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General Considerations

Unless otherwise noted, all reactions were carried out in a nitrogen-filled glove box or under
nitrogen atmosphere using standard Schlenk techniques. Commercially available compounds were
purchased from commercial suppliers and directly used without further purification. Solvents were
dried and degassed according to standard procedures. The heat source for all reactions is oil bath.
Column chromatography was carried out using silica gel (200-300 mesh). '"H NMR, '°F NMR, 3'P
NMR and '3C NMR spectra were recorded on a Bruker Avance I1l 400MHz spectrometer (400,
376, 162 and 100 MHz respectively). High-resolution mass spectra (HRMS) were obtained with
Thermo Q Exactive mass spectrometer. Optical rotations were measured on a Perkin-Elmer 341
polarimeter. Enantiomeric excesses (ee values) of the products were determined by chiral HPLC
analysis using an Aglient HP 1200 instrument (n-hexane/2-propanol as eluent) with a Chiral 1A-3,
IB-, IC-3, IE-3, OD-H or OJ-H column.

Experimental Section

(1) Preparation of ligands
General procedure A for the synthesis of L6-L11

HSICl3 (5 equiv
Br._CO;Me “co,Me Ne s equm) “co,Me
P(O)Arz K2CO3 (5 equiv) OArz toluene PArz
aceton
LiOH ( Zequw) CO
2
THF/H,0 J: PArz

The preparation method of M1 can referred to references ']

Under the protection of Na, to a mixture of M1 (1.5 mmol, 1 equiv) and K>CO3 (5 equiv) in
anhydrous acetone (15 mL/mmol), methyl bromoacetate (5-8 equiv) was added. The mixture was
refluxed for 12-24 h. After completion of the reaction (monitored by TLC), the system was cooled
to room temperature, the mixture was filtered and concentrated to give the crude product M2.

The crude ester M2 (1 equiv) was dissolved in dry toluene (15 mL/mmol), then triethylamine
(11-15 equiv) was added to the solution under N,. The system was cooled to 0 °C, then
trichlorosilane (4 equiv) was added via syringe. The reaction was heated and refluxed overnight
until the reaction was complete (monitored by TLC). Upon cooling to room temperature, the
reaction was diluted with toluene and a solution of saturated aqueous NaHCO3 was then added,
and the mixture was stirred for 20 min. The resulting suspension was filtered through a pad of

celite and washed with toluene. The combined filtrate was dried over Na;SO4. The solvent was
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then removed by rotary evaporation under vacuum to obtain the crude solid product of M3 as a
white foam, which was passed through a short pad of silica gel for purification using petroleum
ether/ethyl acetate as an eluent if needed.

Under Ny, the above intermediate M3 (1 equiv) was added to a tube with LiOH (2 equiv) and
a mixture of THF/H,O (1:1, 10 mL/mmol). The reaction was stirred at room temperature
overnight. To the resulting solution aqueous HCI was added and the mixture was acidified (pH =
2), followed by quick extraction with ethyl acetate. The combined organic phase was dried over
NaySOs. The concentrated residue was then purified by flash column chromatography over silica
gel to get the desired chiral ligand.
(R)-2-(6,6-(25,3S-butadioxyl)-2’-(diphenylphosphaneyl)-[1,1’-biphenyl]-2-yl) oxy) acetic
acid (L6)

0 l 0~ >COLH
0 O PPh,

L6 was obtained according to the General procedure A, as a white solid (76% yield over three
steps).

'"H NMR (400 MHz, CDCl3) & 11.38 (brs, 1H), 7.41-7.29 (m, 6H), 7.24-7.14 (m, 5H), 7.07-7.03
(m, 2H), 6.80-6.77 (m, 1H), 6.58-6.55 (m, 2H), 4.67 (d, J = 16.7 Hz, 1H), 4.61 (d, J = 16.7 Hz,
1H), 3.87-3.73 (m, 2H), 1.36 (d, J = 6.3 Hz, 3H), 1.31 (d, J = 6.2 Hz, 3H). '3C NMR (101 MHz,
CDCls) 6 170.50, 160.65, 159.41, 159.33, 153.27, 137.06, 134.77, 134.31, 134.12, 133.36, 133.17,
130.35, 129.53, 129.51, 129.33, 128.81, 128.77, 128.70, 128.09, 128.01, 122.97, 119.43, 116.06,
106.35, 99.98, 86.70, 85.90, 65.59, 18.99, 18.92 (observed complexity due to P-C splitting). [a]o®
= -76.2 (¢ = 1.0 mg/mL in CHCIs). Melting point: 118-119 °C. 3'P NMR (162 MHz, CDCl3) &
-5.85. ESI-HRMS caled. for C3H2705P [M+H]" = 499.1669; found 499.1662. IR (neat): v (cm™)
2230, 1705, 1448, 1322, 1248, 1018, 843, 738, 694, 615.
(R)-2-(6,6-(2S,3S-butadioxyl)-2’-(bis(3,5-dimethylphenyl)phosphaneyl)-[1,1’-biphenyl]-2-yl)
oxy)acetic acid (L7)

. O CO,H Me
o) o)
o) P
T
Me

Me

L7 was obtained according to the General procedure A, as a white solid (68% yield over three
steps).

'"H NMR (400 MHz, CDCls) & 11.89 (brs, 1H), 7.32-7.28 (m, 1H), 7.18-7.10 (m, 2H), 7.06-7.00
(m, 3H), 6.80 (s, 1H), 6.70 (t, /= 6.4 Hz, 1H), 6.63 (s, 1H), 6.61 (s, 1H), 6.53 (d, J= 8.4 Hz, 1H),
6.48 (d, /= 8.1 Hz, 1H), 4.72 (d, /= 16.8 Hz, 1H), 4.67 (d, J = 16.8 Hz, 1H), 3.87-3.71 (m, 2H),
2.31 (s, 6H), 2.15 (s, 6H), 1.37 (d, J = 6.3 Hz, 3H), 1.32 (d, J = 6.2 Hz, 3H). 3C NMR (101 MHz,
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CDCl3) 6 170.84, 160.50, 159.28, 153.01, 138.28, 138.20, 137.62, 137.28, 137.19, 133.93, 133.21,
132.41, 132.22, 131.52, 131.46, 131.30, 130.96, 130.78, 130.52, 130.07, 129.44, 129.41, 128.31,
122.52, 119.48, 115.83, 106.11, 86.80, 85.59, 65.59, 21.30, 20.99, 19.09, 19.00 (observed
complexity due to P-C splitting). 3'P NMR (162 MHz, CDCls) & -4.36. [a]p?® = -125.3 (c = 1.0
mg/mL in CHCI3). Melting point: 125-127 °C. ESI-HRMS calcd. for C3sH3s0sP [M+H]" =
555.2295; found 555.2286. IR (neat): v (cm™) 2976, 1685, 1449, 1325, 1271, 1049, 879, 737, 695,
618.
(R)-2-(6,6-(2S,3S-butadioxyl)-2’-(bis(4-methoxyphenyl)phosphaneyl)-[1,1°-biphenyl]-2-yl)ox
y)acetic acid (L8)

. O CO,H
0 O)/®/0Me
0 O P

OMe

L8 was obtained according to the General procedure A, as a white solid (73% yield over three
steps).

'"H NMR (400 MHz, CDCl3) & 11.79 (brs, 1H), 7.32-7.26 (m, 4H), 7.18-7.14 (m, 2H), 6.97-6.92
(m, 4H), 6.77-6.74 (m, 1H), 6.69-6.66 (m, 1H), 6.56-6.52 (m, 2H), 4.70 (d, J = 16.7 Hz, 1H), 4.66
(d, J=16.7 Hz, 1H), 3.89-3.70 (m, 8H), 1.35 (d, J = 6.3 Hz, 3H), 1.30 (d, /= 6.3 Hz, 3H). !3C
NMR (101 MHz, CDCI3) & 170.72, 160.72, 160.56, 160.16, 159.36, 159.28, 153.16, 138.09,
135.88, 135.68, 134.79, 134.59, 131.49, 131.27, 130.24, 129.37, 129.34, 128.32, 125.60, 122.64,
119.50, 116.00, 114.50, 114.42, 113.81, 113.72, 106.17, 86.64, 85.83, 65.61, 55.22, 55.10, 18.99,
18.94 (observed complexity due to P-C splitting). 3'P NMR (162 MHz, CDCl3) § -8.68. [a]p® =
-114.4 (c =1.0 mg/mL in CHCI3). Melting point: 115-117 °C. ESI-HRMS calcd. for C3;H3,07P
[M+H]" = 559.1880; found 559.1871. IR (neat): v (cm™) 2932, 1760, 1593, 1497, 1440, 1242,
1176, 1044, 1027, 940, 825, 793, 725, 616
(R)-2-(6,6-(2S,3S-butadioxyl)-2’-(bis(3,5-di-tert-butylphenyl)phosphaneyl)-[1,1’-biphenyl]-2
-yDoxy)acetic acid (L9)

5 O CO,H tBu
0 o)
0 P
O
t

t
Bu
tBu

L9 was obtained according to the General procedure A, as a white solid (62% yield over three
steps).
"H NMR (400 MHz, CDCls) & 11.93 (brs, 1H), 7.45 (s, 1H), 7.31-7.24 (m, 4H), 7.16-7.09 (m, 2H),
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6.83 (d, J=9.9 Hz, 2H), 6.77-6.73 (m, 1H), 6.57 (d, J = 8.4 Hz, 1H), 6.40 (d, J = 8.1 Hz, 1H),
4.78 (d, J=16.8 Hz, 1H), 4.72 (d, /= 16.8 Hz, 1H), 3.83-3.64 (m, 2H), 1.34 (d, J = 6.2 Hz, 3H),
1.28 (s, 18 H), 1.24 (d, J = 6.3 Hz, 3H), 1.18 (s, 18 H). 13C NMR (101 MHz, CDCl3) § 170.94,
160.55, 159.37, 159.29, 153.27, 150.89, 150.81, 149.92, 149.84, 138.97, 133.38, 132.68, 131.18,
130.97, 130.16, 129.19, 129.15, 128.64, 128.45, 128.09, 127.73, 127.53, 123.44, 123.30, 122.27,
119.70, 119.66, 115.85, 106.04, 86.81, 86.02, 65.76, 34.93, 34.65, 31.36, 31.23, 19.03, 18.96
(observed complexity due to P-C splitting). 3'P NMR (162 MHz, CDCls) 6 -2.76. [a]p® = -78.1 (c
= 1.0 mg/mL in CHCI3). Melting point: 169-171 °C. ESI-HRMS calcd. for C46Hs0OsP [M+H]" =
723.4173; found 723.4163. IR (neat): v (cm™) 2963, 1765, 1582, 1442, 1361, 1248, 1046, 873,
773, 7009.
(R)-2-(6,6-(2S,3S-butadioxyl)-2’-(bis(3,5-di-tert-butyl-4-methoxyphenyl)phosphaneyl)-[1,1°-
biphenyl]-2-yl)oxy)acetic acid (L10)

. O CO,H tBu
0 o) OMe
0 R
O e
t

t
Bu
tBu OMe

L10 was obtained according to the General procedure A, as a white solid (67% yield over three
steps).
"H NMR (400 MHz, CDCl3) & 12.03 (brs, 1H), 7.32-7.29 (m, 1H), 7.31 (t, J= 7.9 Hz, 1H), 7.25 (s,
1H), 7.23 (s, 1H), 7.15-7.11 (m, 2H), 6.86 (s, 1H), 6.83 (s, 1H), 6.75 (t, J= 6.3 Hz, 1H), 6.58 (d, J
= 8.4 Hz, 1H), 6.41 (d, J = 8.1 Hz, 1H), 4.78 (d, J = 16.8 Hz, 1H), 4.72 (d, J = 16.8 Hz, 1H),
3.79-3.60 (m, 8H), 1.37 (s, 18H), 1.32 (d, /= 6.2 Hz, 3H), 1.26 (s, 18H), 1.23 (d, /= 6.4 Hz, 3H).
13C NMR (101 MHz, CDCls) 8 170.96, 160.74, 160.59, 160.54, 159.43, 159.35, 153.33, 143.96,
143.89, 142.94, 142.85, 139.46, 132.90, 132.70, 132.43, 132.22, 130.83, 130.62, 130.18, 129.14,
129.10, 127.52, 127.39, 122.20, 119.68, 115.84, 106.10, 86.76, 86.07, 65.75, 64.28, 64.25, 35.89,
35.59,32.01, 31.74, 19.09, 18.95 (observed complexity due to P-C splitting). 3'P NMR (162 MHz,
CDCls) § -5.09. [a]p®=-71.3 (c = 1.0 mg/mL in CHCls3). Melting point: 220-223 °C. ESI-HRMS
calcd. for C4sHe3O7P [M+H]" = 783.4384; found 783.4374. IR (neat): v (cm™") 2957, 1766, 1445,
1314, 1221, 1112, 1007,939, 790, 784, 609.
(R)-2-(6,6-(2S,3S-butadioxyl)-2’-(bis(4-methylphenyl)phosphaneyl)-[1,1’-biphenyl]-2-yl)oxy)
acetic acid (L11)

. O CO,H
o) O)/®/Me
0 O P

Me

L11 was obtained according to the General procedure A, as a white solid (72% yield over three
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steps).

'H NMR (400 MHz, CDCl3) § 7.33-7.17 (m, 7H), 6.98-6.92 (m, 4H), 6.83-6.80 (m, 1H), 6.58-6.56
(m, 2H), 4.67 (d, J = 16.8 Hz, 1H), 4.64 (d, J = 16.8 Hz, 1H), 3.87-3.74 (m, 2H), 2.40 (s, 3H),
228 (s, 3H), 1.37 (d, J = 6.3Hz, 3H), 1.32 (d, J = 6.1 Hz, 3H). '3C NMR (101 MHz, CDCl3) §
170.74, 160.65, 159.39, 159.30, 153.21, 134.26, 134.07, 133.21, 133.03, 130.40, 129.67, 129.59,
129.53, 129.49, 128.99, 128.90, 123.16, 115.98, 106.29, 86.70, 85.90, 65.59, 21.40, 21.31, 19.00,
18.94 (observed complexity due to P-C splitting). *'P NMR (162 MHz, CDCls) 6 -7.36. [a]p®®=
102.5 (c = 1.0 mg/mL in CHCIz). Melting point: 120-123 °C. ESI-HRMS calcd. for C3,H3;0sP
[M+H]* = 527.1982; found 527.1973. IR (neat): v (cm™') 2948, 1691, 1454, 1254, 774, 713, 651.
(2) Synthesis of substrates

General procedure B: nucleophilic substitution reaction 2]

?OZMG

o o NHCO,Me Br NaH N N\rAr
R=U * )\ - R _ Ar
X

X Ar Ar DMF, RT-60 C

N-aryl-carbamate derivative (3 mmol, 1 equiv) was dissolved in dry DMF, then NaH (1.3-1.5
equiv) was added to the solution and the mixture was stirred at room temperature for 20 min.
Bromodiarylmethane (1.5 equiv) was added to the mixture, then the system was heated to 60°C
and stirred for 4-8 h. The reaction mixture was poured into ice-cooled 1N HCI and extracted with
ethyl acetate. The combined organic phase was washed with water, brine and dried over Na,SOa.
The concentrated residue was then purified by flash column chromatography over silica gel to get
the desired product.

General procedure C: Mitsunobu reaction *!

(I:OzMe
NHCO,Me
e 2 OH PPh, DIAD N N\rAr
R vl ~ R
X Ar” “Ar THF, RT A~y AT

To a solution of benzhydryl alcohol (3 mmol, 1 equiv) in anhydrous THF (10 mL),
N-aryl-carbamate derivative (3 mmol, 1 equiv) and triphenylphosphine (2 equiv) were added at 0°C
under N> atmosphere. Then diisopropylazodicarboxylate (DIAD) (2 equiv) was added within 5
min, the orange-red color of DIAD disappeared immediately with slight heat release. The mixture
was stirred at room temperature overnight in N, atmosphere. The solvent was evaporated under
reduced pressure and the residue was purified by flash column chromatography over silica gel to
get the desired product.

Methyl benzhydryl(2-bromo-5-methoxyphenyl) carbamate (1c)

MeO N.
© \@ CO,Me
Br

1c
1¢c was obtained according to the General procedure B, as a white solid (89% yield).
"H NMR (400 MHz, CDCl3) § 7.43-7.29 (m, 6H), 7.20-7.10 (m, 5H), 6.75-6.73 (m, 2H), 6.61 (dd,
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J = 8.8, 2.9 Hz, 1H), 3.76 (s, 3H), 3.61 (s, 3H). *C NMR (101 MHz, CDCl3) & 158.71, 155.97,
140.78, 139.73, 137.19, 133.02, 130.85, 128.50, 128.30, 127.78, 127.76, 127.12, 126.55, 116.71,
116.42, 114.47, 66.73, 55.37, 53.37. Melting point: 132.1-135.3 °C. ESI-HRMS calcd. for
CoH20BrNO; [M+Na]® = 448.0519; found 448.0519. IR (neat): v (cm) 2955, 1693,
1441,1309,1030,722,702.

methyl benzhydryl(2-bromo-5-fluorophenyl) carbamate (1d)

F N
\@ CO,Me
Br

1d was obtained according to the General procedure B, as a white solid (84% yield).

'"H NMR (400 MHz, CDCls) 8 7.40-7.33 (m, 6H), 7.18-7.11 (m, 5H), 7.02-6.99 (m, 1H), 6.80-6.75
(m, 2H), 3.77 (s, 3H). ’C NMR (101 MHz, CDCl3) 8 161.25 (d, J = 246.7 Hz), 155.66, 140.45,
140.41 (d, J = 10.0 Hz), 137.03, 133.54 (d, J = 8.7 Hz), 130.95, 128.48, 127.99, 127.87, 127.49,
127.29, 120.87 (d, J= 3.8 Hz), 118.16 (d, J = 23.1 Hz), 115.88 (d, J = 22.0 Hz), 66.85, 53.47. °F
NMR (376 MHz, CDCl3) & -113.48. Melting point: 112.3-114.3 °C. ESI-HRMS calcd. for
C21H17BrFNO; [M+Na]* = 436.0319; found 436.0318. IR (neat): v (cm™) 2975, 1711, 1438, 1318,
1064, 817, 716, 700.

Methyl benzhydryl(2-bromo-4-methoxyphenyl) carbamate (1f)

N\
/@i CO,Me
MeO Br

1f
1f was obtained according to the General procedure B, as a white solid (89% yield).
"H NMR (400 MHz, CDCls) § 7.42-7.36 (m, 4H), 7.32-7.29 (m, 1H), 7.22-7.07 (m, 6H), 6.94 (d, J
= 2.8 Hz, 1H), 6.73 (brs, 1H), 6.67 (dd, J = 8.8 Hz, 2.9 Hz, 1H), 3.75 (s, 3H), 3.73 (s, 3H). 13C
NMR (101 MHz, CDCI3) & 158.79, 156.37, 141.00, 137.34, 131.88, 131.05, 130.72, 128.25,
127.72, 127.69, 127.00, 126.68, 118.08, 113.10, 66.83, 55.54, 53.33. Melting point: 107.5-109.3
°C. ESI-HRMS calcd. for C22H20BrNOs [M+Na]* = 448.0519; found 448.0518. IR (neat): v (cm!)
2960, 1704, 1436,1285, 1030, 743, 699.
Methyl benzhydryl(2-bromo-3-methylphenyl) carbamate (1)

N\
COzMe

Br
Me

1j was obtained according to the General procedure B, as a white solid (82% yield).
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'"H NMR (400 MHz, CDCl3) 8 7.43-7.36 (m, 4H), 7.32-7.29 (m, 1H), 7.17-7.01 (m, 8H), 6.71 (s,
1H), 3.74 (s, 3H), 2.29 (s, 3H). *C NMR (101 MHz, CDCl3) & 156.13, 141.10, 139.39, 139.32,
137.30, 130.99, 129.57, 128.84, 128.23, 127.86, 127.68, 127.66, 127.51, 126.98, 126.63, 66.98,
53.29, 23.81. Melting point: 144.3-146.7 °C. ESI-HRMS calcd. for CoyH2BrNO, [M+Na]* =
432.0570; found 432.0569. IR (neat): v (cm™) 2977, 1698, 1437, 1317, 775, 700.

Methyl benzhydryl(2-bromo-3-methoxyphenyl) carbamate (1k)

N\
COzMe

Br
OMe

1k was obtained according to the General procedure B, as a white solid (90% yield).

'"H NMR (400 MHz, CDCls) & 7.43-7.36 (m, 4H), 7.32-7.28 (m, 1H), 7.17-7.09 (m, 6H), 6.89 (dd,
J=18.0, 1.1 Hz, 1H), 6.74-6.71 (m, 2H), 3.81 (s, 3H), 3.73 (m, 3H). '3*C NMR (101 MHz, CDCl3)
0 156.61, 155.98, 140.99, 140.65, 137.32, 130.85, 128.22, 127.72, 127.65, 127.60, 127.35, 126.98,
122.66, 116.10, 110.80, 66.97, 56.46, 53.30. Melting point: 125.8-127.3 °C. ESI-HRMS calcd. for
Ca2H20BrNO; [M+Na]® = 448.0519; found 448.0517. IR (neat): v (cm™) 2978, 1695, 1438,
1315,1261, 1023, 770, 726, 701.

Methyl benzhydryl(6-bromobenzo[d][1,3]dioxol-5-yl)carbamate (1m)

N\
<O:© CO,Me
O Br

1m was obtained according to the General procedure B, as a white solid (77% yield).
"H NMR (400 MHz, CDCls) & 7,40-7.36 (m, 4H), 7.32-7.28 (m, 1H), 7.22-7.16 (m, 3H), 7.13-7.11
(m, 2H), 6.83 (s, 1H), 6.72 (s, 1H), 6.70 (s, 1H), 5.95-5.94 (m, 2H), 3.75 (s, 3H). '3C NMR (101
MHz, CDCl3) & 156.20, 147.24, 146.91, 140.81, 137.14, 132.38, 131.04, 128.32, 127.82, 127.73,
127.55, 127.08, 117.54, 112.27, 110.65, 102.14, 66.76, 53.41. Melting point: 131.4-133.0 °C.
ESI-HRMS calced. for C2oHisBrNOs [M+Na]" = 462.0311; found 462.0306. IR (neat): v (cm™)
2924, 1714, 1477, 1317, 1204, 1028, 772, 747, 701.
Methyl (2-bromophenyl)(di(thiophen-2-yl)methyl)carbamate (1u)

77 SN

NS

S
N.
@ CO,Me
Br

1u was obtained according to the General procedure C, as a pale yellow solid (53% yield).

"H NMR (400 MHz, CDCls) & 7.52-7.50 (m, 1H), 7.33-7.32 (m, 1H), 7.28-7.21 (m, 3H), 7.18-7.13
(m, 2H), 7.05-7.04 (m, 1H), 7.00-6.98 (m, 1H), 6.89-6.82 (m, 2H), 3.76 (s, 3H). *C NMR (101
MHz, CDCls) 6 155.28, 144.97, 138.76, 133.06, 130.42, 129.30, 128.73, 127.76, 127.15, 126.92,
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126.64, 126.16, 125.61, 57.22, 53.48. Melting point: 115.2-116.9 °C. ESI-HRMS calcd. for
C17H14BrNO,S, [M+Na]" = 429.9542; found 429.9538. IR (neat): v (cm™) 2977, 1697, 1439, 1220,
1050, 772, 749.

Methyl benzhydryl(5-bromoquinoxalin-6-yl)carbamate (1v)

N\
COzMe

N Br

L4

1v was obtained according to the General procedure B, as a white solid (88% yield).

'"H NMR (400 MHz, CDCl3) 6 8.90 (d, J = 1.8 Hz, 1H), 8.83 (d, J = 1.8 Hz, 1H), 7.91 (d, /= 8.9
Hz, 1H), 7.67 (d, J = 8.9 Hz, 1H), 7,49-7.33 (m, 5H), 7.16-7.15 (m, 2H), 7.06-7.04 (m, 3H), 6.82
(s, 1H), 3.74 (s, 3H). 13C NMR (101 MHz, CDCI3) § 155.56, 145.52, 145.50, 142.38, 141.63,
141.00, 140.42, 137.22, 131.92, 130.58, 128.46, 128.39, 127.98, 127.85, 127.53, 127.29, 99.96,
67.20, 53.49. Melting point: 178.2-180.3 °C. ESI-HRMS calcd. for Cy3H;sBrN3O, [M+Na]" =
470.0475; found 470.0471. IR (neat): v (cm™) 2953, 1702, 1435, 1307, 1079, 959, 883, 717, 704.
Methyl benzhydryl(3-bromopyridin-4-yl)carbamate (1x)

N.
N COzMe

QO

Br

1x was obtained according to the General procedure B, as a white solid (88% yield).

"H NMR (400 MHz, CDCls) & 8.56 (s, 1H), 8.31 (d, J= 5.2 Hz, 1H), 7.28-7.27 (m, 10H), 7.12 (d,
J=5.2Hz, 1H), 6.80 (s, 1H), 3.77 (s, 3H). 3*C NMR (101 MHz, CDCls) 8 154.92, 152.78, 148.70,
146.98, 128.28, 127.83, 124.94, 124.07, 66.64, 53.58. Melting point: 112.8-114.5 °C.ESI-HRMS
calcd. for CH17BrN2O, [M+H]" = 397.0546; found 397.0543. IR (neat): v (cm™) 2976, 1727,
1574, 1435, 1320, 1112, 771, 627.

Methyl benzhydryl(4-bromopyridin-3-yl)carbamate (1y)

N| N COzMe

1y was obtained according to the General procedure B, as a white solid (84% yield).

"H NMR (400 MHz, CDCl;) 6 8.43 (s, 1H), 8.15 (d, J= 5.1 Hz, 1H), 7.41-7.32 (m, 6H), 7.19-7.07
(m, 5H), 6.78 (s, 1H), 3.75 (s, 3H). 3C NMR (101 MHz, CDCIl3) 8 155.61, 150.94, 148.62, 140.19,
136.94, 136.59, 136.41, 130.90, 128.48, 128.06, 128.02, 127.90, 127.42, 127.35, 66.95, 53.53.
Melting point:122.4-124.1 °C. ESI-HRMS calcd. for r C0H17BrN>O, [M+H]" = 397.0546; found
397.0544. IR (neat): v (cm!) 2955, 1701, 1439, 1309, 1006, 732, 700 ,659.
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Methyl benzhydryl(3-bromopyridin-2-yl)carbamate (1z)

N N
@ COzMe
= Br

1z was obtained according to the General procedure B, as a white solid (85% yield).

'"H NMR (400 MHz, CDCI3) & 8.38 (dd, J = 4.6, 1.6 Hz, 1H), 7.77-7.68 (m, 3H), 7.42-7.19 (m,
8H), 6.93 (dd, J = 7.9, 4.6 Hz, 1H), 6.70 (s, 1H), 3.71 (s, 3H). *C NMR (101 MHz, CDCls) &
154.88, 151.78, 146.93, 141.50, 128.50, 127.81, 127.19, 126.54, 123.43, 122.56, 67.11, 53.24.
Melting point: 149.8-152.1 °C. ESI-HRMS calcd. for Cy0H7BrN,O, [M+H]" = 397.0546; found
397.0544. IR (neat): v (cm™') 2955, 1712, 1434, 1329, 1086, 1020, 699, 626.

Methyl benzhydryl(3-bromo-5-methylpyridin-2-yl)carbamate (1aa)

N N.
JT\;\[ CO,Me
Me 7 Br

1aa was obtained according to the General procedure B, as a white solid (76% yield).

'"H NMR (400 MHz, CDCls) & 8.20 (s, 1H), 7.51 (s, 1H), 7.42-7.10 (m, 10H), 6.66 (s, 1H), 3.70 (s,
3H), 2.23 (s, 3H). *C NMR (101 MHz, CDCI3) 8 155.07, 149.26, 147.24, 143.84, 141.84, 133.72,
130.68, 128.49, 127.95, 127.56, 126.54, 121.86, 67.11, 53.19, 17.48. Melting point: 165.7-167.4
°C. ESI-HRMS calcd. for C21H19BrN2O> [M+H]" = 411.0703; found 411.0696. IR (neat): v (cm™)
2952, 1719, 1437 1315, 1084, 758, 704.

Methyl benzhydryl(2,4-dibromophenyl)carbamate (3a)

N\
/@i CO,Me
Br Br

3a was obtained according to the General procedure B, as a white solid (80% yield).

"H NMR (400 MHz, CDCls) 6 7.56 (s, 1H), 7.39-7.32 (m, 5H), 7.17-7.15 (m, 4H), 7.08-7.06 (m,
3H), 6.74 (s, 1H), 3.74 (s, 1H). '*C NMR (101 MHz, CDCls) & 155.71, 140.48, 138.43, 136.94,
135.47, 131.49, 130.86, 130.62, 128.36, 127.99, 127.90, 127.60, 127.20, 127.15, 121.36, 99.98,
66.72, 53.42. Melting point: 119.6-121.3 °C. ESI-HRMS calcd. for C2;H17BroNO; [M+Na]*™ =
495.9518; found 495.9508. IR (neat): v (cm™) 2977, 1706, 1470, 1302, 1219, 772, 740.

Methyl benzhydryl(2,5-dibromophenyl)carbamate (30)

10



B N.
r\@ CO,Me
B

r

30 was obtained according to the General procedure B, as a white solid (78% yield).

'"H NMR (400 MHz, CDCl3) & 7.41-7.34 (m, 6H), 7.27-7.31 (m, 7H), 6.73 (brs, 1H), 3.76 (s, 3H).
3C NMR (101 MHz, CDCls) & 155.59, 140.52, 137.09, 133.94, 133.80, 131.66, 130.91, 128.48,
127.99, 127.87, 127.46, 127.29, 125.17, 120.33, 67.00, 53.48. Melting point: 122.9-124.3 °C.
ESI-HRMS calcd. for C21H;7BroNO> [M+Na]* = 495.9518; found 495.9512. IR (neat): v (cm™)
2976, 1715, 1438, 1320, 1219, 913, 772, 743, 699.

Methyl benzhydryl(2,6-dibromopyridin-3-yl)carbamate (3p)

| N N\COZMe
bz

Br N Br

3p was obtained according to the General procedure B, as a white solid (82% yield).

'"H NMR (400 MHz, CDCl3) 8 7.42-7.24 (m, 7H), 7.22-7.18 (m, 3H), 7.09-7.07 (m, 2H), 6.77 (s,
1H), 3.76 (s, 3H). 3*C NMR (101 MHz, CDCls) 8 155.21, 144.92, 139.96, 137.89, 136.63, 136.53,
130.69, 128.58, 128.41, 128.28, 127.47, 127.41, 126.75, 66.62, 53.63. Melting point: 183.1-184.9
°C. ESI-HRMS calcd. for CaoHi6BraN2O, [M+Na]* = 496.9471; found 496.9544. IR (neat): v
(cm™) 2976, 1708, 1427, 1325, 1089, 771, 743, 700.

Methyl benzhydryl(3,5-dibromopyridin-2-yl)carbamate (3q)

N
N~co,Me
/

Br Br

3q was obtained according to the General procedure B, as a white solid (83% yield).

"H NMR (400 MHz, CDCls) & 8.38 (s, 1H), 7.81 (s, 1H), 7.58-7.19 (m, 10H), 6.66 (s, 1H), 3.69 (s,
3H). 3C NMR (101 MHz, CDCls) & 154.60, 150.70, 147.83, 143.36, 127.90, 127.37, 122.79,
118.47, 67.12, 53.30. Melting point: 162.3-165.4 °C. ESI-HRMS calcd. for CaoHisBraN»>O»
[M+Na]* = 496.9471; found 496.9461. IR (neat): v (cm™) 2976, 1708, 1504, 1219, 1029, 772.
Methyl benzhydryl(3,5-dibromo-6-methylpyridin-2-yl)carbamate (3r)

N~co,Me

\/ZO

Br Br
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3r was obtained according to the General procedure B, as a white solid (79% yield).

'"H NMR (400 MHz, CDCl3)  7.77 (s, 1H), 7.65-7.18 (m, 10H), 6.65 (s, 1H), 3.68 (s, 3H), 2.51 (s,
3H). 3C NMR (101 MHz, CDCl3) & 154.97, 154.65, 149.67, 143.90, 127.79, 127.27, 118.94,
118.85, 67.12, 53.23, 24.01. Melting point: 134.7-136.1 °C. ESI-HRMS calcd. for C21HsBraN>O»
[M+Na]* = 510.9627; found 510.9621. IR (neat): v (cm™) 2956, 1721, 1424, 1311, 1043, 770, 751,
699.

Methyl benzhydryl(3,5-dibromo-4-methylpyridin-2-yl)carbamate (3s)

Me

3s was obtained according to the General procedure B, as a white solid (75% yield).

'H NMR (400 MHz, CDCls) & 7.82(s, 1H), 7.82-7.58 (m, 2H), 7.46-7.35 (m, 2H), 7.34-7.07 (m,
5H), 6.61 (s, 1H), 3.67 (s, 3H), 2.42 (s, 3H). Melting point: 169.3-172.0 °C. ESI-HRMS calcd. for
C21H;sBroN>O, [M+Na]" = 510.9627; found 510.9617. IR (neat): v (cm™) 2977, 1717, 1433, 1324,
1094, 769, 750, 701.

Methyl (di-p-tolylmethyl)(2,4-dibromophenyl)carbamate (3t)

Me ! ! Me
N\
/@i CO,Me
Br Br

3t was obtained according to the General procedure C, as a white solid (54% yield).

"H NMR (400 MHz, CDCI3) 6 7.54 (s, 1H), 7.23-7.14 (m, 5H), 7.03 (d, ] = 8.4 Hz, 1H), 6.95-6.91
(m, 4H), 6.62 (s, 1H), 3.71 (s, 3H), 2.35 (s, 3H), 2.26 (s, 3H). '3C NMR (101 MHz, CDCl3) &
155.68, 138.64, 137.74, 137.57, 136.71, 135.45, 134.18, 131.49, 130.66, 130.57, 129.02, 128.58,
127.54, 127.16, 121.24, 66.34, 53.33, 21.11, 21.05. Melting point: 117.8-119.3 °C. ESI-HRMS
calcd. for Co3H2iBroNO, [M+Na]™ = 523.9831; found 523.9824. IR (neat): v (cm™') 2976, 1718,
1439, 1315, 1219, 1011, 771, 745.

Methyl (bis(4-methoxyphenyl)methyl)(2,4-dibromophenyl)carbamate (3u)

MeO l l OMe
N\
/@ CO,Me
Br Br

3u was obtained according to the General procedure C, as a white solid (56% yield).

"H NMR (400 MHz, CDCl3) & 7.58 (d, J = 2.2 Hz, 1H), 7.29-7.25 (m, 3H), 7.03-6.90 (m, 5H),
6.71-6.66 (m, 3H), 3.84 (s, 3H), 3.77 (s, 3H), 3.74 (s, 3H). *C NMR (101 MHz, CDCls) & 159.10,
158.63, 155.70, 138.44, 135.50, 132.80, 131.92, 131.39, 130.62, 129.28, 128.78, 127.25, 121.34,
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113.70, 113.22, 65.57, 55.28, 55.16, 53.36. Melting point: 131.0-133.3 °C. ESI-HRMS calcd. for
C23H21BrNO4 [M+Na]* = 555.9730; found 555.9725. IR (neat): v (cm™) 2951, 1711, 1509, 1469,
1296, 1246, 775, 752.

Methyl (bis(4-fluorophenyl)methyl)(2,4-dibromophenyl)carbamate (3v)

LT
N.
/@i CO,Me
Br Br

3v was obtained according to the General procedure C, as a white solid (52% yield).

'H NMR (400 MHz, CDCls) 8 7.60 (d, J = 2.2 Hz, 1H), 7.34-7.28 (m, 3H), 7.10-6.99 (m, 5H),
6.90-6.86 (m, 2H), 6.67 (s, 1H), 3.74 (s, 3H). 3*C NMR (101 MHz, CDCls) § 162.36 (d, J = 246.4
Hz), 161.99 (d, J = 245.0 Hz), 155.63, 138.13, 136.03 (d, J = 2.3 Hz), 135.71, 132.70 (d, /= 3.2
Hz), 132.37 (d, J= 8.2 Hz), 131.32, 130.83, 129.21 (d, J= 7.9 Hz), 127.06, 121.74, 115.34 (d, J =
21.3 Hz), 115.01 (d, J=21.4 Hz), 65.40, 53.52. 'F NMR (376 MHz, CDCl;) & -113.28, -115.24.
Melting point: 127.6-129.3 °C. ESI-HRMS calcd. for Cy;Hi5Br2FaNO,; [M+Na]® = 531.9330;
found 531.9323. IR (neat): v (cm™)2976, 2951, 1717, 1506, 1470, 1439, 1316, 1219, 7723, 746.
Methyl (di-o-tolylmethyl)(2,4-dibromophenyl)carbamate (3w)

9Ue

N._ Me

/@i CO,Me
Br Br

3w was obtained according to the General procedure C, as a white solid (45% yield).

"H NMR (400 MHz, CDCls) & 7.60 (s, 1H), 7.53-7.46 (m, 1H), 7.28-7.03 (m, 8H), 6.88 (brs, 1H),
6.73 (brs, 1H), 3.75 (s, 3H), 2.58 (s, 3H), 2.06 (s, 3H). '3C NMR (101 MHz, CDCls) 8 155.57,
138.27, 135.67, 131.41, 130.91, 130.47, 130.06, 127.70, 126.57, 126.43, 125.92, 125.29, 120.52,
61.52, 53.45, 20.18, 19.83. Melting point: 135.7-137.8 °C. ESI-HRMS calcd. for C3H21Br2NO»
[M+Na]* = 523.9831; found 523.9822. IR (neat): v (cm™") 2947, 1714, 1436, 1307, 1058, 775,
743.

Methyl (bis(2-fluorophenyl)methyl)(2,4-dibromophenyl)carbamate (3x)

1
N. F
/@i CO,Me
Br Br

3x was obtained according to the General procedure C, as a white solid (46% yield).

"H NMR (400 MHz, CDCl3) 8 7.63-7.60 (m, 3H), 7.34-7.12 (m, 6H), 7.05-6.91 (m, 4H), 3.70 (s,
3H). 3C NMR (101 MHz, CDCls) 8 160.46 (d, J = 247.9 Hz), 160.19 (d, J = 245.4 Hz), 155.34,
138.85, 135.56, 131.68, 131.53, 130.71, 129.93 (d, J = 8.4 Hz), 129.31 (d, J = 8.0 Hz), 128.91,
127.17 (d, J=11.7 Hz), 126.64, 124.44 (d, J = 12.4 Hz), 123.84 (d, J = 2.8 Hz), 123.47 (d, ] = 2.8
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Hz), 121.52, 115.74 (d, J = 20.7 Hz), 115.53 (d, J = 21.6 Hz), 55.92, 53.44. '°F NMR (376 MHz,
CDCl3) 6 -112.54, -115.08. Melting point: 115.0-117.8 °C. ESI-HRMS calcd. for C,1H;sBr2FoNO»
[M+Na]" = 531.9330; found 531.9329. IR (neat): v (cm™) 2954, 1701, 1472, 1310, 1222, 1062,
771, 757.

Methyl (bis(3,5-dimethylphenyl)methyl)(2,4-dibromophenyl)carbamate (3y)

Me Me
Me l l Me
N
/@i CO,Me
Br Br

3y was obtained according to the General procedure C, as a white solid (53% yield).

'"H NMR (400 MHz, CDCl3) 8 7.55 (s, 1H), 7.28-7.25 (m, 1H), 7.10-7.08 (m, 1H), 6.98-6.95 (m,
3H), 6.82 (s, 1H), 6.65-6.63 (m, 3H), 3.76 (s, 3H), 2.34 (s, 6H), 2.17 (s, 6H). 3*C NMR (101 MHz,
CDCls) 6 155.72, 140.53, 138.62, 137.75, 137.08, 136.75, 135.25, 131.54, 130.32, 129.36, 128.83,
128.76, 127.18, 125.37, 121.07, 66.69, 53.36, 21.50, 21.12. Melting point: 123.1-125.5 °C.
ESI-HRMS calcd. for CasHpsBroNO2 [M+Na]t = 552.0150; found 552.0143. IR (neat): v (cm™)
2924, 1702, 1437, 1219, 1051, 771, 743.

Methyl (di(thiophen-2-yl)methyl)(2,4-dibromophenyl)carbamate (3z)

72
— -

N.
/@i CO,Me
Br Br

3z was obtained according to the General procedure C, as a white solid (59% yield).

'"H NMR (400 MHz, CDCls) & 7.66 (d, J = 2.2 Hz, 1H), 7.36-7.24 (m, 4H), 7.05 -7.04(m, 1H),
7.00-6.95 (m, 2H), 6.91 (dd, J = 5.1, 3.6 Hz, 1H), 6.85-6.84 (m, 1H), 3.76 (s, 3H). '*C NMR (101
MHz, CDCl3) & 155.14, 144.55, 138.34, 137.17, 135.52, 131.41, 130.95, 128.82, 127.92, 127.35,
126.77, 126.34, 125.80, 122.17, 56.98, 53.58. Melting point: 117.0-119.6 °C. ESI-HRMS calcd.
for C17H13BroNO,S, [M+Na]* = 507.8647; found 507.8640. IR (neat): v (cm™) 2976, 1706, 1471,
1306, 1005, 771, 715.

Methyl benzhydryl(2-bromo-4-iodophenyl)carbamate (3aa)

N.
/@i CO,Me
| Br

3aa was obtained according to the General procedure B, as a white solid (71% yield).

"H NMR (400 MHz, CDCl3) 8 7.75 (s, 1H), 7.46-7.32 (m, 6H), 7.22-7.06 (m, 5H), 6.91 (d, J=8.3
Hz, 1H), 6.73 (s, 1H), 3.74 (s, 3H). *C NMR (101 MHz, CDCl5) & 155.68, 141.14, 140.50, 139.20,
136.99, 136.67, 131.86, 130.85, 128.37, 128.00, 127.93, 127.66, 127.33, 127.22, 92.66, 66.77,
53.43. Melting point: 120.1-123.3 °C. ESI-HRMS calcd. for C»H7BrINO; [M+Na]* = 543.9380;
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found 543.9373. IR (neat): v (cm™) 2977, 1709, 1435, 1300, 1055, 1005, 772, 738, 690.
Methyl benzhydryl(4-bromo-2-iodophenyl)carbamate (3ab)

N.
/@ CO,Me
Br |

3ab was obtained according to the General procedure B, as a white solid (78% yield).

'"H NMR (400 MHz, CDCl3) & 7.82 (s, 1H), 7.39-7.28 (m, 6H), 7.23-7.16 (m, 3H), 7.09-7.02 (m,
3H), 6.79 (s, 1H), 3.76 (s, 3H). 3C NMR (101 MHz, CDCls) & 155.46, 141.60, 141.56, 140.52,
136.61, 131.46, 131.25, 130.71, 128.37, 128.05, 127.91, 127.67, 127.21, 121.34, 104.63, 66.60,
53.45. Melting point: 129.9-132.1 °C. ESI-HRMS calcd. for C;1H7BrINO; [M+Na]* = 543.9380;
found 543.9377. IR (neat): v (cm™) 2949, 1716, 1437, 1321, 1051, 773, 732, 703.

Methyl (2-bromophenyl)(phenyl(p-tolyl)methyl)carbamate (5)

o

N\
CO,Me

Br

5 was obtained according to the General procedure C, as a viscous oil (45% yield). Two isomers
(1:1) were observed by NMR.

"H NMR (400 MHz, CDCls) § 7.42-7.36 (m, 3H), 7.31-7.07 (m, 7H), 7.05-7.00 (m, 1H), 6.98-6.92
(m, 2H), 6.71 (s, 1H), 3.75 (s, 3H), 2.32 (d, 3H). '3*C NMR (101 MHz, CDCl;) & 156.01, 141.17,
139.25, 139.20, 137.84, 137.44, 137.39, 136.66, 134.28, 133.03, 133.02, 130.92, 130.84, 130.56,
129.00, 128.65, 128.38, 128.25, 127.69, 127.66, 127.60, 127.58, 127.44, 126.97, 126.25, 66.70,
66.62, 53.34, 21.13, 21.10. ESI-HRMS calcd. for C»H20BrNO> [M+Na]* = 432.0570; found
432.0561. IR (neat): v (cm™) 2952, 1699, 1439, 1317, 1012, 740, 621.

Methyl (2-bromophenyl)((4-fluorophenyl)(phenyl)methyl)carbamate (6)

r

“CO,Me

QO

Br

6 was obtained according to the General procedure C, as a viscous oil (43% yield). Two isomers
(5:4) were observed by NMR.

"H NMR (400 MHz, CDCl3) § 7.45-7.32 (m, 5H), 7.26-7.03 (m, 7H), 6.85-6.66 (m, 2H), 3.76 (d,
3H). *C NMR (101 MHz, CDCls) & 163.45, 163.14, 161.00, 160.70, 156.06, 155.99, 140.74,
139.23, 138.85, 137.20, 136.64, 133.21, 133.18, 133.11, 132.81, 132.73, 130.72, 130.58, 130.46,
129.47, 129.39, 128.93, 128.88, 128.63, 128.45, 127.94, 127.88, 127.75, 127.60, 127.49, 127.24,
126.33, 126.14, 115.28, 115.06, 114.75, 114.53, 66.56, 65.92, 53.48, 53.45. The assignment of all
peaks in 3C NMR is difficult due to complexity of the spectrum (the rotamers and C-F coupling)
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and they are listed as singlets. '’F NMR (376 MHz, CDCls) § -114.02, -115.82. ESI-HRMS calcd.
for C1H;7BrFNO; [M+Na] * = 436.0319; found 436.0323. IR (neat): v (cm™) 2951, 1702, 1440,
1316, 1013, 773, 727, 698.

Ethyl (2-bromophenyl) ((4-methoxyphenyl) (phenyl) methyl) carbamate (7)

SYYl
N.

@ CO,Et
Br

7 was obtained according to the General procedure C, as a viscous oil (48% yield). Two isomers
(7:5) were observed by NMR.

'"H NMR (400 MHz, CDCl3) 8 7.43-7.31 (m, 5H), 7.26-7.10 (m, 4H), 7.05-6.91 (m, 3H), 6.73-6.64
(m, 2H), 4.32-4.13 (m, 2H), 3.80 (d, 3H), 1.20 (t, J = 6 Hz. 3H). *C NMR (101 MHz, CDCl;) §
158.95, 158.59, 155.57, 155.52, 133.03, 132.26, 130.75, 130.56, 129.58, 129.04, 128.63, 128.27,
127.72, 127.66, 127.50, 127.45, 127.41, 126.91, 126.35, 126.25, 113.62, 112.99, 66.39, 66.06,
62.17, 55.32, 55.15, 14.63. ESI-HRMS calcd. for C3H22BrNO3; [M+Na] * = 462.0675; found
462.0679. IR (neat): v (cm™) 2836, 1711, 1511, 1322, 1247, 1029, 774, 732.

(3) Optimization Studies

O Pd,dbas (2.5 mol %)

L6 (10 mol %)

@N\COZMe Base, Solvent, T, 48 h

Br
1a
Entry Temp. (°C) Solvent Base Yield (%) 1 ee (%)
1 120 DME Cs2CO3 93 86.0
2 100 DME Cs2CO3 93 86.8
3 80 DME Cs2CO3 92 92.2
4 60 DME Cs2CO3 79 93.8
5 80 toluene Cs,CO3 93 92.0
6 80 DMF Cs2CO3 90 87.0
7 80 DME Na,COs 42 92.2
8 80 DME K2CO3 80 66.0
9 80 DME K3PO, 29 69.0

[a] Reaction conditions: 1a (0.1 mmol), Pdadbas (2.5 mol%), L6 (10 mol%), base (1.5 equiv), 0.05 M in solvent, 48
h. [b] Yield of isolated product. [c] ee values were determined by HPLC analysis using a chiral stationary phase.
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Br  CO,Me HO.5-OH  [pd] (56 mol%), L8 (10 mol%)

N Ph >
. Ph * Base, toluene, T, 48 h Ph
3a 3b
Entry Temp. (°C) Base Pd Yield (%) ee (%)
1 120 CSzCOs szdba3 39 65.4
2 100 CSzCOs szdba3 58 89.4
3 80 CSzCOs szdba3 63 94.2
4 60 CSzCOs szdba3 77 97.0
5 50 Cs,CO3 Pd.dbas 52 97.5
6 40 Cs2COs Pdzdbas trace ~
7 60 K3PO4 Pd.dbas N.D. ~
8 60 K>CO3 szdb&s N.D. ~
9 60 CSF Pd.dbas 23 94.0
10 60 NaOMe Pd.dbas 14 96.0
11 60 Cs:CO3 Pd (OAC). 62 91.6
12 60 Cs:CO3 Pd (PPhs)s 59 70.8

[a] Reaction conditions: 3a (0.1 mmol), 3b (1.1 equiv), Pd (5 mol%), L8(10 mol%), base (1.5 equiv), 0.05 M in
toluene, 48 h. [b] Yield of isolated product. [c] ee values were determined by HPLC analysis using a chiral
stationary phase.

(4) Catalytic asymmetric reaction

General procedure D: the asymmetric C-H arylation

O Pd,dbas (2.5 mol %)

L* (10 mol %)
@N\COQMe Cs,CO3, DME, 80°C, 48 h

Br

1a

An oven-dried sealing tube was charged with 1a (0.1 mmol, 1 equiv), pd.dbas (0.025 equiv),
chiral ligand (0.1 equiv) and cesium carbonate (1.5 equiv) in glovebox, then dry and degassed
DME (2 mL) was added into the tube. The reaction was performed at 80 C for 48 h. After the
required time, the reaction was cooled to room temperature and diluted with ethyl acetate.
Followed by filtration through a pad of celite and washed with ethyl acetate, the combined filtrate
was evaporated under reduced pressure. The concentrated residue was then purified by flash
column chromatography over silica gel to get the desired enantio-enriched dihydrophenanthridine
2a.

General procedure E: the preparation of racemic phenanthridine products
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Pdydbas (2.5 mol %)
s-phos (10 mol %)
pivallic acid (30 mol %)

@N\Cozme Cs,CO3 (1.5 equiv), toluene, 140°C
1

Br

An oven-dried sealed tube was charged with 1a (0.2 mmol, 1 equiv), pd.dba; (0.025 equiv),
s-phos (0.1 equiv), pivallic acid (0.3 equiv) and cesium carbonate (1.5 equiv) in glove box, then
dry and degassed toluene (3 mL) was added into the tube. The reaction was performed at 140 C
for 24 h. After the required time, the reaction was cooled to room temperature and diluted with
ethyl acetate. Followed by filtration through a pad of celite and washed with ethyl acetate, the
filtrate was evaporated under reduced pressure. The concentrated residue was then purified by
flash column chromatography over silica gel to get the desired racemic dihydrophenanthridine 2a.
General procedure F: the Suzuki coupling and asymmetric C-H arylation cascade

(IZOZMe
N «Ph

Br  CO,Me HO.g-OH  Pd,dbaj 2.5 mol%, L* 10 mol%
N._-Ph

o Cs,CO;3, solvent, 60°C, 48 hPh
Br

3a 3b 4a

An oven-dried sealed tube was charged with 3a (0.1 mmol, 1.0 equiv), 3b (1.1 equiv),
pdadbas (0.025 equiv), chiral ligand (0.1 equiv) and cesium carbonate (3 equiv) in glove box, then
dry and degassed toluene (2 mL) or DMF (2 mL) was added into the tube. The reaction was
performed at 60°C for 48 h. After the required time, the reaction was cooled to room temperature
and diluted with ethyl acetate. Followed by filtration through a pad of celite and washed with ethyl
acetate, the filtrate was evaporated under reduced pressure (when solvent was DMF, the filtrate
was washed with water and dried over Na;SO4). The concentrated residue was then purified by
flash column chromatography over silica gel to get the desired enantioenriched
dihydrophenanthridine 4a.

General procedure G: the preparation of racemic cascade products

Pd,dbas (2.5 mol%) (IJOZMe
Br CO,Me HO\B/OH s-phos (10 mol%) N_ _Ph
' pivallic acid (30 mol%) _ O

N_ _Ph
l/h * Cs,COj5 (3 equiv), toluene, 140°C Ph O

3a 3b 4a

Br

An oven-dried sealed tube was charged with 3a (0.2 mmol, 1.0 equiv), 3b (1.1 equiv),
pdodbaz (0.025 equiv), s-phos (0.1 equiv), pivallic acid (0.3 equiv) and cesium carbonate (3.0
equiv) in glove box, then dry and degassed toluene (4 mL) was added into the tube. The reaction
was performed at 140°C for 24 h. After the required time, the reaction was cooled to room
temperature and diluted with ethyl acetate. Followed by filtration through a pad of celite and
washed with ethyl acetate, the filtrate was evaporated under reduced pressure. The concentrated
residue was then purified by flash column chromatography over silica gel to get the desired
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dihydrophenanthridine 4a.
General procedure H: the preparation of substrate 3ac

Ph Ph
Pd,dbas (2.5 mol%) h
HO.__OH - 9 N.
Br C|202Me B s-phos (10 mol%) CO,Me
N Ph
Ph * Cs,CO3 (1.5 equiv), toluene, 40 C,12h O Br
Br Me
Me
3a 3c 3ac

An oven-dried sealed tube was charged with 3a (0.2 mmol, 1.0 equiv), 3¢ (1.1 equiv),
pdadbas (0.025 equiv), s-phos (0.1 equiv) and cesium carbonate (1.5 equiv) in glove box, then dry
and degassed toluene (4 mL) was added into the tube. The reaction was performed at 40 for 12 h.
After the required time, the reaction was cooled to room temperature and diluted with ethyl acetate.
Followed by filtration through a pad of celite and washed with ethyl acetate, the filtrate was
evaporated under reduced pressure. The concentrated residue was then purified by flash column

chromatography over silica gel to get the desired substrate 3ac.

Methyl (R)-6-phenylphenanthridine-5(6H)-carboxylate (2a) [/

MeO,C @

2a was obtained according to the General procedure D, as a viscous oil (99% yield, 96% ee).

'H NMR (400 MHz, CDCls) & 7.81 (d, J = 7.8 Hz, 1H), 7.70 (d, J = 7.9 Hz, 1H), 7.43-7.39 (m,
1H), 7.35-7.32 (m, 2H), 7.22-7.01 (m, 8H), 6.72 (brs, 1H), 3.81 (s, 3H).

Methyl (R)-3-methyl-6-phenylphenanthridine-5(6H)-carboxylate (2b) [2]

MeO,C @

2b was obtained according to the General procedure D, as a viscous oil (99% yield, 94% ee; 83%
yield, 97% ee).

'H NMR (400 MHz, CDCls) § 7.83 (d, J = 7.8 Hz, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.47-7.43 (m,
1H), 7.38-7/35 (m, 2H), 7.09-7.07 (m, SH), 6.98 (d, J = 8.0 Hz, 1H), 6.76 (brs, 1H), 3.87 (s, 3H),

2.33 (m, 3H).
Methyl (R)-3-methoxy-6-phenylphenanthridine-5(6H)-carboxylate (2c)
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2c was obtained according to the General procedure D, as a white solid (99% yield, 94% ee).

'"H NMR (400 MHz, CDCls) & 7.79 (d, J = 8 Hz, 1H), 7.68 (d, J = 8 Hz, 1H), 7.45 (t, J = 8 Hz,
1H), 7.37-7.32 (m, 2H), 7.20-7.09 (m, 6H), 6.78-6.75 (m, 2H), 3.89 (s, 3H), 3.81 (s, 3H). 13C
NMR (101 MHz, CDCl3) & 159.36, 154.82, 139.92, 136.02, 134.40, 131.39, 128.37, 128.20,
127.59, 127.32, 127.22, 126.87, 124.49, 123.10, 121.35, 111.37, 58.71, 55.36, 53.32. [a]p®® =
-197.2 (¢ = 1.0 mg/mL in CHCIs). Melting point: 140.1-143.0 °C. ESI-HRMS calcd. for
C2H9NO3; [M+Na]" = 368.1257; found 368.1252. IR (neat): v (cm™) 2925, 2852, 1709, 1437,
1221, 1048, 769, 747.

Methyl (R)-3-fluoro-6-phenylphenanthridine-5(6H)-carboxylate (2d)

MeO,C @

2d was obtained according to the General procedure D, as a white solid (99% yield, 94% ee).

'"H NMR (400 MHz, CDCls) 6 7.81 (d, J = 7.8 Hz, 1H), 7.72 (dd, J = 8.3, 6.1 Hz, 1H), 7.50-7.38
(m, 4H), 7.21-7.17 (m, 3H), 7.08-7.06 (m, 2H), 6.93-6.88 (m, 1H), 6.79 (s, 1H), 3,90 (s, 3H). 13C
NMR (101 MHz, CDCls) 6 162.12 (d, J = 246.7 Hz) 154.69, 139.48, 134.73, 130.71, 128.54,
128.27, 127.70, 127.50, 127.17, 124.91, 124.82, 123.54, 113.00 (d, J = 26.2Hz), 112.42(d, J =
22.0 Hz), 58.56, 53.52. '9F NMR (376 MHz, CDCls) § -112.87. [a]p®®= -200.0 (¢ = 1.0 mg/mL in
CHCI3). Melting point: 123.4-124.9 °C. ESI-HRMS caled. for C21HisFNO, [M+Na]™ = 356.1057;
found 356.1053. IR (neat): v (cm!) 2924, 1713, 1437, 1319, 1075, 770, 750.

Methyl (R)-2-methyl-6-phenylphenanthridine-5(6H)-carboxylate (2e) 121

MeO,C @

2e was obtained according to the General procedure D, as a white solid (99% yield, 92% ee; 89%
yield, 98% ee).

"H NMR (400 MHz, CDCls) 6 7.86 (d, J = 7.8 Hz, 1H), 7.55 (s, 1H), 7.47-7.37 (m, 4H), 7.16-7.03
(m, 6H), 6.78 (brs, 1H), 3.85 (s, 3H), 2.35 (s, 3H).

Methyl (R)-2-methoxy-6-phenylphenanthridine-5(6H)-carboxylate (2f)

2f was obtained according to the General procedure D, as a white solid (99% yield, 93% ee).
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'H NMR (400 MHz, CDCl5) 5 7.85 (d, J = 8 Hz, 1H), 7.50-7.27 (m, 5H), 7.20-7.08(m, 5H),
6.83-6.81 (m, 2H), 3.85 (s, 6H). 3C NMR (101 MHz, CDCI3) & 156.88, 139.72, 135.79, 131.32,
129.26, 128.37, 128.16, 127.93, 127.77, 127.30, 123.88, 113.77, 108.48, 58.50, 55.44, 53.26.
[a]p?® = -177.7 (c = 1.0 mg/mL in CHCI3). Melting point; 124.2-125.5 °C. ESI-HRMS calcd. for
Cx»H19NO;3; [M+Na]™ = 368.1257; found 368.1250.

Methyl (R)-2-fluoro-6-phenylphenanthridine-5(6H)-carboxylate (2g) [/

MeO,C @

2g was obtained according to the General procedure D, as a white solid (99% yield, 94% ee; 92%
yield, 97% ee).

'H NMR (400 MHz, CDCl) § 7.80-7.78 (m, 1H), 7.50-7.38 (m, 5H), 7.17-7.15 (m, 3H), 7.06-7.04
(m, 2H), 6.95-6.79 (m, 2H), 3.86 (s, 3H).

Methyl (R)-2-chloro-6-phenylphenanthridine-5(6H)-carboxylate (2h) [2]

MeO,C @

2h was obtained according to the General procedure D, as a white solid (99% yield, 95% ee).
'"H NMR (400 MHz, CDCls) 6 7.82 (d, J = 7.6 Hz, 1H), 7.72 (d, J = 2.4 Hz, 1H), 7.50-7.38 (m,
4H), 7.20-7.13 (m, 4H), 7.09-7.04 (m, 2H), 6.78 (brs, 1H),3.87 (s, 3H).

Dimethyl (R)-6-phenylphenanthridine-2,5(6H)-dicarboxylate (2i) !

MeO,C @

2i was obtained according to the General procedure D, as a white solid (99% yield, 96% ee; 83%
yield, 99% ee).

"H NMR (400 MHz, CDCls) & 8.47 (d, J = 2.0 Hz, 1H), 7.97-7.88 (m, 2H), 7.62 (s, 1H), 7.49 (td,
J=17.4 Hz, 1.1 Hz, 1H), 7.43-7.37 (m, 2H), 7.16-7.12 (m, 3H), 7.05-7.03 (m, 2H), 6.79 (s, 1H),
3.92 (s,3H), 3.89(s,3H).

Methyl (R)-1-methyl-6-phenylphenanthridine-5(6H)-carboxylate (2 j)

MeOZC\ @
N

2 j was obtained according to the General procedure D, as a white solid (99% yield, 82% ce).
"H NMR (400 MHz, CDCls) 6 7.89 (d, J = 8 Hz, 1H), 7.49-7.39 (m, 4H), 7.18-7.10 (m, 6H), 7.02
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(d, J= 8 Hz, 1H), 6.74 (brs, 1H), 3.86 (s, 3H), 2.64 (s, 3H). 3C NMR (101 MHz, CDCl3) & 155.15,
138.99, 137.75, 136.04, 134.55, 131.69, 128.70, 128.36, 128.18, 128.02, 127.54, 127.28, 127.16,
127.03, 124.10, 58.85, 53.26, 22.98. [0]p?® = -78.5 (c = 1.0 mg/mL in CHCIs). Melting point:
155.9-157.6 °C. ESI-HRMS calcd. for C2pHioNO, [M+Na]* = 352.1308; found 352.1302. IR
(neat): v (cm™) 2921, 1699, 1440, 1321, 1079, 769, 746, 734, 687.

Methyl (R)-1-methoxy-6-phenylphenanthridine-5(6H)-carboxylate (2k)

MeO,C @

2k was obtained according to the General procedure D, as a white solid (99% yield, 96% ee).

'"H NMR (400 MHz, CDCls) & 8.49 (d, J = 8 Hz, 1H), 7.47-7.35 (m, 3H), 7.19-7.11 (m, 7H),
6.75-6.73 (m, 2H), 3.89 (s, 3H), 3.86 (s, 3H). '3C NMR (101 MHz, CDCI3) & 156.73, 139.25,
136.63, 136.16, 129.69, 128.57, 128.03, 127.82, 127.56, 127.26, 127.22, 127.14, 127.07, 118.90,
117.97, 108.01, 58.69, 55.62, 53.27. [a]p®® = -129.6 (¢ = 1.0 mg/mL in CHCIs). Melting point:
145.0-146.8 °C. ESI-HRMS calcd. for CyHioNO; [M+Na]® = 368.1257; found 368.1252. IR
(neat): v (em™) 2925, 1692, 1435, 1252, 1132, 773, 745.

Methyl (R)-2,4-dimethyl-6-phenylphenanthridine-5(6H)-carboxylate (21) (2!

Me CO,M

NG
DY
U

2| was obtained according to the General procedure D, as a white solid (99% yield, 92% ee; 86%
yield, 97% ee).

'"H NMR (400 MHz, CDCls) & 7.88 (d, J = 7.6 Hz, 1H), 7.49-7.42 (m, 1H), 7.40-7.36 (m, 3H),
7.16-7.11 (m, 3H), 7.04-7.00 (m, 2H), 6.87 (s, 1H), 6.78 (brs, 1H), 3.74 (s, 3H), 2.31 (s, 3H), 2.13
(s, 3H).

Methyl (R)-5-phenyl-[1,3]dioxolo[4,5-b]phenanthridine-6(5H)-carboxylate (2m)

2m was obtained according to the General procedure D, as a viscous oil (97% yield, 94% ee).

'H NMR (400 MHz, CDCls) § 7.70 (d, J = 7.8 Hz, 1H), 7.47-7.43 (m, 1H), 7.37-7.33 (m, 2H),
7.21-7.16 (m, 4H), 7.09-7.07 (m, 2H), 6.89-6.79 (m, 1H), 5.97-5.93 (m, 2H), 3.86 (s, 3H). 1°C
NMR (101 MHz, CDCIl3) & 155.12, 147.18, 145.43, 139.58, 131.56, 128.42, 128.16, 127.58,
127.34, 127.25, 127.15, 123.34, 122.36, 107.22, 103.04, 101.38, 58.45, 53.37. [a]p?>=-151.8 (c =
1.0 mg/mL in CHCIz). ESI-HRMS calcd. for CxH7NO4 [M+Na]* = 382.1050; found 382.1044.
IR (neat): v (cm™") 2926, 1702, 1494, 1329, 1218, 935, 771, 747.

Methyl (R)-9-methyl-6-(p-tolyl)phenanthridine-5(6H)-carboxylate (2n) (2]
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2n was obtained according to the General procedure D, as a viscous oil (99% yield, 94% ee; 84%
yield, 97% ee).

'"H NMR (400 MHz, CDCl3) 6 7.71 (d, J = 7.8 Hz, 1H), 7.64 (s, 1H), 7.23-7.09 (m, 5H), 6.94-6.89
(m, 4H), 6.68 (brs, 1H), 3.81 (s, 3H), 2.43 (s, 3H), 2.17 (s, 3H).

Methyl (R)-9-methoxy-6-(4-methoxyphenyl)phenanthridine-5(6H)-carboxylate (20) [

OM
MeO,C ©
N o

OMe

20 was obtained according to the General procedure D, as a white solid (98% yield, 95% ee; 85%
yield, 97% ee).

'H NMR (400 MHz, CDCL3) & 7.69 (d, J = 7.7 Hz, 1H), 7.54-7.41 (m, 1H), 7.34 (d, J = 2.5 Hz,
1H), 7.21-7.13 (m, 3H), 6.94-6.91 (m, 2H), 6.90-6.88 (m, 1H), 6.64-6.61 (m, 3H), 3.88 (s, 3H),
3.82 (s, 3H), 3.65 (s, 3H).

Methyl (R)-9-fluoro-6-(4-fluorophenyl)phenanthridine-5(6 H)-carboxylate (2p) 2!

2p was obtained according to the General procedure D, as a white solid (99% yield, 97% ee).

"H NMR (400 MHz, CDCls) 6 7.66 (d, J = 7.8 Hz, 1H), 7.54-7.45 (m, 2H), 7.32-7.23 (m 2H), 7.17
(t,J=7.6 Hz, 1H), 7.06 (td, J = 8.3, 1.7 Hz, 1H), 7.00-6.97 (m, 2H), 6.80 (t, /= 8.5 Hz, 1H), 6.73
(brs, 1H), 3.85 (s, 3H).

Methyl (R)-7-methyl-6-(o-tolyl)phenanthridine-5(6H)-carboxylate (2q) [?)

2q was obtained according to the General procedure D, as a white solid (85% yield, 93% ee).
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'H NMR (400 MHz, CDCl3) § 7.79-7.74 (m, 2H), 7.36 (t, J = 7.7 Hz, 1H), 7.23-7.14 (m, 5H), 7.08
(s, 1H), 7.02 (t, J = 7.4 Hz, 1H), 6.72 (t, J = 7.5 Hz, 1H), 6.30 (d, J = 7.8 Hz, 1H), 3.76 (s, 3H),
2.67 (s, 3H), 2.25 (s, 3H).

Methyl (R)-7-fluoro-6-(2-fluorophenyl)phenanthridine-5(6H)-carboxylate (2r) [/

2r was obtained according to the General procedure D, as a white solid (96% yield, 88% ee; 83%
yield, 97% ee).

'H NMR (400 MHz, CDCL3) & 7.79 (d, J = 7.6 Hz, 1H), 7.68 (d, J = 7.8 Hz, 1H), 7.49-7.41 (m,
3H), 7.28-7.20 (m, 2H), 7.17-6.99 (m, 3H), 6.75 (t, /= 7.5 Hz, 1H), 6.50 (t, /= 7.6 Hz, 1H), 3.85
(s, 3H).

Methyl (R)-6-(3,5-dimethylphenyl)-8,10-dimethylphenanthridine-5(6H)-carboxylate (2s) %]

Me

Me

2s was obtained according to the General procedure D, as a white solid (99% yield, 92% ee; 86%
yield, 98% ee).

"H NMR (400 MHz, CDCl3) 6 7.69 (d, J = 7.8 Hz, 1H), 7.35 (s, 1H), 7.18-7.04 (m, 4H), 6.74-6.47
(m, 4H), 3.84 (s, 3H), 2.67 (s, 3H), 2.39 (s, 3H), 2.15 (s, 3H) .3C NMR (101 MHz, CDCl3) §
154.95, 139.32, 138.64, 137.52, 137.00, 135.87, 134.89, 132.63, 129.49, 129.05, 128.37, 127.59,
127.02, 126.41, 125.34, 124.39, 59.45, 53.25, 23.00, 21.34, 21.11.

Methyl (R)-6-(3,5-dimethoxyphenyl)-8,10-dimethoxyphenanthridine-5(6H)-carboxylate (2t)

OMe

M902C

2t was obtained according to the General procedure D, as a viscous oil (99% yield, 91% ee).

"H NMR (400 MHz, CDCl3) 6 8.27 (d, J = 8.8 Hz, 1H), 7.34 (s, 1H), 7.15-7.10 (m, 2H), 6.58-6.55
(m, 3H), 6.27 (s, 2H), 6.23 (s, 1H), 3.93 (s, 3H), 3.87 (s, 3H), 3.83 (s, 3H), 3.65 (s, 6H). 13C NMR
(101 MHz, CDCIl3) 6 160.46, 159.91, 158.40, 141.60, 139.39, 134.26, 127.56, 127.10, 126.29,
124.61, 113.63, 105.87, 104.17, 99.09, 98.93, 59.20, 55.63, 55.43, 55.17, 53.18. [a]p®=-137.1 (c
= 1.0 mg/mL in CHCI3). ESI-HRMS calcd. for C2,H17NO4 [M+Na]* = 458.1574; found 458.1582.
IR (neat): v (em™) 2924, 1689, 1596, 1460, 1322, 1149, 1025, 770, 747.
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Methyl (R)-4-(thiophen-2-yl)thieno[2,3-c]quinoline-5(4H)-carboxylate (2u)

MeO,C, ST\
K ~

2u was obtained according to the General procedure D (50 C), as a viscous oil (88% yield, 92%
ee).

'"H NMR (400 MHz, CDCls) 8 7.60-7.58 (m, 2H), 7.42-7.35 (m ,2H), 7.26-7.12 (m, 4H), 6.82-6.79
(dd, J=4.8, 3.6 Hz, 1H), 6.73-6.72 (m, 1H), 3.90 (s, 3H). *C NMR (101 MHz, CDCI3) & 154.65,

143.22, 133.57, 132.48, 127.02, 126.50, 125.88, 125.64, 125.54, 125.20, 125.06, 123.28, 122.54,
53.52, 51.77. [(1]025: -197.2 (C =1.0 mg/mL in CHC|3). ESI-HRMS calcd. for C;7H3NO,S,
[M+Na]* = 350.0280; found 350.0273. IR (neat): v (cm™) 2924, 1701, 1376, 1220, 1031, 913, 772,
719.

Methyl (R)-8-phenylpyrazino[2,3-a]phenanthridine-7(8H)-carboxylate (2v)

Mequ
N o
N

LA
2v was obtained according to the General procedure D (60 “C), as a pale yellow solid (91% yield,
99% ee).

"H NMR (400 MHz, CDCl;) 6 8.96 (d, /= 7.9 Hz, 1H), 8.90 (d, /= 1.6 Hz, 1H), 8.81 (d, J= 1.6
Hz, 1H), 8.02-7.94 (m, 2H), 7,62-7.56 (m, 1H), 7.53-7.49 (m, 2H), 7.15-7.06 (m, 5H), 6.83 (s, 1H),
3.95 (s, 3H). 3C NMR (101 MHz, CDCls) 8 154.66, 143.95, 143.66, 141.17, 140.51, 138.70,
136.85, 131.00, 129.51, 129.22, 128.61, 128.21, 128.13, 127.90, 127.41, 127.27, 127.18, 124.84,
58.77, 53.69. [a]o® = -175.7 (¢ = 1.0 mg/mL in CHCIs). Melting point: 189.0-190.3 °C.
ESI-HRMS calcd. for Co3H17N302 [M+H]* = 368.1394; found 368.1387. IR (neat): v (cm™) 2957,
2926, 1693, 1318, 1243, 1028, 772, 742, 700.

Methyl (R)-6-phenylbenzo[c][1,5]naphthyridine-5(6H)-carboxylate (2w) [/

MeO,C @

2w was obtained according to the General procedure D, as a white solid (96% yield, 96% ce).

"H NMR (400 MHz, CDCl;) & 8.42-8.39 (m, 2H), 7.84 (s, 1H), 7.54-7.43 (m, 2H), 7.33 (d, J=7.1
Hz, 1H), 7.17-7.14 (m, 4H), 7.06-7.03 (m, 2H), 6.79 (brs, 1H), 3.89 (s, 3H). [

Methyl (R)-6-phenylbenzo[c][1,6]naphthyridine-5(6H)-carboxylate (2x)
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2x was obtained according to the General procedure D as a pale yellow solid (91% yield, 97% ee).
'"H NMR (400 MHz, CDCI3) § 9.04 (s, 1H), 8.43 (d, J = 4.9 Hz, 1H), 7.95 (d, J = 7.7 Hz, 1H),
7.59-7.58 (m, 1H), 7.54-7.38 (m, 3H), 7.19-7.17 (m, 3H), 7.06-7.04 (m, 2H), 6.78 (s, 1H), 3.95 (s,
3H). 3C NMR (101 MHz, CDCls) & 154.23, 148.79, 145.22, 142.29, 139.32, 135.09, 128.80,
128.74, 128.45, 127.84, 127.80, 127.06, 123.26, 118.96, 58.65, 53.77. [a]p® = -167.9 (c = 1.0
mg/mL in CHCIz). Melting point: 139.0-141.3 °C. ESI-HRMS calcd. for C20HisN.O, [M+H]" =
317.1285; found 317.1281. IR (neat): v (cm™) 2952, 2925, 1705, 1446, 1269, 1220, 773, 752.
Methyl (R)-6-phenylbenzo|c][1,7]naphthyridine-5(6H)-carboxylate (2y)

2y was obtained according to the General procedure D as a pale yellow solid (91% yield, 97% ee).
"H NMR (400 MHz, CDCl;) 6 8.76 (s, 1H), 8.39 (d, J = 5.2 Hz, 1H), 7.94-7.92 (m, 1H), 7.64 (d, J
= 5.2 Hz, 1H), 7.54-7.49 (m, 2H), 7.44-7.41 (m, 1H), 7.20-7.16 (m, 3H), 7.05-7.03 (m, 2H), 6.84
(s, 1H), 3.91 (s, 3H). 3C NMR (101 MHz, CDCl3) 8 154.61, 147.53, 145.50, 139.06, 136.47,
134.47, 131.10, 129.87, 128.78, 128.68, 128.37, 128.04, 127.71, 127.17, 124.31, 117.00, 58.19,
53.64. [a]p?® = -135.6 (c = 1.0 mg/mL in CHCIls). Melting point: 145.9-147.3 °C. ESI-HRMS
calcd. for CooH N0, [M+H] = 317.1285; found 317.1279. IR (neat): v (cm!) 2922, 1700, 1380,
1259, 1076, 770, 744, 695.

Methyl (R)-6-phenylbenzo|c][1,8]naphthyridine-5(6H)-carboxylate (2z)

MeOZQ
N N_
N .

=

2z was obtained according to the General procedure D as a pale yellow solid (99% yield, 95% ee).
"H NMR (400 MHz, CDCls) & 8.40 (dd, J = 4.8, 1.8 Hz, 1H), 8.04 (dd, /= 7.8, 1.7 Hz, 1H), 7.83
(d, J= 7.2 Hz, 1H), 7.52-7.46 (m, 3H), 7.18-7.11 (m, 6H), 6.83 (s, 1H), 3.91 (s, 3H). *C NMR
(101 MHz, CDCls) & 154.96, 148.43, 147.98, 139.36, 135.68, 131.83, 129.96, 128.58, 128.52,
128.22, 127.87, 127.37, 127.10, 123.95, 123.32, 120.84, 59.26, 53.67. [a]p® = -169.9 (c = 1.0
mg/mL in CHCIs3). Melting point: 167.7-169.2 °C. ESI-HRMS calcd. for C2HisN2O> [M+H]* =
317.1285; found 317.1282. IR (neat): v (cm™) 2925, 1694, 1421, 1219, 913, 770, 756, 708.
Methyl (R)-2-methyl-6-phenylbenzo|c][1,8]naphthyridine-5(6H)-carboxylate (2aa)

MeOZC\
N N_
T 1

Me Z

2aa was obtained according to the General procedure D as a pale yellow solid (99% yield, 95%
ee).

"H NMR (400 MHz, CDCl3) & 8.22 (d, J = 1.6 Hz, 1H), 7.84-7.82 (m, 2H), 7.51-7.43 (m, 3H),
7.19-7.10 (m, 5H), 6.82 (s, 1H), 3.90 (s, 3H), 2.34 (s, 3H). *C NMR (101 MHz, CDCl3) § 155.06,
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148.32, 146.11, 139.45, 135.72, 132.36, 130.36, 130.05, 128.44, 128.19, 127.90, 127.31, 127.11,
123.91, 122.73, 59.24, 53.61, 18.08. [a]p® = -167.6 (c = 1.0 mg/mL in CHCI3). Melting point:
179.2-180.9 °C. ESI-HRMS calcd. for Cz1HisN.O, [M+H]" = 331.1441; found 331.1439. IR
(neat): v (em™) 2922, 1696, 1433, 1243, 1045, 773, 718.
(R)-6-phenyl-5-tosyl-5,6-dihydrophenanthridine (2ab) [*!

2ab was obtained according to the General procedure D, as a white solid (88% yield, 95% ee).

'"H NMR (400 MHz, CDCl3) 6 7.63 (d, J = 7.6 Hz, 1H), 7.45 (d, J = 7.5 Hz, 1H), 7,26 (d, J = 7.4
Hz, 1H), 7.20-7.10 (m, 4H), 7.08-7.02 (m, 6H), 6.92 (d, J = 8.1 Hz,2H), 6.65 (d, J = 8.0 Hz, 2H),
6.41 (s, 1H), 2.09 (s, 3H).

Methyl (R)-2,6-diphenylphenanthridine-5(6H)-carboxylate (4a)

4a was obtained according to the General procedure F as a white solid (77% yield, 97% ee)

'"H NMR (400 MHz, CDCl3) & 8.00-7.96 (m, 2H), 7.65-7.38 (m, 10H), 7.20-7.13 (m, 5H), 6.83
(brs, 1H), 3.92 (s, 3H). *C NMR (101 MHz, CDCl3) & 155.13, 140.61, 139.77, 137.94, 135.53,
134.11, 131.28, 128.78, 128.45, 128.35, 128.24, 127.90, 127.77, 127.39, 127.29, 126.98, 126.80,
123.84, 122.22, 58.63, 53.39. [a]p® = -171.9 (c = 1.0 mg/mL in CHCI3). Melting point:
120.0-124.0 °C. ESI-HRMS calcd. for Cy7H21NO, [M+Na]" = 414.1465; found 414.1455. IR
(neat): v (em™) 2921, 1700, 1447, 1321, 1254, 769, 743, 698.

Methyl (R)-6-phenyl-2-(p-tolyl)phenanthridine-5(6H)-carboxylate (4b)

4b was obtained according to the General procedure F as a pale yellow solid (76% yield, 95% ce).
"H NMR (400 MHz, CDCl3) & 7.97-7.95 (m, 2H), 7.55-7.41 (m, 7H), 7.29-7.27 (m, 2H), 7.22-7.12
(m, 5H), 6.82 (brs, 1H), 3.91 (s, 3H), 2.43 (s, 3H). 3C NMR (101 MHz, CDCl3) & 153.89, 139.79,
137.88, 137.72, 135.51, 131.34, 129.50, 128.43, 128.29, 128.23, 127.85, 127.77, 127.37, 127.26,
126.81, 126.62, 126.15, 123.83, 121.99, 58.61, 53.39, 21.12. [a]p® = -128.8 (c = 1.0 mg/mL in
CHCIs). Melting point: 124.6-126.6 °C. ESI-HRMS calcd. for CosH23NO, [M+Na]™ = 428.1621;
found 428.1610. IR (neat): v (cm™") 2912, 1709, 1491, 1219, 913, 772, 742.

Methyl (R)-2-(4-methoxyphenyl)-6-phenylphenanthridine-5(6H)-carboxylate (4c)
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4c was obtained according to the General procedure F as a pale yellow solid (73% yield, 98% ee).
'"H NMR (400 MHz, CDCl3) 8 7.97-7.94 (m, 2H), 7.58-7.56 (m, 2H), 7.51-7.41 (m, 5H), 7.20-7.13
(m, 5H), 7.02-7.00 (m, 2H), 6.83 (brs, 1H), 3.91 (s, 3H), 3.88 (s, 3H). *C NMR (101 MHz, CDCls)
6 159.17,139.80, 137.59, 135.56, 133.17, 131.35, 130.95, 130.45, 128.43, 128.29, 128.23, 128.06,
128.01, 127.85, 127.77, 127.37, 127.26, 127.09, 126.42, 125.47, 123.83, 121.74, 114.30, 114.23,
58.60, 55.37, 53.38. [a]p® = -170.4 (c = 1.0 mg/mL in CHCIs). Melting point: 134.1-135.8 °C.
ESI-HRMS calcd. for C2sH23NO3 [M+Na]* = 444.1570; found 444.1560. IR (neat): v (cm™) 2954,
1693, 1490, 1244, 1244, 913, 820, 772, 747.

Methyl (R)-2-(4-chlorophenyl)-6-phenylphenanthridine-5(6H)-carboxylate (4d)

4d was obtained according to the General procedure F as a pale yellow solid (90% yield, 98% ee).
"H NMR (400 MHz, CDCl5)  7.96-7.94 (m, 2H), 7.66-7.49 (m, 4H), 7.44-7.42 (m, 5H), 7.19-7.12
(m, 5H), 6.82 (brs, 1H), 3.91 (s, 3H). 3C NMR (101 MHz, CDCl3) § 155.02, 139.71, 139.07,
136.66, 135.53, 134.43, 133.38, 131.09, 128.92, 128.48, 128.25, 128.21, 128.02, 127.81, 127.41,
127.22, 126.60, 126.30, 123.81, 122.02, 58.62, 53.42. [a]p® = -113.5 (¢ = 1.0 mg/mL in CHCIs).
Melting point: 128.6-129.7 °C. ESI-HRMS calcd. for C27H20CINO, [M+Na]* = 448.1075; found
448.1064. IR (neat): v (cm™) 2925, 1710, 1484, 1219, 1065, 913, 772, 746.

Methyl (R)-2-(4-fluorophenyl)-6-phenylphenanthridine-5(6H)-carboxylate (4e)

4e was obtained according to the General procedure F as a viscous oil (87% yield, 95% ee).

"H NMR (400 MHz, CDCls) 8 7.96-7.93 (m, 2H), 7.60-7.42 (m, 7H), 7.22-7.13 (m, 7H), 6.83 (brs,
1H), 3.92 (s, 3H). 3C NMR (101 MHz, CDCls) & 162.45 (d, J = 244.9 Hz), 155.05, 139.73,
136.97, 136.75 (d, J = 3.1 Hz), 134.10, 131.15, 128.55 (d, J = 8.1 Hz), 128.35 (d, J = 11.8 Hz),
128.41, 128.25,127.91 (d, J= 17.6 Hz), 127.41, 127.24 126.67, 126.24, 123.82, 122.06, 115.65 (d,
J=21.3 Hz), 58.60, 53.43. '°F NMR (376 MHz, CDCl;) & -115.62. [a]o?>= -120.6 (c = 1.0 mg/mL
in CHCI3). ESI-HRMS calcd. for CsH23NO3 [M+Na]™ = 444.1570; found 444.1560. ESI-HRMS
caled. for Co7H20FNO> [M+Na]" = 432.1370; found 432.1362. IR (neat): v (cm™) 2919, 1703,
1491, 1321, 1188, 964, 821, 771, 743, 696.
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Methyl (R)-6-phenyl-2-(4-(trifluoromethoxy)phenyl)phenanthridine-5(6H)-carboxylate (4f)

4f was obtained according to the General procedure F as a pale yellow solid (62% yield, 97% ee).
'"H NMR (400 MHz, CDCl3) 8 7.96-7.94 (m, 2H), 7.64-7.62 (m, 3H), 7.53-7.43 (m, 4H), 7.32-7.29
(m, 2H), 7.22-7.12 (m, 5H), 6.83 (brs, 1H), 3.92(s, 3H). 3C NMR (101 MHz, CDCl3) § 154.94,
148.65, 139.69, 139.39, 136.52, 135.54, 134.49, 131.06, 128.51, 128.32, 128.26, 128.07, 127.83,
127.44, 127.23, 126.73, 126.32, 123.82, 122.20, 121.25, 120.54 (q, J = 255.6 Hz) , 58.60, 53.45.
“F NMR (376MHz, CDCls) § -57.80. [a]p?® = -133.4 (¢ = 1.0 mg/mL in CHCIs). Melting point:
132.0-135.0 °C. ESI-HRMS calcd. for CasH20F3NO3; [M+Na]® = 498.1288; found 498.1276. IR
(neat): v (em) 2924, 1711, 1491, 1219, 913, 771, 742.

Methyl (R)-2-(4-nitrophenyl)-6-phenylphenanthridine-5(6H)-carboxylate (4g)

4g was obtained according to the General procedure F as a white solid (55% yield, 96% ee).

'"H NMR (400 MHz, CDCls) 6 8.34-8.31 (m, 2H), 8.01 (d, J = 2.0 Hz, 1H), 7.96 (d, J = 7.7 Hz,
1H), 7.79-7.77 (m, 2H), 7.55-7.42 (m, 5H), 7.20-7.10 (m, 5H), 6.83 (brs, 1H), 3.93 (s, 3H). 1*C
NMR (101 MHz, CDCls) & 157.38, 147.03, 139.57, 135.49, 135.30, 130.72, 128.75, 128.61,
128.31, 127.89, 127.59, 127.52, 127.20, 126.94, 126.53, 124.16, 123.82, 122.51, 58.60, 53.54.
[a]p?® = -139.0 (¢ = 1.0 mg/mL in CHCIs). Melting point: 124.0-126.7 °C. ESI-HRMS calcd. for
C27H20N204 [M+Na]* = 459.1315; found 459.1301. IR (neat): v (cm™) 2920, 1715, 1324, 1244,
1063, 818, 769, 742.

Methyl (R)-6-phenyl-2-(o-tolyl)phenanthridine-5(6 H)-carboxylate (4h)

4h was obtained according to the General procedure F as a viscous oil (81% yield, 98% ee).

"H NMR (400 MHz, CDCl5) 4 7.88 (d, J = 7.6 Hz, 1H), 7.75 (d, J = 1.7 Hz, 1H), 7.49-7.42 (m,
4H), 7.31-7.29 (m, 3H), 7.25-7.15 (m, 7H), 6.85 (brs, 1H), 3.93 (s, 3H), 2.33 (s, 3H). 13C NMR
(101 MHz, CDCIl3) 6 155.04, 143.34, 141.29, 139.83, 138.59, 135.43, 134.83, 131.31, 130.50,
130.38, 129.77, 128.98, 128.88, 128.41, 128.21, 127.82, 127.72, 127.36, 127.29, 125.79, 125.45,
124.34, 123.77, 58.61, 53.37, 20.54. [0]p® = -124.3 (¢ = 1.0 mg/mL in CHCIs). ESI-HRMS calcd.
for C2sH23NO; [M+Na]* = 428.1621; found 428.1610. IR (neat): v (cm’!) 2924, 1708, 1450, 1219,
913, 771, 743.
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Methyl (R)-2-(2-methoxyphenyl)-6-phenylphenanthridine-5(6H)-carboxylate (4i)

4i was obtained according to the General procedure F as a white solid (50% yield, 94% ee).

'"H NMR (400 MHz, CDCl3) 6 7.96 (s, 1H), 7.92 (d, J = 7.7 Hz, 1H), 7.55-7.32 (m, 7H), 7,21-7,14
(m, 5H), 7.07-7.01 (m, 2H), 6.82 (brs, 1H), 3.90 (s, 3H), 3.84 (s, 3H). *C NMR (101 MHz, CDCls)
0 156.55,139.95, 135.19, 131.46, 130.77, 130.03, 129.26, 128.66, 128.33, 128.21, 127.74, 127.63,
127.30, 125.33, 124.62, 123.82, 120.90, 99.99, 58.61, 55.62, 53.30. [a]p®® = -123.6 (c = 1.0
mg/mL in CHCIs). Melting point: 126.0-128.7 °C.ESI-HRMS calcd. for CosH23NO3; [M+Na]® =
444.1570; found 444.1558. IR (neat): v (cm™) 2954, 1693, 1490, 1320, 1245, 820, 771, 747.
Methyl (R)-2-(2-chlorophenyl)-6-phenylphenanthridine-5(6H)-carboxylate (4 )

4j was obtained according to the General procedure F as a viscous oil (47% yield, 96% ee).

'"H NMR (400 MHz, CDCls)  7.91-7.88 (m, 2H), 7.52-7.45 (m, 3H), 7.41-7.30 (m, 6H), 7.20-7.13
(m, SH), 6.83 (brs, 1H), 3.92 (s, 3H). 13C NMR (101 MHz, CDCI3) é 155.03, 139.88, 139.80,
135.92, 135.43, 134.22, 132.53, 131.35, 131.18, 130.05, 129.10, 128.77, 128.57, 128.43, 128.24,
127.89, 127.71, 127.39, 127.29, 126.97, 126.85, 124.77, 123.85, 58.63, 53.38. [a]p?®*=-122.0 (c =
1.0 mg/mL in CHCI5). ESI-HRMS calcd. for C27H20CINO, [M+Na]* = 448.1075; found 448.1063.
IR (neat): v (em™) 2923, 1701, 1320, 1219, 913, 771, 745.

Methyl (R)-6-phenyl-2-(m-tolyl)phenanthridine-5(6H)-carboxylate (4k)

4k was obtained according to the General procedure F as a white solid (65% yield, 96% ee).

"H NMR (400 MHz, CDCl3) 8 7.99-7.97 (m, 2H), 7.54-7.35 (m, 8H), 7.22-7.14 (m, 6H), 6.84 (brs,
1H), 3.92 (s, 3H), 2.46 (s, 3H). *C NMR (101 MHz, CDCls) 8 155.09, 143.33, 140.62, 139.81,
138.36, 138.09, 135.56, 134.04, 131.35, 130.50, 128.98, 128.70, 128.45, 128.31, 128.24, 128.06,
127.88, 127.78, 127.39, 127.27, 126.84, 126.15, 124.11, 123.86, 122.23, 58.66, 53.37, 21.55.
[a]p?® = -145.9 (c = 1.0 mg/mL in CHCls). Melting point: 123.0-125.0 °C. ESI-HRMS Calcd. For
C27H20N,04 [M+Na]* = 459.1315; found 459.1301. ESI-HRMS calcd. for CosH23NO> [M+Na]* =
428.1621; found 428.1610. IR (neat): v (cm™) 2921, 1702, 1219, 913, 772, 743.

Methyl (R)-2-(3-chlorophenyl)-6-phenylphenanthridine-5(6H)-carboxylate (41)
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4] was obtained according to the General procedure F as a white solid (77% yield, 98% ee).

'"H NMR (400 MHz, CDCI3) 8 7.97-7.95 (m, 2H), 7.61 (t, J = 1.8 Hz, 1H), 7.56-7.33 (m, 8H),
7.21-7.11 (m, 5H), 6.83 (brs, 1H), 3.92 (s, 3H). 3C NMR (101 MHz, CDCls) § 155.00, 142.46,
139.67, 136.47, 135.52, 134.69, 131.05, 130.02, 128.52, 128.27, 128.07, 127.80, 127.45, 127.28,
127.24, 127.12, 126.73, 126.29, 125.14, 123.87, 122.20, 58.60, 53.46. [a]p®® = -154.8 (¢ = 1.0
mg/mL in CHCIz). Melting point: 124.5-127.8 °C. ESI-HRMS calcd. for C27H20CINO; [M+Na]" =
448.1075; found 448.1063. IR (neat): v (cm™) 2953, 1701, 1448, 1321, 1269, 768, 699.

Methyl (R)-2-(benzo[d][1,3]dioxol-5-yl)-6-phenylphenanthridine-5(6H)-carboxylate (4m)

4m was obtained according to the General procedure F as a white solid (43% yield, 95% ee).

'"H NMR (400 MHz, CDCls) 6 7.94 (d, J = 7.8 Hz, 1H), 7.90 (d, J = 2.0 Hz, 1H), 7.52-7.39 (m,
5H), 7.21-7.08 (m, 7H), 6.91-6.89 (m, 1H), 6.81 (brs, 1H), 6.03 (s, 2H), 3.90 (s, 3H). '*C NMR
(101 MHz, CDCls) & 148.13, 147.08, 139.75, 137.66, 135.49, 135.00, 133.77, 131.23, 128.44,
128.29, 128.22, 127.89, 127.78, 127.37, 127.24, 126.53, 123.81, 121.90, 120.48, 108.58, 107.52,
101.17, 58.58, 53.39. [a]p®= -127.8 (c = 1.0 mg/mL in CHCIs). Melting point: 126.0-128.4 °C.
ESI-HRMS calcd. for C2sH2iNO4 [M+Na]" = 458.1363; found 458.1350. IR (neat): v (cm™') 2924,
1709, 1219, 913, 772, 743.

Methyl (R)-6-phenyl-2-(thiophen-2-yl)phenanthridine-5(6H)-carboxylate (4n)

4n was obtained according to the General procedure F as a viscous oil (50% yield, 92% ee).

"H NMR (400 MHz, CDCls) 8 7.99-7.94 (m, 2H), 7.51-7.41 (m, 5H), 7.33-7.30 (m, 2H), 7.18-7.10
(m, 6H), 6.80 (brs, 1H), 3.90 (s, 3H). 3C NMR (101 MHz, CDCl3) & 154.98, 143.89, 143.32,
139.67, 135.55, 131.28, 130.99, 130.48, 128.96, 128.47, 128.39, 128.24, 128.04, 128.01, 127.74,
127.42, 127.22, 126.28, 125.64, 125.46, 124.70, 123.83, 123.07, 121.01, 58.62, 53.38. [a]o® =
-120.9 (c = 1.0 mg/mL in CHCIz). ESI-HRMS calcd. for C2sHi19NO,S [M+Na]* = 420.1029; found
420.1021. IR (neat): v (cm™) 2919, 1710, 1472, 1318, 1219, 964, 773.

Methyl (R)-3,6-diphenylphenanthridine-5(6H)-carboxylate (40)
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40 was obtained according to the General procedure F as a white solid (80% yield, 96% ee).

'"H NMR (400 MHz, CDCl3) 6 7.92 (d, J = 7.7 Hz, 1H), 7.84 (d, J = 8.2 Hz, 1H), 7.64-7.36 (m,
10H), 7.19-7.13 (m, 5H), 6.85 (brs, 1H), 3.93 (s, 3H). '3C NMR (101 MHz, CDCls) & 154.99,
140.78, 140.36, 139.78, 135.34, 135.18, 131.13, 128.77, 128.47, 128.25, 127.78, 127.53, 127.38,
127.25, 127.13, 127.07, 124.60, 123.95, 123.87, 123.78, 58.63, 53.44. [a]p® = -171.0 (c = 1.0
mg/mL in CHCI3). Melting point: 120.0-122.7 °C. ESI-HRMS calcd. for C,7H21NO; [M+Na]" =
414.1465; found 414.1453. IR (neat): v (cm™) 2923, 1709, 1439, 1219, 913, 771, 744, 696.
Methyl (R)-2,6-diphenylbenzo|c][1,5]naphthyridine-5(6H)-carboxylate (4p)

MeO,C @

4p was obtained according to the General procedure F as a white solid (95% yield, 97% ee).

'H NMR (400 MHz, CDCls) 3 8.66 (d, J = 7.7 Hz, 1H), 8.17-8.15 (m, 2H), 7.95-7.37 (m, 8H),
7.20-7.14 (m, 5H), 6.85 (brs, 1H), 3.94 (s, 3H). *C NMR (101 MHz, CDCl;) & 154.82, 152.71,
144.99, 139.91, 138.89, 135.99, 133.21, 131.65, 129.55, 128.82, 128.70, 128.53, 128.41, 127.68,
127.36, 127.07, 126.73, 125.33, 119.20, 58.46, 53.56. [a]p®® = -126.9 (c = 1.0 mg/mL in CHCIs).
Melting point: 145.0-148.0 °C. ESI-HRMS calcd. for CysH2oN20> [M+H]* = 393.1598; found
393.1587. IR (neat): v (cm™) 2922, 1715, 1442, 1219, 913, 772, 744, 699.

Methyl (R)-2,6-diphenylbenzo|c][1,8]naphthyridine-5(6H)-carboxylate (4q)

MeOZC\
N N R
J .

Ph =

4q was obtained according to the General procedure F as a white solid (99% yield, 98% ee).

"H NMR (400 MHz, CDCl3) 6 8.64 (d, J= 1.9 Hz, 1H), 8.24 (d, J=2.3 Hz, 1H), 7.93 (d, /= 7.1
Hz, 1H), 7.63-7.61 (m, 2H), 7.54-7.48 (m, 5H), 7.44-7.40 (m, 1H), 7.22-7.15 (m, 5SH), 6.87 (s, 1H),
3.95 (s, 3H). 13C NMR (101 MHz, CDCl3) & 154.94, 147.45, 146.27, 139.41, 137.31, 135.72,
133.96, 130.25, 129.87, 129.09, 128.74, 128.59, 128.31, 128.08, 127.98, 127.45, 127.13, 127.02,
124.00, 123.07, 59.41, 53.78. [a]p?®® = -116.9 (¢ = 1.0 mg/mL in CHCIs). Melting point:
183.8-185.4 °C. ESI-HRMS calcd. for CysH20N202 [M+H]" = 393.1598; found 393.1588. IR
(neat): v (em™) 2923, 1701, 1432, 1220, 913, 771, 749, 696.

Methyl (R)-3-methyl-2,6-diphenylbenzo|c][1,8]naphthyridine-5(6H)-carboxylate (4r)
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M902C\
Me N N W
L]

Ph Z

4r was obtained according to the General procedure F as a white solid (94% yield, 97% ee).

'"H NMR (400 MHz, CDCl3) 8 7.90 (s, 1H), 7.83-7.81 (m, 1H), 7.49-7.37 (m, 8H), 7.21-7.15 (m,
5H), 6.87 (s, 1H), 3.93 (s, 3H), 2.50 (s, 3H). *C NMR (101 MHz, CDCl3) & 155.05, 154.56,
146.47, 139.63, 139.42, 135.22, 134.47, 133.10, 129.17, 128.44, 128.26, 127.95, 127.57, 127.37,
127.35, 123.66, 59.40, 53.63, 23.03. [a]p® = -152.0 (¢ = 1.0 mg/mL in CHCI3). Melting point:
180.0-182.7 °C. ESI-HRMS calcd. for Cy7H2:N2O, [M+H]" = 407.1754; found 407.1746. IR
(neat): v (cm™) 2920, 1703, 1422, 1274, 1072, 772, 752, 698.

Methyl (R)-1-methyl-2,6-diphenylbenzo|c][1,8]naphthyridine-5(6H)-carboxylate (4s)

MeOZC\
N N W
AN .

Ph =
Me

4s was obtained according to the General procedure F as a white solid (98% yield, 84% ee).

'"H NMR (400 MHz, CDCls) 8 8.24 (s, 1H), 7.89-7.87 (m, 1H), 7.56-7.38 (m, 6H), 7.34-7.32 (m,
2H), 7.21-7.14 (m, 5H), 6,78 (s, 1H), 3.92 (s, 3H), 2.47 (s, 3H). '*C NMR (101 MHz, CDCl;) &
154.98, 148.37, 147.29, 142.32, 138.86, 138.25, 138.16, 136.62, 130.48, 129.66, 128.82, 128.43,
128.18, 127.90, 127.85, 127.65, 127.39, 127.23, 127.14, 123.71, 59.45, 53.70, 20.81. [a]p®® =
-100.3 (c = 1.0 mg/mL in CHCI3). Melting point: 182.3-185.0 °C. ESI-HRMS calcd. for
C27H2N2O» [M+H]* = 407.1754; found 407.1744. IR (neat): v (cm™)2920, 1730, 1430, 1254,
1082, 772, 747, 704.

Methyl (R)-9-methyl-2-phenyl-6-(p-tolyl)phenanthridine-5(6H)-carboxylate (4t)

4t was obtained according to the General procedure F as a white solid (92% yield, 97% ee).

"H NMR (400 MHz, CDCl3) § 7.99 (d, J = 2.0 Hz, 1H), 7.78 (s, 1H), 7.67-7.65 (m, 2H), 7.50-7.46
(m, 4H), 7.40-7.36 (m, 1H), 7.31-7.29 (m, 1H), 7.25-7.23 (m, 1H), 7.04-6.98 (m, 4H), 6.77 (s, 1H),
3.91 (s, 3H), 2.51 (s, 3H), 2.25 (s, 3H). '*C NMR (101 MHz, CDCls) & 154.99, 140.71, 138.01,
137.82, 137.06, 136.98, 132.97, 131.03, 128.93, 128.77, 128.71, 128.49, 127.59, 127.25, 127.19,
127.01, 126.63, 126.17, 124.32, 122.15, 58.23, 53.33, 21.55, 21.00. [a]p?®® = -146.9 (c = 1.0
mg/mL in CHCI3). Melting point: 181.0-183.7 °C. ESI-HRMS calcd. for C2oH2sNO, [M+Na]* =
442.1778; found 442.1765. IR (neat): v (cm™) 2918, 1693, 1486, 1317, 1256, 1028, 755, 694.
Methyl (R)-9-methoxy-6-(4-methoxyphenyl)-2-phenylphenanthridine-5(6H)-carboxylate (4u)
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4u was obtained according to the General procedure F as a white solid (89% yield, 98% ee).

'"H NMR (400 MHz, CDCl3) 8 7.96 (s, 1H), 7.66-7.29 (m, 9H), 7.05-7.96 (m, 3H), 6.73-6.71 (m,
3H), 3.94-3.91 (m, 6H), 3.71 (s, 1H). *C NMR (101 MHz, CDCls) § 159.73, 158.76, 140.63,
137.88, 134.20, 132.36, 128.80, 128.62, 128.49, 128.36, 127.32, 127.02, 126.91, 126.25, 122.21,
113.60, 113.56, 109.07, 57.66, 55.56, 55.12, 53.35. [0]p®® = -156.8 (¢ = 1.0 mg/mL in CHCIs).
Melting point: 182.0-185.0 °C. ESI-HRMS calcd. for CyoH2sNO4 [M+Na]® = 474.1676; found
474.1660. IR (neat): v (cm™) 2955, 2920, 1692, 1488, 1246, 1134, 1023, 771, 757, 692.

Methyl (R)-9-fluoro-6-(4-fluorophenyl)-2-phenylphenanthridine-5(6H)-carboxylate (4v)

4v was obtained according to the General procedure F as a white solid (66% yield, 96% ee).

'"H NMR (400 MHz, CDCl3) 8 7.91 (s, 1H), 7.67-7.62 (m, 4H), 7.53-7.46 (m, 3H), 7.41-7.35 (m,
2H), 7.15-7.05 (m, 3H), 6.90-6.85 (m, 2H), 6.80 (brs, 1H), 3.92 (s, 3H). '*C NMR (101 MHz,
CDCl3) 6 162.99 (d, J = 244.3 Hz), 162.09 (d, J = 245.0 Hz), 154.91, 140.23, 138.25, 13536 (d, J
= 3.1 Hz), 133.76, 133.32 (d, J = 8.1 Hz), 131.08, 129.20 (d, J = 8.2 Hz), 128.94 (d, J = 7.8 Hz),
128.86, 127.51, 127.41 (d, J= 1.5 Hz), 126.97, 126.24, 122.33, 115.19 (d, /= 21.3 Hz), 114.93 (d,
J =22.0 Hz), 110.73 (d, J = 22.9 Hz), 57.41, 53.54. 'F NMR (376 MHz, CDCl3) & -112.92,
-114.79. [0]p?® = -165.8 (¢ = 1.0 mg/mL in CHCIs). Melting point: 131.0-133.4 °C. ESI-HRMS
caled. for Co7Hi9FoNO> [M+Na]* = 450.1276; found 450.1263. IR (neat): v (cm™) 2957, 2919,
1684, 1489, 1443, 1325, 1313, 1258, 1225, 1181, 959, 764, 757, 695.

Methyl (R)-7-methyl-2-phenyl-6-(o-tolyl)phenanthridine-5(6H)-carboxylate (4w)

4w was obtained according to the General procedure F as a viscous oil (37% yield, 89% ee).

"H NMR (400 MHz, CDCl;) 4 8.04 (d, J = 1.9 Hz, 1H), 7.87 (d, J = 7.8 Hz, 1H), 7.68-7.65 (m,
2H), 7.50-7.36 (m, 7H), 7.25-7.18 (m, 2H), 7.07 (t, J = 7.4 Hz, 1H), 6.77 (d, ] = 7.5 Hz, 1H), 6.40
(s, 1H), 3.82 (s, 3H), 2.72 (s, 3H), 2.29 (s, 3H). 3C NMR (101 MHz, CDCls) & 154.95, 140.73,
138.70, 137.43, 136.31, 135.41, 134.78, 133.92, 132.11, 130.79, 130.20, 129.98, 128.77, 128.57,
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127.85, 127.75, 127.30, 127.04, 126.39, 125.50, 122.35, 121.50, 53.37, 53.31, 20.02, 18.81. [a]p®
= -105.5 (c = 1.0 mg/mL in CHCIl3). ESI-HRMS calecd. for C90H2sNO, [M+Na]* = 442.1778;
found 442.1766. IR (neat): v (cm™)2921, 1706, 1492, 1316, 1188, 1081, 964, 771, 745, 697.
Methyl (R)-7-fluoro-6-(2-fluorophenyl)-2-phenylphenanthridine-5(6H)-carboxylate (4x)

4x was obtained according to the General procedure F as a white solid (86% yield, 91% ee).

'"H NMR (400 MHz, CDCls) 6 8.03 (d, J = 2.0 Hz, 1H), 7.79 (d, J = 7.8 Hz, 1H), 7.67-7.61 (m,
3H), 7.54-7.38 (m, 6H), 7.21-7.04 (m, 3H), 6.81 (td, J=7.6, 0.9 Hz, 1H), 6.59 (td, J = 7.6, 1.2Hz,
1H), 3.90 (s, 3H). *C NMR (101 MHz, CDCls) 6 160.82 (d, J = 192.7 Hz), 158.35 (d, J = 190.1
Hz), 154.32, 140.40, 138.32, 134.14, 133.92 (d, /= 4.2 Hz), 129.82 (d, /= 8.2 Hz), 129.60 (d, J =
8.3 Hz), 129.21 (d, J = 3.2 Hz), 128.86, 127.86 (d, J = 3.0 Hz), 127.47, 127.40, 127.00, 126.77,
125.35 (d, J=13.7 Hz), 123.74 (d, /= 3.6 Hz), 122.81 (d, J = 16.4 Hz), 122.38, 119.25 (d, J =3.2
Hz), 115.82 (d, J=21.8 Hz), 114.68 (d, J= 21.0 Hz), 53.50, 47.04. '°F NMR (376 MHz, CDCls) &
-115.49, -118.83. [a]p® = -123.0 (¢ = 1.0 mg/mL in CHCIs). Melting point: 124.0-126.6 °C.
ESI-HRMS calced. for Ca7H19F2NO, [M+Na]® = 450.1276; found 450.1268. IR (neat): v (cm™)
2920, 1713, 1460, 1217, 1277, 1238, 755, 697.
Methyl(R)-6-(3,5-dimethylphenyl)-8,10-dimethyl-2-phenylphenanthridine-5(6 H)-carboxylate
(4y)

Me

Me

Me

4y was obtained according to the General procedure F as a white solid (91% yield, 97% ee).

'"H NMR (400 MHz, CDCl3) & 7.96 (s, 1H), 7.99-7.35 (m, 7H), 7.18 (s, 1H), 7.10 (s, 1H),
6.78-6.53 (m, 4H), 3.90 (s, 3H), 2.77 (s, 3H), 2.43 (s, 3H), 2.18 (s, 6H). '*C NMR (101 MHz,
CDCl3) 6 155.01, 140.94, 139.26, 138.50, 137.52, 137.13, 134.85, 132.68, 129.62, 129.05, 128.82,
128.26, 127.16, 126.95, 126.46, 126.23, 125.71, 125.29, 59.44, 53.27, 23.16, 21.30, 21.06. [a]o®
= -99.0 (c = 1.0 mg/mL in CHCIs). Melting point: 171.8-174.0 °C. ESI-HRMS calcd. for
C31H20NO, [M+Na]" = 470.2091; found 470.2081. IR (neat): v (cm™) 2920, 1693, 1474, 1324,
1257, 1023, 771, 758, 747, 692.

Methyl (R)-8-phenyl-4-(thiophen-2-yl)thieno[2,3-c]quinoline-5(4H)-carboxylate (4z)

MeO,C S
o NS
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4z was obtained according to the General procedure F as a white solid (97% yield, 93% ee).

'H NMR (400 MHz, CDCl3) 8 7.80 (d, J = 2.2 Hz, 1H), 7.66-7.64 (m, 3H), 7.50-7.46 (m, 4H),
7.40-7.36 (m, 2H), 7.22 (s, 1H), 7.15 (dd, J = 5.1, 1.2 Hz, 1H), 6.83 (dd, J = 5.0, 3.6 Hz, 1H),
6.77-6.76 (m, 1H), 3.93 (s, 3H). 3C NMR (101 MHz, CDCls) & 154.71, 143.27, 140.51, 138.09,
133.57, 131.74, 128.80, 127.35, 127.01, 126.57, 125.81, 125.72, 125.62, 125.19, 122.55, 121.90,
53.62, 51.91. [a]o® = -132.4 (c = 1.0 mg/mL in CHCls). Melting point: 140.1-143.3 °C.
ESI-HRMS calced. for Ca3Hi17NO,S, [M+Na]™ = 426.0593; found 426.0580. IR (neat): v (cm™)
2920, 1710, 1439, 1372, 1287, 1108, 765, 759, 693, 661.

Methyl benzhydryl(4,4"'-dimethyl-[1,1':3',1"'-terphenyl]-4'-yl)carbamate (4bb)

Ph Ph
e

N
O CO,Me
Me I I Me

4bb was obtained from rival side reaction in the cascade reaction as a viscous oil.

"H NMR (400 MHz, CDCl3) & 7.51-7.43 (m, 4H), 7.26-7.14 (m, 11H),7.04-6.95 (m, 6H), 6.00 (s,
1H), 3.64 (s, 3H), 2.44 (s, 3H), 2.41 (s, 3H).!3C NMR (101 MHz, CDCls) & 159.05, 141.59,
140.30, 138.63, 138.09, 137.35, 137.17, 136.96, 136.79, 129.97, 129.63, 129.49, 128.86, 128.83,
128.40, 128.01, 127.77, 127.42, 126.87, 126.75, 125.93, 68.90, 52.80, 21.17, 21.10. ESI-HRMS
calcd. for C35H31NO; [M+Na]* = 520.2247; found 520.2249. IR (neat): v (cm™') 2925, 1698, 1437,
1219, 1036, 772, 743. IR (neat): v (cm™") 2983, 1705, 1440, 1313, 1065, 764, 730, 611.

Methyl benzhydryl(3-bromo-4'-methyl-[1,1'-biphenyl]-4-yl)carbamate (3ac)

Ph Ph
e

N\
O CO,Me
O Br
Me

3ac was obtained according to the General procedure H as a viscous oil. (57% yield).

"H NMR (400 MHz, CDCls) 8 7.63-7.62 (m, 1H), 7.45-7.39 (m, 6H), 7.36-7.32 (m, 2H), 7.25-7.23
(m, 3H), 7.18-7.13 (m, 5H), 6.76 (s, 1H), 3.77 (s, 3H), 2.40 (s, 3H). *C NMR (101 MHz, CDCl5)
0 156.08, 141.62, 140.84, 137.91, 137.86, 137.28, 135.87, 131.19, 130.92, 130.44, 129.57, 128.84,
128.27, 127.76, 127.08, 126.78, 126.44, 125.73, 66.96, 53.37, 21.09. ESI-HRMS calcd. for
C23H24BrNO, [M+Na]" = 508.0883; found 508.0881. IR (neat): v (cm™") 2925, 1698, 1437, 1219,
1036, 772, 743.

Methyl (R)-6-(p-tolyl) phenanthridine-5(6H)-carboxylate and methyl
(R)-9-methyl-6-phenylphenanthridine-5(6H)-carboxylate (8a/8b)
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8a/8b Me

8a/8b mixture was obtained according to the General procedure D, as a viscous oil (91%
combined yield with 1:1 ratio determined by '"H NMR). 2.4:97.4 e.r. and 2.4:97.6 e.r.

'H NMR (400 MHz, CDCls) 6 7.87 (d, J = 7.8 Hz, 1H), 7.80-7.75 (m, 2H), 7.69 (s, 1H), 7.49-7.31
(m, 5H), 7.28-7.07 (m, 11H, 6.96 (s, 4H), 6.76 (s, 2H), 3.87 (s, 6H), 2.48 (s, 3H), 2.23 (s, 3H). *C
NMR (101 MHz, CDClz) & 155.06, 143.35, 139.94, 138.03, 136.98, 136.77, 135.75, 134.83,
132.72, 131.29, 131.12, 130.52, 128.99, 128.89, 128.57, 128.41, 128.30, 128.20, 128.14, 127.92,
127.76, 127.61, 127.56, 127.25, 127.21, 127.17, 125.99, 125.45, 125.06, 124.36, 123.76, 123.58,
123.51, 58.30, 53.28, 21.55, 20.98. ESI-HRMS calcd. for C2;H1sNO, [M+Na] * = 352.1308; found
352.1301. IR (neat): v (cm™) 2920, 1706, 1435, 1271, 1045, 772, 758.

Methyl (R)-6-(4-fluorophenyl) phenanthridine-5(6H)-carboxylate and methyl
(R)-9-fluoro-6-phenylphenanthridine-5(6H)-carboxylate (9a/9b)

F MeOZC

MeO,C ©/ ‘
\ N R
and O

9a/9b F

9a/9b mixture was obtained according to the General procedure D, as a viscous oil (93%
combined yield with 1:1 ratio determined by '°F NMR). 3.3:96.7 e.r. and 1.2 :98.8 e.r.

'H NMR (400 MHz, CDCls) & 7.91-7.69 (m, 3H), 7.59-7.35 (m, 6H), 7.31-7.04 (m, 14H),
6.88-6.80 (m, 3H), 3.90 (d, 6H). *3C NMR (101 MHz, CDCls) & 164.13, 163.24, 161.69, 160.80,
155.10, 154.95, 139.53, 135.55, 135.53, 134.80, 134.76, 133.46, 133.38, 131.31, 129.29, 129.21,
129.08, 129.00, 128.68, 128.60, 128.28, 128.11, 127.93, 127.61, 127.51, 127.35, 127.18, 126.09,
125.29, 123.94, 123.78, 123.68, 115.19, 114.98, 114.80, 114.58, 110.77, 110.54, 57.95, 57.87,
53.47, 53.43. F NMR (376 MHz, CDCls) § -113.41, -115.19. ESI-HRMS calcd. for C21H16FNO>
[M+Na] * = 356.1057; found 356.1055. IR (neat): v (cm™) 2952, 1700, 1438, 1326, 1250, 1020,
773, 762.

Ethyl (R)-6-(4-methoxyphenyl)phenanthridine-5(6H)-carboxylate and ethyl
(R)-9-methoxy-6-phenylphenanthridine-5(6H)-carboxylate (10a/10b)

OMe EtO,C
EtO,C ©/ © 25 @
\ N o\
and O

10a/10b OMe

37



10a/10b mixture was obtained according to the General procedure D, as a viscous oil (90%
combined yield with 1:1 ratio determined by '"H NMR). 1.8:98.2 e.r. and 0.7:99.3 e.r.

'H NMR (400 MHz, CDCls3) 8 7.88 (d, J = 7.9 Hz, 1H), 7.80-7.74 (m, 2H), 7.50-7.31 (m, 6H),
7.26-7.09 (m, 10H), 7.02-6.95 (m, 3H), 6.77-6.69 (m, 4H), 4.41-4.32 (m, 4H), 3.94 (s, 3H), 3.71 (s,
3H), 1.38 (t, J = 7.1 Hz, 6H). 3C NMR (101 MHz, CDCls) & 159.74, 158.75, 140.29, 135.91,
135.04, 134.93, 132.56, 132.14, 131.37, 128.70, 128.55, 128.29, 128.16, 128.04, 127.93, 127.77,
127.57, 127.24, 126.04, 124.92, 123.76, 123.59, 113.56, 113.42, 109.10, 62.42, 62.38, 57.87,
55.52, 55.15, 14.60. ESI-HRMS calcd. for Co3H21NO3 [M+Na] * = 382.1414; found 382.1415. IR
(neat): v (cm™) 2954, 1705, 1440, 1223, 1057, 759, 743.

Single crystal of 2s (CCDC Number: 2307693)

Bond precision: C-C=0.0022 A Wavelength=1.54184
Cell: a=11.43405(6) b=11.43405(6) ¢=25.89293(13)
alpha=90 Dbeta=90 gamma=120

Temperature: 150 K

Calculated Reported

Volume 2931.65(3) 2931.65(3)

Space group P3121 P3121

Hall group P312" P312"

Moiety formula C25 H25 N 02, 0.083(H2 O) (€25 H25 N 02, 0.08(H2 O1)
Sum formula C25 H25.17 N 02.08 C25 H25.17 N 02.08
Mr 37296 372.96

Dx,gcm-3 1.268 1.268

Z 6 6

Mu (mm-1) 0.628 0.628

FO000 1193.0 1193.0

F000> 1196.35

hk,Imax 14,14,32 14,14,32

Nref 4090[ 2353] 3980

Tmin,Tmax 0.963,0.975 0.735,1.000

Tmin” 0.910

Correction method= # Reported T Limits: Tmin=0.735 Tmax=1.000
AbsCorr = MULTI-SCAN

Data completeness= 1.69/0.97 Theta(max)= 76.125
R(reflections)= 0.0272( 3934)

wR2(reflections)=

0.0733( 3980)

S=1.026 Npar=268
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HPLC Data

2a (The top one is racemic, the middle one is chiral when leaving group was Br
and the bottom one is chiral when leaving group was I)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 243 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 T, retention time: 11.3 min (major isomer)].

] DAD1C, Sig=243 8 Ref=0ff (F\HPLC DATA\CB\C-H-N\20230927-2A-RACE-TEST1.D)
mAU ?ﬁ
100 ﬁ
o
80 3
; | e
&0 ‘ f
|
404 | |
1 l ||
20 [ [ |
[ | [
D=, |30 |\
R S o - g S
-20 T T T T
0 25 S 75 10 125 15 17.5 20 min
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Peak RetTime Type  Width Area Height Area
$ [min] [min] [mAU*s] [mAT] %
-—— |- |-——= - [-———— |- |-~ |
1 11.1%85 BB 0.1907 1375.02148 126.94826 50.0441
2 183.04¢6 BB 0.3173 1572.2451%2 T76.0233% 45,5555
[T DADTB. 5ig=243,16 Ref=360,100 (F\HPLC DATACB\C-H-N20200406A-TM D)
mAU 3 %
3504 =
3003 ‘l
250
2004 I ‘
1505 [
100 [ =
so? | \ g
% 7Y ALY - I
5 0 15 2 : il
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT*s] [mAT] %
el B e |- |- | ———— |
1 11.232 VB 0.2218 5967.63867 409.97314 93.0312
2 13.812 MM 0.2700 119.85156 4.25020 1.5%6388
[~ DADY B, Sig=243.16 Ret=3560,100 (F\HBLC DATACEG-H-N0200406A-TNERC YA O)
mAU 2
00 .
|
500
400 - ' ‘
300 |
200 1 |
100 | ‘\
0= N el X - - - .
25 5 75 10 125 15 175 20 i
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT* =] [mAT] %

1.02458e4 T00.99786 100.0000

2b

(The top one is racemic, and the following part is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 245 nm, n-hexane: i-PrOH = 95 : 5 as the eluent, flow rate: 1

mL/min, temperature 25 <C, retention time: 10.8 min (major isomer) and 16.0 min (minor
isomer)].
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] DAD1 C, Sig=245,8 Ref=360.100 (F\HPLC DATA\CB\C-H-N\20190827A-3-TM.D)

mAU °
4 : :
w
200 4 ’ ?
150 - ' |I‘|
100 [ [
50 i @ [\
I\ \ /
25 5 75 10 125 15 175 2 " min
Peak RetTime Type  Width Area Height Area
: 4 [mim] [min] [mAT*=] [malT] %
- |-——= - |-————— | -———————= |-——————- |
1 10.720 BB 0.2038 4372.48926 327.44354 50.4599
2 15.682Z BB 0.3422 4292.T78027 155.447%4 45,5401
T DAD7 C, 5ig=245 8 Ref=360.100 (F\HPLC DATACBIC-H-N20190522A-TM D)
mAU §
600 3
500 Il
400 - ”
3005 |
200 ’ | a
100 - |\ @
0- [\ e p T
e e T ) e et e B e O T e
25 5 75 10 125 15 175 20 225 min
Peak RetTime Type  Width Area Height Area
E [min] [mim] [mAaT*=] [mal] %
-l |-—— - | —————- |-—————- | -—————- |
1 10.908 EB 0.2141 S9801.70605 7T05.57111 ©96.5131

2 16.028 MM 0.37T70  312.20374 13.80152 3.0869

[ ] DAD1 C, Sig=245,8 Ref=off (F:\HPLC DATA\CB\C-H-N\20240323D-TM-2B-1A95-2.D)
mAU §
1000 + ;
800 \“
600 |‘ “
1 |
400 - J\
4 |
200 I 2
] [ g
0 L p——
0 é 10 1‘5 2‘0 min
Peak RetTime Type  Width Area Height Area
3 [min] [min] [mAT*=] [mAIT] %
- == el | —————— | === | —————= I
1 10.788 VB 0.2555 1.88326e4 1079.47%4% 93.6194
2 15.5%8 BB 0.374% 263.57321 10.35561 1.3802
2c (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IC-3, 243 nm, n-hexane : i-PrOH = 80 : 20 as the eluent, flow rate: 1
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mL/min, temperature 25 <C, retention time: 7.0 min (major isomer) and 9.8 min (minor isomer)].

[ ] DAD1B. Sig=243,16 Ref=360, 100 (F\HPLC DATA\CB\C-H-N\20191205C-3-IC-30.0)

mAU 4 o
_ 2 s
80 ] <
60 I| I
“ | i
2 | A
04— . L -me — :
2 4 6 8 10 12 14 16
Peak RetTime Type  Width Area Height Area
¥ [mim] [mim] [mAT*=] [mal] %
=== | -] === | ———————- | ——————=——= | ———————- I
1 7.010 MM 0.1619 1047.415943 107.83707 48.8795
2 5.871 BB 0.2408 1095.4418% 69.9049% 51.1203
[ ] DAD1B, Sig=243.16 Ref=360,100 (F:\HPLC DATA\CB\C-H-N\20191218G-TM.D)
mAU §
700 4
6003 T
4004 |
300 I
200~ | | @
1004 [ >
0 uJ \'4 Lo
T T T ¥ T T ¥ T T T
2 4 6 <] 10 12 14 16 18 min
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAET*=] [mAT] %
=== | -] === | ———————- | ——————=——= | ———————- I
1 6.9%2 BB 0.1474 T3IBB.9T7021 7T74.06325 96.8182
2 5.848 EB 0.2303 242.832086 16.25041 3.1818
2d (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IA-3, 243 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 11.2 min (major isomer) and 16.2 min (minor

isomer)].

] DAD?1B, Sig=243,16 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20190827B-3-TM.D)

AU
r:ool é

25 5 75 10 125 15




Peak RetTime Type  Width Area Height Area

# [min] [min] [mAT* =] [mAT] %
S R e |~~~ | ——————-——- | ———————- |

1 11.047 BB 0.2202 1602.54285 111.16516 50.4941

2 15.67& EE 0.3172 1571.17932 T6.00934 49,5059

] DAD1 B, Sig=243.16 Ref=360,100 (F\HPLC DATA\CB\C-H-N\201909245-TM D)

mAU [

400 ?
o] |1
200 '
|| o
1004 [ 1 &
3 | 'L{_)
0 a— —
5 10 15 20
Peak RetTime Type  Width Area Height Area
$ [min] [min] [mAT*=] [mAT] £
——==| === | ———= |- | ===——==—== | -————==——= | =======- I
1 11.232 EB 0.2204 T192Z,92773 498.27744 97.2453
2 16.212 EB 0.3230 203.75499 9.62249  2.7547

2e (The top one is racemic, and the following part is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 244 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1

mL/min, temperature 25 <C, retention time: 10.0 min (major isomer) and 16.6 min (minor
isomer)].
] DAD1 C, Sig=244 8 Ref=360,100 (F\HPLC DATA\CB\C-H-N20190827C-2-TM.D)

mAU o
20 3 2
1004 l ||'1
‘ [ 1
S0 || | Il
o N ’| l'. i Lv‘\ \
25 5 75 10 125 15 175 2 25  min
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT*=] [mAT] %
-— - e | ——————— | -——— |-——————- |
1 5.881 BB 0.1917 2B98.24219 22B.88185 489.92&5
2 1&6.080 BB 0.3228 2906.77588 137.35240 50.0735

[] DAD1C, Sig=244 8 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20190924C-TM.D)
mAU 3 2
o :
2503 |
= \'
1503
1003 I
504 | 1
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Peak RetTime Type  Width Area Height Area
# [mim] [min] [mAT*3] [mAT] %
1 10.000 BB 0.1959 4832.34717 381.26477 96.0403
Z 16.358 BB 0.3347 199.23438 9.15717 3.9597
[ | DAD1C, Sig=244,8 Ref=off (F:\HPLC DATA\CB\C-H-N\20240318C-2E-M-IA95-4.D)
mAU ] %
250 f
] |
200 ] f\
150 i
100 “ ‘\‘
X | g
0 2.‘5 é 7‘5 10 125 W‘S ‘I?" 5 2‘0 min
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAU*3] [mAT] %
-] - |====|===== [ === | === | === I
1 9.%36 VB 0.3091 551%9.045%41 233.5871% 98.%9314
2 1l6.603 BB 0.3947 36.79646 1.80696 1.0186
2f (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 243 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 19.4 min (major isomer) and 24.3 min (minor

isomer)].

[ ] DAD1B, Sig=243,16 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20191205B-3-TM.D)

mAU
1604
140+
1204
1004
804

204

]

T-

== 25.161

[
[ | (|

o1 —

Peak RetTime Type

- [min]

1 1%5.544 BB
2 25.161 BB

10 15 20 25 30

Width Area

0.4373 5057.04580
0.538% 5078.14111

180.60698
146.30785

o0.0929
49.9071
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[] DAD1B, Sig=243.16 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20191231A-TM.D)
mAU

5

B [)24.930

30

Peak RetTime Type  Width Area Height Area
$ min] [min] [mAT*=] [mAT] ES
-l e i | ——————— |- | ——————- I
1 15.420 EB 0.4357 T326.65625 259.23502 96.3074
2 24.8%30 BB 0.5219 280.91412 §.155582 3.685928

2g

(The top one is racemic, and the following part is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 243 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1

mL/min, temperature 25 <C, retention time: 10.2 min (major isomer) and 19.2 min (minor
isomer)].

] DAD1B. Sig=243.16 Ref=360,100 (F:\HPLC DATA\CB\C-H-N\20190827D-3-TM.D)

mAU 1
120

1004

w

¢

i

20
60 -
40 -
20

0

225

min

Peak RetTime Type  Width Area

[MAU*=]

10.165 BB
18.285 BB

L2003 1672.72375
.38868 le66.14185

128.14343
66.43344

20.0986
45.5014

] DAD1B. Sig=243,16 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20191010D-TM.D)

25

mit
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Peak RetTime Type  Width Area Height Area

# [mim] [min] [mAT* =] [mAT] %
1 10.205 VB 0.2011 7738.75049 589.54285 97.2644
2 18B.838 BE 0.3859 217.855&9 8.69830 2.735¢6

[ | DAD1 C, Sig=243,8 Ref=off (F\AHPLC DATA\CB\C-H-N\20240313D-TM-IA95-8.D)

mAU a
500 ?‘T’
400 C\
300 ‘\ “
|
200 [
[
100 - [ 8
0 LA e
0 é 1I0 15 2‘0 ‘mln
Peak RetTime Type  Width Area Height Area
£ [min] [min] [mAT*3] [mAT] %
- |—= |- |- | ————— |
1 10.222 BB 0.3235 1.12741e4 545.15228 98.4008
2 1%5%.1%8 BB 0.5285% 183.2242% 4,.82632 1.595%2

2h (The top one is racemic, and the bottom one is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 247 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 T, retention time: 9.7 min (major isomer) and 13.8 min (minor isomer)].

[] DAD1C, Sig=247,8 Ref=360.100 (F\HPLC DATA\CB\C-H-N\20190827E-1-TM.D)

m 2] ©
&% ¥ e
i i .
300 )I l‘i‘
200 “ I
100 l\ " I\
0*} T rr— e —T—— i —al) -y "J """*7" = it 2 T : V""‘* : z : 2
2s 5 75 10 125 15 175 20 25 o
Peak RetTime Type  Width Area Height Area
¥ [mimn] [min] [mAT*=] [mal] %
1 10.145 EE 0.1882 T011.26074 567.08734 48.6124
2 14.103 BB 0.2892 T411.52344 354.42850 51.3876
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[] DAD1C, Sig=247,3 Ref=360.100 (F:\HPLC DATA\CB\C-H-N\20191010E-TM.D)

mAU E
= I
600 | \
400 i
200 I‘ " é
ol 0 =
SR ST SEED EELES 10 Thesid e e AL e Y | [T e T §
25 5 75 10 125 15 175 min
Peak RetTime Type  Width Area Height Area
# [min] [min] [m&T*=] [mAT] %
- |-———=-———- | - === | -——————= | ———————- I
1 8.747 BB 0.1968 1.29853e4 1017.97500 87.7383

2 13.814 MM 0.2783 300.48279 18.12452 2.2817

MeO,G @

2i (The top one is racemic, and the following part is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 243 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 17.5 min (major isomer) and 19.3 min (minor

isomer)].
[] DAD1B. Sig=243,16 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20190827F-1.D)

mAU 3
600 O
50D
o |
o |

17.958
= 19.439

200
1004

0 " e KL Y 00 SN .
g T T T T 7 T T
5 10 15 20 25

Peak RetTime Type  Width Area Height Area
$ min] [min] [mAT*=] [mAT] ES

1 17.5958 BB 0.3609 5806.51367 Z46.45331 50.0704
2 1%.439% BB 0.3823 5790.17725 232.70830 45.525%6

] DAD1B. Sig=243,16 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20191010F-TM.D)
mAU

|
19349

2504
200-
1503
100 ’
504

1h17.208

i
]
o

15 20 min
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Peak RetTime Type  Width Area Height Area

# [mim] [mim] [m&T* 3] [m&T] £
1 17.285 BB 0.3530 171.31705 7.48461 2.08588
2 19,345 BB 0.3865 B026.545%80 3182.00082 97.5102

DAD1 C, Sig=243,8 Ref=off (F:\HPLC DATA\CB\C-H-N\2024031A-2I-IA95-TEST1.D)

mAU | @
200 | 3
1753
150
125 -]
100 |
75
50 3
25 o
= ey
0 5 10 15 20 25 min
Peak RetTime Type  Width Area Height Area
S [min] [min] [mMAT*3] [mAT] 3

2j (The top one is racemic, and the bottom one is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IA-3, 244 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 10.0 min (major isomer) and 11.6 min (minor

isomer)].
] DAD1C, Sig=244,8 Ref=360,100 (F\HPLC DATA\CBIC-H-N\20180827G-2-TM.D)
mAU 3 2 3
5003 g ;
4003 (| “
3003 I 'l
2 -] ‘ I
3 | | |
1004 |\ | |
e e —— — “—J —— ——
25 5 75 10 125 15 20
Peak RetTime Type  Width Area Height Area
# [mim] [mim] [maT*=] [m&l] i
1 10.145 BB 0.2001 T5T72.09082 L573.24664 49.9564
2 11.709% BB 0.2272 T585.285832 L510.8138 S50.0436
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[] DAD1C, Sig=244,8 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20191010G-TM.D)

mAU g
5004 -
; i
400 - “
3004 |
200 , ’l 2
1004 ‘\ \ o
0 e 4 l"_. .4 = =
T v T T T T T T T
2 4 6 8 10 12 14 16 min
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT*=] [mAT] %
=== |====]======= |======—=-- | ====—=——— | -======- I
1 10.044 BB 0.15875 T255.91748 565.36847 B891.2735
2 11.565 EB 0.2303 657.55035 46.68714 8.7265

2k (The top one is racemic, and the bottom one is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 243 nm, n-hexane : i-PrOH = 98 : 2 as the eluent, flow rate: 1

mL/min, temperature 25 <C, retention time: 22.1 min (major isomer) and 25.5 min (minor
isomer)].

[ ] DAD1 B, Sig=243,16 Ref=360,100 (F:\HPLC DATA\CB\C-H-N\20191205A-3-SEC.D)
mAU 3 2

an ‘l “
1503 [ | [ |
1004 [ | ’ I|
= ‘ l.l ,‘ 12
0 i — Ay
o ro T T RoEE T
5 10 15 20 25 30 35 min
Peak RetTime Type  Width Area Height Area
$ [mim] [min] [mAT*=] [mAad] %
———= |- | === ——————= | —————————= | —————————= | ———————= I
1 22.465 BB 0.4632 9117.47266 306.326108 50.1845
2 25.835 BB 0.5385 9050.28516 262.342T74 49.8151
[] DAD1B, Sig=243,16 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20191218E-TM.D)
mAU §
100 ﬁ
e I
80 | [
40 | { —
20 .“ l\. g
9 : : — — — ; —
S 110 15 2]0 25 3]0 35 min
Peak RetTime Type  Width Area Height Area
# [mim] [mim] [mAT*=] [mal] £
- el | === | —————————= | === I
1 22.085 BB 0.4325 3525.28711 125.18686 58.2321
2 25.481 MM 0.5542 63.44700 1.90797 1.7678
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21 (The top one is racemic, and the following part is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IA-3, 271 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 9.5 min (major isomer) and 12.3 min (minor isomer)].

| DAD1C, Sig=271,8 Ref=360,100 (F:\HPLC DATA\CB\C-H-N\20191205E-3.D)

mAU 1 3 5
3 3

2503 % f—‘
200 ‘

1504 “ :l

1003 (| [

- ' " ‘\ 1‘

! f— —— Mo J AN -

25 5 75 10 125 15 175 2 25  m
Peak RetTime Type  Width Area Height Area

E [min] [min] [mAT*=] [mAT] %

1 9.524 BE 0.1%58 3920.30249 313.67517 49,9729
2 12Z2.641 ERE 0.2595 3924 _ L558E 234.19012 50.0271

[] DAD1C, Sig=271,8 Ref=360,100 (F:\HPLC DATA\CB\C-H-N\20191218F-TM.D)

mAU 1 @
4003 %
300 ll
200 ‘
-4 ) 3
1004 | | @
|\ <
0 — Vo Sy Aoy
25 g 75 10 125 15 175 20
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT*3] [mAT] %
1 5.405 BB 0.1%921 5540.788B09 474.49472 95.8352
2 12.397 BB 0.2574 2Z5B.1771%8 15.57583 4.1648
[ | DAD1C, Sig=271,8 Ref=off (F\HPLC DATA\CB\C-H-N\20240320A-2L-M-IA95-5.D)
mAU | 5
250 g
200 ] J
|
150 [
|
100 J?
mé J %
: | o
0 — i S L -
0 2‘5 é 7.5 ﬂb 12;5 1‘5 17‘5 m‘in

169



Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT*s] [mAT] S
-] - | === === | === | === | —==—=- I
1 %.537 BB 0.2726 480%.47607 276.9306% 98.6055
2 12.354 BB 0.3186 67.820%3 3.08335 1.3905
2m (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IA-3, 254 nm, n-hexane : i-PrOH = 80 : 20 as the eluent, flow rate: 1
mL/min, temperature 25 T, retention time: 9.1 min (major isomer) and 13.8 min (minor isomer)].

[] DADTA. Sig=254 4 Ref=350,100 (F:\HPLC DATACB\C-H-N\20200304B-3-80XISHI.D)

mAU §
140- |
120 I 3
1004 ‘! =
80- ’ N
i
60 ‘ ||
40 [ [
203 I\ l
04 it I'-- L
25 75 10 125 15 175 20 imin
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT* =] [ AT %
1 5.093 BB 0.2383 2610.35425 167.03287 45,7519
2 14.114 BB 0.4632 2632.1774% 90.53261 S0.2081
[ ] DAD1A Sig=254 4 Ref=350,100 (FAHPLC DATA\CB\C-H-N\20200313A-TM D)
mAU o
8
Eid
2504 |'
200 |
- |
100 || '
50; " l¢ :13
0 ki =
25 5 75 10 125 15 175 20 min
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAET*=] [mAT] %
1 5.081 BB 0.2369 4730.40967 301.71643 97.013%
2 13.753 BB 0.3487 145.60370 6.46627 2.9881
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2n (The top one is racemic, and the following part is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IA-3, 271 nm, n-hexane : i-PrOH = 97 : 3 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 14.4 min (major isomer) and 17.1 min (minor

isomer)].
[1 DAD1C, Sig=271,8 Ref=360,100 (F:\HPLC DATA\CB\C-H-N\20191130A-3.D)
mAU 1
80

14660
2

60

40+

20 1 1 1

0.

Peak RetTime Type  Width Area Height Area
3 [min] [min] [mAT*=) [mAT] z

1 14.%60 BB 0.2811 1733.59045 54.91%26 49.9435%9
2 16.245 BB 0.3151 1737.07031 84.74850 50.0501

[] DAD1C, Sig=271,8 Ref=360.100 (F:\HPLC DATA\CB\C-H-N\201912184-TM.D)

5 10 15 20

Peak RetTime Type  Width Area Height Area
3 [min] [min] [MAT# =] [mAT] £

1 14.900 BB 0.3030 3134.01855 159.6%118 S6.91:24
2 1e6.004 BB 0.3318 899.848948 4.62648 3.0876

DAD1 C, Sig=271,8 Ref=off (F:\HPLC DATA\CB\C-H-N\20240323E-TM-2N-IA97-2.D)
mAU

300

|
—E ]

250

200 |
150 [
100 ] [
50 |

— T T — 7T — — —
0 25 5 7.5 10 12.5 15 17.5 20 22.5min
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Peak RetTime Type  Width Area Height Area

i [min] [min] [MAl*=3] [mAT] %
=== e | === | === | ===
1 14.414 BB 0.34591 3776.15625 366.85803 58.6540
2 17.145 BB 0.24320 11%.74224 4.08613 1.3460
20 (The top one is racemic, and the following part is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 272 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 24.4 min (major isomer) and 32.6 min (minor

isomer)].
[] DAD1B, Sig=272.16 Ref=360,100 (FAHPLC DATA\CB\C-H-N\20191007A-2.D)

mAU ] é 5
1204 & g
100 I i
[ [
30 ] ' ||
& ( | (|
] (| [ (|
40 ‘ 'l i [ \
20 |\ |l ( \
D__4 | S — — — ——— t— A.‘\ 2 — Al \ e - —— 7.' -—
T T L} v. T T v T T v,
5 10 15 20 25 30 35 mir
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT*3] [mAT] %
1 24.201 EBE 0.4863 4509.97461 142.84735 495.8937
2 31.%944 EEBE 0.6526 45259.18750 106.41458 50.10&63
[ ] DAD1C, Sig=2728 Ref=360,100 (F:\HPLC DATA\CB\C-H-N\201910154-TM.D)
mAU 1 o
100 g
80 T“.
60 [
40 |
20 .‘ ) 2‘1'3.
(1 —— - ~ — e et —
T v g | g T T T T T
E) 10 15 20 25 30 35 min
Peak RetTime Type  Width Area Height Area
# [min] [mimn] [mAT*=] [mAT] %
1 22.512 BB 0.4604 3374.4%462 112.3667T4 97.5363
2 25.48% MM 0.8371 85.23764 2.225975 2.4637
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[ ] DAD1 C, Sig=272,8 Ref=off (F:\HPLC DATA\CB\C-H-N\20240323F-TM-20-1A95-2.D)
mAU T
250; %‘
200 (|
150 ;E
100 | J\
5] | B
S ) - 2
0 ‘5 10 1‘5 20 2‘5 3‘0 C 35 4‘0 min
Peak RetTime Type  Width Area Height Area
# [min] [min] [mMAT*s] [mAT] S
- | === === | === | === | === I
1 Z24.417 BB 0.53%56 1.24400e4 305.1631e 98.5107
2 32.872 BB 0.5637 188.073%¢% 4.15769 1.4393
2p (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 239 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 10.1 min (major isomer) and 12.9 min (minor
isomer)].

[] DAD1B, Sig=239.16 Ref=360,100 (FA\HPLC DATA\CB\C-H-N\20191007B-3.0)

mAU - - =
3003 % ci
2_{)1 (| I
| [l
200% ‘ '
| |
150 ‘ |
1%1 ' ‘ [
“ | | i
50 [\ -
0 3 J = - it f———— — - S — S— v T
2 4 6 8 10 12 14 16 mir
Peak RetTime Type  Width Area Height Area
¥ [mimn] [min] [mAT*=] [mal] %
1 5.5821 BE 0.1990 4482.30029 344.205%0 50.150%
2 12.451 BE 0.2514 4455.31787 27T71.57114 45.8451
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[] DAD1C, Sig=239,8 Ref=360.100 (F:\HPLC DATA\CB\C-H-N\20200303F-TM.D)

mAU &
g
300 [l
200 w
100 '| ll §
A ‘w, o
04— — ~ L~ ey~
25 5 75 10 125 15 175 min
Peak RetTime Type  Width Area Height Area
$ [min] [min] [mAET*=2] [mAT] £
===l |1 | ————————= | === | ———————= I
1 10.120 EB 0.2131 6098.78805 431.04736 S98.5841
2 12.865 BB 0.2521 87.5591%88 2.21088 1.4135%5
2q (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® OD-H, 268 nm, n-hexane : i-PrOH = 99 : 1 as the eluent, flow rate: 1
mL/min, temperature 25 T, retention time: 20.2 min (major isomer) and 8.4 min (minor isomer)].

[_] DAD1C, Sig=268,8 Ref=360.100 (F\HPLC DATA\CB\C-H-N\201910194-3-OD-H.D)

mAU %
400 i
3004 ‘ ~
o 1 ‘ :f-;
200 [ &
100 . Il
0 » e — ——— ./ —
5 10 13 20 25
Peak RetTime Type  Width Area Height Area
# [mim] [min] [mAT*=] [mAT] E
——==|=————— |====]=====-- |-—=====—== | -=—===——— | -======= I
1 8.687 BB 0.2187 T329.95313 513.02429 49,7490
2 21.34Z BB 0.7447 T403.657T1 144.26688 50.2501
| DAD1 C, Sig=268 3 Ref=360.100 (F:\HPLC DATA\CB\C-H-N\20191023A-TM-OD-H.D)
mAU 1 b
80 \é; |
60 [
] F )
40 = | \
20 =z |<
0 -— .k ) . / NI
5 10 15 20 % mi
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT*=] [mAT] E
- |-—— - |-——————- |- | -—————- |
1 g8.414 BB 0.2114 160.48123 11.74853 3.46c64
2 20.158 BB 0.65%96 4469.12646 103.5359%7 96.5336
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2r
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IA-3, 271 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 9.8 min (major isomer) and 8.4 min (minor isomer)].

DAD1 C, Sig=271,8 Ref=360,100 (F:\HPLC DATA\CB\C-H-N\201910188-2.0)

(The top one is racemic, and the following part is chiral)

mAU @ s
125 (| Il
1005 (|
75 [l [ |
S [ | | |
25 I [
0- —_— - “‘I v“v > -
T T o T g T T T T T
2 4 3 8 10 12 14 16 min
Peak RetTime Type  Width Area Height Area
# [min] [mim] [mAT*=] [mAT] %
1 8.489 BB 0.1621 1876.50454 176.51308 48.6388
2 S.967 BB 0.1990 1981.95691 151.15642 51.36l1Z2
] DAD1C, Sig=271,8 Ref=360,100 (F:HPLC DATA\CB\C-H-N201910238-TM-OD-H.D)
mAU %
i
150 ‘
[
100 [ |
@ »
50 L |
o \
0 - - VA . '- E——
2 4 6 3 10 12 14 min
Peak RetTime Type  Width Area Height Area
# [min] [mimn] [mAT*=] [mAT] %
1 8.366 BB 0.1631 1&63.67769%9 15.26084 5.748
2 5.814 BB 0.1887 2683.43091 216.34734 84 2511
[ | DAD1C, Sig=271,8 Ref=off (F\HPLC DATA\CB\C-H-N\20240317B-2R-IA95-TEST3.D)
mAU 2
300_, "
250 “‘
200 ‘\
150 | l‘
100 ‘ ‘\‘
50 2 “ \
0 2 )\ .
0 5 10 15 20 2‘5 min
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Peak RetTime Type

# [min]

1 gd.476 BB
2 9.860 BB

Me

Me

Me

Width Area

[MAU*s]

Height
[mAIT] 3

0.2703 102.

35 6.02310
0.3137 &308.35

78
96 327.73257 88.4512

2s (The top one is racemic, and the following part is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IC-3, 269 nm, n-hexane : i-PrOH = 99 : 1 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 11.8 min (major isomer) and 15.3 min (minor

isomer)].
[] DAD1B, Sig=269.16 Ref=360,100 (FAHPLC DATA\GB\C-H-N\20191007C-3.0)
mAU 2
120 ;Ei 8
100 | z
80] I (\
" | |‘ i
e
403 [ | [
20 | |‘ ‘y |
03 — - il - " S—r—
25 5 75 10 125 15 175 20 mi
Peak RetTime Type  Width Area Height Area
# [min] [min [mAT*=] [mAT) %
1 11.830 EB 0.2631 2297.19751 134.59047 50.0893
2 15.503 BB 0.3693 Z2289.00830 85.62372 49.9107
| DAD1 C, Sig=269,8 Ref=360,100 {FAHPLC DATA\CB\C-H-NI20191015C-TM.D)
mAU %
400 T‘u
300 | ‘\
200 '
[ | o
1004 ‘ ‘,. o8
. ———— — ————— - H— — T T
25 5 75 10 125 15 175 20 mir
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT*=] [mAT] £
1 12.329 BB 0.2737 9381.94336 L27.09271 06.1449
2 1le.262 BB 0.3%04 376.18402 14.50857 3.8551
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|| DAD1C, Sig=269,8 Ref=off (F:\HPLC DATA\CB\C-H-N\20240320B-2S-M-IC99-5.D)
mAU &3
@
fi
200+ | |
150 - J\
q |
100 CE
| ©
50 “ \ 2
0 S - s
0 2‘5 é 7‘5 10 12.5 1‘5 17|5 2‘0 min
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT*3] [m&IT] %
=== e | === [ === | —=———— I
1 11.838 BB 0.2708 4630.814%4 263.85%962 98.253:
Z2 15.2%8 BB 0.348% g2.08594 3.4591% 1.7418

OMe

2t (The top one is racemic, and the bottom one is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 243 nm, n-hexane : i-PrOH = 80 : 20 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 10.0 min (major isomer) and 19.5 min (minor
isomer)].

] DAD1B. Sig=243.16 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20191130D-3-TEST1-80.D)

mAUf 3
70
€0 3 P
50 ‘i =
40 I
304 \
203 I‘ \’ {\
104 [ 7
[) [ S U A— - K- —— A S —
5 10 15 20 ' 25 20 i
Peak RetTime Type  Width Area Height Area
# [mim] [min] [mAT*=] [maT] E
1 10.197 BB 0.2088 1087.31384 79.359254 45,9800
2 159.703 BB 0.4272 1088B.18250 359.28413 50.0200
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[_] DAD1B. Sig=243.16 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20191218D-TM.D)

mAU o
3005
250
- H
150—: | }
1004
i [ ®
0 | ;
0 — J =1
é 1‘0 115 2“0 25 mir
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT*=] [mAT] %
- |———=1-—=—= | === | === | ———————= I
1 10.002 BB 0.2206 4881.19678 341.85281 55.3256
2 15.548 BB 0.4388 239.35420 8.39053 4.6744
MeO2C\ S \
N o NS
s
2u (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 243 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 T, retention time: 2.0 min (major isomer) and 15.2 min (minor isomer)].

] DAD1B. Sig=243.16 Ref=360,100 (F:\HPLC DATA\CB\C-H-N\20191019D-3-1A.D)

mAU - P 3
700 $ =
“
|
[
(

|
|
{4

Fissy

Peak RetTime Type

#

' 25

[min]

—
Width

[min]

75 10

Area
[m&T*=]

phores ¢
125

Height
[mAT]

- |- e | --———-———- | ---——-———- | --———-—- |
0.2271 1.17006e4 2
0.2%64 1.15737e4

1

-

F

mAU

4004
200
2004

100

12.037 BB
15.144 BB

TEE.46613
5896.36551

|| DAD1 B, Sig=243,16 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20191023C-TM.D)
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Peak RetTime Type  Width Area Height Area
$ [min] [min] [MAT* =) [mAT] S
1 12.043 BB 0.2358 B8405.17%6%9 551.499%4 95,3388
2 15.253 BB 0.3274 410.53863 15.53583 4.6612
MeOZC\
N o
N
LA
2v (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IC-3, 243 nm, n-hexane : i-PrOH = 90 : 10 as the eluent, flow rate: 1

mL/min, temperature 25 <C, retention time: 15.3 min (major isomer) and 13.0 min (minor
isomer)].

]

DAD1 B. Sig=243.16 Ref=360,100 (F\HPLC DATA\CB\C-H-N'\20200407B-4-TEST-ICS0.D)

mAU 2 g
1204 ? T
100 \ "'
80 I | "
60 [ [
\ |
40 | |
[ 1 [ |
204 [ | [\
D‘: i SO P . S I —
T v T T
5 10 15 20 25 min
Peak RetTime Type  Width Area Height Area
: 4 [mimn] [mimn] [mAT*=] [mAT] %
1 12.793 BB 0.3034 2808.75590 141.80092 45.89587
2 15.180 BB 0.365359 2813.44409 118.97124 50.0413
[ DADTB, 5ig=243,16 Ref=350,100 (F1HPLC DATACEC-H-NZ02004085-TH-RCYT.0)
mAU 5 b~
160 a
140 [ ’
120 |
100 ‘ |
80 [
80 [
40 %) |
20 3 f
ol — ~ _ - MR . ;
T . T T ] T T
25 5 75 10 125 15 17.5 20 min
Peak RetTime Type  Width Area Height Area
# [min] [min [mAT*= [mATT] E
1 13.01e MM 0.2706 16.20317 9.98094e-1 0.3840
2 15.287 BB 0.3619 4202.85645 179.01485 95.61l60
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2w (The top one is racemic, and the bottom one is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IA-3, 311 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 19.0 min (major isomer) and 13.6 min (minor
isomer)].

[] DAD1C, Sig=311,8 Ref=360.100 (F\HPLC DATA\CB\C-H-N\20190827H-1-TM.D)

mAU ; 3 &
30 j :g ©
254 I
204 (| (
154 [ | |
10 j [ | : |
Sj [ /
04 = - P 3 =
— e — = — . s — - .
25 S 75 10 125 15 175 20 25 min
Peak RetTime Type  Width Area Height Area
# [mim] [min] [mAT*3] [mAT] %
1 13.653 BB 0.2537T0 ©B821.02515 36.785%5% 495.1417
2 18.272Z BB 0.345%1 ©42.719118 28.28987 50.8583
| DAD1 C, Sig=311,8 Ref=360.100 (F:\HPLC DATA\CB\C-H-N\202003238-TM.D)
mAU 1 §
80+ ¥
] f
607 [
40 [
0 L —~ L—?»w_ —
5 10 15 20 min
Peak RetTime Type  Width Area Height Area
$ [mim] [min] [mAT* =] [mAT] %
1 13.627 BB 0.2735 40.21088 2.2354z2 .B333
e 8.560 BB 0.4128 2385.00283 90.30635 98.3447
MeOZC\
| AN N o
N~
2x (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 243 nm, n-hexane : i-PrOH =80 : 20 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 23.3 min (major isomer) and 21.0 min (minor
isomer)].
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| DAD1 B, Sig=243.16 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20191205D-3-THIR.D)

mAU 3 2 3
1754
150 % |
1253 A [
100 | [
753 &
50 I 1 | |
25 R
0 — - s o - T
5 10 15 20 2 0 35 min
Peak RetTime Type  Width Area Height Area
¥ [min] [mim] [mAT*=] [malT] £
===l |1 | ————————= | === | ———————= I
1 20.933 BB 0.4798 e278.735%26 202.44008 50.450%
Z 23.2e07 BB 0.5247 61l66.495951 181.35492 495.5491
] DAD1 B, Sig=243,16 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20191224A-TM.D)
mAU
120 g
100 [ ‘.
50 [ |
€0 i
40 = " \
] \
20 S
0 = — - e s e —
IS 10 15 20 2‘5 mi:1
Peak RetTime Type  Width Area Height Area
: [min] [mim] [mAT*=] [mal] %
===l |——— 1= | ————————= | === | ———————= I
1 20.974 BB 0.4548 893.33823 3.01811 1.787%9
2 23.206 BB 0.5319 3127.085%4 148.075%79 98.2121
MeO,C @
N AN N AN
| =
2y (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IC-3, 243 nm, n-hexane : i-PrOH = 50 : 50 as the eluent, flow rate: 1

mL/min, temperature 25 <C, retention time: 22.0 min (major isomer) and 29.9 min (minor
isomer)].

[] DAD1 B, Sig=243,16 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20191226B-2-50-IC3TEST3.D)

mAU %
ZDD_
i 2
1503 f | &
1254 [ [ \
1004 ' | " \
75 | | {>'
I [ J Y
25—: S | Ix. vl \
0 — - il iy v S E—
5 10 15 20 25 30 35 40 min
Peak RetTime Type  Width Area Height Area
# [mim] [min] [mAT*=] [mAad] %
e e e | -—=—————— | -—=—————— | -=====—= |
1 21.897 BB 0.6999 9877.83887 217.46878 50.2439
2 29.234 BB 1.0285 9781.51%9%2 145.059756 49.7561
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[] DAD1 B. Sig=243.16 Ref=360,100 (F:\HPLC DATA\CB\C-H-N\20191231B-TM.D)

mAU 'g
b
250 4 1‘
200 [
150 R
100 | |
| Py
504 [\ &
[\ a
03— — J e — —
T  — —T T T T T T T T T
5 10 15 20 25 30 35 min
Peak RetTime Type  Width Area Height Area
: [mim] [min] [maT*=] [mAlT] £
=== | ———=]—====—= | —————————= | === | ———————= |
1 22.017 BB 0.7153 1.45423e4 312.25345 98.5631
Z 29,910 MM 1.0545% 212.00418 3.34%64 1.436%9
MeOZC\
N N R
Pe!
=
2z (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® I1A-3, 243 nm, n-hexane : i-PrOH = 80 : 20 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 10.0 min (major isomer) and 12.6 min (minor

isomer)].

[] DAD1B, Sig=243,16 Ref=360,100 (FAHPLC DATA\CB\C-H-N\20191210D-4-SEC.D)
mAU 3 *
175 3
150 ?
125 |
100 '
75
50 4
25 [k A
e \ \

———13.082

75
Width Area

$ [min] [mAT*=]

1 10.316 BB
2 13.082 VB

0.2493 3157.70337
0.3213 3153.04834

152.5555%
145.85753

20.0385
459.59631

] DAD1B. Sig=243,16 Ref=360,100 (FAHPLC DATA\CB\C-H-N\20200107A-TM.D)

S
250 ﬁ

200 '

mir

25 5 75 175 20
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Peak RetTime Type  Width Area Height Area

: [min] [min] [maTd*=] [mAlT] £
1 10.043 BB 0.2262 4403.14697 291.58386 97.353301
2 12.&57 BB 0.3034 111.50732 5.57432 2.465%59
MeOZC\
N N K
L]
=
Me
2aa (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® I1A-3, 243 nm, n-hexane : i-PrOH = 80 : 20 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 8.0 min (major isomer) and 11.6 min (minor isomer)].

[] DAD1B. Sig=243.16 Ref=260,100 (F\HPLC DATA\CB\C-H-N\20191226C-3-80-TEST1.D)

mAU 4 @
160 £ by
o~
1404 ‘) o
1204 \
100 ‘I (|
60 | (|
40 3 ‘. | ‘\
204 [\ |\
04 = - = ¥ S S o Sy -
T T T T T T T T T
25 5 75 10 125 15 175 20 mit
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT*3] [mAT] £
1 8.615 BB 0.2130 2526.07715 180.84827 45.988
2 12.224 EE 0.3094 2527.2038 126.3466% 50.0111

mAU S

2504 ﬁ

300

250 |‘

2003 i

1503 |

100 '1 @

50 [ | @

0 —— . S 1~ S —

25 5 75 10 125 15 175 20 min
Peak RetTime Type  Width Area Height Area

$ (min) [min] [mAT*=) [mAT) ES

1 8.072 BB 0.2021 5535.19%336 413.73541 57.3407
2 11.5%3 BB 0.2949 151.21&%50 7.8455% 2.65593
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2ab (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® OJ-H, 243 nm, n-hexane : i-PrOH = 98 : 2 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 14.3 min (major isomer) and 23.8 min (minor

isomer)].
|| DAD1B. Sig=243,16 Ref=380,100 (F:\HPLC DATA\CB\C-H-N\20200315A-2.D)
mAU 4 £
1 2
404 '_‘. =)
i | 3
34 [ =
mi | ¢
10 3 'I
01 — ) i — — — —
S 10 1T5 2]0 25 30 3:5 4][) min
Peak RetTime Type  Width Area Height Area
$ [mnin] [mim] [mAT*=] [mAT] £
1 14.576 MM 1.1552 3654.64575 52.72535 50.58953
Z 24.840 MM £.42349 3568.849492% 24.5428% 45.4047

| DAD1 B. Sig=243.16 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20200413B-TM-RCYHUN3.D)

mAU 1 3
250 )
[\
200+ [
1504 '
|
100
|
50 | 2
i A / a
D S — L N —— —— ———t—
T T T .
5 10 15 20 25 30 mir
Peak RetTime Type  Width Area Height Area
# [min] [mim] [mAT*=] [mAT] %
1 14.345 BB 1.0418 1.95%4Z6e4 283.10660 97.T7BZ20
2 23.773 MM 2.0075 452.37018 3.75568l1 2.2180

4a (The top one is racemic, and the bottom one is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IA-3, 243 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
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mL/min, temperature 25 <C, retention time: 14.9 min (major isomer) and 20.1 min (minor

isomer)].
] DADT B, Sig=243,16 Ref=360,100 (F\HPLC DATA\CB\C-H-N20200713B-2-1A35.D)
mAU o
] 2 -
200 ﬁ ;.’
150 [ “ﬁ‘
[ (|
100 ' A
‘ [ | |
50 [ | [ |
JiA ‘, |“
04— — - — et e, N e M - —iL e 2|
T T
S 10 15 20 25 mirg
Peak RetTime Type  Width Area Height Area
: [min] [min] [mAT* =] [mad] E
1 14.851 EBE 0.3170 5100.73486 242.9189%9 50.3972
2 15.855 BB 0.4423 5020.32520 174.13815 49.6028
[ ] DADTB, Sig=243.16 Ref=360,100 (F\HPLC DATACEBIC-H-N202009076-5EC D)
mAU 1 %
200 ﬂ
[
150 |
|
100 '
||
50 w @
‘ Fuig =
‘ | | 8
0 —— == = 5 = - a = — r-a
é 10 1T5 20 25 mirg
Peak RetTime Type  Width Area Height Area
$ [min] [mim] [maT*=] [m&lT] £
1 14.910 BB 0.2989 5095.03225 262.12656 S98.7425
Z 20.11%9 BB 0.3658 64.93774 2.7077a 1.2575

4b (The top one is racemic, and the bottom one is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 254 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 18.4 min (major isomer) and 20.1 min (minor
isomer)].

185



"] DADT A, Sig=254.4 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20200924B-2-RCY.D)
mAU 7 ‘é é
250—4 ﬁ (ﬁ
200 1 ;l
] l
150 o
100 A
A
50- 'I ". : ".
0 o v % A l‘\T S
- 5 10 15 2 25 i
Peak RetTime Type  Width Area Height Area
# [mim] [min] [mAT*=] [mAad] %
- | -———— - | === | ————————= | ———————= I
1 18.364 BB 0.3472 6148.77T783 Z2T2.58775 49.4255
2 20.005 BB 0.4138 6292.6485%3 236.975348 50.5741
T[] DADTA Sig=254.4 Ref=360,100 (F\HPLC DATA\CB\C-H-N\202071027C-2.0)
mAU - %
ZDD: ﬂ
] |
150
[
100 [
1 [ ~
504 [ ‘i 8
[ o
J o~
0 A A VS-SR +, W af S
T T T T
S 10 15 20 25 min
Peak RetTime Type  Width Area Height Area
E S [min] [min] [mAT*=] [mAT] %
-l | -——-=1-——- | - | ————— | ———————- I
1 18.428 BB 0.3660 60%96.35547 2Z55.8B4612 97.8932
2 20.087 BB 0.4008 143.95433 5.51001 2.3068

4c
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 243 nm, n-hexane : i-PrOH = 97 : 3 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 28.1 min (major isomer) and 30.1 min (minor
isomer)].

(The top one is racemic, and the bottom one is chiral)

] DAD1A, Sig=254.4 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20200924C-2-RCY.D)

—36:052




Peak RetTime Type  Width Area Height Area
$ [min] [mim] [m&aT*=) [mal] %
1 28.312 BV 0.7022 3112.84812 67.73035 49,0224
2 30.052 VB 0.78953 3237.00283 62.18324 50.9776
[ ] DAD1A. Sig=254.4 Ref=360,100 (F\HPLC DATA\CB\C-H-N\202010278-2.D)
mAU \%)
120 3
ﬁ
80- ;
] A
€0 [ |
|
40 ‘ Il @
20 | “. fa
e e b
- 5 1 15 20 25 30 35 40 min
Peak RetTime Type  Width Area Height Area
# [mim] [min] [mAT*3] [mAT] %
1 28.115 BB 0.7349 6353%.63137 131.33835 98.84%52
Z 30.078 MM 0.7318 T4.03%86 1.641485 1.13508
MeOzC‘(
: N AN
Cl I I
4d (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 243 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 26.7 min (major isomer) and 30.0 min (minor

isomer)].
T DADT B, Sig=243.16 Rei=360,100 (F \HPLC DATACEC-H-NC0200924A-2-RCY D)
mAU % §
] A 8
o [ | |“’
[ )' ,
4p] I [
| |
[ | fil
204 | | 1‘ l‘
{1 [
B e = — = J L S - e
T T T T T
5 10 15 20 25 ) as min
Peak RetTime Type  Width Area Height Area
# [min] [min] [maAT*=] [mATT) %
1 26.81lc EE 0.5963 3466.17188 91.01058 50.8911
2 30.00& EBE 0.6738 3344.78906& T75.65264 49.1089
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[ DADT B, Sig=243 16 Ret=360,100 (FHPLC DATACEC-H-NRO20T027A2 )
mAU 1 =
1204 ‘
100 - [ ‘
80 [
60 | |
40 ,l | >3
204 | =]
0 ) — J \ 2
s 10 " 15 20 % ~ s I R
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT*=] [mAT] E
-] el | ——————=——= | —————————= | ———————= I
1 2Z26.8%0 BB 0.5570 5956.38721 1659.06665 S98.5940%
2 30.034 MM 0.5776 63.76073 1.8397% 1.0581

de

(The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 254 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 20.0 min (major isomer) and 25.4 min (minor
isomer)].

mAU

500
400+

3004

T_] DADTA. Sig=254,4 Ref=360,100 (F \HPLC DATA\CB\C-H-N\20201223D-2-1A85TEST1.0)

w

®
s

I

———25.040

%

mAU
160
140+
1204
1004
304
60+

204

h—
ks
o
o

Width Area

[mAU*=]

19.885 BB
25.040 BB

0.4192 1.65424e4
0.5701 1.75653e4

[_| DADTA, Sig=254 4 Ref=380,100 (F\HPLC DATA\CB\C-H-N\20201228C-2-1A95.0)

627.15485
480.99524

49.0974
50.9028

125419

e

th—
o
w

25

min



Peak RetTime Type  Width Area Height Area

$ [mim] [min] [mAT* =] [mAT] %
1 15.5870 BB 0.4362 49559.86572 176.28453 97.6304
2 25.41%9 BB 0.5067 120.38057 3.4701% 2.36%946

4f (The top one is racemic, and the bottom one is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 243 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 17.6 min (major isomer) and 19.7 min (minor
isomer)].

T DADTE. Sig=243 16 Ref=1360,100 (F\HPLC DATAICEC-H-NE0201223E 4 AG5 TESTT D)

mAU % 5}

175 tff @

150 [ i

1253 “ I

1004 [ |

754 |‘ [

504 ’ [ | |

25 Al '

T i ] ,".‘ ‘_1 '\. "1‘ ‘.'

253 g N N i I - . i

5 10 15 20 % i
Peak RetTime Type  Width Area Height Area

# [min] [min] [mAT* =] [mATT] %

1 17.&88 EE 0.3759 5458B.00928 224,.25938 50.8702

2 15.544 EE 0.4082 5313.61715 201.16371 49,3293

[~ DADTE, Sig=243.16 Ref=360,100 (F\HPLC DATACEC-H-N@02012280-2-1455 O]

mAU ©

100 g

80 w

40 Jl

20 | { 2

|| >
, L , _J\ = . ,
T T T T T
s 10 15 20 25 30 min
Peak RetTime Type  Width Area Height Area

- [mim] [min] [mald*=] [mAlT] £

1 17.623 BB 0.3855 Z658.3188 106.52623 98.488583

2 19.743 BB 0.3691 41.3879% 1.60368 1.5107
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4g (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IA-3, 243 nm, n-hexane : i-PrOH = 80 : 20 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 29.5 min (major isomer) and 31.8 min (minor

isomer)].

[ ] DADTB. Sig=243.16 Ref=360,100 (F\HPLC DATAICB\C-H-N20200924D-2-RCY-IAS0.D)

mAU ] b=
40 i N
30 [ ’ :; ‘u
20 |
’ [
| |
10 b |
0 A - R — B \'_,
5 10 15 20 25 30 35
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT*=) [mAT] %
1 295.510 BB 0.6359 2187.84473 51.858537 50.1%06
2 32.436 BB 0.58157 2171.23022 36.3041e 49.8094
[T DAD7 B, Sig=243,16 Rei=380,100 (F\HPLC DATAICEIC-H-N202012168-TM D)
mAU - w©
&
35 H
301 |‘ [
254 [ |
20 '
15 ||
IC.
10 %
2 ‘ &/
0 g, - — - Nt
T T T
s 10 15 20 25 a0
Peak RetTime Type Width Are Height Area
£ [min] [min] [mAT*=] [m&l] %
———=| = |- == | —————=— | —=———— | === |
1 2%5%.482 MM 0.6620 44.92133 1.13088 1.303%9
2 31.7%8 BB 0.8732 2314.51%3878 3%.41087 98.0%61
MeOZC\
N W
e )
4h (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase

190



column [Daicel chiracel® IA-3, 254 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 10.0 min (major isomer) and 12.8 min (minor

isomer)].
(] DADTA, Sig=254 4 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20200814E-2-ZHON.D)
mAU &
3 i &
» ©
500 I o
E I i
[ [
300 [
200 ‘\ “ |
100 | | |
0 Vo - =
- 2 4 5 8 10 12 14 min
Peak RetTime Type  Width Area Height Area
# [mim] [mimn] mAT* = mAT] %
1 .T29 BB 0.1811 7386.34424 628.68793 49,5130
2 12.656 BB 0.2429 T7531.6538 480.3627T9 50.4870
[] DAD1A, Sig=254 4 Ref=260,100 (F:\HPLC DATA\CB\C-H-N\20200922A-1.D)
mAU 8
600 %
500 l
400 |
300 [
200 [ 1
| el
100 [\ @
0 L - .
T T T T T T
2 4 6 8 10 12 14 16 18 mir
Peak RetTime Type  Width Area Height Area
# [min] [mimn] [mAT*=] mAlT) E
5.565 BB 0.20588 95445.22461 681.23547 ©S8.8286
2 12.788 BB 0.2631 111.85521& 6.45454 1.1714
MeOZC
N W
OMe O ‘
4i (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 254 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 16.9 min (major isomer) and 28.6 min (minor

isomer)].
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[~ DADTA Sig=054 4 Ref=260,100 (F\HPLC DATACB\C-H-NQ0200614F 2-TEST1-1A95 D)
mAU (=]
250 ? W
a
200 I g
1504 |H|
| I
1004: l \ [ ‘;
50“: [ | Il‘ lv‘
Of o LA : : 1
5 10 15 20 25 30 i
Peak RetTime Type  Width Area Height Area
# [mim] [mim] [mAT*=] [mAT] E
- |-—— - |-———— |- | -———————- |
1 1&.780 BB 0.3197 £435.8085% 30B.10681 45.88541
2 28B.6895 BB 0.5495 6463.12158 175.74939 50.1058
1 DADT A, Sig=254,4 Ref=260,100 (F\HPLC DATA\CB\C-H-N\202009226-2.D}
mAU §
% f
40 “
2 \ )
I ' |
10 I [ a8
rl il' ) \ ﬁ
o4 — — — mind | N X A -~ — r—— ¥
—1 5 10 15 20 25 30 mi]
Peak RetTime Type  Width Area Height Area
: [mim] [min] [malT*=] [mAlT] £
-— - |-——- - |-—————— |-———— |-—————- |
1 1&6.932Z BB 0.3639 1284.83301 53.54974 9S§5.9B858
2 2B8.583 MM 0.5887 358.583133 1.130486 3.014z2

MeO,C @
N W
56

4j (The top one is racemic, and the bottom one is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 254 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 11.4 min (major isomer) and 14.2 min (minor
isomer)].

1] DADTA Sig=254 .4 Ref=360,100 (FAHPLC DATA\CB\C-H-N\20200919A-2-1AS5TEST1.0)
mAU 2 &
] § 8
< =1 -+
4 v -
| I
150 ‘ (|
| | | |
100 ) [ |
] | [ |
50 ' | } 1
1 N ,I \' " Iv\
o . A == e = ) ‘-_A e - L“ \ ) '\} e S ]
T T T T T T T
25 5 7.5 10 125 15 175 mil
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Peak RetTime Type  Width Area Height Area
i [min] [min] [mAT*=] [l ] £
1 11.750 BB 00,2204 3284.67261 227.58588 49.130:5
2 14.051 MM 0.2915 3400.93457 194,468 S0.8695
1 DADTA, Sig=254.4 Ref=2360,100 (FA\HPLC DATA\CB\C-H-N\20201111B-2.D)
mAU ]
i
200 ﬁ
150 |i
100 [ |
1 1 ~
50+ [ 2
0 R ; \ P -
- 25 5 75 10 125 15 175 i
Peak RetTime Type  Width Area Height Area
$ [min] [min [mAT*=] [mAT] %
1 11.365 BB 0.2206 3662.63574 253.43010 97.89031
2 14.150 EE 0.2722 78.44510 4.35478 2.0969

4k

(The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 254 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 11.2 min (major isomer) and 17.7 min (minor

isomer)].
] DADT1A Sig=254 4 Ref=3€0,100 (FAHPLC DATA\CB\C-H-N\20201210A-2-IASSTEST1.D)
mAU %
400 N 9
[ g
300 | =
I
200
i | i
100 [ [\
4 | " |
04 —_— — - — **‘ }.‘-r / A
L T T T T
— S 10 15 20 miny
Peak RetTime Type  Width Area Height Area
: [mim] [min] [maT*=] [l ] £
1 11.28&6 VB 0.2376 T7106.4%9609 466.73471 49.5025
2 17.865 BB 0.3574 T245.33838 284.3823% 50.4975
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[| DAD1 A Sig=254 4 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20201212A-TM.D)
mAU 5
3 &
200 i
] |
150 \
] l
100 ‘ |
50 ] [ | é
0- —— — — - —
T T T T T T T T T 3
5 10 15 20 25miny
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT*=] [mAT] £
1 11.244 BB 0.2364 4003.80078 261.83206 9S8.1486
Z 17.894 EB 0.3688 T5.52408 3.11s602 1.8514
4] (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 254 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 13.8 min (major isomer) and 21.5 min (minor
isomer)].

] DAD1 A, Sig=254.4 Ref=360,100 (F\HPLC DATACBIC-H-N202012108-2-1A95TEST1.0)
mAU = b
1753 i =
150 I
1254 I )
1004 I‘I
| [
75 | [
50 ‘ ‘ [ ‘.
253 [\ /A
03 — A =~ b N SN N =2 =
T T
. 5 10 15 20 25 mir
Peak RetTime Type  Width Area Height Area
# [min] [mimn] [mAT*=] [mAT] %
1 13.76l1l BB 0.2989 3824.47241 196.63258 49.8513
2 21.505 BB 0.4679 3847.28833 128.26395 50.148
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[ ] DAD1TA. Sig=254 4 Ref=360,100 (F\HPLC DATACB\C-H-N\20201212B-TM.D)
mAU 4 o
%
L]
200 ‘ﬂ
150 | \
100+ ' |
1 [
50 [ | 8
1 ’I \l. b
D - S — — S -
- 5 10 15 20 25 il
Peak RetTime Type  Width Area Height Area
# [mim] [min] [mAT*=] [mAT] %
1 13.780 EB 0.2913 4508.82125% 239.88438 98.834%9
Z 21.503 BB 0.41118 23.1536%9 1.96391 1.1631
4m (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® I1A-3, 243 nm, n-hexane : i-PrOH = 85 : 15 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 18.1 min (major isomer) and 19.3 min (minor

isomer)].
[~ DADTE, Sig=243 16 Ref=360,100 (F\HPLC DATACEC-H-NG02013100-3-[AS0TEST2D)
mAU ® B
1004 E 3
7 1
80 I I
o Il | ‘
1
40 1
bl
20 | 1 “ |
| lv | ‘\
0 A b NN - N
5 10 15 20 25 ) i
Peak RetTime Type  Width Area Height Area
$ [min] [mimn] [maT*=) [mald] £
1 18.181 BB 0.3886 ZT70B.BS9307 108.02280 50.0043
2 19.485 ER 0.4178 2708.428%6 100.70557 49.898957
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[ 1 DADTB, Sig=243.16 Ref=360, 100 (F-\HPLC DATACEIC-H-NZ0Z70121C-TM D)
mAU 7 e
. %
0 [l
30 [
] !
s f\ [\ &
10 "I| '\ | '\I g
o4—— — — i
é 1‘0 1I5 20 2‘5 mirg
Peak RetTime Type  Width Area Height Area
$ [min] [min] [mAT*=] [mAaT] £
-l | ———=]-—=——-- | ———————— | === | ———————- |
1 18.072 BB 0.37895 1437.3880¢6 57.82020 S97.5517
2 15.308 BB 0.3351 35.47121 1.5728% 2.4083
4n (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® 1A-3, 254 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 18.1 min (major isomer) and 22.5 min (minor

isomer)].
T~] DAD1 A Sig=254 4 Ref=360,100 (F \HPLC DATACEIC-H-N20200828C-2-1A85-TEST1.0).
mAU § &
o™
40 I E
% I i
o [ |‘ [
I [ |
10 || [
0 |7\ s ) s g gsen ouoo o ',1‘ I‘._T 777”1 ‘._‘ O e
s 10 15 2 25 0 i
Peak RetTime Type  Width Area Height Area
: [min] [min] [mAad*=] [malT] %
-] | ———= === | ———————- | —————————= | ——————- I
1 18.075 BB 0.35%4 1213.87585 52.18435% 50.3130

2 22Z2.715 BB 0.4706 1158.77283 39.44518 49.8870

T DADT A, Sig=254.4 Ref=340,100 (F\HPLC DATACEC-H-NG0201104A2 D)
mAU %
- I
" |
|
10 |
1
o
5 [ 2
, gt o
o B e 3 ST Y ey 3 e o - o
5 10 15 20 25 mir]
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Peak RetTime Type  Width Area

Height Area
$ [min] [min] [mAU*=] [mAT] %
e e |-——— - |- |- | ———————-
1 18.09% BB 0.3522Z 543.77002  23.473%2 96.057%8
2 22.482 MM 0.5174  22.31822 7.18838=-1  3.942:2

40

(The top one is racemic, and the bottom one is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® OD-H, 243 nm, n-hexane : i-PrOH = 98 : 2 as the eluent, flow rate: 1

mL/min, temperature 25 <C, retention time: 12.0 min (major isomer) and 13.8 min (minor
isomer)].

[~ DADTB. Sig=243 16 Ref=380,100 (F\HPLC DATAICEC-HN0201107A-2-0098 TESTI 0]
mAU 7 % :
250 - S
] | Il
200 I (|
1504 ’ ‘, [ loi
1004 l! | |<
] 0
0 |
| | |\
0] —\ — e — — =
25 5 75 10 125 15 175 20 25 i
Peak RetTime Type  Width Area Height Area
# [mim] [min] [mAT*=] [mAT] E
- |-———] == |- |-—————— | -———————- |
1 11.850 BB 0.3873 T2586.42627 Z286.28783 50.5435
2 13.3284 BB 0.4472 T139.50537 241.292Z83 45.4565
] DADTE, Sig=243.16 Rei=360,100 (F\HPLC DATACEIC-H-NZ0201115A-2.0)
mAU 1 b4
] i
150 ”I
125 | [
100 ‘ '}
754 | |
50 ! =
25 T
03 A g Az
T T T 1 T T T T
25 5 7.5 10 125 15 175 20 i
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAET*=] [mAT] %
-— - |-—— - | ———— |- | —————- |
1 11.575 VE 0.3975 4767.91797 183.29230 ©9B.19E86
2 13.751 BB 0.4065 87.46362 3.16454 1.8014
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4p (The top one is racemic, and the bottom one is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IC-3, 254 nm, n-hexane : i-PrOH = 97 : 3 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 10.1 min (major isomer) and 9.0 min (minor isomer)].

[ ] DADTA Sig=254 4 Ref=360,100 (FAHPLC DATA\CB\C-H-N\20201107B-2-ICSTTEST3.D)
mAU 5 8
* § 3
300 ‘ |
250 ‘ ‘i
200 [ \
150 [ [ |
1004 | ‘} [ "
504 SWE
03— o = ", SOTT (S, I =
T T T T T T
— 2 4 6 8 10 12 14 16 min
Peak RetTime Type  Width Area Height Area
i [min] [min] [mAT*=] [l ] £
g8.897 BB 0.2070 4988.8144% 370.63040 45.91e8
Z 10.009 BB 0.2214 5005.44824 348.76828 50.0832
[T DADT A Sig=254 4 Ref=380,100 (F\HPLC DATACEIC-H-NQ02011158-2-1097 D)
mAU 1 §
3503 it
3004 '
250 Il
2004 [ |
150 |
100 - [ |
50 - g ||
3 > ’1 \
03 SR R - = =
T T T T T T T T T
2 4 6 3 10 12 14 16 mir|
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT* =] [mAlT] £
9.033 BB 0.1954 98.831:55 T.8213%8 1.6004
2 10.086 BB 0.2253 6076.52148 418.75%105 S8.39%%6
MeOZC\
N N N
| =
Ph
4q (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® I1A-3, 254 nm, n-hexane : i-PrOH = 85 : 15 as the eluent, flow rate: 1
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mL/min, temperature 25 <C, retention time: 11.3 min (major isomer) and 19.8 min (minor
isomer)].

T ] DADT A. Sig=254.4 Ref=260,100 (F\HPLC DATA\CB\C-H-N\20207104D-3-1A35TEST2.0)
mAU §
200 ﬁ
1so~: ‘ a
] ‘ l“ll
100 I [l
|
50 l [
[ | [\
0 - LA i
— 5 10 15 20 25 i
Peak RetTime Type  Width Area Height Area
: [mim] [min] [malT*=] [mAlT] £
- |-—— - | -——————- |- | -—————- |
1 11.&95 EB 0.2481 3827.93140 234,83831 45.8476
2 20.120 BB 0.4447 3835.9689% 132.13%922 50.0524
[ DADT A Sig=254 4 Ref=360,100 (F\HPLC DATACB\C-H-N202011156-2.0)
mAU %
i 3
354 I
304 l
25- ' l
20 |
15 |
104 [ | 2
5 ;I I“' ;
0 = Y S i I i
tl') 1]0 115 2’0 2‘5min
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT*=2] [mAT] £
-l |-—— - | ———— | ——- | -—————- |
1 11.325 MM 0.3340 884.82291 44 15270 59,0880
Z 15.766 MM 0.,4217 8.14477 3.21884e-1 0.9120
MeOZC\
Me N N K
D
=
Ph
4r (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase

column [Daicel chiracel® IC-3, 254 nm, n-hexane : i-PrOH = 80 : 20 as the eluent, flow rate: 1

mL/min, temperature 25 <C, retention time: 10.1 min (major isomer) and 6.9 min (minor isomer)].
T_] DADTA Sig=254,4 Ref=360,100 (F\HPLC DATA\CB\C-H-N20201223B-3-IC80TES 13.0)

mAU 3

2504 §

|
- |

= 10.035

150

(¥
IS
o
(s3]
s
(=)

12 14 16 mir



Peak RetTime Type  Width Area Height Area
# [mim] [mim] [maT*=] [m&lT] %
1 6£.80% BB 0.1804 3476.805981 293.15146 50.0140
2 10.035 BB 0.2859 3474.868%90 184.3835371 49.98&0
[ DADTA, Sig=254.4 Ref=360,100 (FAHPLC DATA\CB\C-H-N\20201228B-3-1C80.D)
mAU 5N
1 ¥
a
400 |
[
300 | ‘
R
200+ [ 1
100 s hl |4‘
@ Ji )
0 — ey —
T T T T T T T T
2 4 6 8 10 12 14 16 18 min
Peak RetTime Type  Width Area Height Area
# [min] [mim] [mAT*=] [mAT] %
1 &£.877 BB 0.1%11 145.1144% 11.51132 1.4882
2 10.127 BB 0.2883 9540.76465> 509.9594131 98.5018

MeOZC\
N N
| AN
Ph Z
Me
4s

isomer)].

mAU

140
1204

804
€0

204

03— hen

s\\\ ::

(The top one is racemic, and the bottom one is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IE-3, 243 nm, n-hexane : i-PrOH =80 : 20 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 21.6 min (major isomer) and 24.5 min (minor

[ ] DADTE, Sig=243.16 Ref=360,100 (F\HPLC DATACBWC-H-N@0201223A-3ES0TEST/ D)

o

(|
\

o
"

f 08
| -
o

|
|
I

|

T
35 _min

Peak RetTime Type
E [mimn]

Area

Width
[ [mAU*s]

[mim]

1 21.7Z6 BB
2 Z24.4Z6 BB 0.65

200

164.72147
116.17943

20.9885
49.0135



T DADT B, Sig=243.16 Rei=360,100 (F\HPLC DATACEIC-H-N20201228A-3- 50 0)
mAU 2
350~ 2
300 i
250 'I
200 'l
1504 |
1003 | \ &
50 [ 3
0- & p— Jd "r-—-"’/ ey
5 10 15 2 25 30 i
Peak RetTime Type  Width Area Height Area
: 3 [min] [min] [mAaO*=] [mAT] %
-—— - |-—— - | ————- | -——————- | -——————- |
1 21.593 BB 0.4%968 1.32684e4 410.81720 91.%98¢6&
2 Z242.525 BB 0.6538 1155.87793 27.19721 8.0134

4t

(The top one is racemic, and the bottom one is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® OD-H, 243 nm, n-hexane : i-PrOH = 98 : 2 as the eluent, flow rate: 1

mL/min, temperature 25 T, retention time: 12.2 min (major isomer) and 9.2 min (minor isomer)].
] DAD1 B, Sig=243,16 Ref=360, 100 (F\HPLC DATA\CB\C-H-N\20201118B-4-ODS8TEST7.D)

mAU N
150 4

125
100 |
75 '
22 [ fin X
D L "| \ \i! v“ \

—— 12610

15 i E 17!.5 : 20 'min

Peak RetTime Type  Width Area Height

£ [min] [min] [mAU*=] [mAU] %
— | -——— - | - | —————————- | = I
1 89.424 BB 0.3337 3837.44531 173.7348oc 51.4040

e

2 12.810 BB 0.4421 3627.81445 125.515%30 48.5%a0

| DADTB, Sig=243,16 Ref=360,100 (F\HPLC DATAICEB\C-H-N202011230-TMD)
mAU 3
1603
140 4
120-
100
20 \
60+ |‘ {
404 2 |
204 =

0F— A

12280

o —
N
) -
00~

min
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Peak RetTime Type  Width Area Height Area
- [mim] [min] [mald*=] [mAlT] £
1 9.163 EE 0.3592 85.12730 3.50673 1.437¢&
2 12.200 BB 0.4%66 5836.55566 175.8B5576 S98.5624

4u
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IA-3, 243 nm, n-hexane : i-PrOH = 85 : 15 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 12.3 min (major isomer) and 15.4 min (minor

OMe

(The top one is racemic, and the bottom one is chiral)

isomer)].
[T DADTB, Sig=243.16 Ref=360,100 (FIHPLC DATACEC-HNGI201 1184 41A85TEST2 D)
mAU 3 = 2
; 3
1404 1 i
120 /'l f
1004 [ | | l‘
3 ‘( l [ |
60 | [ K il
404 f‘: [ '
20 | | o
O a A s - — _J," _" e 1 h-
25 3 75 10 125 15 175 min
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAET*=] [mAT] %
1 12.102 BB 0.3702 4210.54199 162.54941 49.9574
2 15.238 BB 0.4412 4217.72803 137.77527T 50.0426
[ DADT B, Sig=243.16 Ret=350,100 (FAHPLC DATACEIC-H-NZ020T123C-TM D)
mAU 3 2
1753 ﬁ
1504 |
125 [
1004 ,“ ‘
75 |
50 | s
253 ‘ 2
0 3 b COMT N = e R N b ate
25 5 75 10 125 15 175 20 min
Peak RetTime Type  Width Area Height Area
$ [mim] [mim [maT*=z] [mA] %
1 1z.283 BB 0.4180 £132.77383 205.02544 8594727
2 15.457 BB 0.2820 32.50800 1.89324 0.5273
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4v (The top one is racemic, and the bottom one is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IA-3, 254 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 11.0 min (major isomer) and 14.8 min (minor
isomer)].

[ | DAD1A, Sig=254 4 Ref=360,100 (F\HPLC DATACB\C-H-N\20201127A-2-IASSTES T 1.0)

w
]
=]
—10420
= 14.003

A
(=]
!

8

25 5 75 10 125 15 175 20 miry

Peak RetTime Type  Width Area Height Area
# [min] [min] [MAET*s] [mAT] e

1 10.420 BB 0.2427 6146.91885 392.462ZT7T7 49.
2 14.003 VB 0.3332 6341.44238 294.53146 50.

[] DAD1 A, Sig=254 4 Ref=380,100 (F\HPLC DATACB\C-H-N\20201202A-TM.D)
mAU v
2004 9
175
150 (|
1253 '
1004 l
75 |
504 [
254 | 1
s B \

1 14.793

Peak RetTime Type  Width Area Height Area
$ [min] (min] [mAT*=] [mAT] 2

0.2347 3313.91138 218.75842 58.147%5
0.3102 62.53863 3.08872 1.8521
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4w (The top one is racemic, and the bottom one is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IA-3, 254 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 5.8 min (major isomer) and 6.4 min (minor isomer)].

(| DAD1A, Sig=254.4 Ref=360,100 (F\HPLC DATA\CB\C-H-N\20201127C-2-IA35TEST1.D)
mAU 4 § §
rf
800 “ !‘
600 - ‘ ‘
400 ‘ \
| ||
200 - |
] A
0 Ll = - — = '
2 4 é é 10 12 14 1]8mm
Peak RetTime Type  Width Area Height Area
E [min] [min] [mAT* =] [mAT] £
1 5.655 BB 0.1125 7566.42041 1044.65710 45.9458
2 6.306 BB 0.122% T7582.82%910 951.80859% 50.054z2
(] DADT A, Sig=254,4 Ref=360,100 (FAHPLC DATA\CB\C-H-N\20201206A-QIAN-IAS5 D)
mAU 4 g
3004 ©
|
250
2004 I‘
150 [
100 |
50 g [ |
0 — _;_4.1'-:%“ . S —— —
2 4 6 8 10 12 i
Peak RetTime Type  Width Area Height Area
: [min] [min] [maT*=] [mAlT] £
1 5.76T7 BB 0.15313 15%.93271 16.77023 3.5666
2 6.429 BB 0.1295 2713.12622 324.675305 54,4334
4x (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IA-3, 254 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 T, retention time: 15.2 min (major isomer) and 9.4 min (minor isomer)].
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T DAD1 A. Sig=254 4 Ref=280,100 (F\HPLC DATACE\C-H-N\20201127B-21AS5TEST1.0)
m w
%0 :
200 ' 3
150 l‘ “j
|
100 \ | (
50+ J ) l‘ ‘»
i | " |\
0 — S 10 T —— -
25 5 75 10 125 15 175 20 mirg
Peak RetTime Type  Width Area Height Area
3 [min] [min] [mAl*=] [mAl] %
1 5.1e5 BB 0.1931 3315.28271 Ze6.63293 L50.3559
2 14,914 BB 0.319%68 3268.41553 160.47038 49.6441
[ ] DAD1TA. Sig=254 4 Ref=2350,100 (F\HPLC DATA\CB\C-H-N\202012028-TM.D)
mAU &
300 5
|
250 ' l
200 ' 4
150 A
mﬁ |
2 [
50 ; |
0 1 CE =S i == PR s —
- 25 75 10 125 15 175 " 20 225 min
Peak RetTime Type  Width Area Height Area
$ [min] [min] [mAT*=] [mAT] %
1 8.450 BB 0.2112 351.36853 25.75818 4.2766
2 15.229 ER 0.3626 TE64.73389 341.61551 95.7234
Me
Me

4y

Me

(The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IC-3, 243 nm, n-hexane : i-PrOH = 99 : 1 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 17.0 min (major isomer) and 21.9 min (minor

isomer)].
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[ ] DADT B, Sig=243 16 Ref=380,100 (F\HPLC DATACB\C-H-N\20201 127E-2-IC99TESTE.D)
mAU @
‘IDD—4 % >
80 (| &
] | l"'ly‘
€0 I || ‘: “.‘
40 | | [\
] ‘ \ | \
20~ Il \'.< 1‘
D e Saay TSP A M, S Do __L"’ = N —— S Py ——
[5 1b 15 20 2‘5 ]min
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT*=] [mAT] E
=== e it | —————————= | ————————- |-———————- I
1 16.875 BB 0.5541 4178.14160 114.92681 50.2508
2 21.337 BB 0.8203 4136.440892 T5.84445 49,7482
T DADTE, Sig=243.16 Ret=1380, 100 (F\HPLC DATAICEIC-H-NC020T206C-TMHCES D)
mAU §
2z -
703 [
en- [
50 | |
403 [ 1
30- [ ‘\
204 | 'l‘ g
104 [\ 2
/ \
o_,—J‘.___f o - Sr— Nh
5 10 15 20 25 i
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT*=] [mAT] %
-] | ———= === | ———————- | —————————= | ——————- I
1 17.030 BB 0.5723 3232.95551 86.44284 9S8.7045
2 21.828 MM 0.71a7 42.43206 9.86781e-1 1.2855
MeOzC\ S N
N o AN
Ph ~ s
4z (The top one is racemic, and the bottom one is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® OD-H, 254 nm, n-hexane : i-PrOH = 80 : 20 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 20.2 min (major isomer) and 7.2 min (minor isomer)].
[ ] DAD1TA. Sig=254 4 Ref=260,100 (F \HPLC DATAICB\C-H-N\20201127D-3-OD30TEST4.D)

mAU g

350 %

300,
250 “
2004

1503 ~|
1003 ‘
G [

| I e ——— £, O = -

7520182

T L] T T y
ot s 10 15 20 25 30 _min
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Peak RetTime Type  Width Area Height Area

i [min] [min] [mAT*=] [mAT] %
1 T7.130 BB 0.2280 5715.11865 383.17200 51.0081
2 Z0.12Z BB 0.%3124 5489 22021 S2.22Z006 482.85919

[ | DAD1TA Sig=254 4 Ref=360,100 (F\HPLC DATACB\C-H-N\20201206B-TM.D)
mAU 3 ;
175 é
1503 [\
1253 [
100 - " \
75 N
503 8 “
25 F f
0 A v s —_—
T T T T
5 10 15 20 25 i
Peak RetTime Type  Width Area Height Area
¥ [min] [min] [mad*=] [mAT] %
1 .188 BB 0.2351 437.46518 28.5015& 3.4538
2 20.214 BB 0.9306 1.22288e4 201.3495858 ©Sg.5462

M MeO,C
s Oy TR L
\ N RS

Me

8a/8b (The top one is racemic, and the following part is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IB-3, 237 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 6.5 min (major isomer) and 5.7 min (minor isomer);
11.1 min (major isomer) and 7.2 min (minor isomer) ].

DAD1 C, Sig=237,8 Ref=off (F:\HPLC DATA\CB\C-H-N\20240302A-2-IB3-TEST2.D)

mAU | Sé g ©
1 w © %
1000 - I
800 8
600 | v
400
200
o- il L,
0 2 Jt 6 8 10 12 14 16 mi
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAU*a] [mAIT] %
———— |- | === ===~ e | === | -~ |
1 5.e84 BV 0.0927 7545.9418% 1210.74438 24.5550
2 6.448 VvV 0.1075 7459.19043 1041.99038 24.3123
3 7.175 Vv 0.11e0 7772.70557 5985.71527 25.3341
4 11.106 MM 0.218B0 7902.90723 6&04.29352 25.7585
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|| DAD1 C, Sig=237,8 Ref=off (F:\AHPLC DATA\CB\C-H-N\20240307A-IB3-2.D)

mAU 5
E 3
600
; i o
500? ‘ 5
400 |‘ :
300 ‘| “”‘.‘
200 “\ ‘\M‘
100—5 g | “ S | “‘.
0 A 2 B G :
0 2‘ ‘ I 1‘1 6 é 1‘0 12
Peak RetTime Type  Width Area Height Area
8 [min] [min] [MAU*5] [mAT] S

| | === == | = | == |- !
1 5.6595 BB 0.0924 115.255352 18.58435 1.1814
2 £.457 BB 0.1073 4675.64111 6£55.24274 47.908¢6
3 7.207 BB 0.1173 118.18&82 15.055967 1.2110
4 11.140 BB 0.1%17 4850.368381¢ 377.99420 43.6551

[ 1 DAD1 C, Sig=237,8 Ref=off (F.\HPLC DATA\CB\C-H-N\20240307A-IB3-2.D)
mAU o

] ¥
600
, T
500 |
400 ‘l
| I
300 ‘ Il
] i
200 “\ I
100 8 ‘ I'
] g /| )\
0 N o~ AN
0 2‘ ‘ ‘ “1- ‘ 6 ‘ é 1IO 12
Peak RetTime Type  Width Area Height Area
£ [min] [min] [mAU*s] [m&TT] %
=== e | == | == | ————— |
1 5.6585 BB 0.0%24 115.258552 18.58435 2.4065
2 £.457 BB 0.1073 4675.64111 &55.24274 97.55%35

7| DADIC, Sig=237.8 Ref=off (FAHPLC DATA\CB\C-H-N\20240307A-1B3-2.D)

mAU
600

500

=-11.140

\
400 - “

300 ‘ I

200
100 - |

s AN

0 2 4 6 8 10 12

Peak RetTime Type  Width Area Height Area
£ [min] [min] [mAU*s] [m&TT] %
- |—= = |- |- |- I
1 7.207 BB 0.1173 118.18&82 15.09%967 2.3787
2 11.140 BB 0.1917 4850.38916 377.99420 97.6213
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F MeO,C
MeO,C @/ .
\ N W
O and O
F

9a/9b (The top one is racemic, and the following part is chiral)
The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IB-3, 254 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 7.0 min (major isomer) and 6.2 min (minor isomer);
10.8 min (major isomer) and 7.5 min (minor isomer) ].

| DAD1 B, Sig=254,16 Ref=off (F\HPLC DATA\CB\C-H-N\20240308J-3-RCY-IB95-TEST1.D)
mAU % by
400 | ® E
] .
300 Hv
(I, o
200 ‘ ™ 3
I e
100 | .y I
I i
o ) B / LH \1 '\ ‘ ‘ /‘ ‘\_'_ B B
0 L 2.5 ‘ 5‘ 7.5 o 1‘0 ‘ ‘ 12.5 1‘5 I 175 o min
Peak RetTime Type  Width Area Height Area
£ [min] [min] [mAT*=s] [m&IT] S
———= | m———— | === | === [ ====————— | ====—=——— [ ======—= |
1 &6.181 BB 0.0%88 3074.74121 466.95541 32.8144
2 7.031 BV 0.1148 2%%0.67017 353.0011% 31.%172
3 7.4534 VB 0.11%8 1624.3475%0 201.55%413 17.3354
4 10.832 BB 0.1804 1680.33740 13%.60481 17.%330
| DAD1 B, Sig=254,16 Ref=off (F:\HPLC DATA\CB\C-H-N\20240313A-TM-IB95-TEST2.D)
mAU | ©
: .
200 |‘ 3
150 “ |
| |
1004 H [l
I
| ‘ | “
50 | - . I'|
| 58
0 — [ / _'_,/‘ \ _"g_; L S
0 é Lll ‘ é ‘ 8 10 ‘ 1‘2 1‘4 1‘6 1‘8 min
Peak RetTime Type  Width Area Height Area
£ [min] [min] [mAO* =] [mAlT] %
- |— = |- |- | —————- |
1 £6.215 BB 0.0%95% £5.49081 10.33287 1.5757
2 7.061 BB 0.1132 1%2%.11633 252.32632 46.4153
3 7.5313 BV 0.1260 0812 3.093e87 0.6e378
4 10.847 BB 0.18308 2135.0%&68 176.91%74 51.3712
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| DAD1 B, Sig=254,16 Ref=off (F\HPLC DATA\CB\C-H-N\20240313A-TM-IB95-TEST2.D)

mAU | ©
4
200 “
150 N |
| |
100 M I
|
“ | “
7 ~ A
ol S A )
0 é ~'-‘1 ‘ é 8 10 1‘2 1‘4 1|6 1‘8 min
Peak RetTime Type  Width Area Height Area
: [min] [min] [MAT*3] [mATT] %
- e e |- [ -——————— | === I
1 £.215 BB 0.0%35 £65.459081 10.33287 3.2834
2 7.0681 BB 0.1132 1%2%9.11633 252.32632 96.716

mAU |
1 | ~
200 ] “ g
150 - M H
100 H “
P |
[ o o o / ‘”’{ o L_f‘ N
(. 2‘ “1 é ‘ 8 10 ‘ 1‘2 ’II4 1‘6 1‘8 min
Peak RetTime Type  Width Area Height Area
: [min] [min] [MAT*3] [mAT] %
- | === === | === | === | === I
1 7.513 BV 0.1260 26.50812 3.09387 1.2263
2 10.847 BB 0.1308 2135.09668 176.51574 58.773
OMe EtOQC
E0,C O
eise
and O
OMe
10a/10b (The top one is racemic, and the following part is chiral)

The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column [Daicel chiracel® IC-3, 254 nm, n-hexane : i-PrOH = 95 : 5 as the eluent, flow rate: 1
mL/min, temperature 25 <C, retention time: 12.9 min (major isomer) and 9.8 min (minor isomer);
11.1 min (major isomer) and 10.4 min (minor isomer) ].
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| DAD1 B, Sig=254,16 Ref=off (FAHPLC DATA\CB\C-H-N\20240319C-3-IC95-TEST1.D)

<t o s
MAU’_ § g g ‘%_
250 ‘\J‘ h ©
] | h
200 ‘\|\ (| Il
] TR i
150 ||\\€\ [
|
100 J\Jﬂ\\ |
| I \‘ “ | ‘\
50 RYRER I
ol ) JN NN TN
0 o ‘2.‘5' o 5 o ‘7.\5' o ‘10 o ‘12‘.5' o ‘15 o ‘17\5' o ‘20‘ r‘nin
Peak RetTime Type  Width Area Height Area
i3 [min] [min] [mAU*3] [mATT] %

1 0.2094 4246.86426 314.78024 25.0808
2 10.429 VV 0.22659 4216.51064 287.9385%0 Z24.3503%9
3 11.204 VB 0.2546 4222.56104 255.84023 Z24.3373
4 13.13% BB 0.2871 4246.374531 228.17883 Z3.077%

| DAD1 B, Sig=254,16 Ref=off (F:\HF'I:C DATA\C—B\C-H—N\2024031QB»TM-IC95-3.D)

mAU 2
pid
&
400—: ‘ﬂ g
300 ““ ?‘
| I
200 e| [
| ||
|1 I
100 oy A
o: — ‘é%g#‘\ / —
[V 2{5 é 7}5 1b 12.5 1!5 17‘.5 2‘0 22.5 min
Peak RetTime Type  Width Area Height Area
£ [min] [min] [mAU*3] [mAT] 3
- | === === | === [-——————— | === |
1 2.75%2 BB n.2082 102.517446 7.56072 0.3027
2 10.382 BB 0.2123 459.5843¢6 3.60820 F.38384
3 11.13% BB 0.2324 T70537.34717 471.98584 55.2356
4 1:2.918 BB 0.2826 5562.74658 305.26059% 43.5536
| DAD1 B, Sig=254,16 Ref=off (F:\HPLC DATA\CB\C-H-N\20240319B-TM-IC95-3.D)
mAU | )
400 {\ ©
1 | &
300 J\ T
] [ w
200 [ [
] I |
] |1 I
100 - o [ I
0 ; } E— } 'gi‘r"*"“ N, i } - - i i
0 2{5 t": 7}5 1|0 12.5 1!5 17|.5 2‘0 22.5 min
Peak RetTime Type  Width Area Height Area
£ [min] [min] [mAU*s5] [mAT] %
- == el | —————— | === | —————= |
1 9.792 BB 0.2082 102.5174¢& 7.56072 1.30%¢&
2 12.%18 BB 0.2826 5562.74658 305.2605% 98.1504
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| DAD1 B, Sig=254,16 Ref=off (F:\HPLC DATA\CB\C-H-N\20240319B-TM-IC95-3.D)

mAU 2
peid
1 I
400 il
] |
300 H i
1 [ H
200*: | “ H
100: o \‘ \ ‘\I “‘
0 : : — : EJ - "‘ , : — — , ,
0 2(5 tL) 7ﬁ5 1|0 125 1[5 17‘.5 2‘0 225 min
Peak RetTime Type  Width Area Height Area
# [min] [min] [mAT*s] [mAT] 3
- | -—= = | —————— [———— | —————= I
1 10.382 BB 0.2123 45.56436 3.60820 0.e5977
2 11.13% BB 0.2324 T7057.34717 4£71.585684 99.3023
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