 3.2 Hz, 1H), 2.68 (dd, J = 18.5, 14.0 Hz, 1H), 2.55 (dd, J =
18.5, 4.4 Hz, 1H); 13C NMR (100 MHz, CDCls): § (ppm) 208.6, 152.5, 147.1, 139.7, 136.3, 133.4,
130.0, 129.1, 128.2, 127.8, 127.6, 126.58, 126.56, 126.5, 126.1, 125.3, 124.6, 124.5, 123.2, 113.5,
112.6, 87.5, 55.0, 45.8, 44.9, 33.1, 32.7, 31.8; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for
CaoH24N204Na 499.1628; Found 499.1630.
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Synthesis of 5n: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one
2a (16.2 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-cyanoquinolin-
1-ium bromide 4b (39.0 mg, 0.12 mmol, 1.2 equiv), amine C3 (8.7 mg,
0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 0.020 mol, 20 mol %)

and Na2HPOg4 (17.0 mg, 0.120 mmol, 1.2 equiv) in DCE (2.0 mL) was
stirred at rt for 48 h. After completion, purification by flash chromatography on silica gel (EtOAc/
petroleum ether = 1:4) gave product 5n: 31.1 mg (0.0766 mmol), as a yellow solid, 77% yield; mp =
119-121 °C; [a]o®® = +38.9 (c = 0.54 in CHCIls); 82% ee, determined by HPLC analysis [Daicel
Chiralpak 1B, n-hexane/i-PrOH = 60:40, 1.0 mL min™, A = 254 nm]: t (minor) = 15.29 min, t (major)
= 17.89 min; *H NMR (400 MHz, CDCls): 5 (ppm) 7.45-7.27 (m, 6H), 7.19-7.06 (m, 2H), 7.02-6.93
(m, 1H), 6.83 (dd, J = 8.1, 1.2 Hz, 1H), 6.69 (d, J = 8.7 Hz, 1H), 5.18 (d, J = 2.7 Hz, 1H), 4.85 (d, J
=17.0 Hz, 1H), 4.78 (d, J = 17.0 Hz, 1H), 4.01-3.83 (m, 1H), 3.65-3.49 (m, 1H), 3.17 (td, J = 9.1,
2.8 Hz, 1H), 3.04 (dd, J = 16.2, 4.8 Hz, 1H), 2.87 (dd, J = 16.3, 3.2 Hz, 1H), 2.69 (dd, J = 18.4, 14.3
Hz, 1H), 2.53 (dd, J = 18.4, 4.2 Hz, 1H); 13C NMR (100 MHz, CDCls): § (ppm) 208.9, 154.3, 145.2,
136.6, 133.1, 132.2,129.0, 128.5, 128.3, 127.7, 126.5, 124.9, 123.7, 123.0, 119.5, 118.1, 113.2, 101.6,
87.2,54.7, 45.0, 45.0, 33.3, 32.5, 31.5; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C27H22N202Na
429.1573; Found 429.1574.

Synthesis of 50: A mixture of (E)-4-(2-hydroxyphenyl)but-3-en-2-one
2a (16.2 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 7-nitroquinolin-1-
ium bromide 4c (41.4 mg, 0.120 mmol, 1.2 equiv), amine C3 (8.7 mg,
0.020 mol, 20 mol %), acid additive A2 (3.0 mg, 0.020 mol, 20 mol %)

and Na;HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) in DCE (2.0 mL) was
stirred at rt for 48 h. After completion, purification by flash chromatography on silica gel
(EtOAc/petroleum ether = 1:4) gave product 50: 26.2 mg (0.0615 mmol), as a yellow solid, 62% yield;
mp = 187-189 °C; [a]p?® = +40.0 (c = 0.44 in CHCIs); 89% ee, determined by HPLC analysis [Daicel
Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min, A = 254 nm]: t (minor) = 17.37 min, t (major)
= 22.51 min; *H NMR (400 MHz, CDCls): § (ppm) 7.64 (dd, J = 8.3, 2.2 Hz, 1H), 7.59 (d, J = 2.2
Hz, 1H), 7.41-7.33 (m, 4H), 7.32-7.26 (m, 1H), 7.22 (d, J = 8.4 Hz, 1H), 7.17-7.08 (m, 2H), 6.97
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(td, J=7.5,1.3 Hz, 1H), 6.84 (dd, J = 8.1, 1.3 Hz, 1H), 5.19 (d, J = 2.6 Hz, 1H), 4.88 (d, J = 16.4 Hz,
1H), 4.75 (d, J = 16.4 Hz, 1H), 4.02-3.89 (m, 1H), 3.68-3.55 (m, 1H), 3.18 (td, J = 9.1, 2.7 Hz, 1H),
3.02 (dd, J = 16.4, 4.6 Hz, 1H), 2.90 (dd, J = 16.4, 3.2 Hz, 1H), 2.73-2.51 (m, 2H); 3C NMR (100
MHz, CDCls): 6 (ppm) 209.1, 154.4, 147.9, 142.6, 136.5, 130.3, 129.7, 129.0, 128.38, 128.35, 127.8,
127.0, 124.7, 122.9, 118.2, 113.9, 107.7, 86.7, 54.7, 44.9, 44.8, 33.4, 32.5, 31.8; HRMS (ESI-TOF)
m/z: [M + Na]* Calcd for C2sH22N20sNa 449.1472; Found 449.1468.

Synthesis of 5p: A mixture of (E)-4-(2-(phenylamino)phenyl)but-3-en-
2-one 2u (23.7 mg, 0.0999 mmol, 1.0 equiv) and N-benzyl 6-
nitroquinolin-1-ium bromide 4a (41.4 mg, 0.120 mmol, 1.2 equiv),

amine C3 (8.7 mg, 0.020 mol, 20 mol %), acid additive A2 (3.0 mg,

0.020 mol, 20 mol %) and Na2HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv)
in DCE (2.0 mL) was stirred at rt for 48 h. After completion, purification by flash chromatography
on silica gel (EtOAc/petroleum ether = 1:4) gave product 5p: 31.7 mg (0.0631 mmol), as a yellow
solid, 63% yield; mp = 222-223 °C; [a]p?® = —68.0 (¢ = 0.75 in CHCls); 61% ee (the peaks of two
enantiomers were assigned by using a mixture of 5p and its enantiomer obtained with amine C4),
determined by HPLC analysis [Daicel Chiralpak ID, n-hexane/i-PrOH = 60:40, 1.0 mL min™, A =254
nm]: t (minor) = 25.71 min, t (major) = 28.23 min; *H NMR (400 MHz, CDCls): § (ppm) 8.09 (s,
1H), 7.85 (d, J = 9.2 Hz, 1H), 7.50-7.07 (m, 7H), 7.07-6.68 (m, 6H), 6.38 (dd, J = 29.0, 8.7 Hz, 2H),
5.20 (s, 1H), 4.29 (d, J = 16.5 Hz, 1H), 4.07 (d, J = 16.5 Hz, 1H), 3.93-3.82 (m, 1H), 3.79-3.58 (m,
1H), 3.41-3.22 (m, 1H), 3.09-2.64 (m, 4H); 3C NMR (100 MHz, CDCls): & (ppm) 209.4, 149.5,
1455, 144.3, 139.2, 136.9, 129.8, 128.8, 128.0, 127.5, 127.5, 126.8, 126.7, 126.04, 125.96, 125.1,
124.3,123.9,121.3,119.1, 113.5, 74.1, 53.8, 44.4, 44.2, 37.0, 32.3, 32.0; HRMS (ESI-TOF) m/z: [M
+ H]" Calcd for Cs2H28N303 502.2125; Found 502.2127.
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4.3 General procedure for dearomative cascade reaction with cyclic dienones 7 and activated

N,4-dialkyl pyridinium salt 6

o C1 (20 mol %)
N NO, (R)-A2 (40 mol %)
| Na,HPO,4 (1.2 equiv)
@_ © +
N Br
L | DCM
Ph R
6a 7

General procedure C: To the mixture of methyl (E)-3-(3-oxocyclohex-1-en-1-yl) acrylate 7 (0.1
mmol, 1.0 equiv), amine C1 (20 mol %), and acid (R)-A2 (40 mol %) in DCM (1.0 mL) were added
Naz;HPO4 (0.12 mmol, 1.2 equiv) and N-benzyl 4-methyl-3-nitropyridin-1-ium bromide 6 (0.12 mmol,
1.2 equiv) in four portions (12 h) at 25 <€€. The reaction was monitored by TLC. After 48 h, the
product 8 were obtained by flash chromatography on silica gel. The racemic 8 was generally obtained

under the catalysis of (3-1,2-diphenylethane-1,2-diamine.

Synthesis of 8a: A mixture of methyl (E)-3-(3-oxocyclohex-1-en-1-yl)acrylate

COzMe

7a (18.0 mg, 0.0999 mmol, 1.0 equiv) and amine C1 (6.5 mg, 0.020 mol, 20
mol %), acid additive (R)-A2 (6.1 mg, 0.040 mol, 40 mol %) in DCM (1.0 mL)
was stirred at 25 €. Na,HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) and N-benzyl

4-methyl-3-nitropyridin-1-ium bromide 6 (37.0 mg, 0.120 mmol, 1.2 equiv)
were added uniformly in four portions in the period of 12 h. After 48 h, purification by flash
chromatography on silica gel (EtOAc/petroleum ether = 1:4) gave product 8a: 30.5 mg (0.0747 mmol),
as a yellow solid, 75% vyield; mp = 185°C; [a]p®® = +344.7 (c = 0.89 in CHCI3); >19:1 dr; 81% ee,
determined by HPLC analysis [Daicel Chiralpak AD-H, n-hexane/i-PrOH = 80:20, 1.0 mL min, A =
254 nm]: t (minor) = 17.37 min, t (major) = 22.51 min; *H NMR (400 MHz, CDCls): & (ppm) 8.30
(s, 1H), 7.52-7.27 (m, 3H), 7.28-7.11 (m, 2H), 4.55 (d, J = 15.4 Hz, 1H), 4.33 (d, J = 15.4 Hz, 1H),
4.16 (s, 1H), 3.72 (s, 3H), 2.92-2.85 (m, 1H), 2.83-2.76 (M, 2H), 2.74-2.63 (m, 1H), 2.27— 2.12 (m,
2H), 2.06-1.92 (m, 1H), 1.92-1.85 (m, 2H), 1.84-1.75 (m, 1H), 1.70 (t, J = 13.1 Hz, 1H), 1.47-1.36
(m, 1H); 3C NMR (100 MHz, CDCls): & (ppm) 209.1, 174.0, 148.0, 131.8, 128.5, 128.0, 126.9, 126.8,
122.6, 119.9, 55.8, 54.9, 51.0, 48.1, 45.0, 35.8, 35.5, 33.3, 30.5, 27.5, 17.6; HRMS (ESI-TOF) m/z:

[M + H]" Calcd for Ca3H25N20s 409.1758; Found 409.1756.
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Synthesis of 8b: A mixture of (E)-3-styrylcyclohex-2-en-1-one 7b (19.8 mg,
0.0999 mmol, 1.0 equiv) and amine C1 (6.5 mg, 0.020 mol, 20 mol %), acid
additive (R)-A2 (6.1 mg, 0.040 mol, 40 mol %) in DCM (1.0 mL) was stirred
at 25 €. NazHPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) and N-benzyl 4-methyl-

3-nitropyridin-1-ium bromide 6 (37.0 mg, 0.120 mmol, 1.2 equiv) were added
uniformly in four portions in the period of 12 h. After 48 h, purification by flash chromatography on
silica gel (EtOAc/petroleum ether = 1:5) gave product 8b: 19.7 mg (0.0462 mmol), as a yellow solid,
46% vyield; mp = 176 °C; [a]p?® = +363.9 (¢ = 0.31 in CHCI3); >19:1 dr; 65% ee, determined by
HPLC analysis [Daicel Chiralpak IE-H, n-hexane/i-PrOH = 60:40, 1.0 mL min, A = 254 nm]: t
(minor) = 25.71min, t (major) = 28.27 min; *H NMR (400 MHz, CDCls): § (ppm) 8.31 (s, 1H), 7.52—
7.09 (m, 10H), 4.56 (d, J = 15.4 Hz, 1H), 4.35 (d, J = 15.4 Hz, 1H), 4.19 (s, 1H), 3.04-2.88 (m, 2H),
2.79-2.67 (M, 2H), 2.21 (s, 2H), 2.13-1.97 (m, 2H), 1.91-1.69 (m, 3H), 1.55-1.33 (m, 1H); 3C NMR
(100 MHz, CDCls): § (ppm) 210.9, 149.0, 145.0, 132.9, 129.5, 129.0, 128.7, 128.1, 127.9, 127.0,
126.7,125.1, 121.1, 56.8, 56.0, 49.5, 46.1, 39.1, 37.9, 36.8, 34.1, 31.7, 18.8; HRMS (ESI-TOF) m/z:
[M + Na]" Calcd for C27H26N203Na 449.1836; Found 449.1840.

Synthesis of 8c: A mixture of (E)-3-(4-chlorostyryl)cyclohex-2-en-1-one 7¢
(23.2 mg, 0.0999 mmol, 1.0 equiv) and amine C1 (6.5 mg, 0.020 mol, 20
mol %), acid additive (R)-A2 (6.1 mg, 0.040 mol, 40 mol %) in DCM (1.0 mL)
was stirred at 25 €. NazHPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) and N-benzyl
4-methyl-3-nitropyridin-1-ium bromide 6 (37.0 mg, 0.120 mmol, 1.2 equiv)

were added uniformly in four portions in the period of 12 h. After 48 h,

purification by flash chromatography on silica gel (EtOAc/petroleum ether =
1:5) gave product 8c: 20.3 mg (0.0441 mmol), as a yellow solid, 44% yield; mp = 107-109 °C; [a]po®
=+299.4 (¢ =0.35in CHCI3); >19:1 dr; 69% ee, determined by HPLC analysis [Daicel Chiralpak IE-
H, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, A = 254 nm]: t (minor) = 29.77 min, t (major) = 32.37
min; *H NMR (400 MHz, CDCls): 5 (ppm) 8.31 (s, 1H), 7.47-7.34 (m, 3H), 7.34-7.24 (m, 4H), 7.18
(d, J = 8.1 Hz, 2H), 4.56 (d, J = 15.4 Hz, 1H), 4.35 (d, J = 15.4 Hz, 1H), 4.19 (s, 1H), 2.97-2.79 (m,
2H), 2.70 (dd, J = 8.7, 2.4 Hz, 2H), 2.21 (s, 2H), 2.05 (d, J = 8.4 Hz, 2H), 1.88-1.68 (m, 3H), 1.48—
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1.35 (m, 1H); **C NMR (100 MHz, CDCls): & (ppm) 210.6, 149.0, 143.5, 132.8, 132.3, 129.5, 129.0,
128.7, 128.4, 128.0, 127.8, 124.8, 121.0, 56.9, 55.9, 49.4, 46.1, 39.1, 37.9, 36.3, 34.0, 31.7, 18.7;
HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C27H2sN203%'Cl 485.1416; Found 485.1412; Calcd for
C27H2sN205%Cl 483.1446; Found 483.1412.

Synthesis of 8d: A mixture of (E)-3-(4-nitrostyryl)cyclohex-2-en-1-one 7d
(24.3 mg, 0.0999 mmol, 1.0 equiv) and amine C1 (6.5 mg, 0.020 mol, 20
mol %), acid additive (R)-A2 (6.1 mg, 0.040 mol, 40 mol %) in DCM (1.0 mL)
was stirred at 25 €. Na,HPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) and N-benzyl

4-methyl-3-nitropyridin-1-ium bromide 6 (37.0 mg, 0.120 mmol, 1.2 equiv)

were added uniformly in four portions in the period of 12 h. After 48 h,

8d purification by flash chromatography on silica gel (EtOAc/petroleum ether =
1:4) gave product 8d: 28.5 mg (0.0605 mmol), as a yellow solid, 61% yield; mp = 137—142 °C; [a]p®
=+403.8 (¢ = 0.63 in CHCl3); >19:1 dr; 82% ee, determined by HPLC analysis [Daicel Chiralpak IG,
n-hexane/i-PrOH = 60:40, 1.0 mL min-1, A = 254 nm]: t (minor) = 47.40min, t (major) = 51.63 min;
IH NMR (400 MHz, CDCls): 5 (ppm) 8.33 (s, 1H), 8.19 (d, J = 8.7 Hz, 2H), 7.49-7.33 (m, 5H), 7.27
(d, J = 6.1 Hz, 2H), 4.58 (d, J = 15.4 Hz, 1H), 4.37 (d, J = 15.4 Hz, 1H), 4.21 (s, 1H), 3.21-3.00 (m,
1H), 2.97-2.91 (m, 1H), 2.75 (dd, J = 8.4, 2.3 Hz, 2H), 2.24 (s, 2H), 2.05 (t, J = 10.1 Hz, 2H), 1.93—
1.70 (m, 3H), 1.47 (td, J = 8.4, 8.0, 3.5 Hz, 1H); 3C NMR (100 MHz, CDCl5): § (ppm) 210.2, 152.6,
149.2, 146.8, 132.7, 129.5, 129.0, 128.0, 127.9, 127.8, 124.4, 124.0, 121.0, 56.9, 55.9, 49.3, 46.0,
38.7, 37.7, 37.0, 33.6, 31.7, 18.7; HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C27H25N30sNa
494.1686; Found 494.1682.

Synthesis of 8e: A mixture of (E)-3-(4-methylstyryl)cyclohex-2-en-1-one 7e
(21.2 mg, 0.0999 mmol, 1.0 equiv) and amine C1 (6.5 mg, 0.020 mol, 20
mol %), acid additive (R)-A2 (6.1 mg, 0.040 mol, 40 mol %) in DCM (1.0 mL)
was stirred at 25 €. NaHPO4 (17.0 mg, 0.120 mmol, 1.2 equiv) and N-benzyl

4-methyl-3-nitropyridin-1-ium bromide 6 (37.0 mg, 0.120 mmol, 1.2 equiv)

were added uniformly in four portions in the period of 12 h. After 48 h,
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purification by flash chromatography on silica gel (EtOAc/petroleum ether = 1:5) gave product 8e:
21.7 mg (0.0493 mmol), as a yellow solid, 49% yield; mp = 201-204 °C; [a]po®® = +373.8 (¢ = 0.31
in CHCI3); >19:1 dr; 66% ee, determined by HPLC analysis [Daicel Chiralpak IE, n-hexane/i-PrOH
= 60:40, 1.0 mL min-1, A = 254 nm]: t (minor) = 27.91min, t (major) = 35.36 min; *H NMR (400
MHz, CDCl3): & (ppm) 8.31 (s, 1H), 7.47-7.32 (m, 3H), 7.27 (d, J = 6.3 Hz, 2H), 7.14 (s, 4H), 4.56
(d, J = 15.4 Hz, 1H), 4.35 (d, J = 15.4 Hz, 1H), 4.19 (s, 1H), 2.96-2.86 (m, 2H), 2.76-2.67 (m, 2H),
2.33 (s, 3H), 2.21 (s, 2H), 2.12-2.00 (m, 2H), 1.86-1.69 (m, 3H), 1.48-1.37 (m, 1H); 13C NMR (100
MHz, CDCl3): & (ppm) 210.9, 148.9, 142.1, 136.2, 132.9, 129.5, 129.3, 129.0, 128.2, 127.8, 126.9,
125.1, 121.0, 56.8, 55.9, 49.5, 46.1, 39.3, 37.9, 36.4, 34.2, 31.7, 21.0, 18.8; HRMS (ESI-TOF) m/z:
[M + Na]" Calcd for C2sH2sN20O3Na 463.1992; Found 463.1994.

Synthesis of 8f: A mixture of (E)-3-(prop-1-en-1-yl)cyclohex-2-en-1-one 7f
(13.6 mg, 0.0999 mmol, 1.0 equiv) and amine C1 (6.5 mg, 0.020 mol, 20
mol %), acid additive (R)-A2 (6.1 mg, 0.040 mol, 40 mol %) in DCM (1.0 mL)

was stirred at 25 €. NaHPO4 (17.0 mg, 0.145 mmol, 1.45 equiv) and N-

benzyl 4-methyl-3-nitropyridin-1-ium bromide 6 (37.0 mg, 0.145 mmol, 1.45
equiv) were added uniformly in five portions in the period of 16 h. After 48 h, purification by flash
chromatography on silica gel (EtOAc/petroleum ether = 1:8) gave product 8f: 12.7 mg (0.0349 mmol),
as a yellow solid, 35% yield; mp = 74-76 °C; [0]p®® = +546.7 (c = 0.26 in CHCI3); >19:1 dr; 85% ee,
determined by HPLC analysis [Daicel Chiralpak IE-H, n-hexane/i-PrOH = 60:40, 1.0 mL min-1, A =
254 nm]: t (minor) = 23.54 min, t (major) = 21.13 min; *H NMR (400 MHz, CDCls): § (ppm) 8.29
(s, 1H), 7.49-7.32 (m, 3H), 7.30-7.14 (m, 2H), 4.54 (d, J = 15.5 Hz, 1H), 4.32 (d, J = 15.5 Hz, 1H),
4.14 (s, 1H), 2.92-2.72 (m, 1H), 2.50 (dd, J = 17.8, 5.0 Hz, 1H), 2.30-2.18 (m, 1H), 2.13 (s, 2H),
2.05-1.94 (m, 1H), 1.89 (t, J = 11.9 Hz, 1H), 1.84-1.70 (m, 1H), 1.58-1.47 (m, 1H), 1.42-1.29 (m,
1H), 1.29-1.17 (m, 2H), 1.04 (d, J = 6.5 Hz, 3H); 13C NMR (100 MHz, CDCls): 5 (ppm) 211.3, 148.9,
132.9, 129.4, 128.9, 128.2, 127.8, 125.0, 121.3, 56.8, 55.9, 49.6, 46.2, 40.8, 37.5, 34.4, 31.8, 25.3,
21.9, 18.8; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C22H24N20sNa 387.1679; Found 387.1684.
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5.  Transformations of products

N .
o ©\/\o KOH (1.2 equiv)
NH, EtOH, rt, 18 h

9

10 83%, 99% ee

Synthesis of 10: To a solution of 3a (35.6 mg, 0.0999 mmol) and 2-aminobenzaldehyde 9 (14.5
mg, 0.119 mol, 1.2 equiv) in EtOH (1.0 mL) was added KOH (6.7 mg, 0.12 mol, 1.2 equiv). The
mixture was stirred at room temperature for 18 h. Then the mixture was concentrated under reduced
pressure and purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1:4 to 1:3)
gave product 10: 36.8 mg (0.0831 mmol), as a white solid, 83% yield; mp = 239-240 °C; [a]p®® =
+153.3 (¢ = 0.36 in CHCI3); 99% ee, determined by HPLC analysis [Daicel Chiralpak AD-H, n-
hexane/i-PrOH = 60/40, 1.0 mL min-1, A = 254 nm]: t (minor) = 18.30 min, t (major) = 11.74 min;
IH NMR (400 MHz, CDCl3): & 8.07 (s, 1H), 8.01 (d, J = 8.4 Hz, 1H), 7.85 (dd, J = 8.1, 1.4 Hz, 1H),
7.72-7.61 (m, 1H), 7.53 (td, J = 7.4, 6.8, 1.2 Hz, 1H), 7.43-7.28 (m, 5H), 7.09-7.01 (m, 1H), 6.94 (t,
J=1.2 Hz, 1H), 6.89-6.81 (m, 2H), 6.79-6.68 (m, 1H), 5.02 (d, J = 2.7 Hz, 1H), 4.68 (d, J = 9.0 Hz,
1H), 4.61 (d, J = 14.7 Hz, 1H), 4.46 (d, J = 14.7 Hz, 1H), 3.26 (dd, J = 14.4, 3.0 Hz, 1H), 3.00 (td, J
=9.2, 2.7 Hz, 1H), 2.90 (t, J = 13.9 Hz, 1H), 2.68-2.56 (m, 1H); 3C NMR (100 MHz, CDCls): &
(ppm) 160.2, 154.1, 146.7, 145.6, 135.8, 134.1, 132.9, 129.9, 129.3, 129.0, 128.9, 128.4,128.3, 128.1,
127.6,127.3,126.3, 123.2, 122.3, 120.4, 117.7, 83.8, 82.5, 57.2, 40.0, 36.7, 34.4, 33.0; HRMS (ESI-
TOF) m/z: [M + H]" Calcd for C30H24N30 442.1914; Found 442.1920.

COZMe
CO,Me
Pd/C
NO,
H, (1 atm) \ NH,
N MeOH, rt, 3 h |
H %
Bn (0] N
8a 81% ee 11 42%, 80% ee

A mixture of product 8a (40.8 mg, 0.0999 mmol) and 10% palladium on charcoal (40.8 mg, 0.0100
mmol, 10 mol %,) in methanol (2 mL) was purged with hydrogen. The mixture was stirred at room
temperature for 3 h, filtered through celite, washed with DCM and concentrated in vacuo. The residue

was purified by column chromatography on silica gel (petroleum ether/EtOAc = 1:1 to 3:1) to give
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product 12: 12.0 mg (0.0419 mmol), as a white solid, 42% yield; mp = 203-204 °C; [a]p®°> =+119.5 (c
= 0.37 in CHCl3); 80% ee, determined by HPLC analysis [Daicel Chiralpak 1D, n-hexane/i-PrOH =
60/40, 1.0 mL min-1, A = 254 nm]: t (minor) = 20.71 min, t (major) = 23.97 min; *H NMR (400 MHz,
CDCl3): & (ppm) 7.87 (s, 1H), 3.77 (s, 3H), 3.73 (q, J = 4.1, 3.3 Hz, 1H), 2.93-2.71 (m, 2H), 2.58 (dd,
J=16.0, 11.0 Hz, 1H), 2.36 (d, J = 18.4 Hz, 1H), 2.28 (dt, J = 13.6, 2.2 Hz, 1H), 2.19-2.02 (m, 1H),
1.98-1.86 (m, 2H), 1.82-1.63 (m, 3H); 3C NMR (100 MHz, CDCls): & (ppm) 209.5, 174.9, 145.8,
139.8,134.3,134.1, 126.5, 54.2,52.2, 48.3, 37.5, 37.0, 35.3, 31.0, 25.7, 24.3; HRMS (ESI-TOF) m/z:
[M + H]" Calcd for C16H1sN20O3 287.1390; Found 287.1381.
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6. More substrate exploration

o)
o) C1 (20 mol %)
A CN A1 (20 mol %)
/ (\)J\ + A B1 (1.1 equiv) CN
'\\_’ @ o - |
X Z Br t, DCM NN
n |
1a 3 Bn
i o) /O /O i
: _ = :
LY N o S 5
| ~ OH A H | / 0)
Ve (12 L e
: N OH :
| messy messy pigment produced bad conversion !
O o R=H messy
| & (0] R =Me trace |
: X R =Ph 1,4-addition !
. HO ; .
! AN R=Ts NR ;
E SH NR NHR R =COOMe NR E
' unstable and dimerization ; = X'S '\’]‘S :
! - Ac :
! 0 i
R R'=H,R?=H NR y 0 | N o :
: N\ R'=H,R2=Me NR R H |
5 NRZ2 R'=OMe,R2=H NR RoH NR NR |
5 R=Me NR ;

Scheme S1. More exploration on the reactions with diverse enones

Then we explored the dearomative cascade reactions between other enones and pyridinium salt
la under the catalysis of C1. Unfortunately, there was no success and results were outlined in the

above Scheme S1.
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C1 (20 mol %)

(0]
A1 (20 mol %) =
X - EWG _ EWG = NO, messy
w . @ B1 (1.1 equiv) | EWG EWG = COOEt NR
oH N 5@ EWG=Ac  NR

L rt, DCM (e} N EWG =Bz trace
2a 1 3 Bn

C1 (20 mol %)

O
S NO, A1 (20 mol %)
’ m B1 (1.1 equiv) | NO;
@ o | |
’}‘ Br
Bn

rt, DCM N

C2 (20 mol %)

o A2 (20 mol %) R = 6-CF;4 28:/0, 74% ee
X | NazHPO4 (1.2 equiv) R R=6-H <5%
ﬁ» R=6-Br <5%
OH B rt, DCE R =5-NO, NR

2a 4 3 Bn

C1 (20 mol %) MeOOC
(R)-A2 (40 mol %)
Na,HPO4(1.2 equiv)
N Br
DCM, rt, 48 h o)

6 MeOOC 7a

COOMe

major minor

Scheme S2. More exploration on other pyridinium and quinolinium salts

We found the 3-cyano group was essential for the dearomative cascade reaction. When other 3-
EWG substituted pyridinium salts were tested, the reaction was messy for the 3-NO; substituted
pyridinium salt. In addition, the reaction didn’t occur for the salts with other weaker electron

withdrawing groups. In addition, the unsuccessful attempts were summarized in Scheme S2.
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7. Proposed catalytic mechanism

2N O S
o) 9 . H
AN
/%/
H,0 OH | gnbr

Re-face attack

5 5 CN
H,0 OH N

B g

Si-face attack Re-face attack
Scheme S3 Proposed mechanism and transition state for the formation of 3a.

As outlined in Scheme S3, after condensation of chiral amine C1 with compound 2a, a cross
dienamine intermediate | was formed and then attacked 1a from Re-face to give Il. Then a Michael
reaction occurred for the dearomatized enamine-type intermediates, followed by hydrolysis of 111 to
regenerate the catalyst. Finally, the hydroxyl group captured iminium ion from Si-face to give the

desired product 3a.
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Bn

aromatization N02 b
ase COOMe
COOMe @ deprotonatlon
B _HBr aromatization
6 Ga'
MeOOC
se
NO, int-1

Scheme S4 Proposed reaction pathway for the formation of 8a.

As outlined in Scheme S4, 7a first was condensed with chiral amine C1 to form an iminium ion
intermediate. On the other hand, the activated nucleophile 6a" formed by the deprotonation of 6a,
attacked the iminium ion intermediate to deliver int-1, followed by dearomatization and
tautomerization to give int-3, and then an intramolecular Michael addition occurred to furnish
spirocyclic int-4. After the second aromatization and tautomerization, int-5 was generated and the
enamine moiety attacked the pyridinium ring, finally furnishing fused and bridged architecture 8 after

the release of the catalyst.
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8. Crystal data and structural refinement

8.1 Procedure for the recrystallization of 3t

To a 10 mL tube containing 3t (20 mg) was added a 1:3 mixture of n-hexane and
dichloromethane (about 3 mL). The mixture was heated until a clear solution was formed, which was
kept aside overnight at room temperature to obtain crystals. The crystals were subjected for single
crystal XRD to determine the absolute configuration of 3t. The data were collected by an Xcalibur E
equipped with a Mo radiation source (Ko = 0.71073 A) at 293.15 K. CCDC 2022384 (3t) contains
the supplementary crystallographic data for this paper. These data can be obtained free of charge

via www.ccdc.cam.ac.uk/data_request/cif.

3t (CCDC 2022384)

(ellipsoid contour probability 50%)

Identification code 3t

Empirical formula C23H19BrN202
Formula weight 435.31
Temperature/K 293.15

Crystal system orthorhombic
Space group P212:2;

alA 5.7376(4)

b/A 8.6079(7)

c/A 39.542(3)

a/° 90
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pre
v/°

Volume/A3

z

pealcg/cm?®

w/mm

F(000)

Crystal size/mm?®

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

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

Largest diff. peak/hole / e A

Flack parameter

90

90

1952.9(3)

4

1.481

2.126

888.0

0.35 x0.3 x0.25

MoKa (A =0.71073)

6.182 t0 52.72
-6<h<7,-10<k<9,-49<1<48
11104

3945 [Rint = 0.0406, Rsigma = 0.0474]
3945/0/253

1.072

R1=0.0491, wR2 = 0.1043
R1=0.0626, wR2 = 0.1144
0.25/-0.65

-0.004(6)

8.2 Procedure for the recrystallization of 5k

To an NMR tube containing 5k (25 mg) was added CDCl3 (about 1.5 mL). Crystals were obtained by
solvent evaporation at room temperature. The crystals were subjected for single crystal XRD to
determine the absolute configuration of 5k. The data were collected by an Agilent Gemini equipped
with a Cu radiation source (Ko = 1.54184 A) at 296.11 K. CCDC 2022385 (5k) contains the

supplementary crystallographic data for this paper. These data can be obtained free of charge

via www.ccdc.cam.ac.uk/data_request/cif.
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(ellipsoid contour probability 50%)

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/lA

al/<

B/

vI°

Volume/A3

Z

pealcg/cm®

pw/mm

F (000)

Crystal size/mm?®
Radiation

20 range for data collection/°

5k (CCDC 2022385)

5k
C26H21CIN204
460.90

296.11
orthorhombic
P21212;
8.9839(3)
10.1735(3)
23.7806(8)

90

90

90

2173.48(12)

4

1.408

1.869

960.0

0.6 x0.4 <0.3
CuKa (A= 1.54184)
7.434 10 142.634
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Index ranges -1<h<10,-12<k<12,-25<1<28

Reflections collected 11768

Independent reflections 4160 [Rint = 0.0475, Rsigma = 0.0394]
Data/restraints/parameters 4248/0/298

Goodness-of-fit on F 1.059

Final R indexes [[>=2c ()] R1=0.0559, wR>=10.1394

Final R indexes [all data] R1=0.0559, wR? = 0.1464

Largest diff. peak/hole / e A 0.26/-0.40

Flack parameter 0.005(13)

8.3 Procedure for the recrystallization of 10

To a 10 mL tube containing 10 (25 mg) was added a 4:1 mixture of EtOAc and dichloromethane
(about 2 mL). A clear solution was formed by ultrasound treatment, which was kept aside for 2 days
at room temperature to obtain crystals. The crystals were subjected for single crystal XRD to
determine the absolute configuration of 10. The data were collected by an Agilent Gemini equipped
with a Cu radiation source (Ka = 1.54184 A) at 295.9(4) K. CCDC 2023072 (10) contains the
supplementary crystallographic data for this paper. These data can be obtained free of charge

via www.ccdc.cam.ac.uk/data_request/cif.

10 (CCDC 2023072)

(ellipsoid contour probability 50%)

Identification code 10
Empirical formula CazoH23N30
Formula weight 441.51
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Temperature/K
Crystal system
Space group
alA

b/A

c/lA

al/<

B/°

VI
Volume/A3

Z

pealcg/cm?®
w/mm

F (000)

Crystal size/mm®

Radiation

20 range for data collection/°

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]

Largest diff. peak/hole / e A

Flack parameter

295.9(4)

orthorhombic

P2:212;

9.3601(3)

12.7584(4)

18.9146(6)

90

90

90

2258.78(12)

4

1.298

0.626

928.0

0.55 x0.3 x0.2

CuKa (A= 1.54184)

8.36 to 128.742
-10<h<6,-14<k<14,-21<1<22
10552

3761 [Rint = 0.0615, Rsigma = 0.0488]
3761/14/307

1.037

R1=0.0673, wR>=0.1655
R;=0.0711, wR> = 0.1733
0.23/-0.38

-0.1(4)
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8.4 Procedure for the recrystallization of 11

To a 10 mL tube containing 11 (15 mg) was added a 5:1 mixture of EtOAc and dichloromethane
(about 2 mL). A clear solution was formed by ultrasound treatment, which was kept aside for 2 days
at room temperature to obtain crystals. The crystals were subjected for single crystal XRD to
determine the absolute configuration of 11. The data were collected by an Agilent Gemini equipped
with a Cu radiation source (Ka = 1.54184 A) at 296.3(4) K. CCDC 2022386 (11) contains the
supplementary crystallographic data for this paper. These data can be obtained free of charge

via www.ccdc.cam.ac.uk/data_request/cif.

(ellipsoid contour probability 50%)

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

ale

Br/e

Yyl

9%
@) N

11 (CCDC 2022386)

11
C16H18N20s
286.32
206.3(4)
orthorhombic
P212121
5.70829(12)
11.8370(3)
21.2874(5)
90

90

90
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Volume/A2
z
peaicg/cm®
wmm'*

F (000)

Crystal size/mm?®

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A®

Flack parameter

1438.37(6)

4

1.322

0.753

608.0

0.6 0.4 x0.2

CuKo (L = 1.54184)

8.548 to 134.106
-6<h<4,-14<k<14,-25<1<25
7455

2564 [Rint = 0.0407, Rsigma = 0.0374]
2564/0/198

1.057

R1=0.0464, WR, = 0.1257
R1=0.0495, wR; = 0.1304
0.19/-0.22

-0.1(2)
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NMR, HRMS spectra and HPLC chromatograms
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[mAu]

[l.P.u]

WWD1 A, Wavelength=254 rm

2%

w0
1200 )
1100
w
1000 &
500 0 ¥
800
700
A ~ CN
600 = -
H H
. 0":="N
400 H k
300 rac-3a Ph
200
100 J
0
i 2 3 4 & 6 7 & 9§ 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
[min]
Ret Time Peak Width Height Area
[min] Type |min]| [mAUJ |[mAU*s]
13.846 BB 0.34 1150.6011 25126.6035 49.8225
17.258 BBA 044  887.8301 25305.6152 50.1775
Totals:  50432.2188 100.0000
W01 A Mavelength=204 m
=10 24
55
;
7.5 i
?.
6.5
&
£S5
5
4.0
1
3.5
A4
2.0
g
.5 -
1 3
L5 =
|’_‘\ _P'H_L
i a3 4 E & 7 £ F w11 1% 1& 15 18 1F 18 1% @

[zin]

Peak Widih Area
[mATT=s] [%4]

Eet Time

[min] Type [min]

13445 BE 0.28 12.6366

218.0363 10785
T04.6625 20036.7871 98.9235
Totals: 202548235 100.0000

16.696 BB 044
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_VHD1 A, Wavelength=264 nm

22004

[mau]
g
Oox
Z I

800+ H
600 ent-3a ~pp
400 -
5
2004 e
0 ..
T E Y 8 &8 7t &8 4 1o 1 1z 13 o1& 15 18 17 18 19 2
[min]
Ret Time Peak Width  Height Area Area
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5004 VWD1 A, Wavelength=254 rm

475
450
425
400-
375
350
325

17, 415
14,217

2754
250
225-
200
175
150
125
100
75
50
25

[méu]

i 2 3 4 6§ 6 7 & 6 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Ret Time Peak Width Height Area
[min] Type |min] [mAU| |[mAU*s|
12.415 BB 0.30  450.3027 89099033  50.4488
14.217 VBR 036  378.8571 8751.3887  49.5512
Totals: 17661.2920  100.0000

1900 VWDl A, Wavelength=254 mm

1800
17004
1600
1500
1400+
1300
1200
1100
1000
900
800
700
600
500
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300
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g
w e X

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

——— 11139

[mAu]

Ret Time Peak Width Height Area
[min]| Type [min] [mAU]| [mAU*s|
12.483 BB 0.33 86.7881 1929.9445 4.4797
14.139 BB 0.37  1727.0555 41152.4570 95.5203

Totals:  43082.4015 100.0000
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Spectrum Plot Report Agilent

MName cyc-190621-9 Rack Pos. Instrument Instrument 1 Operator

Inj. Vol. {ul) 10 Plate Pos. IRM Status Success

Data File WorklistData-0009.d  Method (Acq) TOF.m Comment Acq. Time (Local) 7/4/2019 4:19:49 PM
(UTC+08:00)

%108 +ESI Scan (rt: 0.806-0.856 min, 4 scans) Frag=175.0V WorklistData-0009.d

2.2
2.1

ra
1,97
1.8

393.1574

1.7
1.6
1.5
1.4
1.3
12
119

HRMS (ESI-TOF) m/z: [M + NaJ*

N Calcd for C24H22N202Na 393.1573

0.9
0.8
0.7
0,67
0.57
0.4
0.3
0.2
0.19

T T T T T T T T T T T T T
392.7 392.8 392.9 393 393.1 393.2 393.3 3934 393.5 393.6 393.7 393.8 393.9
Counts vs. Mass-to-Charge (m/z)
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[mAu)

W1 A, Wavelength=264 nm
x10 2

2.24

1. 84

——412.215
14. 756

1. 64
1. 44
1. 24

0. 84
0. 64
0. 44

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Ret Time  Peak Width  Height Area Area
| Type [min] [mAU] [mAU*s] [%0]

[mAu]

12.215 BB 030  183.3132 3544.1355  49.8137
14.756 VBR 038  145.7604 3570.6499  50.1863
Totals: ~ 7114.7854  100.0000

__VWD1 A, Wavelength=254 nm
x10 3
1. 44

1.34
1.2
1.1

15. 555

0. 9
0. 84
0.7
0. 64
0.5
0. 44
0. 34
0. 24
0.1

3 &12. gr2

i 2 4 & 6 & ¢t & & 10 10 12 13 14 15 1 17 18 19 20

[min]

Ret Time  Peak Width  Height Area Area

[min] Type [min] [mAU] [mAU*s] [%]

12.972 BB 0.31 38.7840 776.2845 2.4353

15.555 VBR 042 1137.2030 31099.5488 97.5647
Totals:  31875.8334  100.0000
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8X-5-88A 19 (0.477) 1: TOF MSES+

B 415.1038 494
*
HRMS (ESI-TOF) m/z: [M + Na]*
Calcd for Cy3H 93" CIN,O,Na 415.0998

z 415.085 415,090 415.095 415.100 415105 415110 415115 415.120 e
SX-5-88B 7 (0.194) 1: TOF MS ES+
_ 4131024 5.43e5

- HRMS (ESI-TOF) m/z: [M + NaJ*

Calcd for Cy3H92°CIN,O,Na 413.1027

0 412800 | 412900 | 413000 | 413100 | 413200 | 413300  413.400 413500 m
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WO A Mavelensth=254

ATA
O 4 N

055 H
s, rac-3d kPh

[adu]

0 15

i 4 §F & & & T & 5+ 1w 1

[nin]

Bet Time Peak Width Height Area Area

[min] Type [min] [mAU]  [mAU#s] [®&]
13.526 BE 034 7763278 168207051 49.7124
15.118 BE 038 7034384 171165176 50.2876

Totals:  34037.2227 100.0000

TWDL A, Favelength=154 nm

13, 26

1&, 118

b
jah
(=]

Coprepragcs

o 00— ) e O 00RO D s OO0 O T e OO0 W BT
PO T o T S S AT R T A R

|

B2 g2 1 12

[mau]

o s

cpoe
[ e

15, 224

Peak Width Area Area

Type [min] [mATU*s] [%o]
13.674 BB 0.41 10.0731 265.0782 3.0931
15.234 BB 0.40 3251169 83049111 96.9069

Totals: 8569.9894  100.0000

S76



I Agilent

Spectrum Plot Report

Name Rack Pos. Instrument Operator
Inj. Vol, (ul) Plate Pos. IRM Status Success

Data File WorklistData-0008.d ~ Method (Acq) Comment Acq. Time (Local) 7/4/2019 4:15:59 PM
(UTC+08:00)

X105 +ESI Scan (rt: 0.526, 0.793-0.859 min, 6 scans) Frag=175.0V WorklistData-0008.d

2.3
2.2
2.1

ra
1.9
1.8
1.7
1.6
1.5
1.4

393.1573

HRMS (ESI-TOF) m/z: [M + Na]*
Calcd for CpqHzoN,0,Na 393.1573

0.4
[y
0.2
0.1

T T T T T T T T T T T T T
392.6 392.7 392.8 392.9 393 393.1 393.2 363.3 393.4 393.5 393.6 393.7 393.8
Counts vs, Mass-to-Charge (m/z)
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[mAu]

1104

100

70

50

40
30
20

10

VWDl A, Wavelength=254 nm

. 307

i 2 3 4 & 6 7 & 9% 10 11 12 13 14 15 16 17 18 19 20 21 22 23

[min]

Ret Time Peak Width  Height Area

[miu]

[min] Type |min] [mAU| |[mAU*s|
18.307 BBA 0.49 107.1228  3475.0276  50.4387
21.060 BBA 0.56 944773 34145828  49.5613

Totals: 6889.6104  100.0000

S
xl?_ 5
1.1 &
o
14 5]
0. 8-
0.8
0.7
0.6
0.5
0. 4-
0.3
0.2 5
014 oi
0 .
i ¢ 3 4 & & 7 & & 1 11 12 13 14 15 158 17 1® 19 20 41 22 o2 24 3%
[min]
Peak Width Height Area Area
Type [min] [mAT] [mAU*s] [%%]
19.692 BB 0.70 16.4002 768.9207 19797
22.430 BB 0.62 9635192 38070.6250 98.0203

Totals:  38839.5457 100.0000
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SX-5-89B 7 (0.194) 1: TOF MS ES+
409.1526 1.67e5
HRMS (ESI-TOF) m/z: [M + NaJ*
Calcd for CoqHpoN,03Na 409.1523
T T T T T T T T T T T miz
409.000 409.050 408.100 409.150 409.200 409.250 409.300 409.350
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THDL A Favelength=254 mm
=10 27

2.5+
a4
7. 5+
7
£, B~
-
5. B+
L
4 B
d.
3. 54
&
2. B
2
1. B
14
0. B~

#3525

7. 556

[mfu]

Width  Height Area
[min] [WAU] [mAU*s]
6.525 VBR 017 7230023 82265508 509252
7.696 BBA 021 5749030 7927.6411  49.0748

Totals:  16154.1919 100.0000

THRL A Wavelength=254 mm

%10 % |
2.2 @
=
i o
1.8
1. B
1.4
=
3§ L2
1_
0.8
0. G4
Q-
=
0.2 =
; x
05 I 1§ 2 205 @ 35 4 45 5 55 B 65 7 7.5 © 85 9 95 10105 11 11.5 12 125 13 18.5 14 145 15
[min]
Peak Width  Height Area Area
Type [min] [mAT] [mAU*s] [%o]
6.504 BB 0.19 504729 636.6685 21874
7.706 BEA 023 1903.3988 284699219 978126

Totals:  29106.5904 100.0000
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Spectrum Plot Report Agilent

Name cyc-190621-7 Rack Pos. Instrument Instrument 1 Operator
Inj. Vol. (ul) 0 Plate Pos. IRM Status Success

Data File WorklistData-0007.d  Method (Acq) TOF.m Comment Acq. Time (Local) 7/4/2019 4:12:09 PM
(UTC+08:00)

x106 [+ESI Scan (it: 0.545-0,561, 0.811-0.911 min, 9 scans) Frag=175.0V WorklistData-0007.d

1.8
1.757

1.7
1,657 4131027
1.6

155
157

3f Ph

0. HRMS (ESI-TOF) m/z: [M + Nal*
06 Calcd for Cy3H93"CIN,O,Na 415.0998 a151008
051 Cy3H19%°CIN,0,Na 413.1027

414.1061

0.25

0,157
0.1
0.05

T T T T T T T T T T T T T T T T T T T T T T T T
4129 413 4131 413.2 4133 4134 4135 413.6 4137 4138 4139 414 4141 4142 4143 4144 4145 4146 4147 414.8 4149 415 4151 415.2 4153 4154
Counts vs, Mass-to-Charge (m/z)
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THDL A Wavelength=254 mm

13. 602

16. 412

2 3 1 1 1\ 17 1& 19 20
Ret Time Peak Width Height
[min] Type [min] [mAT]
13.602 BB 034 7847740 17090.1875 50.2161
16.412 BB 043 6135533 16943.0645 49.7839
Totals:  34033.2520 100.0000
VAL A Wavelength=284 mm
o
=
w
=+
5
]
T2 13 1 15 1® 17 1®& 1 M

Ret Time Peak 'Width Area Area
[min] Type [min] [mAU*s] [%e]
13.404 BB 0.33 27.0000 5774831 2.6465
16.046 BB 042 7788320 212433047 9735335
Totals: 21820.7878 100.0000
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SX-5-40B 6 (0.157) 1: TOF MS ES+
393.157 4.6685

‘BE_
HRMS (ESI-TOF) m/z: [M + NaJ*
Calcd for CQ4H22N202N8 393.1573
O T som | maimo | ssaieo | s | asame0 | sssiee | msz00 | 393220 e
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WAL A Favelength=254 nm

%10 24
E-

4. 76~

ey
o
1% 814

21, 602

L. 71 rac-3h “Ph

b0l 2% 45 &7 & 5101112131415 151718199071 32 22 24 25 26 27 28 20 20 a1 32 23 34 38 35 37 38

[min]
Peak Width  Height Area Area
Type [min] [mAT] [mATU*s] [%0]
13.814 BB 049 4041403 129293496 49.8863
21.602 BB 0.56 360.8577 129883008 50.1137

Totals:  25917.6504 100.0000

THGL A Wavelength=254 mm

%10 2

31,394

0.9+
0.8+
0.7+
0. fi-

[miu]

0. 5+
0 d-
0. 5~
0. 2+
0.1+

Y S ——

>l—18. [{=¢)

0L 2 3 45 5 7T B 9 101112 1314 15 16 17 12 19 20 21 92 23 24 95 25 27 28 29 30 21 32 83 34 35 96 37 38
[min]

Peak Width  Height Area Area

Type [min] [mAU] [mAU*s] [%]

18.763 BB 052 220322 7477730 21922
21.399 BBA 055 9379530 33362.3555 97.8078
Totals:  34110.1285 100.0000
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Spectrum Plot Report - Agilent

Name cyc-190802-7 Rack Pos, Instrument Instrument 1 Operator

Inj. Vol. {ul) 10 Plate Pos. IRM Status Some ions missed

Data File cyc-190802-7.d Method (Acq) TOF.m Comment Acq. Time (Local) 8/8/2019 9:14:18 PM
(UTC+08:00)

w106 |+ESI Scan (rt: 0.541 min) Frag=175.0V cyc-190802-7.d
3 387.1702
4.8
4,61
4.4
4,24
4
3.8
3.6
3.4
3.2

2.8
2.6
2.4
2.2
2 HRMS (ESI-TOF) m/z: [M + H]*
18 Calcd for Cy4Ho3N,O3Na 387.1703
1.6
1.4
1.2
N
0.8
0,67
0.4
0.2+

T T T T T T T T T T T T T T T T T T T T T T
387.05 387.06 387.07 387.08 387.09 387.1 387.11 387.12 3687.13 387.14 367.15 387.16 387.17 387.18 387.19 387.2 387.21 387.22 387.23 387.24 387.25 387.26 387.27
Counts vs. Mass-to-Charge (m/z)
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[mAul

[mAul

Ret Time

VKDL A, Wavelength=264 rm

Peak Width Area
[min] [mAU*s]

2760.4548
2774.8335
5535.2883

[min] Type
17.068 BB 0.50
20.779 BB 0.66

84.0735
64.7009
Totals:

VWDl A, Wavelength=254 nm

5504
500+
450+

350+
3004
2504

Area
[%6]

49.8701

50.1299
100.0000

20. 779

18

19

20

21

2

Ret Time Peak Width  Height Area
[min] Type [min] [mAU] [mAU*s]
16.440 BB 0.48 10.9458 338.9474
19.489 BB 0.61 586.0291 23478.2793
Totals:  23817.2267

Area
[%]
1.4231
98.5769

100.0000
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SX-5-40D 8 (0.211) 1: TOF MS ES+
413.1029 3.97e5
HRMS (ESI-TOF) m/z: [M + NaJ*
Calcd for Cy3H92°CIN,O,Na 413.1027
T T T T T T T T T T T T T T T T T m/z
403 404 405 406 407 408 409 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424
SX-5-40D 15 (0.370) 1: TOF MS ES+
415.1028 1.16e3
HRMS (ESI-TOF) m/z: [M + NaJ*
Calcd for Cz3H1937C|N202Na 415.0998
T T T T T T T T T T T T T T T T miz
415.080 415,070 415.080 415,090 415100 415110 415120 415130 415140
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—-119.448

j
9F NMR (376 MHz, CDClj)

T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 —30 40 -50 —60 -T0 &0 590 *1(00) -10 -1200 -130 -140 -1500 -1800 -170 -180 ~-180 -200 -Z210 2%
£1 (ppm!

THDL A, Favelenath=254 mm
x10 27

5. B

5

4 B

q-

L& 157

[mfu]

1 2 3 4 & & ¢ & = 10 11 12 1% 14 15 16 1f 18 19 20 21 22 23 24 25 25

13.087 BB
16.157 BB

Width
[min]
0.32
0.43

Height
[mAT]
452.6000
3483522

Totals:

Area
[mATU*s]
9321.4033
9594 9990
189164023

49.2768
50.7232
100.0000
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DL A Favelenath=254 mm

"

i

=]
[

1€, 046

FIEH

P2 2 pa
e R L LS LS =S o T w = B S Y =S R |

[miu]

—_—

[
ra
e Pﬂs. 121

i1 3 3 4 &5 & 7 & & 1o 11 12 14 15 (68 17 18 1% 20 21 22 23 14 26 A

—
B
=
=

f=h

Ret Time Peak Width  Height Area Area
[min] Type [min] [mAU] [mAU*s] [%o]
13.121 BB 0.32 78.2868  1613.3698 1.6690
16.046 BB 047 31989976 950529766 983310

Totals:  96666.3463 100.0000

VD1 A, Wavelength=264 nm

4504 &
425 i
4004

375 0]

3504

3254

3004

2754 F CN

2504

2254 O H . |
(0]

3
= 2001 H N

1754 ]

1504 ent-3j Ph

1254

19 2 21 22 23 24 5

Ret Time Peak Width  Height Area Area
[min] Type [min] [mAU] [mAU*s] [%0]
12.357 BB 0.30  424.6237 8203.9131  98.1411
15.221 BB 0.39 6.1543 155.3885 1.8589

Totals: ~ 8359.3016  100.0000

S95




SX-5-B9CXX 10 (0.265) 1: TOF MS ES+
397.1327 8.99e3

5
HRMS (ESI-TOF) m/z: [M + Na]*
Calcd for Cz3H1gFN202Na 397.1323
0 b=y T T T T T T T T T T m/z
396.950 397.000 397.050 397.100 397.150 397.200 397.250
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3k Bn
9F NMR (376 MHz, CDCl3)
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Totals 3.75153=4 976.37223
SX-5-88CXX 7 (0.194) 1: TOF MS ES+
B 447.1287 7.0205
BQ,
HRMS (ESI-TOF) m/z: [M + Na]*
Calcd for CoyH1gF3N,0,Na 447.1291
446:950 ‘ 447:000 447:050 447: 100 I 447: 150 ' 447:200 ! 4471250 ! 447.‘300
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125 4

100

754

50+

25+

Retention Time

oA

20

0 25 30 35 40 45
Peak No. Ret Time Width Height Area Area [%]
| 30.260 4.157 1834378 115049261 51.9250
2 34.847 4.330 1474142 106519062 48.0750
Totals
3308520 221568323 100.0000
Retention Time E_
8
150
A
l
[
1004 [
| |
|
504 .!
|
!
! o
\ &

0 5 10 15 2 30 35 40 45
Peak No. Ret Time Width Height Area Area [%]
1 30.057 4.830 2408103 147702558 08.0582
2 35.320 3.920 39045 2924913 1.9418
Totals

2447148 150627471 100.0000
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Agilent

Spectrum Plot Report

Name cyc-190802-9 Rack Pos. Instrument Instrument 1 Operator

Inj. Vol, (ul) 10 Plate Pos. IRM Status Success

Data File cyc-190802-9.d Method (Acq) TOF.m Comment Acq. Time (Local) 8/8/2019 9:20:20 PM
(UTC+08:00)

X105 +ESI Scan (rt: 0,408 min) Frag=175,0V cyc-190802-9.d

1.4 402.1448
1.757
1.7
1,657
1.67
1.557
1.5
1.457
1.4
1.359
1.3
1.257
1.4
1.157
1.17
1.054
1
0.95
0.9
0.857
0.87
0.757
0.79
0.657
0.6
0.551 HRMS (ESI-TOF) m/z: [M + H]*
0.5
0.457 Calcd for Cz3H20N304 402.1448
0.4
0.35
0.3
0.25
0.2
0,157
0.1
0.057
o

T T T T T T T T T T T T T
402.02 402.04 402.06 402.08 402.1 402.12 402.14 402.16 402.18 402.2 402.22 402.24 402.26 402.28 402.3
Counts vs. Mass-to-Charge (m/z)
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[mAu]

[mAu]

TG A, Ravelength=254 mm

=
e
&
=
(s |
I 2z 3 4 5 & ¢ & & 1 11 12 13 14 15 16 17 1% 19 20 21 22 23 31 o5
[min]
Peak Width Height Area Area
Type [min] [mAU] [mAU*s] [%0]
13.691 BB 0.34 1514473 3353.0852 499201
200734 BVER 0.55 94 5907 3363.8176 50.0799
Totals: 67169028 100.0000
x10 2 -
£ E-
[a)
B- 5
5.5 g
£
4. B4
9.
3.5
S_
2 5=
7
1.5
Y z
0.5- o
e S S — }\.
I 2 3 4 & & 7 & & 1 11 12 13 14 15 18 17 18 10 20 21 22 23 21 o
[min]
Peak Width Height Area Area
Type [min] [mAU] [mAU*s] [%0]
13.462 BB 0.33 19.8191 428.8155 22781
20212 BB 0.54 527.1540 183944941 97.7219
Totals: 188233097 100.0000
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User Spectrum Plot Report £ Agilent

MName CYC-20191018-3 Rack Pos. Instrument Instrument 1 Operator

Inj. Vol. (ul} 10 Plate Pos. IRM Status Success

Data File CYC-20191018-3.d Method (Acq) TOF.m Comment Acq. Time (Local) 10/29/2019 4:28:32
PM (UTC+08:00)

¥105 [+ESI Sean (it: 0,512 min) Frag=175.0V CYC-20191018-3.d

2.6 3711759

2.7
2.6
2.5
2.4
2.3
2.1
2.1

e
1.4
1.8
1.7
1.6
1.5
1.4
1.3
1.2

11: HRMS (ESI-TOF) m/z: [M + H]"
Calcd for C24H23N202 371.1754

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

o

T T T T T T T T T T T T T T T T T T T
371.158 371.16 371.162 371.164 371.166 371.168 371.17 371.172 371.174 371.176 371.178 37118 371.182 371.184 371.186 371.188 371.19 371.192 371194
Counts vs. Mass-to-Charge (m/z)
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YWD1 A, Wavelength=2hd nm

210 &7
B. &4

13. 221

4. 59

@)
16. 26

3. b

[méi]

H
.- O N
kPh

2] rac-3n

1.54

0.5 ﬂ
04

i & 3 4 s & 7 &5 & 1011 172 13 14 15 1 17T 18 13 0 i1 22 23 24 35

[min]

Ret Time Peak Width Height Area
[min] Type [min] [mAU] [mAU*s]
13.221 BB 0.33 459.0653  9798.3350  50.0219
16.260 BB 0.42 360.3121 9789.7383  49.9781

Totals: 19588.0732 100.0000

w103

2.2

©a
16. 17

e
1.6
1.4

[min]
S

[

o0&
0.4
0.2

1M 15 1 1T 18 19 2 I 2z 323 24 I

Ret Time Peak Width Height Area Area
[min] Type [min] [mAU] [mAU*s] [%0]

13.235 BB 0.32 69.2328 1447.6760 2.7013
16.170 VBR 0.43  1898.3207 521444375 97.2987
Totals: 53592.1135 100.0000
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1800- VWDl A, Wavelength=254 mnm

1700+
16004
1500+
1400-
1300+
1200+

1100- cl

1000+ 0 CN
2 O H | HI
800

700+ 2 H i
600 ent-3n  Ph
500+
400+
300

200+
1004

. 247

[mAu]

L
| >Q16. 43

1 2 3 4 & 6 7 & 9§ 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

[min]

Ret Time Peak Width Height Area Area

[min] Type |[min] [mAU| [mAU*s| %]

13.247 VBR 034 1643.4685 35836.3047 97.1208

16.430 BB 0.44 37.2393  1062.4050  2.8792
Totals:  36898.7097  100.0000

SX-5-88B 7 (0.194) 1: TOF MS ES+
413.1024 5.43e5

HRMS (ESI-TOF) m/z: [M + Na]*
Calcd for Cy3H92°CIN,O,Na 413.1027

T T T T T T T T T T T T T T T
412.800 412,900 413.000 413.100 413.200 413.300 413.400 413.500
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SX-5-888 15 (0.370) 1: TOF MSES+

_ £15.1035 843
Fa
HRMS (ESI-TOF) m/z: [M + NaJ*
Calcd for Cy3H93"CIN,O,Na 415.0998
T T T T T T T T T T T T T m/z
414,950 415.000 415.050 415.100 415.150 415.200 415.250
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TABL A Wavelength=254 mm

[miu]
Ll S LS R Sy B I B e B o SN ]

14, 287

17. 7239

1 2 3 4 & 6 ft B 9 10 11 12 13
[min]

Ret Time Peak Width Height Area Area

[mAU]  [mAU*s] [%]
160.5541 3763.5249  50.5706
045 1249826 3678.5913  49.4294
Totals:  7442.1162  100.0000

[min] Type [min]
14.287 BB 036

17.729 BB

14

15

1z

19

21

22

23

24

25

=10 2_

[mAu]
P
o,

rl%?%

18 278

I 2 3 a4 & & 7 & 4 1 11 127 13
[min]
Ret Time

Peak Width  Height Area Area

14

[mAU]  [mAU*s] [%]
223030  573.7465  2.4486

7183325 228582480 97.5514
Totals: 234319946 100.0000

[min] Type [min]
14.792 BV 039
18.278 BB 049
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Name
Inj. Vol

x10° )
p
3.8+
3.6
3.4
3.2
N
2.87
2.6
244
2.2
by
1.8
167
1.4
129
.
0.8+
0,67
0.4

0.2

+(ul)
Data File

Rack Pos.
Plate Pos.
Method (Acq)

CYC-20191018-2
a

CYC-20191018-2.d

5 Agilent

User Spectrum Plot Report

Instrument 1
Success

Instrument
IRM Status
Comment

Operator

TOF.m Acq. Time (Local) 10/29/2019 4:25:31
PM (UTC

+08:00)

0

Name

Inj. Vol. (ul) 10
Data File

+ESI Scan (rt: 0.478 min) Frag=175.0V CYC-20191018-2.d

457.0528

O Iy

g
30

/—Z Ty

Ph

HRMS (ESI-TOF) m/z: [M + Na]*
Calcd for C23H197gBrN202Na 457.0522

45;.05 49:055
Counts vs, Mass-to-Charge (m/z)

T T T
457.035 457.04 457.045

457.06

User Spectrum Plot Report

Instrument 1

CYC-20191018-2 Rack Pos.
Plate Pos.

Method (Acq)

Instrument
IRM Status
Comment

CYC-20191018-2.d TOF.m

Success

T
457.065

T
457.07

Operator

Acq. Time (Local)

T
457.075

Agilent

10/29/2019 4:25:31

PM (UTC+08:00)

%105 [+ESI Sean (it: 0,711 min) Frag=175.0v CYC-20191018-2.d

2.8
27
2,61
2,54
2.4
2.3
2.1 (0]
2.1
2
104
167
1.7
161
15 B
144 H
1.3
1.2
117
17 HRMS (ESI-TOF) m/z: [M + Na]+
0.9
0,67
0.7
0.6
0.57
0.4
0.3
0.2
0.1
N

459.0504

O I

/—Z Ty

30

Ph

Calcd for Cy3H92'BrN,O,Na 459.0502

T T
458.85 459.05 459.1 439.15

Counts vs, Mass-to-Charge (m/z)

T T T T T T
458.7 458.75 458.8 458.9 458.95 459

S112

T
459.2

T
459.25

T
459.3

T
459.35

T
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T
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T
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mAU 5
120 ”
] ‘ 8
80 CN | ﬂ
o7 / |
ﬁn—_ rac-3p Bn ‘ |
o] | ‘| | |’
. 1
] | \ ,l \
0 P j L : J \. Y
;: T b 2 30 ' & B ' mini]
Ret Time Peak Width Height Area Area
[min] Type [min] [mAU] [mAU*s] [%]
1 22,987 BB ©.7300 6114,67139 129,15787 50,2203
2 31.108 BB q.9853 6061.03125 94,72869 49,7797
mAU E
80 ﬁ
_ |
70 | |
] i
B | |
ani | \
] |
207 |
_ a
0] % |I||
D_E_ N{‘k_ S 1 ~ " 4@ S
0 |5 1ID 1|5 ZI'D 2|5 T SIG - 3|5 II'I‘Ii

Ret Time Peak Width  Height Area Area

[min] Type [min] [mAU] [mAU*s] [%]

1 22.986 BB 0.6748 111.72887 2.38177 2.0879
2 31.233 BB 9.9953 5452.76123 84.74212 97.9921
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Agilent

User Spectrum Plot Report

MName CYC-20191117-6 Rack Pos. Instrument Instrument 1 Operator

Inj. Vol. (ul) 10 Plate Pos, IRM Status Success

Data File CYC-20191117-6.d Method (Acq) TOF.m Comment Acg. Time (Local) 11/21/2019 9:05:31
PM (UTC+08:00)

X108 +ESI Scan (rt: 0.809 min) Frag=175.0V CYC-20191117-6.d

6.8
6.6
6.4
6.2
o
5471 4201573
5.6 O
5.4
5.2
o
4.8
4.6] )
4.4 B
4.2 H
Rl 0
3.8 =
3.6 0 H 'Tj
3.4
] 3p Bn
-
28] HRMS (ESI-TOF) m/z: [M + NaJ*
241 Calcd for C57H,oN,0,Na 429.1573
1_;. 130.1605
1.6
1.4
1.2
1_
0.8
0.67

| fwsgzer 437.2345
02 4242016 31.1642 6.1341
02 09,4799 48,7834 f L |I432-.?735 38,368 47,369

T T T T T T T T T T T T T T T T T T T T T
408 410 412 414 416 418 420 422 424 426 428 430 432 434 436 438 440 442 444 446
Counts vs. Mass-to-Charge (m/z)

445,1306
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"H NMR (400 MHz, CDCl5)
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N
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x10 2

7. 729

51, 971

c
1 0

(miu]

-
N
|

Bn
3q (mixture obtained with amine C1 and C2)

2 4 f 2 10 12 14 16 1% 20 92 24 25 99 40 982 24 26 98 4D 42 44 46 48 50 52 54 56 5%
[min]

Ret Time Peak Width  Height

[min] Iype [min] [mAU]

47.729 BV 139 179.6290 16912.1152 50.6923

51.971 VBA 150 1622717 164501504 493077
Totals:  33362.2656 100.0000

TRGL A Wavelength=204 mm

x10 27
5.5 -
A
£
+h
.'.1_
3.5-
g’ 5
Y
-
1.5-
1
=
0.5 iy
g ¥
2 4 6 8 10 12 14 15 15 20 22 24 25 24 30 82 34 25 39 40 42 44 4B 45 50 52 54 55 58
[min]
Peak Width  Height Area Area
Type [min] [mAT] [mAU*s] [%0]
46.267 BB 1.42 462.3224 449505156 99.1160
52.731 BB 1.12 43110 400.9201 0.8840

Totals:  45351.4357 100.0000
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Spectrum Plot Report 73 Agilent

Name cyc-190802-8 Rack Pos. Instrument Instrument 1 Operator

Inj. Vol, (ul) 10 Plate Pos. IRM Status Success

Data File cyc-190802-8.d Method (Acq) TOF.m Comment Acq. Time (Local) 8/8/2019 9:17:19 PM
(UTC+08:00)

w107 |+ESI Sean (it: 0,456 min) Frag=175.0V cyc-190802-8.d

1.3 * 358,1549
1,254
1.2
1.154
1.14
1051 O
o
0.957
0.9 |
0.857 N B
0.8 H
0.757 B
0.7 ) H
0.65 3q
ol HRMS (ESI-TOF) m/z: [M + H]*

055
0.5 Calcd for C22H20N302 358.1550
0,45
0.4
10.35
0.3
10,25
0.2
0.157
0.1
0.057

i
N
B

n

U T T T T T T T T T T T T T
357.9 357.95 358 358.05 358.1 358.15 358.2 358.25 358.3 358.35 3584 358.45 358.5

Counts vs, Mass-to-Charge (m/z)
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VWD1 4, Wavelength=254 nm_
%10 27

2.84
2,64
2. 44
2.24

<8.726

10. 176

<
<

1.84
1.6+
1. 4
1. 2

[mAul

0. 84

LA |

1 2 3 a4 65 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

11. 701
12. 144

Ret Time Width Height Area Area
|min] |min]) [mAU] [mAU*s| [%]
8.726 BB 0.21 242.6295 3353.0234  42.0242
10.176 BB 026  203.2005 3415.0430 42.8015

11.701 VVR  0.28 29.2551 525.4814 6.5860
12.144 VB 0.34 29.0846  685.2460 8.5883
Totals: 7978.7938  100.0000

VWD1 4, Wavelength=254 nm
x10 17

10. 215

<
<

12.17

11. 726

2 13 14 15 16 17 18 19 20 21 22 23 24 25
[min]

10 11

(]
w
e
o=
o
-
-
—

Ret Time Height Area Area

|min] |mAU| |mAU*s| |%]|
8.756 BBA 0.21 1.0490 14.3321 1.1065
10.215 BB 0.26 60.7742  1013.0850  78.2131
11.725 BVE 0.18 0.3161 3.6149 0.2791
12.170 VBAR 030 13.3115 264.2566  20.4014
Totals: 1295.2886  100.0000
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‘- Agilent

User Spectrum Plot Report

Name CYC-20191018-1 Rack Pos. Instrument Instrument 1 Operator

Inj. vol. {ul) 10 Plate Pos. IRM Status Success

Data File CYC-20191018-1.d Method (Acq) TOF.m Comment Acq. Time (Local) 10/29/2019 4:22:30
PM (UTC+08:00

%105 |+ESI Scan (rt: 0.744 min) Frag=175.0v CYC-20191018-1.d

405.1369
1.0

1.6
1.7
1.6

1.5 0

1.4+

1.3
1.27 B
1.1 )\ H
1 ﬂ T\
i 3r “Ph
0.8

0.7 HRMS (ESI-TOF) m/z: [M + H]*
061 Calcd for Co4H,,%°CIN,O, 405.1364

0.4
0.3
0.2
0.1

T T T T T T T T T T T T T T T T T T T
405,12 405.122 405124 405.126 405.128 40513 405.132 405.134 405.136 405.138 405.14 405.142 405.144 405.146 405.148 405.15 405.152 405.154 405.156
Counts vs, Mass-to-Charge (m/z)

Agilent

User Spectrum Plot Report

Name CYC-20191018-1 Rack Pos. Instrument Instrument 1 Operator

Inj. Val. (ul) 10 Plate Pos. IRM Status Success

Data File CYC-20191018-1.d Method (Acq) TOF.m Comment Acq. Time (Local) 10/29/2019 4:22:30
PM (UTC+08:00

w10* [+ESI Scan (it: 0.744 min) Frag=175.0V CYC-20191018-1.d

5.6 407.1337

5.4
5.2

51
4.87
4.67
4.4
4.2

4
3.87
3.6
3.4
3.29

3
2.5
2.6

241 HRMS (ESI-TOF) m/z: [M + H]*

2.H
2| Calcd for Cy4H0,3"CIN,O, 407.1335
1.87
1.6
1.4
1.249

o
0.8
0.6
0.4
0.2

o)

T T T T T T T T T T T T T T T T T T T
406.96  406.98 407 407.02 407.04 407.06 407.08 4071 40712 407.14 407.16 40718 4072 407.22 407.24 407.26 407.28 4073 407.32
Counts vs. Mass-to-Charge (m/z)
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'H NMR (400 MHz, CDCls)

S S

S oS s

|

"

=10'€
Mf.o._
FEoT
80'T
¥ 60
60'1

Froz

E66'0

o

6.0

8.

). 0

g

9.5

0.0

(ppm)

fl

8,907
S8T°LT~
SETYE

8TTSE

€86 —

£€98°€C—

Se6'SL
LELOL
SSO'LL
8CTLL
N\.m.hh\
209°8L
€908

V6SLIT
6vToll
aN‘NNﬂ/
89T ¢TI
81¥°8CI he
Y61°8C1
CIL8TI
0vL'8TI
1L0°6C1
869 V€l
TSTOVI~
80L0ST~"

6VTOLT—

VST10T—

3C NMR (100 MHz, CDClj)

200 190 180 170 160 5 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

9

f1 (ppm)

S122



S Y = % FIRAASAT
| | | I
| | . |
b § 'l,
{ 1 ]!
i ! | j W
| "
| %) = : W j
| t
= A “
\
il | fH I
| ’ :
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T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
7.6 7.4 7.2 7.0 6.8 6.6 6.4 6.2 6.0 58 56 54 52 50 4.8 46 44 42 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 20

£2 (ppm)
%10 14
4 75+
4 B- @
4 75 ]

[mAu]

2 4 =1 8 10 12 14 18 18 20 22 24 26 28 80 a8z 34 35 B8 40 42 44 d5 48 S0

[min]
Ret Time Peak Widih Height
[min]  Type [min] [mAU]
31.125 BB 0.85 39.0780 2208.8010  23.9454
35977 BB 1.06 337108 24525779  26.5881
40.099 BB 1.13 31.0673 2377.3142 257722
44985 BB 1.14 28.8901 2185.6467  23.6943

Totals: 9224 3398  100.0000
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a

ROR 2

[ s R = =
B e M om e

=

Ret Time
[min]
35.829
38495

[mAu]

38, 495

Peak Width
Type [min]
BB 0.94
BB 1.18

Area
[%]
45592
95.4408
100.0000

Height
[DAU]  [mAU=s]
17.5585  1078.0302

276.1418 225672324
Totals: 236452626

Area

VWDL 4, Wavelength=254 mm
am- v ngt

360
340
3204
3004
280
260
2404
220
2004
180+
160
1404
1204
100

404
20

26 28 30 32 34 36 38

[min]

18 20 22 24

Ret Time Peak Width  Height Area Area
|min| Type |min] [mAU] |[mAU*s| | %)
30.943 BBA 0.81 17.6849 960.4539 3.1760
43.388 BBA 1.23 346.3489 292804277 96.8240

Totals:  30240.8817  100.0000
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MName
Inj. Vol

Spectrum Plot Report

CYC-20191117-5 Rack Pos. Instrument Instrument 1

. (ul) 10 Plate Pos. IRM Status Success

Data File CYC-20191117-5.d Method (Acq) TOF.m Comment

x10°

5,41
5.2

5
4,87
4,61
4.4
4.2

pa
3.8
3.6
3.4
3.2

e
2.8
2.6
2.4
2.4

ry
1.5
1.6
1.4
1.2

1
0.8
0,67
0.4
0.2

-

ZE Agilent
Operator

Acq. Time (Local) 11/21/2019 9:02:30
PM (UTC+08:00

+ESI Scan (rt: 0,757 min) Frag=175,0V CYC-20191117-5.d

437.1478

n

HRMS (ESI-TOF) m/z: [M + NaJ*
Calcd for Cz5H22N204Na 437.1472

121.0509
701.4925

1 s s W {u s

851.3047 922.0098

814.??60 l A

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 BOO 825 850 875 900 925 950 975 1000

Counts vs. Mass-to-Charge (m/z)
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[miu]

0154

14, 949

15 544

Ret Time
[min]
14.949
18.544

Peak Width

Type
BB
EB

[min]
0.46
0.50

754141
733446
Totals:

Area
[mAU*s]
2311.8191
2381.6030
4693 4221

Area
[%]
49.2566
50.7434
100.0000

21

22

%10 27

18 395

14.985
18.395

Peak Width

Type
BB
BB

[min]
0.51
049

Height
[mAU]
13.5490
614.1894
Totals:

Area
[mAU*s]
460 4789

197552012
202156801

10

11 12
[min]

Area
[%]
22778
97.7222
100.0000
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SX-5-

41A7 (0.194)

1: TOF MSES+

457.0524.  459.0503 1.55e5
3t
Br
HRMS (ESI-TOF) m/z: [M + Na]*
Calcd for Cy3H 9" °BrN,0,Na 457.0522
Calcd for Cy3Ho8'BrN,0,Na 459.0502
R P L P V) ) P e L P S 0 S 0 Y S e S L A

S128



1344
vz
877
G1ET
915°T
76T
195°C
18T
108
0187
8T
15871
99871
€181
068°C
£68'71
106'71
16T
81671
156
6T
(034
£86 T
986 T
966 Tk
500'e~§
800'€
810°€

0£0°€

0p0's

128'E
mmx,mw.
SPRE

Lshy
@2&%
b9 b~
6296
LE8'Y
b8P

68L'9
L0894
0189

688'0
0969
£96'9

08697
L6697
000'L
901'L
ANE
8Z1°L
592 L]
80k L
8Th'L
79 L
£69°L”

mwm,J

s e

]

CN

'H NMR (400 MHz, CDCls)

o~

S5

Fee

Feot

me_m
£60
Tc__

Fo0
960

L6

11
Pa'0
8071
k'l
m,.ma._

H\ca._

2.0

[

[

4.0

[

£1 {(ppm)

L6V'8T~.
OLL'TE~
8Tee”
11—
678 v —

or9'9¢—

VSLOL
:o.\.hW
68E°LL
SYy'c8
S6L°C8

c6eTIT
OLYLIT
LIE8IT
€9L°611

61¢° €Tl
ooo.vﬁV
L6Y'8TI
wmm.wﬁw
0L9°8C1
€V8CEl
TVl —
000°SVT—

00S°€ST—

8L6°L0CT—

CN

13C NMR (100 MHz, CDCly)

10

40

130 120 110 100 90 80 70 60

140

200 190

10

9

£1 (ppm)

S129



x10 2

1.14

28, 429

3. 657

[mAu]

1 2 83468 6 7 8 9 1011 12 13 14 15 16 17 15 15 20 21 22 23 24 25 26 27 28 29 20 21 42 53 34 35 38 47 as

[min]
Peak Width Area Area
Type [min] [mAU*s] [%0]
28429 BB 0.86 96.3336 5442 7441 50.0874
33.657 BB 1.00 829998 54237505 499126

Totals:  10866.4946 100.0000

=10 2
1.7-
E_
LB-
L=
_ 84
. 24
1A
1.
0,94
Q. 8-
0.7
064
0. 54
0. 4-
0, 3=
024
1]

1 28 45 & 7 8 & 10111213 14151617 13 19 20 21 22 22 04 45 25 27 20 29 30 31 32 83 34 35 26 37 38

3,624

—_ = e =

[mAu]

Roz& £55

[min]
Peak Width  Height Area
Type [min] [mAU] [mAU*s]
28.855 BB 0.83 2.6570 155.2451 1.6558
33.634 BB 1.01 1399056 9220.6807  98.3442

Totals: 93759258  100.0000
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SX-5-41B 12 (0.299) 1: TOF MS ES+
404137 1.48e4

CN
HRMS (ESI-TOF) m/z: [M + Na]*
Calcd for C24H19N302Na 404.1369

m/z

404080 | 404100 | 404120 | 404.140 | 404160 | 404180 | 404200 404220
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[whu]

[mAu]

x100 2

w
5. 54 :
()
£ 5]
B 5
L
B #
.5 a
d-
3.5
24
2.5
2
1.5-
1 4
2 13 1 1 1 17 1 19 0
Ret Time Peak Width Height £
[min] Type [min] [mAT] [mATU*s]
12.946 BV 0.33 5759871 12219.7900 523236
15.865 BB 041 4208748 111344795 476764
Totals: 233542695  100.0000
x10 3
3. 8
3. fi- ke
3.4/ =
3,24 =
34
2.8
2. fi-
2. 4
2,24
2_
1.8
1.6-
1.4
1.2-
1 4
0. 84
0.8
0. 4+ -
0.2 ¥
) A
2 3 i 3 £ H ) w11 1z I3 1% 15 18 17 18 18 20
[min]
Ret Time Peak Width  Height Area Area
[min] Type [min] [mAT] [mAU*s] [%0]
13.000 BV 0.34 1155932 2506.0115 2.7485
15.713 BB 045 3091.0000 B88670.5156 97.2515
Totals: 91176.5271 100.0000
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5X-56-41C 8 (0.211) 1: TOF MS ES+
393.1574 1.25e6

HRMS (ESI-TOF) m/z: [M + Na]*
Calcd for CQ4H22N202N8 393.1573

T T T T T T T T T T T T T T T T T T T T miz
392,950 393.000 393.050 393.100 383.150 393.200 383.250 393.300 393.350 393.400
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[mAu]

Bop R p

.
H

10 949

14, 419

Ret Time
[min]
10.949
14419

Peak
Type

BB
BB

Width

Height
[mAU]
2508640
178.6262
Totals:

Area Area

[mAU*s] [%e]
4297.1152  50.1527
4270.9492  49.8473
8568.0645 100.0000

%10 2]

14 BEE

Ret Time
[min]
10.976
14.355

Peak
Type

BB
BB

Width
[min]
024
037

Height
[mAU]
10.9160

429 9457
Totals:

Area Area
[mAU*s] [%0]
166.9727 1.5892

103395820 98.4108
10506.5547  100.0000
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SX-5-52 27 (0.653) 1: TOF MS ES+

_ 345.1578 1.14e3
2
3w
HRMS (ESI-TOF) m/z: [M + Na]*
Calcd for 020H22N202Na 345.1573
1 T T T T T T T T T T T T T T T m/iz
345.000 345.050 345.100 345.150 345.200 345.250 345.300 345.350
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THE A, Favelength=254 m

%10 3

1. 34
1. 24

410, 412

[mAu]
=

20, SER

1 2 3 4 3 i1 ¥ B 9 1o 11 12 13 14 15 18 17 18 1% 20 21 =22z 23 24 25 26
[min]

Ret Time Peak Width  Height Area Area

[min] Type [min] [mATU] [mAU=s] [%0]
10.412 EB 032 11222574 233855273 49.7544
20.986 BB 0.77  472.1183 236163770 50.2456
Totals:  47001.9043 100.0000

WROL A, Wawvelength=354 mm

%10 2

1. 94
1. 8-
1.7~
1. 64
1. 54
1
1
1
1

200857

+ 44
-E
\ 24

[mAu]

1™ 19 20 21 22 23 24 25 26

—
rad
[
s
e
=
-
==
73
=
—
-
b
[
—
=
—
=2}
—
m
—
-3

Ret Time Peak Width  Height £
[min] Type [min] [mAT] [mAU*s]

10.439 EB 0.33 12.6559 273.7483 34554
20.957 BB 0.75 1558393 76485938  96.5446

Totals: 79223420  100.0000

S139



User Spectrum Plot Report £ Agilent

Name CYC-20191018-4 Rack Pos.
Inj. Vol. (ul) 10 Plate Pos.
Data File CYC-20191018-4.d Method (Acq) TOF.m

¥10°
1.2
1,15
1.1
1,05
1
0,957
0.5
0.85
0.6
0,757
0.7
0,651
0.6
0.55
0.5
0451
0.4
0.35

o3 HRMS (ESI-TOF) m/z: [M + H]*
Calcd for C4gH45°CIN,O3 345.1000

0.257
0.2
0.157
0.1
0.057

lame

Instrument
IRM Status
Comment

Instrument 1 Operator
Success
Acg. Time (Local) 10/29/2019 4:43:33
PM (UTC+08:00)

+EST Scan (rt: 0,426 min) Frag=175.0V CYC-20191018-4.d

345.

997

T T T T T T T T T T T T T T T T T T T T
345.045 345.05 345.055 345.06 345.065 345.07 345.075 345.08 345.085 345.00 345.005 3451 345.105 34511 345115 34512 345125 34513 345135 345.14

Counts vs, Mass-to-Charge (m/z)

User Spectrum Plot Report i Agilent

CYC-20191018-4 Rack Pos.

nj. Val. (ul) 10 Plate Pos.
Jata File CYC-20191018-4.d Method (Acq) TOF.m

w1t

3.5
3.4
3.3
3.2
3.1

Ex
2.0
2.8
2.7
2.6
2.5
2.4
2.3
2.4
2.1

Py
1.5
1.57
1.7
1.67
1.57
1.47
1.3
1.2
1.1

1
0.5
0.8
0.7
0.6
0.57
0.4
0.3
0.2
0.1

Instrument
IRM Status
Comment

Instrument 1 Operator
Success
Acq. Time (Local) 10/29/2019 4:43:33
PM (UTC+08:00)

o

+EST Scan (rt: 0,426 min) Frag=175.0V CYC-20191018-4.d

cl
>N
H L_oH

HRMS (ESI-TOF) m/z: [M + H]*
Calcd for CqgHg3"CIN,O3 347.0971

347.0871

T T T T T
347.07 347.073 347.08 347.085 347.09

T T T T T T T T
347.095 3471 347.105 347.11 347.115 347.12 347125 34713

Counts vs. Mass-to-Charge (m/z)
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_VWDL A, Wavelength=254 nm

150 © =
& 1
1404 o

1304
1204
1104

[mAul

5885883888

Ret Time Peak Width  Height Area Area
[min] Type [min] [mAU] [mAU*s] [%e]
16.056 BB 0.40 1342299  3425.7644  49.3655
17.472 BB 0.43 127.4256  3513.8259  50.6345

Totals: 6939.5903  100.0000

_VWD1 A, Wavelength=254 nm
550
5004
450

350+
300+

[mAul

2504

2004

8
16. 642

Ret Time Peak Height Area Area

[min] Type [mAU] [mAU=s] [%0]

16.642 BVE 066 22.1565 948.1024 5.6313

17.904 VBR 046 5339049 15888.1875 94.3687
Totals: 16836.2899  100.0000
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_VHD1 A, Wavelength=254 nm

481

[mAu]

8

A

18 19 20

15 16 17 91 22 23 24 25 26 27 28 29 30

[min]

12 13 14

&

Area
[%0]
94.2221
5.7779
100.0000

Area
[mAU*s]

5119.7842
313.9573
5433.7415

Peak Width
Type [min]

BB 0.42
BBA 0.45

Ret Time

Height
[mAU]

188.0964
10.9120
Totals:

[min]
16.481
18.065

Spectrum Plot Report 15~ Agilent

IRM Status
Comment

Instrument 1
Success

Rack Pos.
Plate Pos.
Method (Acq)

Name Operator

Inj. Val. (ul)
Data File

cyc-20200605-19
10

cyc-20200605-19.d Acqg. Time (Lecal)

TOF.m 6/14/2020 6:10:49 PM
0

(UTC+08:00)

x105 |+ESI Scan (rt: 0.994 min) Frag=175.0V cyc-20200605-19.d

2.1

P
1.9
1.8
1.7
1.6
1.57
1.47
1.3

514.1792

1.27

HRMS (ESI-TOF) m/z: [M + Na]*
Calcd for CogH,N,0,Na 449.1472

1.1

0.9

0.8
0.7
0.6
0.5
0.4
0.3+
0.2
0.1

LL

121,

0509

157,

A

169

|

217.

1046

Ll

ZSILBDE
NN

305.

560
f 375.[)641
il

.1472

[ b

601.&853

?43.?052

922,

875.3039

098

100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 5/5 600 625 650 675 700 725 750 775 800 825 850 875 900 925 950 975 100
Counts vs., Mass-to-Charge (m/z)

S143




01T
89T
8L6T
¥19°C]
Naka
81LZ]
vsLTd
YoLT]
008°Z1
6081
L18°
0581
158
€10°E ]
950°€ |
€80°€ ]
960°€ 1 ﬁ
0ST°€
LSTEY
TLTEY
9LT €A
181°€
ST E
zoze’/
129°€
Nmo.mw
vro'e
1S6°€
196°€
€L6€
986°€
S66°€
888y’
81°¢
61°S
£L9°9
009
158°91
L8°07
768797
£66'97
0L6'9k
186'9¢
100°L—
6T LA
8671
80€°L]
creLd
0€€°L]
sre L]
1s€°L]
09¢°L1
99¢°L
6L
6v6'L1
c96°L1
6L
S£0°8
708’

YT PPy

Ls

—— Y

B

S —

"H NMR (400 MHz, CDCls)

>

—

Fse'1

Foo1

Fsit
Yo'l
60T
It
68°€

L6°0
66°0

9.0

=)

1 (ppm)

EVLST1—

91L9L
Veo'LL—F
:.m.nh\

VIL'L8—

96T —
PrsTel

omo.mﬂ/
6V YT~
899°C1
L1¥°STT
€709 4
26£°921
681°LTT
L69°LT14
L66'8TT
6€°621
6vE9ET
£€9°6E T
E1T°LYT
88€TSTY

Y

8€6'80C—

13C NMR (100 MHz, CDCly)

0 -1C

10

30

40

60

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

210

f1 (ppm)

S144



[mAu]

Ret Time

WADL A, Wavelength=254 nm

532
7.099

i 2 3 4 5 6 7 8 & 10 11 12 13 14 15 16 17

[min]
Area

Peak Width  Height

[mAu]

[min]
15.532
17.099

2504

1504
1004
50+

[mAU]
255.8836
245.2826

Totals:

[mAU*s]
7279.7813
6770.2598
14050.0410

[%]
51.8132
48.1868
100.0000

Type [min]
BB 0.43
BB 0.43

WWD1 A, Wavelength=254 nm

. 0965

15, 777

I 2 3 & 5 6 7 8 5 10 11 12 13 12 15 B

[min]

Ret Time Peak Width Height Area Area
[min]| Type |[min]| [mAU| |[mAU*s] | %)
15.777 BV E 0.72 53.1608  2354.1287 8.1992
17.095 VBR 045 920.8774 26357.5098  91.8008

Totals:  28711.6384  100.0000
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Spectrum Plot Report Agilent

Name cye-20200605-25 Rack Pos. Instrument Instrument 1 Operator

Inj. Vol. {ul) 10 Plate Pos. IRM Status Success

Data File cyc-20200605-25.d Method (Acq) TOF.m Comment Acq. Time (Local) 6/14/2020 6:28:54 PM
(UTC+08:00)

x105_|+EST Scan (rt: 1,149 min) Frag=175,0V cyc-20200605-25.d

1.557
1.5
1.457
1.4
1.357
1.37
1.257
1.4
1,157
1.19
1,057
1
0,95 k
0,5
0.857
0.6 5b Ph
0.757 922.0098
006'; HRMS (ESI-TOF) m/z: [M + Na]*
0.6 Calcd for Cz7H24N204Na 463.1628

0,557 121.0509

463.1632

0,35 217.1045

0.257 2611307
1730781

0. 305.1570
0 65_ l 389.0800 SZS.IBE
hd I TR E e Il A " N
R R L L R L L S R
100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800 825 850 75 900 925 950 975 1000
Counts vs, Mass-to-Charge (m/z)

i
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R

[mAu]

VWD1 A, Wavelength=254 nm

o8l

20. 859

1 2 & 4 5 6 7 8 9§ 10 11 12 13
[min]

Ret Time Peak Width Height Area Area
[min] Type [min] [mAU| |[mAU*s| | %]

14

[mAu]

16.871 BB 0.42 187.8562  5110.5825  49.5272
20.859 BB 0.57  141.7777 5208.1523  50.4728
Totals:  10318.7349  100.0000

VWD1 A, Wavelength=254 nm

15

17

18

19

20

21

2

23

24

%

5264
500-
4754
450-
4254
4004
3754
350-
3264
300+
2754
250-
2254
2004
1754
150+
1264
100

15. 828

754
] f"\‘k
%4
0‘ T T T T T

Peak Width

—
(=)
o
b
=g
o
=34
oo
o
—
o
—
—
—
B
—
o

Ret Time Height Area Area

[min] Type [min] [mAU] [mAU*s] [%0]
15.828 BB 0.42 62.4036 1711.3114 9.3388
19.603 BB 0.54 481.4364 16613.4668 90.6612

Totals: 183247782  100.0000
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Spectrum Plot Report Lz Agilent

MName cyc-20200605-24 Rack Pos. Instrument Instrument 1 Operator
Inj. Vol. (ul) 10 Plate Pos. IRM Status Success

Data File cyc-20200605-24.d Method (Acq) TOF.m Comment Acq. Time (Local) 6/14/2020 6:25:53 PM

(UTC+08:00)

x104 [+ESI Scan (rt: 1,112 min) Frag=175.0V cyc-20200605-24.d

7.5
7.257

6,757
6,257
5,757 483.1080

5.5
5.257 NO 5

4.757

i
4.257 = N
o
75+ Cl
e 5c kPh

3.257
] HRMS (ESI-TOF) m/z: [M + Na]*
251 Calcd for CygH,13"CIN,O4Na 485.1053
e CosHor35CIN,O4Na 483.1082

pH sy
1.251

484.1105

0.757
0.5

436.le

0.257
‘ . 43|0.P48' 3 . 43&?-65}
T T

D_ T : T T T T T T T T T T T T T T
473 474 475 476 477 478 479 480 481 482 483 484 485 486 487 488 489 490 491 492 493
Counts vs. Mass-to-Charge (m/z)
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[mAu]

[mAu]

VHDL A, Wavelength=254 nm_

1604
150
140
1304
1204
1104
100+

3388

50+
40
30+
20+
104

rac-5d Ph

. 418

. 768

Ret Time
[min]|
16.418
17.768

-

Peak
Type
MM T
VBR

Width
|min|
0.53
0.48

VWDL A, Wavelength=254 nm

Height
[mAU]|
148.0569
146.4209
Totals:

10

04
-

Area
[mAU*s|

4695.5601
4552.4863
9248.0464

11 12
[min]

Area
[%]
50.7735
49.2265
100.0000

13

18

19

20

21

22

23

8504

7504
7004
650

5604
500+
450+

3504
300
250
2004
150

17.018

Ret Time
[min]
15.696
17.018

Peak
Type

BVR
VBE

Width
[min]
0.43
0.45

Height
[mAU]

783.5981
57.3920
Totals:

Area
[mAU*s]

21782.9766
1696.6659
23479.6425

Area
[%]

92.7739
7.2261
100.0000
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Agilent

Spectrum Plot Report

MName cyc-20200614-13 Rack Pos. Instrument Instrument 1 Operator

Inj. Wol, (ul) 10 Plate Pos, IRM Status Success

Data File cyc-20200614-13.d Method (Acqg) TOF.m Comment Acq. Time (Local) 6(18/2020 5:06:30 PM
(UTC+08:00)

w104 [+ESI Sean (it 1,312 min) Frag=175.0V cyc-20200614-13.d

8,757
8.5
8.257

7.757
7.5
7.257

6.757
6.5
6,257
.
5.757
5.5
5.257

4,757 k
Pyl 5d Ph
]

] HRMS (ESI-TOF) m/z: [M + NaJ*
el Calcd for Co7H,4N,04Na 463.1628

275
2.5
2257

463.1624

1.757
1.5
1.25
1
0.757
0,57
0.257

T T T T T T T T T T T T T T T T
463.11 463.12 463.13 463.14 463.15 463.16 463.17 463.18 463.19 463.2 463.21 463.22 463.23 463.24 463.25 463.26
Counts vs. Mass-to-Charge (m/z)
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[mAul

_VWDL A, Wavelength=254 rm

170

16.
18.

145
462

MM
BB

0.49
0.55

VKDL A, Wavelength=2Z54 nm
5504

500

450+

350+

3

[mAu]

2

Ret Time

004

50

Area Area
[mAU*s] [%0]
47753569 504112
4697.4517 49.5888

9472.8086  100.0000

Height
[mAU]

160.8528
131.4129
Totals:

[min]
16.150
18.501

Peak Width

Type
BB
BBA

[min]
0.44
0.57

Height Area Area
[mAU] [mAU*s] [%6]

505.5937 14174.6738  91.3640
35.9966 1339.8384 8.6360
Totals: 15514.5122  100.0000
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[mAu]

Ret Time
[min]

15.599
17.806

Name
Inj. Vol

0.95
0.8

0.55

0.45
0.4
0.35
0.3
0.257

0.157
0.1
0,05
o

L (ul)
Data File

_VWD1 A, Wavelength=254 nm

Peak Width
Type [min]

BB 0.43
BB 0.53

Height
[mAU]

23.6384
281.4138

Totals:

Rack Pos.
Plate Pos.
Method (Acq)

Cyc-20200605-23
10
cyc-20200605-23.d

18 19 20 21

[min]

Area
[%]
6.2718
93.7282
100.0000

Area
[mAU*s]
646.1224

96559111
10302.0335

Spectrum Plot Report L5 Agilent
Instrument
IRM Status
Comment

Instrument 1
Success

Operator

TOF.m Acq. Time (Local) 6/14/2020 6:22:52 PM
(UTC+08:00)

+ESI Scan (rt: 1,311 min) Frag=175.0V cyc-20200605-23.d

480,

. 1074

HRMS (ESI-TOF) m/z: [M + Na]*
Calcd for C26H2137C|N204Na 485.1053
C,6H213°CIN,O4Na 483.1082

485.1060

%fﬁfﬁ
I .

T T T T T T T
476 477 478 479 480 481 482

T T T T
483 484 485 486

T T T

T T T T T T T T T
487 488 489 490 401 492 493 494 495 496 497 498

Counts vs, Mass-to-Charge (m/z)
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VWDl A, Wavelength=254 nm

. 195

17. 842

[mAu]

i 2 & 4 & 6 7 8 § 10 11 12 13 14 15 16 17 18 19 20 21 22 23 28 25
[min)
Ret Time Peak Width Height Area Area
[min] Type [min] [mAU| [mAU*s| %]
16.195 BB 0.41 105.8552  2810.1204  50.9903
17.842 BB 0.47 88.9930  2700.9700  49.0097
Totals: 5511.0903  100.0000

400 WVHDL A, Wavelength=254 nm

3804
360
340
3204
300
2804
260
240
220

. 488

[mAu]
8

i 2 & 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Ret Time Peak Width Height Area
[min] Type [min] [mAU| [mAU*s|
16.136 BV 0.54 25.8398 887.9476 7.1103
17.488 VB 0.49  363.9063 11600.2256 92.8897

Totals: ~ 12488.1732  100.0000
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Agilent

Spectrum Plot Report

Name cyc-20200614-16 Rack Pos. Instrument Instrument 1 Operator

Inj. Vol. {ul) 10 Plate Pos. IRM Status Success

Data File cyc-20200614-16.d Method (Acq) TOF.m Comment Acq. Time (Local) 6/18/2020 5:15:31 PM
(UTC+08:00)

w104 [+ESI Scan (it: 1.289 min) Frag=175.0V cyc-20200614-16.d

4,8
4,67
4.4
4,21
L2 463.1622
3.8
3.6
3.4
3.H
3
2.8
2.6
2.4
2.4

Py
ﬁ HRMS (ESI-TOF) m/z: [M + NaJ*
L4 Calcd for Cy7H,4N,04Na 463.1628
1.2

N
0,8
0.6
0.4
0.2+

o

T T T T T T T T T
462.9 462.95 463 463.05 463.1 463.15 463.2 463.25 463.3 463.35 4634
Counts vs. Mass-to-Charge (m/z)
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60
660

Foot

88°C
w01

Feev

L6'0
960

8.5

9.0

o

f1 (ppm)

0T8'I¢
mwh.mmw
8TIeE

8661
So.mvv.

856 7S~
$89°55

09L°9L
»wc.bhw
V6€E°LL

Y9€'L8—

LSETIT
T68'TIL
Riaagnt

116811
LSOETT
[ qal

99¢€°5TI
80L°STI
19%°9C1—
ISL°LTL "
0¥0°6TI
¥SE9ELI—
PSS6E1—

€60°LYI~
T66'LYT"

SYTSSI—

TE6'80T—

13C NMR (100 MHz, CDCly)

0

9

90

110

T
20

T
130 1

110

T T T
200 190 180 170

10

2

0

T
9

f1 (ppm)

S159



WWD1 A, Wavelength=254 mm

240

[N ]

S
13773

16, 737

1804
160
140/

=

E 12

11 12 13 14 15 16 17 18 19 20 21 22 23 28 25

Ret Time Peak Width  Height Area
[min] Type [min] [mAU| |[mAU*s]
13.773 BB 0.38 2333705  5665.1899  49.8232
16.737 BB 0.47  187.4850 5705.3984  50.1768

Totals: ~ 11370.5884  100.0000

VWDL A, Wavelength=254 nm
340

320
3004
2804
260
240
220
200
180-
160
140
120
100

e 791

[mAu]

40
20

?
>¢13. 742

i 2 3 4 & 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

[min]

Ret Time Peak Width  Height Area Area
[min] Type [min] [mAU]J |[mAU*s]| | %]
13.742 BB 0.38 26.8399 651.3505 6.1917
16.791 BB 0.48 318.5732 9868.4443  93.8083

Totals:  10519.7949  100.0000
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Spectrum Plot Report

Name cyc-20200605-20 Rack Pos. Instrument Instrument 1 Operator

Inj. Vol (ul) 10 Plate Pos, IRM Status Success

Data File cyc-20200605-20.d Method (Acq) TOF.m Comment Acq. Time (Local) 6/14/2020 6:13:50 PM
(UTC+08:00)

105 |+ESI Scan (rt: 0.893 min) Frag=175.0V cyc-20200605-20.d

2.6
2.5 479,1583
2.4
2.3
2.
2.1

ra
1.9
1.87
1.
1.6
1.5
1.4
1.3
1.1
1.1

14
0.9

081 HRMS (ESI-TOF) m/z: [M + Na]* 022,000

o] Calcd for CoyHpuN,05Na 479.1577
0.5

0.4+
0.3 2171042

261.1304
0.2
ool 15?.’]169 ﬂ 3[511564 S
o L Al i Ll " 349,1}82? :113,3654 J ll hll ]E
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 67> 700 725 750 775 800 825 850 875 900 925 950 975 1000
Counts vs, Mass-to-Charge (m/z)

121.p509
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—-119.414

19F NMR (376 MHz, CDCly)

[mAu]

T
-10

VKDL A, Wavelength=254 nm

300
280
260

T
-100 -110

f1 (ppm)

T T T T T T T T
-20 -30 -40 -50 -60 -70 -80 -90

P N

T
-120

16. 939

T
-130

T
-140 -150

T T T T T T
-160 -170 -180 -190 -200 -210

Ret Time
[min]
15.061
16.939

12 15 14 15 16

[min]

Peak Width  Height Area Area

Type [min] [mAU] [mAU*s] [%0]
BB 040  284.2456 7307.6021 49.9185
BB 0.44 2547342 7331.4688  50.0815
Totals: 14639.0708  100.0000
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_VWD1 A, Wavelength=254 nm
4254
400
3754
3504
3254

921

2754
250
2254
2004
1754
1504
1254

[mAu]

754

15. 071

1 2 4 4 8§ 6 7 8 & 10011 12 13 14 15 16 17 18 19 20 21

[min]

Ret Time

Peak Width  Height
Type [min] [mAU]
15.071 BB 0.40 31.4864
16.921 BB 0.45 405.0982

Totals:

Area Area
[mAU*s] [%6]

812.9145 6.4473
11795.6201  93.5527
12608.5346  100.0000

[min]

Spectrum Plot Report

Rack Pos.
Plate Pos,
Method (Acq) TOF.m

Name cyc-20200614-15
Inj. Vol. (ul)
Data File

Instrument
IRM Status
Comment

Instrument 1
Success
cyc-20200614-15.d

92 23 24 25 26 27 28 29

3~ Agilent
Operator

Acq. Time (Local) ?l,}lre‘s:@g}zzp 03‘ 12:30 PM

w10 | +ESTScan (it: 1,023 min) Frag=175.0 cyc-20200614-15.d

347
3.3
3.2
3.1

3
2.5
2.8
2.7
2.6
2.5
2.4
2.3
2.
2.17

Fa
1.9
1.8
1.7
1.67
1.5
1.4
1.3

12 HRMS (ESI-TOF) m/z: [M + Na]*
o Calcd for CpgHp1FN,O4Na 467.1378

0.5
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

467.1370

T T : T - T T T T T T T
466.75 466.8 466.85 466.9 466.95 467 467.05 467.1 467.15 467.2
Counts vs. Mass-to-Charge (m/z)
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180- VADL A, Wavelength=Zb4 nm

170+
160
150
140
130+
1204
110
100+

NO,

16. 738
17. 977

[mAu]

%0
20
70
60-
504
40
30
20
10
0

I PN
1 2 & 4 6 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 21 28 29 30

[min]

Ret Time Peak Width  Height Area Area
[min] Type [min] [mAU] [mAU*s] [%0]
16.738 BV 0.45 87.5782  2550.5234  49.7469
17.977 VB 0.49 80.8958 25764795  50.2531

Totals: 5127.002%  100.0000

500 YHDL A, Wavelength=254 nm

475
450+
4254

. 453

[mAul

-.4
o
16. 577

15 16 17 18 19 20 21 22 23 24 25

Height Area Area
[mAU] [mAU*s] [%0]

16.577 VVE 0.50 25.0041 792.6057 5.5188
17.453 VBR 046 4524643 13569.3525 94.4812
Totals: 14361.9582  100.0000
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Name
Inj. Vol

iy
1.457
1.4
1.35
1.3
1,25
1.2
1.157
1.1
1,051
N
0.957
0.5
0.857
0.6
0.751
0.7
0.657
0.6
0,55
0.5
0.451
0.4
0.357
0.3
0.257
0.2
0.151
0.1
0.057

. (ul)
Data File

Spectrum Plot Report

Instrument
IRM Status
Comment

Rack Pos.
Plate Pos.
Method (Acq)

Cyc-20200614-14
0

cyc-20200614-14.d TOF.m

Instrument 1
Success

Operator

Acq. Time (Local)

Lk Agilent

6/18/2020 5:09:31 PM
(UTC+08:00)

+ESI Secan (rt: 1.313 min) Frag=175.0V cyc-20200614-14.d

Cl

O I

A
AN
5i Ph
483.1075

HRMS (ESI-TOF) m/z: [M + Na]*
Calcd for CygHy43"CIN,O4Na 485.1053
Cu6H243°CIN,O4Na 483.1082

485,1060
484.1097

[ I 11 | | se w1y il | (N A I .||,
T T T

491.1356

T T T T T T
476 477 478 479 480 481 482 483 484 485 486
Counts vs, Mass-to-Charge (m/z)
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1L0°61—

SHTTEN
SerEE~
686°€”
SOE°EP~.
ToTr-

601 vS—

9L 9L
vho.RW
16¢°LL

10L°88—

VLLTIL
€90°911
9eT €Tl
9L VTL
o1z st
€0v'sTl
LEYSTI
0TE9TIE
169°LT1
oan.hmﬁ‘\
1v0°62C1
owﬁ.oﬁ\
E\n.omﬁt\
€ceoel
CEOOVI
OLT'SST—

CEE60C—
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LmAu)

VWD1 A, Wavelength=254 nm

140+ =
130 '
1201 B
1104 E
100
904
~ &)"
i 0
604
504
404
30+
20+
104
1 2 3 4 5 6 7 8 9 10 11 12 13 16 17 18 19 20 21 22 23 24
Ret Time Peak Width Height Area Area
|min] Type |min] [mAU| [mAU*s| | %]
15.591 BB 0.40 132.6123  3436.3503  49.7551
20.551 BB 0.55 98.7271  3470.1843  50.2449
Totals: 6906.5347  100.0000
140+ VWDl A, Wavelength=254 nm
130 §
120
1104
1004
a0
804
704
17 18 19 20 21 2 B 4 b

Ret Time
[min] Type [min] [mAU] [mAU*s] [%0]
15.100 BB 0.39 18.1310 457.0802 9.7377
19.804 BB 0.51 128.4601 4236.8535  90.2623
Totals: 4693.9337  100.0000

Peak Width Height Area Area
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Spectrum Plot Report £ Agilent

Name cyc-20200614-17 Rack Pos. Instrument Instrument 1 Operator

Inj. Vol. (ul) 10 Plate Pos, IRM Status Success

Data File cyc-20200614-17.d Method (Acq) TOF.m Comment Acq. Time (Local) 6/18/2020 5:18:32 PM
(UTC+08:00)

wa0* [+ESTScan (1t: 1,174 min) Frag=175.0 cyc-20200614-17.d

6.6 463.1624
6,61
6,47
6.2

5.8
5,67
5.4
5.2

4.5

4.6

4,41

4.2
A

381

3,61

3.4 . k

3.1 5j Ph

6] HRMS (ESI-TOF) m/z: [M + NaJ*
2.41

2.4 Calcd for CZ7H24N204N3 463.1628

1.8
1.6
1.4
1.2

11
0.8
0.6
0.4
0.2

T T T T T T T T T
462.9 462,95 463 463.05 463.1 463.15 463.2 463.25 463.3 463.35 463.4
Counts vs. Mass-to-Charge (m/z)
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WVHD1 & Wavelength=254 nm

0]

RIS
585
;g T44
=17, 675

[mAul
1
3

504
|
[oF

1 2 3 4 5 6 7 8 9 10 11 12 13 1s4 15 16 17 18 19 20 21 22 23 24 25 26 21 28 29

[min]
Ret Time Peak Width Height Area
[min] Type [min] [mAU] [mAU*s]
15.744 BB 0.41 4722356  12676.2998  50.4532
17.675 BB 0.45 433.5867 124485723 49.5468

Totals:  25124.8721 100.0000

VWDl & Wavelength=254 rm

L 480

1504
140
130+
1204
1104

[mAu]

18 19 20 21 22 23 28 25

Ret Time Peak Width  Height Area Area
[min] Type [min] [mAU] [mAU*s] [%0]
15.675 BB 0.47 14.4694 467.3577 10.0410
17.482 BB 045 1443224 4187.1289  89.9590

Totals: 4654.4866  100.0000
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HRMS (ESI-TOF) m/z: [M + Na]*
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489.2269

489.0

488.0

487.0
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'"H NMR (400 MHz, CD(l5)

479.2644(1)

479.0

2.004

1.754
1.504
1.254
1.004
0.751
0.50
0.25
0.00-

amo.w;

1.0

0.5

0.0
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—207.937

e

150.334
146.707
139.879
135.817
134.247

130.517

129.099
128.840
127.873
126.679
125.310
124.632

122.683

13C NMR (100 MHz, CDCly)

)

115.297
113.500
112.678

§
%

hl Ml

—88.383
77.386

&
i

77.068
76.750

—54.730

45.097
44.820
32.999
32.839
31.855

L
L
N

[mAu]

T T
210 200

VWDL A, Wavelength=254 nm

3804
360+
3404
3204
3004
280+
2604
2404
2204

Ret Time

T
180

T
170

T
160

T T
150 140

T T T T
130 120 110 100
f1 (ppm)

Peak Width

A W

90

. 3089

80

20. 113

8 9 10 11 12 13 14 15 15

Height
[mAU]

[min]

Area
[mAU*s]

Area
[%]

17

Type [min]
BB 0.50
BB 0.59

354.0330
293.0110
Totals:

11529.5527
11346.3350
22875.8877

50.4005
49.5995
100.0000
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525 + VADL A, Wavelength=254 nm

500+ 8
475 }
450+
425 4
4004
3754
350
3254
300
2754
250
22654
200
175
1504
125
1004
764
504

2%
0

[mAu]

17. 233

1 2 & 4 & & 7 & 56 10 11 12 13 14 15 16 17 18 19 20 21 922 23 24 25

[min]

Peak Area Area

Type i [mAU*s] [%0]
17.233 BBA 0.48 67.7496 2067.2837 10.1454
19.904 BB 0.59 479.7300 18309.2090 89.8546

Totals:  20376.4927 100.0000

Inten.(x100,000)
°% 584.9848(1)
o] S HRMS (ESI-TOF) m/z: [M # H] *
586933801 Calcd for CogHo®'Br’°BrN,0, 584.9842;
o Calcd for CogHag  BroN,0, 582.9863;
560.9623(1) Calcd for CygH,08'BroN,0, 586.9822.
1.0{ 578.9538 ﬁ (\ /\ A
o ﬁ b ) “ ﬁ\ L \ \ ‘ | ‘ ‘ 5913773 ‘
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[mAu]

[mAul

Ret Time

[min]
21.812
24.087

180
1704
160+
1504
140+
130
1204
110+

Ret Time

[min]
21.641
24.033

BB
BB

Peak
Type
BB
BBA

o VHDL A, Wavelength=254 mm

Peak Width
Type

[min]
0.64
0.69

_VWD1 A, Wavelength=254 nm

Height
[mAU]

45.6682
43.7092

Totals:

Area

[mAU*s]

1912.1482
1948.8364
3860.9846

49.5249
50.4751
100.0000

21. 812
24. 087

. 641

Width
[min]
0.63
0.65

o
=3

Height
[mAU]

165.4010
12.9086
Totals:

-

Area
[mAU*s]

6751.2100
543.0745
7294.2844

12 13

[min]

Area
[%e]

92.5548
7.4452
100.0000
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Spectrum Plot Report 5 Agilent

Name cyc-20200605-22 Rack Pos. Instrument Instrument 1 Operator

Inj, Vol, (ul) 10 Plate Pos, IRM Status Success

Data File Cyc-20200605-22.d Method (Acq) TOF.m Comment Acg. Time (Local) 6/14/2020 6:19:52 PM
(UTC+08:00)

w10* [+ESI Scan (rt: 1.411 min) Frag=175.0V cyc-20200605-22.d

9.5

499.1630

Ey H k

5m Ph

“ HRMS (ESI-TOF) m/z: [M + NaJ*
.l Calcd for C59Hp4N,0,4Na 499.1628

2.5

1.5
1

0.5

T T T T T T T T T
498.95 499 499.05 499.1 499.15 499.2 499.25 499.3 499.35 499.4 499.45
Counts vs. Mass-to-Charge (m/fz)
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VKDL A, Wavelength=254 nm

g
o

18,118

LmAu)
[~
S

JNEDN

1 2 3 4 8 6 7 8 0 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

[min]

Ret Time Peak Width Height Area Area
[min] Type [min] [mAU] [mAU*s] [%0]
14.972 BB 0.45 3799055 116994131 49.4676
18.118 BB 0.59 296.5181 11951.2559  50.5324

Totals:  23650.6689 100.0000

_VAD1 A, Wavelength=254 nm

[mAu]
3
(=]

15. 287

7.

804

2% J

0 IS —

1 2 3 &4 & 6 7 &8 § 1011 12 15 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 81 32 33
[min]

Height Area Area

[MAU]  [mAU*s] [%]
15.287 BB 042 722633 2017.2246  9.0914
17.890 BBA 062 4649817 20171.1328 90.9086

Totals:  22188.3574  100.0000
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Name

Inj. Vol. (ul)
Data File

x10°
n
0.95
0.9
0.857
0.6
0.757
0.7
0.651
0.6
0.551
0.5
0,457
0.4
10.357
0.3
0.251
0.2
0.157
0.1
0.05

Spectrum Plot Report

Instrument Instrument 1
IRM Status Success
Comment

cyc-20200614-18 Rack Pos,
10

Plate Pos.

cyc-20200614-18.d Method (Acq) TOF.m

Operator

Acq. Time (Local)

3 Agilent

6/18/2020 5:21:33 PM
(UTC+08:00)

+ESI Scan (rt: 1,008 min) Frag=175.0V cyc-20200614-18.d

HRMS (ESI-TOF) m/z: [M + Na]*
Calcd for C27H22N202Na 429.1573

429,

1574

T
428.85

T T T T T
428.9 428.95 429 429.05 429.1

T T T
429.15 429.2 429.25
Counts vs. Mass-to-Charge (m/z)
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[mAu]

[mAu]

VWDl A, Wavelength=264 nm

T or2

11. 689

Ret Time
[min]

10.972
11.689

Peak Width

Type
BV
VB

[min]
0.26
0.27

VWDl A, Wavelength=264 nm

1900+
1800+
1700
1600+
1600+
1400+
1300+
1200+
1100+
1000
9004
800
700
600
500+
4004
300+
200
1004

Height
[mAU]

1074.5470
1051.9778

Area
[mAU*s]

18399.5684
18642.8242

s

12 13

[min]

Area
[%]

49.6717
50.3283

14

15

18

19

20 21

22

2

%4

10.915
11.664

BVR
VBE

Width

[min]
0.26
0.26

Height
[mAU]

g 10 1n

Area
[mAU*s]

1768.8953 29567.3555

108.5706
Totals:

1817.1340
31384.4895

12 13

[min]

Area
[%o]

94.2101
5.7899
100.0000
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Spectrum Plot Report £ Agilent

MName Cyc-2020720-6 Rack Pos. Instrument Instrument 1 Operator

Inj. Vol. (ul) 10 Plate Pos. IRM Status Success

Data File cyc-2020720-6.d Method (Acg) TOF.m Comment Acq, Time (Local) 7/24/2020 3:27:19 PM
(UTC+08:00)

w10t [+ESI Scan (rt: 1.133 min) Frag=175.0V cyc-2020720-6.d

2.4
2.3 449, 1468
2,2
2,19

24
1.9
1.8
1.7
1,67
1.5
1.4
1.39
1.2
1.1

NO,

14

“IHRMS (ESI-TOF) m/z: [M + Na]*

E';S:ﬂlCd for 026H22N204Na 449.1472
0.51

U‘ T T T T T T T T T T T T T T T T T T T T T L T
449.06 449.07 449.08 449.09 4491 449.11 4499.12 449.13 449.14 449.15 449.16 449.17 449.18 449.19 4492 449.21 449.22 4499.23 449.24 449.25 449.26 449.27
Counts vs, Mass-to-Charge (m/z)
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mAU ]

=832

20.653

Ret Time Peak Width  Height Area Area
[min] Type [min] [mAU] |mAU*s) %]
il Bttt | ====j======= | === | =========s |=====--= |
1 17.832 BB 0.5682 3249.40503 88.19733 46.6104
2 20.653 BBA  0.6840 3722.01636 83.36429 53.3896
mAU - h
100
80—
B0 —
Te]
1 8
[
40 =
20+
0 —
I | N ! N ! | I I
0 b 10 15 20 mir|

Ret Time  Peak

Width  Height Area Area

[min]  Type
il B ===l |=========- |=========~- |=======~- I

1 17.885 BB
2 20.571 BBA

[min] [mAU] [mAUs]  [%]

0.5524 1317.33337 36.98318 19.6144
@.7140 5398.82031 114.93725 80.3856
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Q — — — ~ =~ St nonao —
=\ ~— N dd SN 1
NO,
13C NMR (100 MHz, CDCl5)
1
A |
| | ! |M|l i [
| 1 UL | !
T T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0
f1 (ppm)
VD1 A Wavelength=254 rm
180 5]
170 -
160 @
160 COOMe =
140 <
130
120
110
100
3
Ic_é‘ 9:-)
80
70
60
50
40
30
20
0 j"\_zxﬂ
O ~

1 2 3 4 & 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

[min]

Ret Time Peak Width  Height Area Area
[min] Type [min] [mAU] [mAU*s] [%0]
17.418 BB 0.45 165.4417  4792.8354  49.1920
22.523 BB 0.56 133.8709  4950.2793  50.8080

Totals: 9743.1147  100.0000

S188



VWDl &, Wavelength=254 mm

1704
160
1504
1404
130
120
110

. 512

[méul
83885

50

17. 366

30
20
104

1 2 3 2 & 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 22 25 26 21 28 29

Ret Time Height Area Area
[min] i [mATU] [mAU*s] [%0]
17.366 BB 0.42 26.7732 717.7877 9.3233
22.512 BB 0.64 159.1550 6981.0371  90.6767

Totals: 7698.8248  100.0000

CO,Me
Inten.(x1,000,000! ; N 2
501 407.1598(1) /\\\’ J/
409.1756(1) <
4.0q O H N
30] 8a Bn
HRMS (ESI-TOF) m/z: [M + HJ*
o] 41047950 Calcd for Cy3Ho5N,05 409.1758
1400.1457 A0S e A A 4121824(1)

4000 4010 4020 4030 4040 4050 4060 4070 4080 4000 4100 4110 4120 4130 4140 4150 4160 miz
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[mAul

Hi H>

_ ko

Ph F0.5
= N02 9 o L3
| w e g b7 U

"0 N @ o 4 =
a H1H2én ° & ] T % 2.3

8b P e b
Hy w0(o) NOESY ~ § o & 20
F3.3
{ L0

H1

iR ¥ - _
= ., @ 0 *°

VWDl & Wavelength=254 mm

£1 (ppm)

180

180+
1704
160+
1804
1404

130
120/ ‘
1104 N

] = 02

. 57

27. 543

] H
704
60 rac-SbKPh
50
40
30

o ] )

Ret Time Peak Width Height Area Area
[min] Type [min] [mAU] [mAU*s] [90]
24.570 BB 0.75 172.0205 8563.0547  50.1850
27.543 BB 0.90 139.4481 84999150  49.8150

Totals:  17062.9697 100.0000
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VWD1 &, Wavelength=254 mm

4754
4504
425 4
400
375
350
3254

L 271

2754
2504
275 -
2001
1754
1504
125
100
754
504
25 -
0 I |

1 2 3 4 6 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

[min]

[mAu]

26, 709

Ret Time Peak Width  Height Area Area
[mim] Type [min] [mAU] [mAU*s] [20]
25.709 BV 0.80 117.1124  6223.1846 17.3359
28.271 VB 0.96 450.8990 29674.5664 82.6641
Totals:  35897.7510 100.0000
Spectrum Plot Report i Agilent
Name cyc-20200614-10 Rack Pos. Instrument Instrument 1 Operator
Inj. Val. (ul) 10 Plate Pos. IRM Status Success
Data File cyc-20200614-10.d Method (Acq) TOF.m Comment Acq. Time (Local) 6/18/2020 4:57:30 PM
(UTC+08:00)
%105 [+ESI Sean (rt: 1,066 min) Frag=175,0V ¢yc-20200614-10.d

1.9

1.8 449.1840

1.7

1.6

1.5

1.4

1.34

1.24

1.4

i

0.9+

08 HRMS (ESI-TOF) m/z: [M + Na]*

071 Calcd for C,7Hp6N,03Na 449.1836

0.6

0.51

0.4

0.3

0.2

0.11

D_ T T T T T T T T T T T T T
448.75 448.8 448.85 448.9 448.05 449 440.05 4490.1 449.15 440.2 449.25 4403 449.35
Counts vs. Mass-to-Charge (m/z)
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VWD1 A, Wavelength=254 mm

. 695

33, 933

[mAu]

rac-8¢ “Ph

8
H
: S
2
0

1 23 46 67 8 9101112131415 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 33 39 40

[min)

Ret Time Peak Width Height Area
|min] Type |min]| |[mAU| |[mAU*s|
30.695 BB 0.93 244035  1501.4353  49.3630
33.933 BB 1.06 21.7460  1540.1831  50.6370

Totals: 3041.6184  100.0000

190 VWDl A, Wavelength=254 mm

180 Cl
170,
160
150
140
130
120
110
100

. 371

[mAu]
8

70

50
40
30
20
10
074_,./\__

1 23 456 67 8 9101112131415 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

29, 768

[min]
Ret Time Peak Width Height Area
[min] Type [min] [mAU] [mAU*s|
29.768 BV 0.89 36.9707  2181.1409  15.1756
32371 VB 1.06 169.8061 12191.5059  84.8244

Totals:  14372.6467  100.0000
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Spectrum Plot Report Agilent

MName cyc-2020720-4 Rack Pos. Instrument Instrument 1 Operator

Inj. Vol. (ul) 10 Plate Pos. IRM Status Success

Data File cyc-2020720-4.d Method (Acg) TOF.m Comment Acg. Time (Local) 7/24/2020 3:21:17 PM
(UTC+08:00)

103 | +ES1 Scan (rt: 1.578 min) Frag=175.0V cyc-2020720-4.d

8.5
8,25
B
7,757
7.5
7.257
’
6,757
6.5
6.257
o
5.757
5.5 4831443
5.257
i
4,759
4.5
4,257
o
3.757
3.5
3.259
d
2751 HRMS (ESI-TOF) m/z: [M + Na]*
5 Calcd for Cy7H,5N,0435CINa 483.1446;

2,257
o Calcd for Cy7H»5N,05%"CINa 485.1416 485.1412
1.57
1,257

i
0,757
0,57

0,257
g 1 | [ i I 1 | . .

T T T = T = T T . T . T T T
482.8 483 483.2 483.4 483.6 483.8 484 484.2 484.4 484.6 484.8 485 485.2 485.4 485.6 485.8 486
Counts vs. Mass-to-Charge (m/z)
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304

204

10

Retention Time

NO,

46.92!

—
——

‘ | I @) N /
/j \\JU n racbl, Ph | \V
0 k'}\‘J’IL\J\-/\'\_/'\.j
0 ' 10 | 20 20 40 ' 50 60
Minutes
AREA PERCENT REPORT
Peak No. Ret Time Width Height Area Area [%]
1 46.923 4.393 496230 51172685 48.8419
2 50.897 6.292 484622 53599499 51.1581
Totals
980852 104772184 100.0000
150 4 o
Retention Time 3
!' ‘I
I
100 +
| |
|
|
|
[
|I |
50 | ||
2] |I
=] | |
= | |
L f II
04— — o R— _er————\:Jri————l—x.l -~ _
0 I 1IO 2ID 3:0 4I0 SIU 60
Minutes
AREA PERCENT REPORT
Peak No. Ret Time Width Height Area Area [%]
1 47.403 3.563 243369 23139177 9.2657
2 51.630 5.207 2081047 226590958 90.7343
Totals
2324416 249730135 100.0000
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Name
Inj. Vol. (ul)
Data File

cyc-2020720-1
10

€yc-2020720-1.d

Rack Pos.
Plate Pos.
Method (Acg)

Spectrum Plot Report

TOF.m

Instrument
IRM Status
Comment

Instrument 1
Success

Operator

Acg, Time (Local)

Agilent

7/24/2020 3:12:06 PM
(UTC+08:00)

X107,

2.7
2.6
2,57
247
2,37
2.2
2,1

2
1.9
1.87
1.79
1,67
1.57
1.47
1,37
1.2
1,17

1
0.9
0.8
0.7
0.67
0,57
0.4
0.37
0.2
0.1

+ESI Scan (rt: 1.050 min) Frag=175.0V cyc-2020720-1.d

494,

1682

0=
493.9

T
494

T
494.05

T T
4941 494.15

T T T
494.2 494.25 494.3

Counts vs. Mass-to-Charge (m/z)

T
494.35 494.4

L1.812
L1.803
1,785
1,781

-1.772
11.759

11.756
11.749

1.726

11.723

Ll1.716
-0.000

Ir

¥l

1.001

ff//

Y

T
4.5
f1 (ppm)
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5 GTRgEs8329a2 e nos-wanD®m To
= o el B g bl S38 BERTEGRSE ER
& ESooac A oo oy NN PR28a68ds T2
e\ ~ NSNS /S N/
13C NMR (100 MHz, CDCl,)
1
i | ll | | H i‘ HJ;[ ‘l
RN .
T T T T T T T T T ! T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 =]
1 (ppm)
mAUi §
120
1 o
=
1 <
o0 O 5
80_
sof I!il 74 I“()2
40 0) H N
1 rac-8e k|:>h
20
0 P o _J\ S . M .
- T T 7T 1T T T 1T T
0 5 10 15 20 25 30 35 40 mir

Ret Time Peak Width Height Area Area

min]  Type [min] [mAU] [mAU*s] 9%

1 27.390 BB ©.8160 7126.36182 133.98598 50.1389
2 35.076 BB 1.0938 7086.87744  96.05139 49.8611
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mAl |
120
100
80 -
1 = Pd()Z
] |
0 N =
40 5
Bn
8e
204
0 —
T T T I T T T '| T T T I T T T T T T '|
0 10 20 30 mir|
Ret Time Peak Width Height Area Area
[min] Type [min] [mAU] [mAU%] [%]
S [ [----T------- [ S [--=----- !
1 27.911 BB ©.8303 1765.22314 32.85513 16.9547
2 35.363 BB 1.1112 8646.15820 117.78127 83.8453
Spectrum Plot Report 42 Agilent
MName Cyc-2020720-2 Rack Pos. Instrument Instrument 1 Operator
Inj. Vol. {ul) 10 Plate Pos. IRM Status Success
Data File €yc-2020720-2.d Method (Acq) TOF.m Comment Acqg. Time (Local) 7/24/2020 3;15:15 PM
(UTC+08:00)
105 [+ESI Scan (rt: 1.478 min) Frag=175.0V cyc-2020720-2.d
1,14
1,057 463.199%
n
0,957
0.9
0.857
0.8+
0,757
0.7
0,657 = N 02
0.6 |
0,55
| 0] N
0.5 H
0.457 Bn
0.4 8e
0,35
. +
. HRMS (ESI-TOF) m/z: [M + Na]
0.257 Calcd for C28H28N203Na 463.1992
0.2
0,157
0.1
0.057
0- T T T T T T T T T T T T
462.5 462.6 462.7 452.8 462.9 463 463.1 463.2 463.3 463.4 463.5 463.6 463.7

Counts vs, Mass-to-Charge (m/z)
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s sl ///f

S
|
I

W::
101

Frrr

€6'C
€Te

EF160

5

8.

9.0

9.5

10.0

1 (ppm)

70881~
61—
61€ST—
LO8'TE~
€SEVeE~
LESLE—
SoL 0V
LLT OV~
6956V —
mEhw/
S08°9¢—

1€L9L
8V0'LL
ooﬁhn.\

meAﬂ
vmo‘wﬁ/
ﬁmw.hﬁ/
L1T8TI

Ew.wﬁ\
«Nq.oﬁ \
v26ZEl

SE6'8VI—

yee1ie—

8f
13C NMR (100 MHz, CDCl3)

80

90

110

130

T T T T T
200 190 180 170 160 150

10

9

f1 (ppm)

S202



mAU | P~
160 2
1 @
g
| ]
140 - 8
120—_ _ N02
100 |
: H N
8_0_
] rac-8f ~pp
60—
40
20
04 e
| I | I I | 1 1
0 25 5 7.5 10 125 15 17.5 225 mir]
Ret Time Peak  Width Height Area
[min] Type [min] [mAU] [mAU*s|
1 21.357 BB 0.5748 5721.55176 153,94864 50.1103
2 23.423 BB 0.6429 5696.36670 136,.85027 49,8897
mAL _| E
600
500 -}
] = NO2
400 |
300 Bn
] 8f
200
100+ 3
: J &
0 i A e~ L
) T v ¥ ¥ ¥ T v T ¥ v T T T
0 5 10 15 20 25 min
Ret lTime Peak Width Height Area Area
|min] Type |min] |mAU| |mAU#g| |%
1 21.128 BV 0.6070 2.69933e4  680.37585 92.2822
2 23.544 VB 0.6343 2257.52686  54.87917 7.7178
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Spectrum Plot Report i Agilent

Name €yc-2020720-3 Rack Pos, Instrument Instrument 1 Operator

Inj. Vol. (ul) 10 Plate Pos. IRM Status Success

Data File cye-2020720-3.d Method (Acq) TOF.m Comment Acq. Time (Local) 7/24/2020 3:18:16 PM
(UTC+08:00)

105 [+EST Scan (rt: 0.912 min) Frag=175.0 cyc-2020720-3.d

1.8

1.79 387.1684

NO,

o 8f

o{ HRMS (ESI-TOF) m/z: [M + NaJ*
o6 Calcd for C22H24N203Na 387.1679

T T T T T T T T T T T T T
386.9 386,95 387 387.05 3871 387.15 387.2 387.25 387.3 387.35 3874 387.45 387.5
Counts vs. Mass-to-Charge (m/z)
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150+

100

—=787

rac-10 Bn |

25
Ret Time Peak Width  Height Area Area
[min] Type ([min] [mAU] [mAU*s] [%]
1 11.767 BB  ©.4628 5490.62695 181,93011 49.0860
2 18.200 BBA 0.8152 5695.10986 106.65697 50@.9140
mAU §
140 ||
: |
1204 |
100 |
o |
: |
50 |
] | |
40 |
] |
] |
4 e}
1 [ 2
) A L2
| T T T T
0 5 10 15 20 25 mi

Ret Time Peak Width Height Area Area

[mAU*s] [%]

[min] Type [min] [mAU]

1 11.73%9 BBA @.4487 4611.46777 159.14609 99.2176
2 18.3@3 BB 08.6124 36.36558 7.45955e-1 0.7824
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Agilent

Spectrum Plot Report

Name CyC-20191108-17 Rack Pos. Instrument Instrument 1 Operator

Inj, Vol, {ul) 10 Plate Pos, IRM Status Success

Data File CYC-20191108-17.d  Method (Acqg) TOF.m Comment Acq. Time (Local) M}E}frzglg 6:27:41
-+

106 |+ESI Scan (it: 1,087 min) Frag=175.0V CYC-20191108-17.d

9,257 442.1520
o7

8,757
8,5
8,25
&
775
7.57
7.257
b
6,75
6.5
6,257
P
5.757
5.5
5.257
e
4.75
4.57

4.254 A
0

3.?;: 1
3.5
3251 HRMS (ESI-TOF) m/z: [M + H]*
2:_;:: Calcd for C30H23N3O 442.1914
2.254

2
1.757
1.57
1-2?:
0.757
0.5
0.257

o

08:00)

T T T T T T T T T T T T T T T T T T T T T
442.02 442.04 442.06 442.08 4421 442.17 442.14 442.16 44218 442.2 44277 442.24 44276 44228 4423 44237 44234 44236 44238 4424 44242
Counts vs. Mass-to-Charge (m/z)
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mAU
25
20 COOMe o g
4 P
= o~
(3]
15
10
5 -
0 -
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 mir
Kei Time Peak Widih Height Atea Area
[min] Type [mim] [mAl] [mAUH| %]
1 208.457 BB 8.7618 848.82862 15.95749 49.2976
2 24.008 BB ©.7926 864.78210 16.25152 58.7824
mAU o
300
(3()2hﬂe
2501
] NH
200 - | X 2
=
150 O 1 N
100
| =
] ~
50 S
. AR EEPRVANS N , |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 min

Ret Time Peak Width Height Area Area

[min]  Type [min] [mAU] [mAU*s]  [%]

1 20.714 BB 0.7245 2008.40002  40.27477 9.9861
2 23.965 BB @.7969 1.81035e4 336.33798 90.0139
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CO,Me

Inten.(x10,000,000)
1.75]
287.1381(1) N H2

150] | X

—
1.25]

(0) N
1.00] 11
HRMS (ESI-TOF) m/z: [M + HJ*
050y Calcd for C16H19N203 287.1390
0.25]
0.00 2429823 250,100 A 3302403 3802173 406,3475 421,1945 b
200.0 2250 250.0 2750 300.0 3250 350.0 375.0 400.0 4250 miz
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