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1. General Information

All commercial reagents were obtained from Spectrochem, Sigma-Aldrich, TCI, and BLD-
Pharm, and used as received without further purification. PIFA was prepared according to a
reported method. Organic extracts were concentrated under reduced pressure using a Heidolph
rotary evaporator. Thin-layer chromatography (TLC) was performed on Merck silica gel
60F254 precoated aluminium plates and visualized under UV light at 254 nm. Column
chromatography was carried out using silica gel (100—200 mesh) for product purification. 'H,
13C{'H}, and F NMR spectra were recorded on Bruker Avance NEO Ascend 400 and 500
MHz spectrometers. Chemical shifts are reported in ppm (3 scale), with residual solvent signals
at 7.26 ppm (CDCls) and 2.50 ppm (DMSO-ds) used as references. High-resolution mass
spectra (HRMS) were recorded on Electrospray lonization mode on WATERS-XEVO G3-
TOF mass spectrometer coupled with Acquity H-class plus UPLC in positive (ESI) ion mode.
FT-IR spectra were measured on a Bruker Tensor-27 spectrometer. Melting point were
measured using Analab Thermocal melting point apparatus. HPLC graph was recorded on
Agilent 1260 infinity II HPLC instrument. The enantioselectivity was determined by chiral
HPLC analysis using Diacel chiralpak IC columns with a 254 nm wavelenght by using i-
propanol (HPLC grade) and n-hexane (HPLC grade) as eluents at 25 °C.

2. Synthesis of starting materials
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2.1 General procedure for the synthesis of 11-116 and 118-128 (General Procedure A)

0
O 1.(COCI),, DMF (cat) o ArB(OH),

DCM, rt, 4h Pd(PPhj3),Cl,, K,CO3 NH,
4 Y~ TOH > NH, R’
R+ 2.25% aqg. NH; R Dioxane: H,0O
I

ZN) DCM, 1.5 h, rt 100 °C, 12-24h, N, 0 R?

The 2-iodobenzoic acid derivatives (2 mmol, 1 equiv) and catalytic amount of DMF were

dissolved in 6 mL dry dichloromethane in a 50 mL round-bottom flask equipped with a
magnetic stir bar. The reaction mixture was cooled to 0 °C and stirred for 5 minutes. Then
oxalyl chloride (2.42 mmol, 1.2 equiv) was added drop wise to the reaction mixture at 0 °C and
stirred at room temperature for 4 h. The resulting mixture was concentrated under reduced
pressure to afford acid chloride which was used directly for the next step. After dissolving the
acid chloride in 4 mL of dry dichloromethane, 8 mL of aqueous ammonia was added dropwise
at 0 °C and stirred continuously for 1.5 h at room temperature. the reaction was quenched with
water, followed by extraction with DCM (3 x 20 mL), dried over anhydrous Na,SOg, filtered
and concentrated under reduced pressure to afford 2-iodobenzamide derivatives which was
used in the next step directly without further purification. In an oven-dried round-bottom flask
equipped with a magnetic stir bar, the 2-iodobenzamide derivative was introduced under a
nitrogen atmosphere. Pd(PPhs).Cl> (5 mol%) was added, followed by arylboronic acid
derivatives (1.2 equiv) and K2COs (3.0 equiv). A solvent mixture of 1,4-dioxane (8.5 mL) and
deionized water (2.8 mL) was then added. The reaction mixture was stirred at 100 °C for 12 h
or until completion as confirmed by TLC. After cooling to room temperature, water was added,
and the mixture was extracted with ethyl acetate. The combined organic layers were washed
with brine, dried over anhydrous Na>SOs, filtered, and concentrated under reduced pressure.
The crude product was purified by column chromatography using a 20-30% ethyl acetate in
hexane to yield the desired [1,1'-biphenyl]-2-carboxamide derivatives.

[1,1'-biphenyl]-2-carboxamide (I1)*

( o ) The title compound was prepared by following the general procedure A

in 75% yield (296 mg, 1.5 mmol) as a white solid. 'H NMR (500 MHz,

O NH CDCl3) & 7.81-7.76 (m, 1H), 7.53—7.48 (m, 1H), 7.47-7.34 (m, 4H),

O 7.42-7.35 (m, 3H), 5.62 (brs, 1H), 5.26 (brs, 1H). 3C{'H} NMR (100

L ) MHz, CDCl3) 6 171.4, 140.2, 139.9, 134.4, 130.6, 130.4, 129.1, 128.8,
128.7, 128.0, 127.6. IR (neat) 3372, 3164, 1640, 1608, 1687, 1236, 1170 cm™".
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4'-methyl-[1,1'-biphenyl]-2-carboxamide (12)°

(o)

‘i‘\‘\ &Hz
Me

The title compound was prepared by following the general procedure A
in 70% yield (296 mg, 1.4 mmol) as a white solid. 'TH NMR (500 MHz,
CDCl3) 6 7.79 (dd, J = 7.8, 1.5 Hz, 1H), 7.52-7.45 (m, 1H), 7.44-7.38
(m, 1H), 7.37-7.30 (m, 3H), 7.26-7.21 (m, 2H), 5.63 (brs, 1H), 5.29
(brs, 1H), 2.40 (s, 3H). BC{'H} NMR (100 MHz, CDCl3) & 171.5,

139.9,137.8,137.3,134.3,130.5, 130.4, 129.4,129.1, 128.7, 127.4,21.2. IR (neat) 3361, 3178,
1630, 1484, 1382, 1236, 1179, 1106 cm™.
4'-methoxy-[1,1'-biphenyl]-2-carboxamide (I13)*

The title compound was prepared by following the general procedure

(0]

NH A in 91% yield (413 mg, 1.82 mmol) as a white solid. 'H NMR (500
2
O MHz, CDCl3) 6 7.79-7.75 (m, 1H), 7.51-7.44 (m, 1H), 7.42-7.32 (m,
O 4H), 6.98-6.94 (m, 2H), 5.66 (brs, 1H), 5.31 (brs, 1H), 3.85 (s, 3H).
OMe

I3C{'H} NMR (100 MHz, CDCl3) 8 171.7,159.4,139.4,134.3,132.4,

130.3, 130.3, 129.9, 128.9, 127.1, 114.1, 55.2. IR (neat) 3317, 3165, 2947, 2837, 1640, 1603,
1515, 1371, 1232, 1170, 1101 cm’.
4'-fluoro-[1,1'-biphenyl]-2-carboxamide (14)°

e o N
g
\ F)

The title compound was prepared by following the general procedure A
in 90% yield (387 mg, 1.80 mmol) as a white solid. "H NMR (500 MHz,
CDCl3) 6 7.76-7.71 (m, 1H), 7.52-7.47 (m, 1H), 7.45-7.39 (m, 3H),
7.36-7.32 (m, 1H), 7.15-7.09 (m, 2H), 5.68 (brs, 1H), 5.31 (brs, 1H).
BC{'H} NMR (126 MHz, CDCl3) § 171.4, 162.8 (d, J = 247.5 Hz),

138.9, 136.3, 134.7, 130.5 (d, /= 1.8 Hz), 130.7, 130.6, 129.0, 127.9, 115.8 (d, J = 21.5 Hz).
19F NMR (471 MHz, CDCl3) 8 -114.22 to -114.28 (m, 1F); IR (neat) 3377, 3162, 1696, 1650,
1610, 1508, 1451, 1393, 1215 cm™.

4'-chloro-[1,1'-biphenyl]-2-carboxamide (I5)°

(o)

g
Cl

The title compound was prepared by following the general procedure A
in 41% yield (190 mg, 0.82 mmol) as a white solid. 'TH NMR (500 MHz,
CDCl3) & 7.73-7.69 (m, 1H), 7.52-7.48 (m, 1H), 7.45-7.42 (m, 1H),
7.42-7.36 (m, 4H), 7.35-7.32 (m, 1H), 5.87 (brs, 1H), 5.36 (brs, 1H).
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BC{TH} NMR (126 MHz, CDCl3) 6 171.4, 138.7, 138.7, 134.7, 134.3, 130.8, 130.4, 130.2,
129.0, 129.1, 128.0. IR (neat) 3363, 3173, 1650, 1628, 1387, 1692, 1218 cm™.
4'-bromo-[1,1'-biphenyl]-2-carboxamide (16)

o

NH,

l Br

The title compound was prepared by following the general procedure A
in 90% yield (497 mg, 1.8 mmol) as a white solid. m.p. 160-162 °C; 'H
NMR (500 MHz, CDCl3) & 7.74-7.71 (m, 1H), 7.58-7.48 (m, 4H), 7.46-
7.43 (m, 1H), 7.35-7.31 (m, 2H), 5.64 (brs, 1H), 5.31 (brs, 1H). 3C{'H}
NMR (126 MHz, CDCI3) ¢ 171.2, 139.2, 138.7, 134.6, 132.0, 130.8,

130.4, 129.5, 128.8, 128.1, 122.5. IR (neat) 3368, 3180, 1650, 1477, 1389,1078, 1008 cm™'.
HRMS (ESI) m/z [M+H]" caled for C13H;1BrNO 276.0019, found 276.0038.
[1,1':4',1""-terphenyl]|-2-carboxamide (I17)

(o)

NH,

I Ph

The title compound was prepared by following the general procedure A
in 48% yield (0.96 mg, 166 mmol) as a white solid. m.p. 188-190 °C.
'"H NMR (500 MHz, CDCl3) & 7.80-7.76 (m, 1H), 7.69-7.61 (m, 4H),
7.55-7.50 (m, 3H), 7.49-7.36 (m, 5H), 5.82 (brs, 1H), 5.39 (brs, 1H).

BC{'H} NMR (126 MHz, CDCl3) & 171.6, 140.9, 140.5, 139.6, 139.2, 134.6, 130.7, 130.5,
129.4,129.2,129.0, 127.8, 127.7, 127.5, 127.2. IR (neat) 3370, 3164, 1641, 1480, 1391, 1120,
1000 cm™'. HRMS (ESI) m/z [M+Na]" caled for C19HisNONa 296.1051, found 296.1039.
4'-(trifluoromethyl)-[1,1'-biphenyl]-2-carboxamide (I8)

(0]

NH,

O CF;

The title compound was prepared by following the general procedure A
in 40% yield (212 mg, 0.80 mmol) as a white solid. m.p. 133-135 °C.
'"H NMR (500 MHz, CDCl3) 8 7.73-7.70 (m, 1H), 7.68 (d, J = 8.0 Hz,
2H), 7.57 (d, J = 8.0 Hz, 2H), 7.54-7.51 (m, 1H), 7.49-7.45 (m, 1H),
7.39-7.35 (m, 1H), 5.80 (brs, 1H), 5.38 (brs, 1H). BC{IH} NMR (126

MHz, CDCl;) 6 171.2, 144.0, 138.6, 134.9, 130.8, 130.5, 130.1 (¢, J = 32 Hz), 129.2, 128.8,
128.4,126.4 (q, J =272 Hz), 125.7 (g, J = 3.7 Hz). YF NMR (471 MHz, CDCl3) § -62.51. IR
(neat) 3370, 3173, 1648, 1678, 1320, 1157, 1108, 1064, 1019 cm™". HRMS (ESI) m/z [M+H]"
calcd for C14H 1 F3NO 266.0793, found 266.0786.
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4'-nitro-[1,1'-biphenyl]-2-carboxamide (19)

o The title compound was prepared by following the general procedure

O NH, A in 54% yield (262 mg, 1.08 mmol) as a white yellow solid. m.p.
168-170 °C. 'H NMR (500 MHz, CDCIl5) 6 8.30-8.27 (m, 2H), 7.71-

O NO, 7.69 (m, 1H), 7.64-7.60 (m, 2H), 7.58-7.54 (m, 1H), 7.52-7.48 (m, 1H),

7.42-7.38 (m, 1H), 5.77 (brs, 1H), 5.51 (brs, 1H). 3C{'H} NMR (126
MHz, CDCls3) 6 171.0, 147.6, 147.1, 138.0, 135.0, 131.0, 130.5, 129.7, 128.9, 128.6, 123.9. IR
(neat) 3386, 3317, 3182, 1656, 1597, 1506, 1350, 1110 cm™'. HRMS (ESI) m/z [M+H]" calcd
for C13H11N203 243.0770, found 243.0757.
4'-cyano-[1,1'-biphenyl]-2-carboxamide (110)

o The title compound was prepared by following the general procedure A

NH, in 65% yield (289 mg, 1.3 mmol) as a white solid. m.p. 165-168 °C. 'H

O NMR (500 MHz, CDCl3) & 7.73-7.67 (m, 3H), 7.58-7.52 (m, 3H), 7.51—
O on| 745 (m, 1H),7.39-7.34 (m, 1H), 5.70 (brs, 1H), 5.46 (brs, 1H). BC{H}

NMR (126 MHz, CDCI3) 6 171.0, 145.1, 138.3, 135.0, 132.4, 130.9,
130.4, 129.6, 128.8, 128.6, 118.8, 111.8. IR (neat) 3377, 3175, 2225, 1645, 1610, 1484, 1484,
1380, 1236, 1121, 1048 cm™. HRMS (ESI) m/z [M+H]" caled for C14H11N20 223.0871, found
223.0866.
methyl 2'-carbamoyl-[1,1'-biphenyl]-4-carboxylate (I11)

o The title compound was prepared by following the general
O NH, procedure A in 40% yield (204 mg, 0.8 mmol) as a white solid. m.p.
155- 157 °C. '"TH NMR (400 MHz, CDCls) 6 8.08 (d, J = 7.9 Hz,

O co,Me 2H), 7.72 (d, J = 7.5 Hz, 1H), 7.67-7.62 (m, 1H), 7.54-7.49 (m,

2H), 7.47-7.44 (m, 1H), 7.37 (d, J = 7.6 Hz, 1H), 5.78 (brs, 1H),
5.40 (brs, 1H), 3.93 (s, 3H). BC{'H} NMR (101 MHz, CDCIl3) 6 171.3, 166.9, 144.9, 140.0,
134.8, 130.8, 130.4, 130.0, 129.7, 128.9, 128.7, 128.3, 52.4. IR (neat) 3370, 3182, 1709, 1634,
1435, 1391, 1669, 1183,1108 cm™. HRMS (ESI) m/z [M+H]" calcd for C1sH14NOs3 256.0968,

found 256.0972.
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2'-methyl-[1,1'-biphenyl]-2-carboxamide (112)

Me

(o)

NH,

The title compound was prepared by following the general procedure A in
47% yield (199 mg, 0.94 mmol) as a yellow solid. m.p. 98-100 °C. '"H NMR
(500 MHz, CDCl3) 6 8.04-8.00 (m, 1H), 7.54—7.49 (m, 1H), 7.48-7.43 (m,
1H), 7.35-7.27 (m, 3H), 7.24-7.19 (m, 2H), 5.71 (brs, 1H), 5.29 (brs, 1H),
2.12(s,3H). BC{'H} NMR (126 MHz, CDCl3) 6 170.1, 140.3, 139.8, 136.3,

133.3,131.2,130.7, 130.6, 129.9, 129.1, 128.6, 127.9, 126.4, 20.1. IR (neat) 3436, 3198, 2917,
1640, 1601, 1475, 1375, 1375, 1126, 1040 cm™'. HRMS (ESI) m/z [M+H]" calcd for C14H14NO
212.1075, found 212.1065.

3'-methyl-[1,1'-biphenyl]-2-carboxamide (113)°

-

i\

N\

o)

NH,

Me )

The title compound was prepared by following the general procedure A in
46% yield (194 mg, 0.92 mmol) as a white solid. '"H NMR (500 MHz,
CDCl3) 6 7.81-7.78 (m, 1H), 7.51-7.47 (m, 1H), 7.44-7.40 (m, 1H), 7.36—
7.29 (m, 2H), 7.26-7.19 (m, 3H), 5.74 (brs, 1H), 5.31 (brs, 1H), 2.39 (s,
3H). BC{!H} NMR (126 MHz, CDCl3) & 171.5, 140.3, 140.2, 138.6, 134.2,

130.7, 130.6, 129.6, 129.3, 128.9, 128.8, 127.7, 126.0, 21.6. IR (neat) 3366, 3182, 2921, 1640,
1619, 1387, 1126 cm™'. HRMS (ESI) m/z [M+H]" caled for Ci14H14NO 212.1075, found

212.1066.
3',5'-dimethyl-[1,1'-biphenyl]-2-carboxamide (114)

o

The title compound was prepared by following the general procedure A

in 44% yield (198 mg, 0.88 mmol) as a yellow solid. m.p. 184-186 °C.

O Me| 1 NMR (500 MHz, CDCL3) & 7.84-7.78 (m, 1H), 7.50-7.44 (m, 1H),

Me

7.43-7.38 (m, 1H), 7.34-7.30 (m, 1H), 7.06-7.01 (m, 3H), 5.63 (brs,
1H), 5.30 (brs, 1H), 2.35 (s, 6H). BC{'H} NMR (126 MHz, CDCl3) &

171.31, 140.4, 140.3, 138.4, 134.1, 130.6, 130.5, 129.8, 129.4, 127.6, 126.7, 21.4. IR (neat)
3371, 3182, 2908, 1647, 1597, 1515, 1426, 1345, 1251, 1137, 1035 cm™. HRMS (ESI) m/z
[M+Na]" calcd for Ci1sHisNONa 248.1051, found 248.1043.
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2-(naphthalen-1-yl)benzamide (I15)

The title compound was prepared by following the general procedure A in
65% yield (321 mg, 1.3 mmol) as a yellow solid. m.p. 201-203 °C. "TH NMR
(500 MHz, CDCl3) 6 8.04-8.01 (m, 1H), 7.91 (d, J= 8.3 Hz, 2H), 7.61-7.49
(m, 5H), 7.46-7.41 (m, 2H), 7.37-7.34 (m, 1H), 5.26 (brs, 1H), 5.14 (brs,
1H). BC{'H} NMR (126 MHz, CDCl3) § 170.2, 138.4, 138.2, 135.0, 133.8,
132.0, 131.6, 130.8, 129.8, 128.7, 128.5, 128.3, 127.0, 127.0, 126.5, 125.6. IR (neat) 3447,
3319, 3167, 2915, 1667, 1592, 1378, 1090 cm™'. HRMS (ESI) m/z [M+Na]" calcd for
C17H13NONa 270.0895, found 270.088.

2-(naphthalen-2-yl)benzamide (116)

o The title compound was prepared by following the general procedure

O NH, A in 53% yield (262 mg, 1.06 mmol) as a yellow solid. m.p. 128-130
°C. 'H NMR (500 MHz, CDCl3) § 7.94-7.83 (m, 5H), 7.59-7.51 (m,

OO 4H), 7.49-7.45 (m, 2H), 5.48 (brs, 1H), 5.25 (brs, 1H). BC{'H} NMR

(126 MHz, CDCl3) 6 171.3, 139.9, 137.9, 134.6, 133.5, 132.9, 130.9,
130.8, 129.4, 128.5, 128.3, 127.9, 127.9, 127.7, 127.2, 126.8, 126.6. IR (neat) 3428, 3178,
1641, 1378, 1101, 1024 cm™. HRMS (ESI) m/z [M+Na]" caled for C17H;3NONa 270.0895,
found 270.0885.
2-(thiophen-3-yl)benzamide (118)

o The title compound was prepared by following the general procedure A in
NH, 68% yield (276 mg, 1.36 mmol) as a white solid. m.p. 182-184 °C. '"H NMR
(500 MHz, CDCl3) 6 7.76-7.70 (m, 1H), 7.50-7.45 (m, 1H), 7.43-7.37 (m,

N\
\
s | 4H),7.23-7.19 (m, 1H), 5.62 (brs, 1H), 5.43 (brs, 1H). 3C{'H} NMR (126
MHz, CDCl3) § 171.5, 140.6, 134.5, 134.4, 130.6, 130.3, 129.0, 128.6, 127.8, 126.3, 123.4; IR
(neat) 3360, 3164, 1643, 1614, 1400, 1119 cm™. HRMS (ESI) m/z [M+Na]" caled for

C11HoNOSNa 226.0303, found 226.0283.
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6-methyl-[1,1'-biphenyl]-2-carboxamide (I19)

o The title compound was prepared by following the general procedure A in
O NH, 78% yield (330 mg, 1.5 mmol) as a white solid. m.p. 192-194 °C. 'H NMR
(500 MHz, CDCl3) 8 7.66—7.62 (m, 1H), 7.45-7.41 (m, 2H), 7.40-7.34 (m,
O 2H), 7.34-7.30 (m, 1H), 7.26-7.23 (m, 2H), 5.59 (brs, 1H), 5.18 (brs, 1H),
2.10 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) & 171.3, 139.6, 139.2, 136.9, 135.2, 132.4,
129.1, 129.0, 127.9, 127.7, 126.6, 20.9. IR (neat) 3390, 3167, 1689, 1634, 1610, 1402, 1101
cm’!. HRMS (ESI) m/z [M+H]" calcd for C14H1sNO 212.1075, found 212.1091.
6-fluoro-[1,1'-biphenyl]-2-carboxamide (120)

Me

The title compound was prepared by following the general procedure A in
87% yield (373 mg, 1.74 mmol) as a yellow solid. m.p. 180-182 °C. 'H
NMR (500 MHz, CDCl3) & 7.63 (d, J = 7.7 Hz, 1H), 7.49-7.39 (m, 6H),
7.28-7.23 (m, 1H), 5.58 (brs, 1H), 5.20 (brs, 1H). *C{'H} NMR (126
MHz, CDCl3) 6 169.7, 159.6 (d, J = 247.2 Hz), 136.8, 136.8, 133.2, 129.8, 129.4 (d, J = 8.6
Hz), 128.9, 128.8, 124.9 (d, /= 3.6 Hz), 118.1 (d, J = 23.4 Hz). 'F NMR (471 MHz, CDCls)
§-114.52. IR (neat) 3388, 3162, 1692, 1641, 1617, 1444, 1393, 1234, 1103 cm™'. HRMS (ESI)
m/z [M+H]" calcd for C13H11FNO 216.0825, found 216.0814.
5-methyl-[1,1'-biphenyl]-2-carboxamide (121)°

o The title compound was prepared by following the general procedure

O NH, A [Pd(PPhs)4 was used instead of Pd(PPhs).Clz] in 61% yield (258 mg,

Me O 1.22 mmol) as a yellow solid. m.p. 131-133 °C. "TH NMR (500 MHz,

CDCl3) 6 7.72 (d, J = 7.9 Hz, 1H), 7.44-7.36 (m, 5SH), 7.25-7.22 (m,

1H), 7.17-7.14 (m, 1H), 5.73 (brs, 1H), 5.24 (brs, 1H), 2.41 (s, 3H). 3C{'H} NMR (126 MHz,

CDCl3) 6 171.4, 141.0, 140.5, 140.1, 131.3, 131.3, 129.5, 128.9, 128.8, 128.5, 128.0, 21.5. IR
(neat) 3372, 3171, 1641, 1621, 1488, 1390, 1137 cm™.

4-methyl-[1,1'-biphenyl]-2-carboxamide (122)°

o The title compound was prepared by following the general procedure A
Me O NH, in 35% yield (148 mg, 0.7 mmol) as a white solid. 'H NMR (500 MHz,

CDCl3) 6 7.60 (s, 1H), 7.44—7.35 (m, SH), 7.33-7.30 (m, 1H), 7.2-7.24
O (m, 1H), 5.75 (brs, 2H), 5.27 (brs, 2H), 2.42 (s, 3H). BC{'H} NMR

(126 MHz, CDCls) 6 171.7, 140.3, 137.7, 137.2, 134.1, 131.5, 130.5,
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129.8, 129.0, 128.8, 127.9, 21.1. IR (neat) 3386, 3184, 1643, 1605, 1484, 1382, 1263, 1103

cm™.

4-fluoro-[1,1'-biphenyl]-2-carboxamide (I123)

o The title compound was prepared by following the general procedure A
F O NH, in 43% yield (185 mg, 0.86 mmol) as a white solid. m.p. 192-194 °C. 'H
NMR (500 MHz, CDCl3) 6 7.54-7.49 (m, 1H), 7.46—7.38 (m, 5H), 7.35—
O 7.31 (m, 1H), 7.23-7.18 (m, 1H), 5.64 (brs, 1H), 5.25 (brs, 1H). ¥C{'H}
NMR (126 MHz, CDCl3) 6 169.8, 163.1, 161.2, 139.4, 136.1 (d, /= 3.3 Hz), 136.0, 132.4 (d,
J=7.7Hz), 129.0 (d, J= 2.2 Hz), 128.3, 117.8 (d, /= 21.3 Hz), 116.3 (d, J = 23.4 Hz). ¥F
NMR (471 MHz, CDCls) 6 -114.03 to -114.08 (m, 1F). IR (neat) 3172, 3175, 1642, 1617,
1433, 1370, 1254, 1200, 1123 cm™. HRMS (ESI) m/z [M+H]" calcd for C13H11FNO 216.0825,
found 216.0807.
4-chloro-[1,1'-biphenyl]-2-carboxamide (124)

0 The title compound was prepared by following the general procedure A
Cl O NH, in 41% yield (190 mg, 0.82 mmol) as a white solid. m.p. 166-168 °C.
'TH NMR (500 MHz, CDCls) 8 7.80-7.78 (m, 1H), 7.49-7.40 (m, 6H),
O 7.32-7.29 (m, 1H), 5.46 (brs, 1H), 5.23 (brs, 1H). ¥C{'H} NMR (126
MHz, CDCl3) 6 169.7, 139.2, 138.4, 135.8, 134.0, 131.9, 130.8, 129.4, 129.0, 128.9, 128.5. IR
(neat) 3372, 3172, 2928, 1738, 1643, 1601, 1426, 1370, 1361, 1252 cm™'. HRMS (ESI) m/z
[M+H]" calcd for Ci13H;1CINO 232.0529, found 232.0519.
3-fluoro-[1,1'-biphenyl]-2-carboxamide (I125)

F O The title compound was prepared by following the general procedure A in

O NH, 89% yield (383 mg, 1.78 mmol) as a yellow solid. m.p. 138-140 °C. 'H

NMR (500 MHz, CDCl3) 6 7.48-7.45 (m, 2H), 7.44-7.37 (m, 4H), 7.20-

O 7.18 (m, 1H), 7.14-7.09 (m, 1H), 5.90 (brs, 1H), 5.57 (brs, 1H). BC{'H}

NMR (126 MHz, CDCl3) 6 167.2, 160.5, 158.5, 142.0 (d, J= 3.2 Hz), 139.0

(d,J=2.3Hz), 131.0(d,J=8.9 Hz), 128.7 (d, /= 15.0 Hz), 128.2, 126.0 (d, /= 3.2 Hz), 123.8

(d,J=17.4 Hz), 114.8 (d,J=22.0 Hz). ’F NMR (471 MHz, CDCl3) § -115.33 to -115.36 (m,

1F); IR (neat) 3434, 3116, 1654, 1619, 1460, 1384, 1238, 1095 cm™'. HRMS (ESI) m/z
[M+H]" caled for Ci3H11FNO 216.0825, found 216.0815.
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4,5-dimethyl-[1,1'-biphenyl]-2-carboxamide (126)°

o The title compound was prepared by following the general procedure A
Me O NH, [Pd(PPh3)s was used instead of Pd(PPhs).Cl] in 64% yield (288 mg,

1.28 mmol) as a yellow solid. "H NMR (500 MHz, CDCl3) & 7.63 (s,
O 1H), 7.43-7.40 (m, 4H), 7.39-7.35 (m, 1H), 7.12 (s, 1H), 5.56 (brs, 1H),
5.22 (brs, 1H), 2.33 (s, 3H), 2.33 (s, 3H). BC{'H} NMR (126 MHz, CDCls) 6 171.4, 140.4,
139.9,137.7,136.5, 131.9, 131.1, 130.7, 129.0, 128.8, 127.9, 19.8, 19.4. IR (neat) 3374, 3180,
1640, 1398, 1378, 1106, 1022 cm".

6-phenylbenzo|d][1,3]dioxole-5-carboxamide (127)

Me

o The title compound was prepared by following the general procedure A
<0 O NH, [Pd(PPh3)s was used] in 67% yield (323 mg, 1.34 mmol) as a white
o

solid. m.p. 200-202 °C; 'H NMR (500 MHz, CDCl3) & 7.44-7.36 (m,
O 5H), 7.31 (s, 1H), 6.77 (s, 1H), 6.04 (s, 2H), 5.56 (brs, 1H), 5.13 (brs,
1H). BC{'H} NMR (126 MHz, CDCls) & 170.5, 149.6, 147.4, 140.3, 135.4, 129.0, 128.9,
128.1, 127.9, 110.4, 109.6, 102.0. IR (neat) 3370, 3178, 1634, 1600, 1480, 1431, 1400, 1232,
1090 cm™'. HRMS (ESI) m/z [M+H]" caled for C14H12NOs3 242.0817, found 242.0809.

2-phenylthiophene-3-carboxamide (128)

1 The title compound was prepared by following the general procedure A in
93% yield (378 mg, 1.86 mmol) as a white solid. m.p. 126-128 °C. 'H
NMR (500 MHz, CDCls) 6 7.51 (d, J = 5.0 Hz, 1H), 7.48-7.43 (m, 5H),
7.01 (d, J=5.0 Hz, 1H), 5.93 (brs, 1H), 5.55 (brs, 1H). BC{'H} NMR (126
- © MHz, CDCl3) 6 164.2, 143.4, 135.6, 134.1, 131.3, 129.8, 129.3, 129.2,
128.9; IR (neat) 3408, 3171, 1612, 1435, 1387, 1558, 1088 cm™'. HRMS (ESI) m/z [M+H]"
caled for C11H10NOS 204.0483, found 204.0465.

2.2 Procedure for the synthesis of 117

(0]
1. DMF (cat.)
OH (COCI),
_—
N 2. aq. NH;
| /N CH2C|2

2-(pyridin-4-yl)benzoic acid synthesized according to the literature reported procedure®.
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2-(Pyridin-4-yl)benzoic acid (2 mmol) and a catalytic amount of DMF were dissolved in 6 mL
of dry CH>Cl: in a round-bottom flask. The solution was cooled to 0 °C and stirred for 5 min.
Oxalyl chloride (2.42 mmol, 1.2 equiv) was then added dropwise at 0 °C, and the reaction
mixture was stirred at room temperature for 4 h. The reaction mixture was concentrated under
reduced pressure. The crude acid chloride was dissolved in 4 mL of dry CH>Cl,, and 8 mL of
aq. NH3z was added dropwise at 0 °C. The reaction was then stirred at room temperature for 1.5
h. Then, the mixture was quenched with water and extracted with CH2Cl» (3 x 20 mL). The
combined organic layers were dried over anhydrous Na>SOs, filtered, and concentrated under
reduced pressure to obtain 2-(pyridin-4-yl)benzamide I17.

2-(pyridin-4-yl)benzamide (117)

o 47% vyield (186 mg, 0.94 mmol) as a white solid. m.p. 182-184 °C. 'H
NH, | NMR (500 MHz, CDCl3) 6 8.76-8.60 (m, 2H), 7.69 (d, J = 7.6 Hz, 1H),
X 7.57-7.52 (m, 1H), 7.51-7.46 (m, 1H), 7.44-7.36 (m, 3H), 5.85 (brs, 1H),
N1 556 (brs, 2H). BC{'H} NMR (126 MHz, CDCIs) 8 171.0, 149.7, 148.5,

137.3,135.0, 130.9, 130.2, 129.0, 128.7, 127.7, 124.0. IR (neat) 3264, 3080, 1597, 1389, 1218,

1128, 1070, 1022 cm'. HRMS (ESI) m/z [M+H]" caled for Ci2H11N20 199.0866, found

199.0872.

2.3 Preparation of 4'-(hydroxymethyl)-[1,1'-biphenyl]-2-carboxamide (I55)

B(OH); o
o)

PdCly(PPhs),, KoCO4 NH,
NH, +
Dioxane: H,O
I 100 °C, 24h, N, OH

OH

155

Under nitrogen atmosphere, oven-dried round-bottom flask equipped with a magnetic stir bar,
2-iodobenzamide (2 mmol) was added. To this, Pd(PPhs):Cl>. (5 mol%) was introduced,
followed by (4-(hydroxymethyl)phenyl)boronic acid (1.2 equiv) and K2CO: (3.0 equiv.). Then,
1,4-dioxane (8.5 mL) and deionized H>O (2.8 mL) was added to the mixture. The reaction
mixture was stirred at 100 °C for 24 h. Then it was cooled to room temperature and diluted
with water. The aqueous layer was extracted with EtOAc, and the combined organic extracts
were washed with aq. NaCl, dried over anhydrous Na>SOs, filtered, and concentrated under

reduced pressure. The crude product was then purified by column chromatography using 30—
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40% ethyl acetate in hexane, affording the 4'-(hydroxymethyl)-[1,1'-biphenyl]-2-carboxamide
I55.
4'-(hydroxymethyl)-[1,1'-biphenyl]-2-carboxamide (I55)

o 57% yield (275 mg, 1.14 mmol) as a yellow solid. m.p. 130-132 °C.

NH, THNMR (500 MHz, CDCl3) § 7.79-7.74 (m, 1H), 7.54-7.47 (m, 1H),

O 7.47-7.39 (m, 5H), 7.38-7.33 (m, 1H), 5.84 (brs, 1H), 5.32 (brs, 1H),
OH

4.75 (s, 2H). BC{'H} NMR (126 MHz, CDCl3) 5 171.7, 140.8, 139.7,

139.6, 134.4, 130.8, 130.6, 129.2, 129.1, 127.8, 127.4, 65.0. IR (neat) 3326, 3156, 1643, 1608,
1389, 1048, 1006 cm™'. HRMS (ESI) m/z [M+H]" caled for Ci4H14NO, 228.1019, found
228.1032.
2.4 General procedure for the Synthesis of 129 to 133 (General Procedure B)

A solution of 4'-(hydroxymethyl)-[1,1'-biphenyl]-2-carboxamide I55 (1 mmol) in CH2Cl> (3

(o)

NH: + (_)-cooH

(L_on

o
DCC, DMAP
DCM, rt, 15-20 h O Oj(o
o]

mL) was cooled to 0 °C, and the corresponding acid (1.2 equiv) was added. Then, a solution of

DCC (1.5 equiv) and DMAP (0.5 equiv) in CH>Cl> (2 mL) was added dropwise. The reaction

mixture was then stirred at room temperature for 20 hours. After completion of the reaction,

the crude mixture was passed through a silica gel pad, washed with CH2Cl», and the solvent

was evaporated under reduced pressure. The residue was purified by silica gel column

chromatography using a EtOAc/hexane (30-50%) to yield the desired coupled product 129 to
133.
(2'-carbamoyl-[1,1'-biphenyl]-4-yl)methyl (S)-2-(4-isobutylphenyl)propanoate (129)

-

"

o)

NH,

Me
(o]

(o)

Me

N\

Me|

The title compound was prepared by following
the general procedure B in 87% yield (362 mg,
0.87 mmol) as a pale yellow liquid. '"H NMR
(500 MHz, CDCl3) 6 7.78-7.75 (m, 1H), 7.52—
7.48 (m, 1H), 7.45-7.41 (m, 1H), 7.40-7.37 (m,
2H), 7.34-7.32 (m, 1H), 7.29-7.27 (m, 2H),
7.24-7.20 (m, 2H), 7.12-7.08 (m, 2H), 5.48 (brs,

1H), 5.22 (brs, 1H), 5.18-5.12 (m, 2H), 3.78 (q, /= 7.1 Hz, 1H), 2.45 (d,J= 7.2 Hz, 2H), 1.89—
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1.80 (m, 1H), 1.53 (d, J = 7.1 Hz, 3H), 0.89 (d, J = 6.6 Hz, 6H). BC{'H} NMR (126 MHz,
CDCl3) 6 174.7, 171.2, 140.8, 140.0, 139.5, 137.7, 136.1, 134.5, 130.7, 130.5, 129.5, 129.2,
129.0, 128.1, 127.9, 127.4, 66.0,45.3, 45.2,30.3, 22.5, 18.6. IR (neat) 3390, 3184, 2957, 2928,
1731, 1640, 1453, 1382, 1660, 1073 cm™'. HRMS (ESI) m/z [M+Na]" caled for C27H20NO3Na
438.2045, found 438.2045.

(2'-carbamoyl-[1,1'-biphenyl]-4-yl)methyl 2-(4-(4-chlorobenzoyl)phenoxy)-2-
methylpropanoate (130)

o The title compound was prepared by

O NH, o following the general procedure B in 79%
yield (417 mg, 0.79 mmol) as a white

O 0\[%(0(" solid. m.p. 140-142 °C. '"H NMR (500

o MHz, CDCl3) 6 7.71 (dd, J=7.6, 1.5 Hz,

1H), 7.67-7.64 (m, 4H), 7.49-7.45 (m, 1H), 7.44-7.37 (m, 5H), 7.32-7.28 (m, 3H), 6.81-6.78
(m, 2H), 5.96 (brs, 1H), 5.43 (brs, 1H), 5.24 (s, 2H), 1.70 (s, 6H). BC{'H} NMR (126 MHz,
CDCl) 6 194.5, 173.6, 171.7, 159.7, 140.5, 139.2, 138.6, 136.4, 134.8, 134.8, 132.2, 131.3,
130.7, 130.5, 130.4, 129.0, 128.8, 128.7, 128.7, 127.9, 117.4, 79.6, 67.0, 25.6. IR (neat) 3454,

3321, 3162, 2932, 2855, 1738, 1652, 1600, 1380, 1255, 1172, 1132 cm™'. HRMS (ESI) m/z
[M+Na]" calcd for C31H26CINOsNa 550.1397, found 550.1395.

(2'-carbamoyl-[1,1'-biphenyl]-4-yl)methyl 2-(3-cyano-4-isobutoxyphenyl)-4-
methylthiazole-5-carboxylate (I31)

The title compound was prepared by

e o \
NH, following the general procedure B in
Me CN Me .
O [ N\ /__< 36 % yield (189 mg, 0.36 mmol) as a
o S o Me| white solid. m.p. 170-172 °C; 'H
L o )

NMR (500 MHz, CDCls) & 8.18 (d, J
= 2.2 Hz, 1H), 8.10 (dd, J = 8.8, 2.3 Hz, 1H), 7.75 (dd, J = 7.6, 1.5 Hz, 1H), 7.53-7.48 (m,
5H), 7.47-7.40 (m, 1H), 7.37 (dd, J= 7.6, 1.3 Hz, 1H), 7.01 (d, J= 8.8 Hz, 1H), 5.59 (brs, 1H),
5.38 (s, 2H), 5.33 (brs, 1H), 3.90 (d, J = 6.4 Hz, 2H), 2.79 (s, 3H), 2.26-2.14 (m, 1H), 1.09 (d,
J=6.7 Hz, 6H). 3C{'H} NMR (126 MHz, CDCL3) § 171.4, 167.7, 162.7, 161.9, 161.9, 140.4,
139.4, 135.4, 134.6, 132.8, 132.3, 130.8, 130.6, 129.2, 129.0, 128.5, 128.0, 126.0, 121.4, 115.5,
112.8,103.2, 75.9, 66.6, 28.3, 19.2, 17.7. IR (neat) 3370, 3181, 2963, 2228, 1716, 1644, 1507,

S16



1369, 1252, 1080 cm'. HRMS (ESI) m/z [M+H]" calcd for C30H2sN304S 526.1795 found
526.1803.

(2'-carbamoyl-[1,1'-biphenyl]-4-yl)methyl 2-(4-chlorophenoxy)-2-methylpropanoate
132)

o The title compound was prepared by following the

NH, general procedure B in 54% yield (229 mg, 0.54

O Cl| mmol) as a white solid. m.p. 64-66 °C. 'TH NMR
O O:FQM:/Q/ (500 MHz, CDCl3) 8 7.75-7.71 (m, 1H), 7.53-7.48

(o] (m, 1H), 7.45-7.39 (m, 3H), 7.37-7.34 (m, 1H),

7.32 (d,J=7.8 Hz, 2H), 7.15-7.11 (m, 2H), 6.75-6.71 (m, 2H), 5.84 (brs, 1H), 5.35 (brs, 1H),
5.23 (s, 2H), 1.61 (s, 6H). BC{'H} NMR (126 MHz, CDCl3) 6 173.9, 171.6, 154.1, 140.4,
139.4, 135.1, 134.5, 130.8, 130.6, 129.2, 129.1, 129.0, 128.6, 127.9, 127.34, 120.6, 79.7, 66.9,
25.5. IR (neat) 3456, 3293, 3178, 2921, 1720, 1650, 1605, 1484, 1387, 1278 cm™'. HRMS
(ESI) m/z [M+Na]" caled for C24H22CINO4Na 446.1135, found 446.1158.
(2'-carbamoyl-[1,1'-biphenyl]-4-yl)methyl oleate (133)

o The title compound was prepared by following the

O NH, general procedure B in 52% yield (256 mg, 0.52

mmol) as a white solid. m.p. 84-86 °C. 'TH NMR

O Om;‘"e (500 MHz, CDCl3) & 7.77-7.74 (m, 1H), 7.52-7.48

o (m, 1H), 7.46-7.42 (m, 3H), 7.42-7.39 (m, 2H),

7.36-7.34 (m, 1H), 5.64 (brs, 1H), 5.35-5.29 (m, 3H), 5.15 (s, 2H), 2.37 (t, J = 7.6 Hz, 2H),

2.03-1.98 (m, 4H), 1.95-1.89 (m, 2H), 1.72—1.63 (m, 4H), 1.35-1.27 (m, 14H), 1.17-1.06 (m,

2H), 0.87 (t, J= 6.9 Hz, 3H). 3C{!H} NMR (126 MHz, CDCl3) § 173.8, 171.4, 140.1, 139.5,

136.1, 134.6, 130.7, 130.5, 130.2, 129.9, 129.1, 128.5, 127.9, 65.8, 49.4, 34.4, 34.0, 32.0, 29.9,

29.8, 29.6, 29.4, 29.3, 27.4, 27.3, 25.7, 25.1, 22.8, 14.2. IR (neat) 3377, 3189, 2823, 2853,

1731, 1625, 1389, 1155 cm™'. HRMS (ESI) m/z [M+H]" calcd for C32H4sNO3 492.3478, found
492.3487.

2.5 Procedure for the synthesis of (15,2R,55)-2-isopropyl-5-methylcyclohexyl 4-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate
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Et;N
_EDCI, DMAP__ /©)ko“\
DCM, RT, 12 h o\I13 Mo “Me
& O

The Bpin derivative was synthesized by following a previously reported literature procedure’.
In a 25 mL round-bottom flask, triethylamine (2.2 equiv.) was added to a dry DCM (0.2 M)
solution containing the menthol (2.5 mmol, 1.0 equiv), DMAP (0.2 equiv), 4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzoic acid (2.5 mmol, 1.0 equiv), and EDCI (2.0
equiv). The reaction mixture was stirred at room temperature for 12 hours. Upon completion,
the reaction mixture was quenched with water and extracted three times with DCM. The
combined organic layers were washed with saturated brine (10 mL), dried over anhydrous
NazS0s, and concentrated under reduced pressure. The crude product was purified by flash
column chromatography (5% EA/Hexane) to afford the corresponding pinacol borate
derivative.

2.6 Procedure for the synthesis of 134

Me

: : o
+ Pd(PPhs)s, K2CO3 Me._ Me
(:fj\NHz /©)J\o Dioxane: H,O | O oc -
| A}‘;\Ilg Me~ “Me 100 °C, 24h, N, I \Q
0
134 e

In a nitrogen atmosphere, oven-dried round-bottom flask equipped with a magnetic stir bar, 2-

iodobenzamide (1 mmol) was added. To the above mixture, Pd(PPhs)s4 (5 mol%) was added,
followed by corresponding pinacol borate (1.2 equiv.) and K>COz (3.0 equiv.). Then, 1,4-
dioxane (5 mL) and deionized H>O (2 mL) was added to the mixture. The reaction mixture was
stirred at 100 °C for 24 hours. Then it was cooled to room temperature and diluted with water.
The aqueous layer was extracted with EtOAc, and the combined organic extracts were washed
with aq. NaCl, dried over anhydrous Na>SOs, filtered, and concentrated under reduced
pressure. The crude product was then purified by column chromatography using 15-20% ethyl

acetate in hexane, afford product 134.
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(18,2R,5S5)-2-isopropyl-5-methylcyclohexyl 2'-carbamoyl-[1,1'-biphenyl]-4-carboxylate
(I134)

o 47% yield (178 mg, 0.47 mmol) as a colorless viscous liquid.

O NH, TH NMR (500 MHz, CDCl3) & 8.10-8.08 (m, 2H), 7.76-7.71

Me.__Me| (m, lH), 7.55-7.49 (m, 3H), 7.49-7.42 (m, 1H), 7.40-7.34

O o : (m, 1H), 5.77 (brs, 1H), 5.37 (brs, 1H), 4.99-4.91 (m, 1H),

2.17-2.09 (m, 1H), 2.03—1.93 (m, 1H), 1.78-1.70 (m, 2H),

Me 1.62-1.52 (m, 2H), 1.18-1.08 (m, 2H), 0.95-0.91 (m, 6H),

0.92-0.86 (m, 1H), 0.80 (d, J = 6.9 Hz, 3H). BC{'H} NMR

(126 MHz, CDCls3) & 171.3, 165.9, 144.7, 139.1, 134.7, 130.8, 130.4, 130.0, 129.0, 128.9,

128.3, 75.2, 47.4, 41.1, 34.4, 31.6, 26.6, 25.0, 22.2, 20.9, 16.6. IR (neat) 3381, 3149, 2988,

2868, 1705, 1647, 1380, 1274, 1103 cm™'. HRMS (ESI) m/z [M+Na]" caled for C24H2oNOs3Na,
402.2045 found 402.2050.

o
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2.7 General procedure for the synthesis of 1a—1ah (General Procedure C)

OMe
) )
O(Me)3BF, R N NH
—_— m
=
DCM, 12 h | \_R1
7

A solution of biphenyl carboxamide derivatives (0.5 mmol, 1.0 equiv.) in 6 mL of DCM was
cooled to 0 °C, followed by the addition of trimethyloxonium tetrafluoroborate (1.5 equiv.).
The reaction mixture was then allowed to warm to room temperature and stirred overnight.
After completion, 1.5 mL of methanol was added to the reaction mixture, which was then
concentrated under reduced pressure. The resulting crude product was purified by column
chromatography using deactivated silica gel and using an ethyl acetate/hexane (5-20%) to
afford the desired methyl biphenyl carbimidate derivatives 1.

methyl [1,1'-biphenyl]-2-carbimidate (1a)

OMe The title compound was prepared by following the general procedure C in
NH 66% yield (70 mg, 0.33 mmol) as a colorless liquid. 'H NMR (500 MHz,
O CDCl3) 6 7.55 (d, J= 7.6 Hz, 1H), 7.48-7.44 (m, 1H), 7.42-7.34 (m, 7H),
O 3.69 (s, 3H). BC{!H} NMR (126 MHz, CDCls) & 170.5, 140.6, 140.4,
134.2,130.6, 130.0, 128.6, 128.5, 128.2, 127.6, 127.5, 53.4. IR (neat) 3324, 2926, 2857, 1727,
1566, 1460, 1367, 1238, 1092 cm™'. HRMS (ESI) m/z [M+H]" calcd for C14H14aNO 212.1070,
found 212.1078.
methyl 4'-methyl-[1,1'-biphenyl]|-2-carbimidate (1b)

OMe The title compound was prepared by following the general procedure C

NH in 56% yield (63 mg, 0.28 mmol) as a colorless liquid. "H NMR (500

O MHz, CDCl3) & 7.56-7.53 (m, 1H), 7.46-7.42 (m, 1H), 7.38-7.34 (m,
O Me 2H), 7.27-7.24 (m, 2H), 7.22-7.19 (m, 2H), 3.73 (s, 3H), 2.39 (s, 3H);

BC{'H} NMR (126 MHz, CDCl3) § 170.5, 140.4, 137.6, 137.4, 134.0,
130.6, 130.0, 129.3, 128.4, 128.2, 127.2, 53.4, 21.3; IR (neat) 3321, 2926, 2857, 1727, 1655,
1460, 1367, 1238, 1092 cm™'; HRMS (ESI) m/z [M+H]" calcd for C1sH1¢NO 226.1226 , found
226.1245.
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methyl 4'-methoxy-[1,1'-biphenyl]-2-carbimidate (1¢)

OMe The title compound was prepared by following the general procedure

O NH C in 66% yield (80 mg, 0.33 mmol) as a colorless liquid. "TH NMR (500
O MHz, CDCl3) § 7.55-7.51 (m, 1H), 7.46-7.41 (m, 1H), 7.37-7.32 (m,

ome| 2H), 7.31-7.27 (m, 2H), 6.96-6.91 (m, 2H), 3.84 (s, 3H), 3.73 (s, 3H).

BC{'H} NMR (126 MHz, CDCl3) § 170.7, 159.3, 140.0, 134.0, 133.0,
130.6, 130.0, 129.7, 128.2, 127.1, 114.1, 55.4, 53.5. IR (neat) 3318, 2940, 1632, 1580, 1340,
1172, 1080 cm™'. HRMS (ESI) m/z [M+H]" caled for C1sH16NO2242.1176, found 242.1200.
methyl 4'-fluoro-[1,1'-biphenyl]-2-carbimidate (1d)

OMe The title compound was prepared by following the general procedure C

NH in 52% yield (60 mg, 0.26 mmol) as a yellow solid. m.p. 38-40 °C. 'H

O NMR (500 MHz, CDClI3) 6 7.56-7.51 (m, 1H), 7.49-7.42 (m, 1H), 7.42—
O Fl| 734 (m, 1H), 7.36-7.28 (m, 3H), 7.13-7.05 (m, 2H), 3.70 (s, 3H).

BC{'H} NMR (126 MHz, CDCl3) 8 170.6, 162.6 (d,J=246.8 Hz), 139.3,
136.7 (d,J=3.4 Hz),134.3, 130.5, 130.2, 130.1, 128.3, 127.6, 115.5 (d, /= 21.5 Hz), 53.5. ¥F
NMR (471 MHz, CDCls) 6 -115.03 to -115.09 (m, 1F). IR (neat) 3310, 2940, 1632, 1598,
1515, 1437, 1353, 1221, 1660, 1070 cm™. HRMS (ESI) m/z [M+H]" calcd for Ci14Hi3FNO
230.0976, found 230.0980.
methyl 4'-chloro-[1,1'-biphenyl]-2-carbimidate (1e)

OMe The title compound was prepared by following the general procedure C

NH in 96% yield (114 mg, 0.46 mmol) as a colorless liquid. 'H NMR (500

O MHz, CDCl3) § 7.57-7.52 (m, 1H), 7.50-7.43 (m, 1H), 7.43-7.34 (m,
O ¢ | 3H),7.36-7.31 (m, 1H), 7.32-7.26 (m, 2H), 3.70 (s, 3H). *C{'"H} NMR

(126 MHz, CDCl3) 6 170.5, 139.1, 139.0, 134.2, 133.8, 130.4, 130.2, 129.8, 128.7, 128.4,
127.8, 53.6. IR (neat) 3328, 2948, 1641, 1442, 1340, 1168, 1080 cm'. HRMS (ESI) m/z
[M+H]" caled for C14Hi3CINO 246.0680, found 246.0660.
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methyl 4'-bromo-[1,1'-biphenyl]-2-carbimidate (1f)

OMe

NH

I Br

The title compound was prepared by following the general procedure C
in 62% yield (90 mg, 0.31 mmol) as a colorless liquid. "H NMR (500
MHz, CDCI3) & 7.55-7.51 (m, 3H), 7.48-7.43 (m, 1H), 7.41-7.37 (m,
1H), 7.34-7.31 (m, 1H), 7.25-7.21 (m, 2H), 3.70 (s, 3H). BC{'H} NMR

(126 MHz, CDCls) & 170.6, 140.7, 140.4, 134.2, 130.6, 130.1, 129.0, 128.3, 127.5, 127.3,
127.2,53.5. IR (neat) 3321, 2948, 1641, 1442, 1340, 1168, 1075, 1005 cm™'. HRMS (ESI) m/z
[M+H]" caled for Ci4H;3BrNO 290.0181, found 290.0177.

methyl [1,1':4',1"'-terphenyl]-2-carbimidate (1g)

The title compound was prepared by following the general procedure C
in 77% yield (111 mg, 0.38 mmol) as a white solid. m.p. 86-88 °C. 'H
NMR (500 MHz, CDCls) 8 7.66—7.62 (m, 4H), 7.50-7.35 (m, 9H), 7.31
(s, 1H), 3.74 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) § 170.6, 140.8,
140.4, 139.9, 139.6, 134.2, 130.6, 130.1, 129.0, 128.3, 127.5, 127.3,

127.2, 53.5. IR (neat) 3308, 2941, 1632, 1435, 1345, 1168, 1070 cm™'. HRMS (ESI) m/z
[M+H]" calcd for C20H1sNO 288.1383, found 288.1403.
methyl 4'-(trifluoromethyl)-[1,1'-biphenyl]-2-carbimidate (1h)

OMe
NH

O CF;

The title compound was prepared by following the general procedure C
in 51% yield (71 mg, 0.25 mmol) as a colorless liquid. "TH NMR (500
MHz, CDCl3) 6 7.67-7.64 (m, 2H), 7.58-7.55 (m, 1H), 7.51-7.46 (m,
3H), 7.45-7.41 (m, 1H), 7.37-7.35 (m, 1H), 3.67 (s, 3H). BC{'H} NMR
(126 MHz, CDCI3) 6 170.4, 144.4, 138.8, 134.4, 130.4, 130.3, 129.8 (q,

J=232Hz), 128.8, 128.5, 128.3, 125.5 (q, J = 3.8 Hz), 124.3 (q, J = 272 Hz), 53.6. ’F NMR
(471 MHz, CDCls) § -62.48. IR (neat) 3326, 2948, 1639, 1437, 1318, 1168, 1119, 1068 cm™.
HRMS (ESI) m/z [M+H]" caled for C15Hi3F3NO 280.0949, found 280.0957.

methyl 4'-nitro-[1,1'-biphenyl]-2-carbimidate (1i)

The title compound was prepared by following the general procedure
C in 77% yield (99 mg, 0.38 mmol) as a yellow solid. m.p. 80-82 °C.
'TH NMR (500 MHz, CDCl3) & 8.28-8.24 (m, 2H), 7.55-7.50 (m, 3H),
7.49-7.44 (m, 1H), 7.39-7.35 (m, 2H), 3.66 (s, 3H). BC{'H} NMR
(126 MHz, CDCl3) 6 170.4, 147.6, 147.4, 137.8, 134.6, 130.4, 130.2,
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129.4, 128.8, 128.6, 123.8, 53.7. IR (neat) 3335, 2939, 1645, 1592, 1515, 149, 1340, 1168,
1070 cm™'. HRMS (ESI) m/z [M+H]" calcd for C14H13N203 257.0921, found 257.0930.

methyl 4'-cyano-[1,1'-biphenyl]-2-carbimidate (1j)

OMe
NH

I CN

The title compound was prepared by following the general procedure C
in 64% yield (76 mg, 0.32 mmol) as a white solid. m.p. 84-86 °C. 'H
NMR (500 MHz, CDCl3) 6 7.71-7.67 (m, 2H), 7.57-7.54 (m, 1H),
7.52-7.42 (m, 4H), 7.35-7.32 (m, 1H), 3.64 (s, 3H). BC{!H} NMR (126
MHz, CDCl3) & 170.2, 145.6, 138.2, 134.4, 132.3, 130.4, 130.2, 129.2,

128.6, 128.6, 118.9, 111.4, 53.5. IR (neat) 3313, 2943, 2231, 1632, 1605, 1451, 1356, 1172,
1070, 1044 cm’!. HRMS (ESI) m/z [M+H]" calcd for C1sH13N20 237.1022, found 237.1034.

methyl 2'-(imino(methoxy)methyl)-[1,1'-biphenyl]-4-carboxylate (1k)

OMe
NH

The title compound was prepared by following the general procedure

C in 50% yield (67 mg, 0.25 mmol) as a white solid. m.p. 53-55 °C.

1H), 7.50~7.46 (m, 1H), 7.44-7.40 (m, 3H), 7.39-7.36 (m, 1H), 3.94

O 'H NMR (500 MHz, CDCl3) & 8.09-8.05 (m, 2H), 7.57-7.53 (m,
cOo,Me

(s, 3H), 3.65 (s, 3H). BC{'H} NMR (126 MHz, CDCls) § 170.4,

167.0, 145.5, 139.2, 134.4, 130.3, 130.2, 129.8, 129.3, 128.5, 128.4, 128.13, 53.5, 52.3. IR
(neat) 3326, 2939, 1714, 1647, 1597, 1429, 1340, 1272, 1174, 1075 cm™'. HRMS (ESI) m/z
[M+H]" calcd for C16H16NO3 270.1175, found 270.1157.

methyl 2'-methyl-[1,1'-biphenyl]-2-carbimidate (11)

Me

OMe The title compound was prepared by following the general procedure C in

NH

70% yield (79 mg, 0.35 mmol) as a colorless liquid. "H NMR (500 MHz,
CDCl3) 6 7.72-7.69 (m, 1H), 7.49-7.45 (m, 1H), 7.43-7.38 (m, 1H), 7.30—
O 7.21 (m, 4H), 7.15-7.12 (m, 1H), 3.70 (s, 3H), 2.08 (s, 3H). BC{'H} NMR

(126 MHz, CDCl3) 6 169.2, 140.5, 140.3, 135.7, 133.4, 130.8, 130.4, 130.0,
129.2, 128.0, 127.9, 127.5, 126.1, 53.5, 20.0. IR (neat) 3326, 2942, 1636, 1439, 1338, 1075,
1042 cm’1. HRMS (ESI) m/z [M+H]" calcd for CisHigNO 226.1232, found 226.1235.
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methyl 3'-methyl-[1,1'-biphenyl]-2-carbimidate (1m)

The title compound was prepared by following the general procedure C in

OMe
NH 62% yield (70 mg, 0.31 mmol) as a yellow liquid. "H NMR (500 MHz,
O CDCls) & 7.57-7.54 (m, 1H), 7.47-7.43 (m, 1H), 7.39-7.35 (m, 2H), 7.30—
7.27 (m, 1H), 7.19-7.13 (m, 3H), 3.72 (s, 3H), 2.39 (s, 3H). BC{'H} NMR
Me

— V€ J (126 MHz, CDCl;) 6 170.6, 140.6, 138.2, 133.9, 130.6, 130.0, 129.2, 128.4,
128.4,128.2,127.4,125.6, 53.6, 21.6. IR (neat) 3324, 2945, 1639, 1433, 1347, 1165, 1073 cm
! HRMS (ESI) m/z [M+H]" calcd for C1sH16NO 226.1232, found 226.1237.

methyl 3',5'-dimethyl-[1,1'-biphenyl]-2-carbimidate (1n)

OMe The title compound was prepared by following the general procedure C in

H 54% yield (65 mg, 0.27 mmol) as a colorless liquid. '"H NMR (500 MHz,
O Me| CDCl3) 8 7.57-7.51 (m, 1H), 7.47-7.39 (m, 1H), 7.39-7.32 (m, 2H), 7.00—
6.95 (m, 3H), 3.72 (s, 3H), 2.34 (s, 6H). BC{'H} NMR (126 MHz, CDCls)

N
M

5 6 170.5, 140.6, 140.5, 138.0, 134.0, 130.6, 129.9, 129.3, 128.1, 127.3,
126.3, 53.4, 21.4. IR (neat) 3332, 2945, 1639, 1601, 1445, 1340, 1168, 1070 cm™'. HRMS
(ESI) m/z [M+Na]" caled for CisH17NONa 262.1208, found 262.1221.

methyl 2-(naphthalen-1-yl)benzimidate (10)

oM The title compound was prepared by following the general procedure C in

e
O NH 93% yield (121 mg, 0.46 mmol) as a white solid. m.p. 65-67 °C. 'TH NMR
O (500 MHz, CDCI3) 6 7.92-7.85 (m, 2H), 7.75-7.72 (m, 1H), 7.57-7.46 (m,

O 5H), 7.42-7.36 (m, 3H), 7.07 (brs, 1H), 3.50 (s, 3H). 3C{'H} NMR (126

MHz, CDCl3) 6 169.2, 139.0, 138.4, 134.8, 133.7, 131.9, 131.8, 129.9,
128.4,128.3, 128.0,127.9, 126.7, 126.4, 126.1, 125.6, 125.4, 53.3. IR (neat) 3330, 3060, 3010,
2937, 1632, 1431, 1340, 1340, 1170, 1080 cm™'. HRMS (ESI) m/z [M+H]" calcd for C1sHisNO
262.1226, found 262.1232.

methyl 2-(naphthalen-2-yl)benzimidate (1p)

OMe The title compound was prepared by following the general procedure C
O NH in 74% yield (97 mg, 0.37 mmol) as a colorless liquid. 'H NMR (500
OO MHz, CDCI3) 6 7.91-7.83 (m, 4H), 7.60 (d, /= 7.6 Hz, 1H), 7.53-7.46

(m, SH), 7.44-7.40 (m, 1H), 7.31 (s, 1H), 3.69 (s, 3H). 3C{'H} NMR
(126 MHz, CDCls) & 170.6, 140.2, 138.2, 134.4, 133.5, 132.7, 130.9, 130.10, 128.3, 128.2,
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128.1,127.8,127.6, 127.3, 126.8, 126.4, 126.3, 53.6. IR (neat) 3321, 2939, 1636, 1435, 1336,
1165, 1073 cm™'. HRMS (ESI) m/z [M+H]" caled for C1sHisNO 262.1226, found 262.1231.
methyl 2-(pyridin-4-yl)benzimidate (1q)

The title compound was prepared by following the general procedure C in

OMe
NH | 30% yield (32 mg, 0.15 mmol) as a yellow liquid. '"H NMR (500 MHz,
. | CDCL) 8 8.65-8.62 (m, 2H), 7.58-7.55 (m, 1H), 7.537.49 (m, 1H), 7.47—
N | 7.44 (m, 1H), 7.38-7.35 (m, 1H), 7.30-7.28 (m, 2H), 3.65 (s, 3H). BC{'H}

NMR (126 MHz, CDCl3) 6 170.3, 150.0, 149.8, 137.3, 134.4, 130.4, 130.1,
128.8, 128.6, 123.3, 53.6. IR (neat) 3344, 2828, 1641, 1597, 1435, 1349, 1179, 1086 cm™.
HRMS (ESI) m/z [M+H]" caled for Ci13Hi3N20 213.1022, found 213.1028.
methyl 2-(thiophen-3-yl)benzimidate (1r)

OMe The title compound was prepared by following the general procedure C in
NH | 73% yield (79 mg, 0.36 mmol) as a pale yellow liquid. TH NMR (500 MHz,
g CDCl) 6 7.51-7.49 (m, 1H), 7.43-7.40 (m, 2H), 7.36-7.32 (m, 2H), 7.30-
= 7.28 (m, 1H), 7.12 (dd, J=5.0, 1.4 Hz, 1H), 3.77 (s, 3H). ¥C{'H} NMR (126

MHz, CDCl3) 6 170.7, 140.8, 134.7, 134.0, 130.2, 130.0, 128.1, 128.0, 127.5, 125.8, 122.6,
53.5. IR (neat) 3321, 2943, 1636, 1437, 1342, 1168, 1075 cm™'. HRMS (ESI) m/z [M+Na]*
caled for C12H11NOSNa 240.0459, found 240.0467.

methyl 6-methyl-[1,1'-biphenyl]-2-carbimidate (1s)

Me

OMe
NH

The title compound was prepared by following the general procedure C in
69% yield (78 mg, 0.34 mmol) as a colorless liquid. "H NMR (500 MHz,
CDCl;) 6 7.51-7.46 (m, 3H), 7.45-7.39 (m, 2H), 7.39-7.33 (m, 1H), 7.29—
7.25 (m, 2H), 7.13 (brs, 1H), 3.65 (s, 3H), 2.20 (s, 3H). *C{'H} NMR (126

MHz, CDCls) 6 170.3, 139.8, 139.6, 137.0, 135.0, 131.6, 128.9, 128.5, 127.4, 127.4, 125.2,
53.2, 20.8. IR (neat) 3328, 2943, 1636, 1435, 1336, 1079, 1011 cm™'. HRMS (ESI) m/z
[M+H]" caled for C1sHiNO 226.1232, found 226.1235.

methyl 6-fluoro-[1,1'-biphenyl]-2-carbimidate (1t)

T‘O

OMe
NH

The title compound was prepared by following the general procedure C in
82% yield (94 mg, 0.41 mmol) as a colorless liquid. '"H NMR (500 MHz,
CDCL) 6 7.45-7.41 (m, 2H), 7.40-7.35 (m, 3H), 7.34-7.31 (m, 2H), 7.24—
7.19 (m, 1H), 3.64 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) § 169.0 (d, J =

S26



3.2 Hz), 160.8, 158.8, 136.5 (d, J=2.9 Hz), 133.4, 129.5 (d, J= 1.6 Hz), 129.1 (d, /= 8.7 Hz),
128.5,128.3, 123.8 (d, /= 3.6 Hz), 117.4 (d, J=23.4 Hz), 53.5. F NMR (471 MHz, CDCl)
§-114.59 to -114.62 (m, 1F). IR (neat) 3328, 2948, 1640, 1433, 1336, 1241, 1077 cm™'. HRMS

(ESI) m/z [M+H]" caled for C14H13FNO 230.0981, found 230.0988.
methyl 5-methyl-[1,1'-biphenyl]-2-carbimidate (1u)

Me l

OMe
NH

The title compound was prepared by following the general procedure C
in 58% yield (65 mg, 0.29 mmol) as a colorless liquid. "H NMR (500
MHz, CDCl3) 6 7.47 (d, J=7.7 Hz, 1H), 7.41-7.37 (m, 2H), 7.36-7.32
(m, 3H), 7.20-7.16 (m, 2H), 3.69 (s, 3H), 2.41 (s, 3H). 3C{'H} NMR

(126 MHz, CDCls) & 170.6, 140.8, 140.4, 140.2, 131.4, 131.1, 128.5, 128.5, 128.3, 128.1,
127.6, 53.5, 21.4. IR (neat) 3328, 2945, 1634, 1435, 1336, 1192, 1161, 1075 cm™'. HRMS
(ESI) m/z [M+H]" calcd for C1sHi1sNO 226.1232, found 226.1234.

methyl 4-methyl-[1,1'-biphenyl]-2-carbimidate (1v)
OMe The title compound was prepared by following the general procedure C
Me in 90% yield (101 mg, 0.45 mmol) as a white solid. m.p. 48-50 °C; 'H
O NMR (500 MHz, CDCl3) & 7.41-7.36 (m, 3H), 7.35-7.31 (m, 3H),
O 7.28-7.25 (m, 2H), 3.70 (s, 3H), 2.41 (s, 3H). ¥C{'H} NMR (126 MHz,
CDCl) 6 170.7, 140.6, 137.6, 137.3, 133.9, 130.8, 130.5, 128.8, 128.5, 128.5, 127.4, 53.5,
21.1. IR (neat) 3308, 2945, 1636, 1435, 1336, 1196, 1119, 1077 cm!. HRMS (ESI) m/z
[M+H]" calcd for CisHisNO 226.1226, found 226.1235.
methyl 4-fluoro-[1,1'-biphenyl]-2-carbimidate (1w)

The title compound was prepared by following the general procedure C
in 83% yield (95 mg, 0.41 mmol) as a colorless liquid. "H NMR (500
MHz, CDCl3) 6 7.42-7.25 (m, 7H), 7.18-7.14 (m, 1H), 3.71 (s, 3H).
BC{'H} NMR (126 MHz, CDCl3) 5 168.8, 162.8, 160.8, 139.7, 136.6 (d,
J=3.4Hz), 1354 (d,J=7.3 Hz), 132.3 (d, /= 7.9 Hz), 128.6 (d, J = 10.6 Hz), 127.8,116.9
(d, J=21.0 Hz), 115.3 (d, J = 23.1 Hz), 53.6. ’F NMR (471 MHz, CDCl3) & -114.63 to -
114.68 (m, 1F). IR (neat) 3332, 2943, 1643, 1608, 1580, 1477, 1446, 1336, 1258, 1073 cm™’;
HRMS (ESI) m/z [M+H]" caled for C14Hi3FNO 230.0976, found 230.0995.
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methyl 4-chloro-[1,1'-biphenyl]-2-carbimidate (1x)

OMe The title compound was prepared by following the general procedure C
cl NH | 10 69% yield (85 mg, 0.34 mmol) as a colorless liquid. "H NMR (500
O MHz, CDCI3) & 7.56 (d, J = 2.3 Hz, 1H), 7.44-7.35 (m, 4H), 7.33-7.28
O (m, 3H), 3.71 (s, 3H). 3C{'H} NMR (126 MHz, CDCl3) & 168.9, 139.5,
138.9,135.3,133.5,131.9, 130.0, 128.7, 128.4, 128.3, 128.0, 53.6. IR (neat) 3332, 2943, 1647,
1473, 1168, 1326, 1026 cm™'. HRMS (ESI) m/z [M+H]" calcd for C14H;3CINO 246.0680,
found 246.0694.
methyl 3-fluoro-[1,1'-biphenyl]-2-carbimidate (1y)

F  OMe The title compound was prepared by following the general procedure C in

NH 92% yield (105 mg, 0.46 mmol) as a colorless liquid. "H NMR (500 MHz,
O CDCl) 6 7.43-7.33 (m, 6H), 7.20-7.17 (m, 1H), 7.13-7.08 (m, 1H), 3.70 (s,
O 3H). BC{'H} NMR (126 MHz, CDCl3) § 165.7, 160.4, 158.4,142.2 (d, J =
2.8 Hz), 139.4 (d, J=2.3 Hz), 130.7 (d,/=9.0 Hz), 128.4 (d, J=23.7 Hz), 128.0, 125.8, 123.3
(d, J=16.6 Hz), 114.7 (d, J = 22.0 Hz), 53.4. ’F NMR (471 MHz, CDCl3) § -115.47 to -
115.50 (m, 1F). IR (neat) 3332, 2948, 1647, 1608, 1460, 1338, 1235, 1080 cm™'. HRMS (ESI)
m/z [M+H]" calcd for Ci14H13FNO 230.0976, found 230.0981.

methyl 4,5-dimethyl-[1,1'-biphenyl]-2-carbimidate (1z)

The title compound was prepared by following the general procedure C in
Me NH | 78% yield (93 mg, 0.39 mmol) as a white solid. m.p. 66-68 °C; "TH NMR
Me O O (500 MHz, CDCl3) & 7.41-7.31 (m, 6H), 7.14 (s, 1H), 3.71 (s, 3H), 2.32
(s, 6H). BC{'H} NMR (126 MHz, CDCl3) § 170.6, 140.7, 138.8, 138.0,
1359, 131.9, 131.3, 129.4, 128.5, 128.5, 127.4, 53.4, 19.8, 19.4. IR (neat) 3337, 2940, 1625,
1425, 1333, 1183, 1077 cm™'. HRMS (ESI) m/z [M+Na]" calcd for C1¢H17NONa 262.1208,
found 262.1221.

methyl 6-phenylbenzo[d][1,3]dioxole-5-carbimidate (1aa)

OMe The title compound was prepared by following the general procedure C
o NH | 1n 88% yield (112 mg, 0.44 mmol) as a white solid. m.p. 71-73 °C. H
<o O NMR (500 MHz, CDCl;s) 6 7.40-7.35 (m, 2H), 7.34-7.32 (m, 1H), 7.32—
O 7.28 (m, 2H), 7.05 (s, 1H), 6.80 (s, 1H), 6.03 (s, 2H), 3.68 (s, 3H);

BC{'H} NMR (126 MHz, CDCl3) 8 169.8, 148.9, 147.0, 140.5, 135.7, 128.6, 128.6, 127.6,
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127.4, 110.7, 108.5, 101.8, 53.6. IR (neat) 3306, 2923, 1630, 1608, 1482, 1442, 1362, 1236,
1061, 1026 cm™. HRMS (ESI) m/z [M+H]" caled for C1sH1sNO3 256.0974, found 256.0977.

methyl 2-phenylthiophene-3-carbimidate (1ab)

a
S

isobutylphenyl)propanoate (1ac)

ome | The title compound was prepared by following the general procedure C in 75%
NH| yield (81 mg, 0.37 mmol) as a white solid. m.p. 38-40 °C. "TH NMR (500 MHz,

CDCl3) 5 7.48-7.36 (m, 7H), 7.04-6.99 (m, 1H), 3.84 (s, 3H). *C{'H} NMR
(126 MHz, CDCl3) § 163.0, 144.0, 135.6, 130.9, 129.3, 129.1, 128.8, 128.4,

127.2, 53.3. IR (neat) 3332, 2938, 1623, 1440, 1316, 1132, 1101, 1057 cm™.
HRMS (ESI) m/z [M+H]" caled for Ci12H12NOS 218.0634, found 218.0618.
(2'-(imino(methoxy)methyl)-[1,1'-biphenyl]-4-yl)methyl (S)-2-(4-

OMe

Me

Me

The title compound was prepared by following
the general procedure C in 90% yield (193 mg,
0.45 mmol) as a colorless liquid. "H NMR (500
MHz, CDCl3) 6 7.60-7.55 (m, 1H), 7.50-7.44 (m,
1H), 7.42-7.36 (m, 1H), 7.37-7.31 (m, 1H), 7.32—
7.26 (m, 2H), 7.28-7.23 (m, 2H), 7.25-7.19 (m,
2H), 7.13-7.07 (m, 2H), 5.19-5.09 (m, 2H), 3.77

(q, /=7.1 Hz, 1H), 3.71 (s, 3H), 2.45 (d, J= 7.2 Hz, 2H), 1.88-1.80 (m, 1H), 1.53 (d, J="7.1
Hz, 3H), 0.90 (d, J = 6.6 Hz, 6H). ¥*C{'H} NMR (126 MHz, CDCl3)  174.7, 170.8, 140.8,
140.3, 140.0, 137.7, 135.6, 130.6, 130.3, 129.5, 128.6, 128.5, 128.0, 127.6, 127.4, 66.1, 54.0,
45.3,45.2,30.3, 22.5, 18.6. IR (neat) 3326, 2952, 1734, 1639, 1453, 1336, 1161, 1075, 1006
cm'. HRMS (ESI) m/z [M+H]" calcd for C2sH3,NO3 430.2382, found 430.2401.
(2'-(imino(methoxy)methyl)-[1,1'-biphenyl]-4-yl)methyl 2-(4-(4-

chlorobenzoyl)phenoxy)-2-methylpropanoate (1ad)

OMe
NH

The title compound was prepared by

following the general procedure C in

(0]
63% yield (170 mg, 0.31 mmol) as a
O 0\H><O O O ci| colorless liquid. '"H NMR (500 MHz,
o

CDCls) & 7.69-7.64 (m, 4H), 7.57-7.54

(m, 1H), 7.47-7.43 (m, 1H), 7.41-7.37 (m, 3H), 7.32-7.28 (m, 5H), 6.82-6.80 (m, 2H), 5.23
(s, 2H), 3.67 (s, 3H), 1.69 (s, 6H). BC{'H} NMR (126 MHz, CDCls) 5 194.3, 173.6, 170.4,
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159.7,140.9, 139.6, 138.5, 136.4, 134.4, 134.1, 132.1, 131.3, 130.5, 130.5, 130.2, 128.7, 128.6,
128.6, 128.3, 127.7, 117.5, 79.6, 67.2, 53.5, 25.6. IR (neat) 3326, 2941, 1738, 1643, 1594,
1345, 1280, 1247, 1172, 1128 cm™'. HRMS (ESI) m/z [M+Na]" caled for C3,H2sCINOsNa
564.1554, found 564.1558.

(2'-(imino(methoxy)methyl)-[1,1'-biphenyl]-4-yl)methyl 2-(3-cyano-4-isobutoxyphenyl)-
4-methylthiazole-5-carboxylate (1ae)

OMe The title compound was prepared by
NH following the general procedure C in

O Me CN 36% yield (97 mg, 0.18 mmol) as a white
oj(rs%@o v | solid. m.p. 141-143 °C; TH NMR (500
o \\<Me MHz, CDCI3) 6 8.19 (d, /=2.3 Hz, 1H),

8.09 (dd, J=8.8, 2.3 Hz, 1H), 7.61-7.56
(m, 1H), 7.50-7.44 (m, 3H), 7.43-7.34 (m, 4H), 7.00 (d, J = 8.9 Hz, 1H), 5.37 (s, 2H), 3.89 (d,
J=6.5Hz, 2H), 3.73 (s, 3H), 2.79 (s, 3H), 2.26-2.14 (m, 1H), 1.09 (d, /= 6.7 Hz, 6H). 3C{'H}
NMR (126 MHz, CDCI3) 6 170.6, 167.6, 162.7, 162.0, 161.8, 140.8, 139.8, 135.0, 132.7,
132.3, 130.6, 130.3, 128.8, 128.4, 128.4, 127.7, 126.1, 121.6, 115.5, 112.8, 103.2, 75.8, 66.7,

53.8,28.3,19.2,17.7. IR (neat) 3328, 2917, 2850, 2222, 1714, 1634, 1453, 1350, 1256, 1103,
1011 cm™'. HRMS (ESI) m/z [M+Na]" calcd for C31H290N304SNa 562.1777 found 562.1777.

(2'-(imino(methoxy)methyl)-[1,1'-biphenyl]-4-yl)methyl 2-(4-chlorophenoxy)-2-
methylpropanoate (1af)

OMe The title compound was prepared by following the

NH general procedure C in 61% yield (134 mg, 0.30

O Cl| mmol) as a pale yellow liquid. '"H NMR (400 MHz,
O 071><°/©/ CDCl3) 8 7.55 (d, J = 7.6 Hz, 1H), 7.51-7.43 (m,

0 1H), 7.43-7.29 (m, 6H), 7.14 (d, J = 8.6 Hz, 2H),

6.77-6.70 (m, 2H), 5.23 (s, 2H), 3.69 (s, 3H), 1.61 (s, 6H). BC{'H} NMR (101 MHz, CDCls)
5 173.9, 170.4, 154.1, 140.9, 139.7, 134.6, 134.2, 130.6, 130.1, 129.2, 128.7, 128.6, 128.3,
127.7,127.4,120.6,79.7, 67.0, 53.5, 25.5. IR (neat) 3326, 2992, 2945, 1734, 1636, 1485, 1342,

1278, 1234, 1170, 1132, 1079 cm™. HRMS (ESI) m/z [M+H]" caled for CasHasCINO4
438.1472, found 438.1491.
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(2'-(imino(methoxy)methyl)-[1,1'-biphenyl]-4-yl)methyl oleate (1ag)

OMe The title compound was prepared by following the
l NH general procedure C in 75% yield (190 mg, 0.37

mmol) as a colorless liquid. '"H NMR (500 MHz,

O OMMe CDCl;) 6 7.59-7.53 (m, 1H), 7.50-7.43 (m, 1H),
6

0 " | 7.42-7.32 (m, 6H), 5.37-5.31 (m, 2H), 5.15 (s, 2H),

3.72 (s, 3H), 2.37 (t, J = 7.6 Hz, 2H), 2.04-1.97 (m, 4H), 1.71-1.61 (m, 2H), 1.38-1.21 (m,
20H), 0.88 (t, J= 6.9 Hz, 3H). BC{'H} NMR (126 MHz, CDCl3) 5 173.8, 170.5, 140.5, 139.9,
135.6, 134.0, 130.6, 130.2, 129.9, 128.7, 128.4, 128.3, 127.6, 127.3, 65.9, 53.6, 34.5, 32.0,
30.7,29.9,29.8,29.7,29.5,29.3,29.3,29.2,27.4,27.3,25.1, 22.8, 14.3. IR (neat) 3326, 2919,
2855, 1738, 1636, 1451, 1345, 1165, 1077 cm'. HRMS (ESI) m/z [M+H]" caled for
C33H4sNO3 506.3629, found 506.3631.

(1S,2R,55)-2-isopropyl-5-methylcyclohexyl 2'-(imino(methoxy)methyl)-[1,1'-biphenyl]-

4-carboxylate (1ah)

The title compound was prepared by following the

e general procedure C in 66% yield (130 mg, 0.33 mmol)
O NH Me. Mel| 22 yellow liquid. '"H NMR (500 MHz, CDCl3) & 8.07
O (d, J = 7.9 Hz, 2H), 7.57-7.54 (m, 1H), 7.50-7.46 (m,
0"’5 1H), 7.44-7.39 (m, 3H), 7.36 (d, J= 7.6 Hz, 1H), 4.99—
(o)
Me

4.91 (m, 1H), 3.69 (s, 3H), 2.17-2.13 (m, 1H), 2.01-1.96
] (m, 1H), 1.77-1.71 (m, 2H), 1.60-1.53 (m, 2H), 1.16-
1.07 (m, 2H), 0.97-0.87 (m, 7H), 0.81 (d, J = 6.9 Hz, 3H). 3C{'H} NMR (126 MHz, CDCls)
§170.4 166.0, 145.2, 139.3, 134.3, 130.4, 130.2, 130.0, 129.8, 128.5, 128.4, 128.1, 75.1, 53.6,
47.4,41.1, 34.5, 31.6, 26.6, 23.8, 22.2, 20.9, 16.6. IR (neat) 3330, 2950, 2868, 1712, 1636,
1455, 1340, 1260, 1172, 1103 cm'. HRMS (ESI) m/z [M+H]" caled for C25H3,NO3 394.2382,
found 394.2392.

(.

2.7.1 Procedure for the synthesis of 1ai

o OEt

® o

O NH, O(Et)sBF, O NH
A .

O DCM, 12 h O

1ai
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A solution of biphenyl carboxamide derivatives (0.5 mmol, 1.0 equiv.) in 6 mL of DCM was
cooled to 0 °C, followed by the addition of triethylloxonium tetrafluoroborate (1.5 equiv.). The
reaction mixture was then allowed to warm to room temperature and stirred overnight. After
completion, 1.5 mL of methanol was added to the reaction mixture, which was then
concentrated under reduced pressure. The resulting crude product was purified by column
chromatography using deactivated silica gel and using an ethyl acetate/hexane (10%) to afford

the desired ethyl biphenyl carbimidate derivatives 1ai.

© oEt | 60% yield (67 mg, 0.3 mmol) as a light-yellow liquid. "H NMR (500 MHz,

NH CDCl3) 6 7.63 — 7.59 (m, 1H), 7.50 — 7.45 (m, 1H), 7.43 — 7.32 (m, 7H),

O 4.11 (g, J = 7.1 Hz, 2H), 1.03 (t, J = 7.1 Hz, 3H); 3C NMR (126 MHz,

O CDCl3) 6 170.8, 140.8, 140.7, 133.7, 130.6, 130.4, 128.5, 128.5, 128.5,

127.5, 63.0, 13.8; IR (neat) 3058, 2978, 1716, 1634, 1450, 1371, 1281, 1072 cm’!; HRMS
(ESI) m/z [M+H]" calcd for C1sHi1sNO 226.1232, found 226.1246.

3. General procedure for the synthesis of phenanthridine 2 (General Procedure D)

OMe

NH PIDA (1.2 equiv), CH;CN

15 -24 h, RT, Ar

Methyl biphenyl carbimidate 1 (0.1 mmol, 1.0 equiv.) and PIDA (0.12 mmol, 1.2 equiv.) were
combined in a vial, and 0.5 mL of CHsCN was added. The resulting mixture was stirred at
room temperature under an argon atmosphere for 15-24 hours, with the progress of the reaction
monitored by TLC. Afterwards, the solvent evaporated under reduced pressure, and the crude
residue was purified by flash column chromatography on silica gel using a gradient of
hexane/ethyl acetate (99:1 to 33:1) to obtain the target cyclized product 2.
6-methoxyphenanthridine (2a)

The title compound was prepared by following the general procedure D in
98% yield (20.5 mg, 0.098 mmol) as a white solid. m.p. 44-46 °C. 'TH NMR
(500 MHz, CDCl3) 6 8.50 (d, /= 8.3 Hz, 1H), 8.44-8.41 (m, 1H), 8.37-8.35
(m, 1H), 7.91 (dd, J = 8.2, 1.4 Hz, 1H), 7.82-7.78 (m, 1H), 7.65-7.61 (m,
2H), 7.51-7.47 (m, 1H), 4.25 (s, 3H). BC{'H} NMR (126 MHz, CDCls) § 159.3, 143.4, 134.9,
131.0,128.9,127.9,127.3,125.2,124.5,122.6, 122.2, 122.0, 120.2, 53.8. IR (neat) 2945, 2846,
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1725, 1720, 1577, 1429, 1356, 1311, 1223, 1088 cm™'. HRMS (ESI) m/z [M+H]" calcd for
C14H12NO 210.0913, found 210.0916.
6-methoxy-3-methylphenanthridine (2b)

The title compound was prepared by following the general procedure D
in 90% yield (20.1 mg, 0.09 mmol) as a white solid. m.p. 46-48 °C. TH
NMR (500 MHz, CDCls) 6 8.45 (d, J = 8.2 Hz, 1H), 8.34 (dd, J = 8.1,
1.4 Hz, 1H), 8.30 (d, J= 8.2 Hz, 1H), 7.79-7.75 (m, 1H), 7.72 (s, 1H),
7.62—7.58 (m, 1H), 7.31 (dd, J= 8.3, 1.9 Hz, 1H), 4.23 (s, 3H), 2.55 (s,
3H). BC{'H} NMR (126 MHz, CDCl3) § 159.5 143.6, 139.0, 135.1, 130.9, 127.8, 126.8, 126.1,
125.2, 122.0, 121.8, 120.3, 120.0, 53.6, 21.6. IR (neat) 2910, 2846, 1583, 1490, 1436, 1358,
1311, 1223, 1170, 1095 cm™. HRMS (ESI) m/z [M+H]" calcd for C1sH14NO 224.1070, found
224.1077.

3,6-dimethoxyphenanthridine (2¢)

OMe The title compound was prepared by following the general procedure

O N D in 71% yield (17 mg, 0.071 mmol) as a white solid. m.p. 92-94 °C;
O 'TH NMR (500 MHz, CDCl3) & 8.42-8.36 (m, 1H), 8.35-8.27 (m, 2H),

oMe| 7-80-7.73 (m, 1H), 7.59-7.52 (m, 1H), 7.35 (s, 1H), 7.15-7.08 (m,

1H), 4.23 (s, 1H), 3.97 (s, 1H). BC{'H} NMR (126 MHz, CDCl3) &
160.5, 159.9, 145.0, 135.1, 131.0, 126.2, 125.2, 123.4, 121.5, 119.1, 116.4, 114.8, 108.7, 55.7,
53.8. IR (neat) 2926, 2846, 1617, 1581, 1484, 1433, 1358, 1212, 1163, 1028 cm'. HRMS
(ESI) m/z [M+H]" caled for C1sH1aNO> 240.1019, found 240.1035.
3-fluoro-6-methoxyphenanthridine (2d)

OMe The title compound was prepared by following the general procedure D

O N in 73% yield (16.6 mg, 0.073 mmol) as a white solid. m.p. 50-52 °C. 'H
O NMR (500 MHz, CDCl3) & 8.41 (d, J = 8.3 Hz, 1H), 8.38-8.32 (m, 2H),

F| 7.82-7.78 (m, 1H), 7.64-7.60 (m, 1H), 7.55 (dd, J = 10.2, 2.7 Hz, 1H),

7.24-7.20 (m, 1H), 4.22 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) & 163.1 (d, J = 246.7 Hz),
160.2, 145.0 (d, J = 12.2 Hz), 134.6, 131.3, 127.2, 125.3, 123.9 (d, /= 9.9 Hz), 121.8, 119.7,
119.2 (d,J=2.2 Hz), 113.0 (d, J= 4.0 Hz), 112.9 (d, J = 40.5 Hz), 53.9. F NMR (471 MHz,
CDCl3) § -112.79 to -112.84 (m, 1F). IR (neat) 2954, 2855, 1727, 1586, 1482, 1362, 1223,
1090 cm™'. HRMS (ESI) m/z [M+H]" calcd for C14H;;FNO 228.0825, found 228.0845.
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3-chloro-6-methoxyphenanthridine (2e)

OMe The title compound was prepared by following the general procedure D
N in 86% yield (21 mg, 0.086 mmol) as a white solid. m.p. 123-125 °C. 'H
O NMR (500 MHz, CDCI3) 6 8.41 (d, J= 8.2 Hz, 1H), 8.35-8.32 (m, 1H),
O cr| 829(d, J=8.7Hz 1H), 7.90 (d, J = 2.2 Hz, 1H), 7.82-7.79 (m, 1H),

7.66-7.62 (m, 1H), 7.42 (dd, J = 8.7, 2.2 Hz, 1H), 4.22 (s, 3H). BC{'H}
NMR (126 MHz, CDCI3) 6 160.1, 144.2, 134.4, 134.4, 131.3, 127.6, 127.3, 125.3, 124.9,
123.5, 121.9, 121.1, 120.1, 54.0. IR (neat) 2919, 2853, 1590, 1482, 1351, 1311, 1221, 1081
cm™'. HRMS (ESI) m/z [M+H]" caled for C14H11CINO 244.0524, found 244.0519.
3-bromo-6-methoxyphenanthridine (2f)

OMe The title compound was prepared by following the general procedure D

O N in 75% yield (21.6 mg, 0.075 mmol) as a white solid. m.p. 106-108 °C.
O TH NMR (500 MHz, CDCl3) 8 8.42 (d,J=8.2 Hz, 1H), 8.33 (dd, /= 8.1,

gr| 1.4Hz 1H),824(d,J=8.7 Hz, 1H), 8.06 (d,/=2.1 Hz, 1H), 7.83-7.78

(m, 1H), 7.67-7.63 (m, 1H), 7.56 (dd, J= 8.7, 2.1 Hz, 1H), 4.21 (s, 3H).
BC{'H} NMR (126 MHz, CDCIl3) & 160.0, 144.0, 134.4, 131.3, 130.5, 127.7, 127.6, 125.3,
123.6, 122.5, 121.9, 121.5, 120.2, 53.9. IR (neat) 2923, 2848, 1725, 1586, 1477, 1433, 1356,
1318, 1218, 1088 cm™'. HRMS (ESI) m/z [M+H]" calcd for Ci4H;iBrNO 288.0019, found
288.0036.
6-methoxy-3-phenylphenanthridine (2g)

OMe The title compound was prepared by following the general procedure D

NN in 51% yield (14.6 mg, 0.051 mmol) as a white solid. m.p. 116-118 °C.
O TH NMR (500 MHz, CDCl3) 6 8.51 (d, J=8.2 Hz, 1H), 8.47 (d,J=8.4

O ph | Hz 1H), 8.38-8.36 (m, 1H), 8.17-8.15 (m, 1H), 7.84-7.79 (m, 3H),
7.77-7.73 (m, 1H), 7.67-7.62 (m, 1H), 7.53-7.48 (m, 2H), 7.42-7.38
(m, 1H), 4.26 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) 6 159.7, 143.8, 141.6, 140.8, 134.7,
131.1, 129.0, 127.7, 127.5, 127.3, 126.0, 125.2, 123.6, 122.8, 122.0, 121.7, 120.2, 53.8. IR
(neat) 2941, 2853, 1588, 1473, 1353, 1318, 1314, 1218, 1088 cm™'. HRMS (ESI) m/z [M+H]"

caled for C20H16NO 286.1226, found 286.1254.
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6-methoxy-3-(trifluoromethyl)phenanthridine (2h)

The title compound was prepared by following the general procedure D
in 58% yield (16.1 mg, 0.058 mmol) as a white solid. m.p. 104-106 °C.
'TH NMR (500 MHz, CDCl3) & 8.50-8.46 (m, 2H), 8.39-8.35 (m, 1H),
8.17 (s, 1H), 7.86-7.82 (m, 1H), 7.72-7.65 (m, 2H), 4.23 (s, 3H). 3C
{TH} NMR (126 MHz, CDCIls) 8 160.2, 143.1, 134.0, 131.4, 130.6 (q,

J=132.5Hz), 128.5, 125.4, 125.3 (q, J = 37 Hz), 124.4 (q, J = 273 Hz), 123.1, 122.4, 120.8,
120.4 (q, J = 3.5 Hz), 54.02. °F NMR (471 MHz, CDCls) & -62.19. IR (neat) 2923, 2853,
1586, 1537, 1364, 1325, 1287, 1227, 1159, 1112 cm'. HRMS (ESI) m/z [M+H]" calcd for
C1sH1 FaNO 278.0787, found 278.0805.

6-methoxy-3-nitrophenanthridine (2i)

OMe

C \l”
NO,

The title compound was prepared by following the general procedure
D in 39% yield (9.9 mg, 0.039 mmol) as a light yellow solid. m.p. 170-
172 °C. 'TH NMR (500 MHz, CDCls) & 8.72 (d, J = 2.4 Hz, 1H), 8.52—
8.47 (m, 2H), 8.41-8.38 (m, 1H), 8.25 (dd, J = 8.9, 2.4 Hz, 1H), 7.91-
7.87 (m, 1H), 7.78-7.75 (m, 1H), 4.25 (s, 3H). 3C{'H} NMR (126

MHz, CDCl) 6 160.8, 147.8, 143.4, 133.5, 131.8, 129.4, 127.5, 125.6, 123.5, 123.3, 122.8,
121.2, 118.4, 54.3. IR (neat) 2921, 2953, 1743, 1583, 1508, 1466, 1327, 1216, 1095 cm™'.
HRMS (ESI) m/z [M+H]" caled for C14H11N203 255.0764, found 255.0779.

6-methoxyphenanthridine-3-carbonitrile (2j)

OMe

® \l”
CN

The title compound was prepared by following the general procedure D
in 34% yield (8 mg, 0.034 mmol) as a light yellow solid. m.p. 166-168
°C. TH NMR (500 MHz, CDCl3) & 8.52-8.44 (m, 2H), 8.42-8.36 (m,
1H), 8.20 (s, 1H), 7.92-7.84 (m, 1H), 7.78-7.71 (m, 1H), 7.70-7.64 (m,
1H), 4.24 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) & 160.5, 143.2,

133.7, 132.7, 131.7, 129.1, 126.4, 126.1, 125.5, 123.4, 122.5, 121.1, 119.1, 112.0, 54.2. IR
(neat) 2923, 2853, 2222, 1588, 1486, 1356, 1236, 1090 cn'. HRMS (ESI) m/z [M+H]" calcd
for CisH11N,O 235.0866, found 235.0881.
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methyl 6-methoxyphenanthridine-3-carboxylate (2k)

OMe The title compound was prepared by following the general

N procedure D in 40% yield (10.7 mg, 0.04 mmol) as a white solid.

O O m.p. 136-138 °C. "TH NMR (500 MHz, CDCl3) 8 8.57 (d, J= 1.8 Hz,
co,Me 1H), 8.51 (d, /= 8.2 Hz, 1H), 8.44 (d, J = 8.5 Hz, 1H), 8.39-8.34

(m, 1H), 8.09 (dd, J = 8.5, 1.8 Hz, 1H), 7.86-7.80 (m, 1H), 7.73—
7.66 (m, 1H), 4.24 (s, 3H), 3.99 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) § 167.2, 159.8,
143.0, 134.1, 131.3, 130.2, 129.9, 128.5, 126.2, 125.3, 124.7, 122.6, 122.4, 120.9, 54.0, 52.4.
IR (neat) 2928, 2853, 1720, 1588, 1488, 1364, 1309, 1216, 1183, 1090 cm™'. HRMS (ESI) m/z
[M+H]" caled for Ci6H1aNO3 268.0968, found 268.0981.
6-methoxy-1-methylphenanthridine (21)

OMe The title compound was prepared by following the general procedure D in

SN 13% yield (2.9 mg, 0.013 mmol) as a white solid. m.p. 48-50 °C. 'TH NMR
O (400 MHz, CDCl3) 6 8.79 (d, J= 8.5 Hz, 1H), 8.48-8.41 (m, 1H), 7.86-7.76
O (m, 2H), 7.65 (t, J = 7.5 Hz, 1H), 7.55-7.47 (m, 1H), 7.33 (d, J = 7.3 Hz,
1H), 4.24 (s, 3H), 3.07 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) & 158.9,
144.7, 136.2, 135.3, 130.3, 129.1, 128.0, 126.8, 126.6, 126.5, 125.1, 122.3, 121.0, 53.9, 26.8.
IR (neat) 2924, 2845, 1722, 1580, 1472, 1308, 1235, 1033 cm™'. HRMS (ESI) m/z [M+H]"

calcd for CisH14NO 224.1070, found 224.1078.

Me

6-methoxy-4-methylphenanthridine (2m)

OMe The title compound was prepared by following the general procedure D

O N in 59% yield (13.3 mg, 0.059 mmol) as a white solid. m.p. 48-50 °C. 'H
O Me| NMR (500 MHz, CDCls) § 8.52-8.50 (m, 1H), 8.37-8.35 (m, 1H), 8.30—

8.28 (m, 1H), 7.81-7.77 (m, 1H), 7.64-7.61 (m, 1H), 7.52-7.50 (m, 1H),

7.40-7.37 (m, 1H), 4.24 (s, 3H), 2.77 (s, 3H). 3C{'H} NMR (126 MHz, CDCl3) § 158.1, 141.9,
135.9,135.3,130.7, 129.6, 127.1, 125.0, 124.0, 122.3, 122.3, 120.0, 119.9, 53.5, 18.4. IR (neat)
2923, 2850, 1583, 1460, 1345, 1316, 1225, 1101, 1033 cm™'. HRMS (ESI) m/z [M+H]" caled
for C1sH14NO 224.1070, found 224.1081.
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6-methoxy-2-methylphenanthridine (2m"')

The title compound was prepared by following the general procedure D in
28% yield (6.3 mg, 0.028 mmol) as a white solid. m.p. 46-48 °C. 'H NMR
(500 MHz, CDCl3) 6 8.50 (d, J = 8.3 Hz, 1H), 8.37-8.32 (m, 1H), 8.21 (s,
1H), 7.83-7.78 (m, 2H), 7.64-7.60 (m, 1H), 7.47-7.44 (m, 1H), 4.24 (s, 3H),
2.57 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) & 158.9, 134.7, 134.1, 130.9,
130.5, 127.6, 127.2,125.2, 122.4, 122.1, 122.0, 120.2, 53.9, 21.8. IR (neat) 2920. 2848, 1621,
1580, 1462, 1321, 1230, 1015 cm™. HRMS (ESI) m/z [M+H]" caled for CisH1aNO 224.1070,
found 224.1078.

6-methoxy-2,4-dimethylphenanthridine (2n)

The title compound was prepared by following the general procedure D in
71% yield (16.8 mg, 0.071 mmol) as a white solid. m.p. 68-70 °C. 'THNMR
(500 MHz, CDCl3) & 8.50-8.47 (m, 1H), 8.35-8.33 (m, 1H), 8.07 (s, 1H),
7.79-7.75 (m, 1H), 7.63-7.59 (m, 1H), 7.35 (s, 1H), 4.22 (s, 3H), 2.73 (s,
3H), 2.54 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) & 157.6 140.0, 135.6,
135.0, 133.3, 131.2, 130.5, 126.9, 124.9, 122.2, 122.1, 119.9, 119.7, 53.4, 21.8, 18.2. IR (neat)
2915, 2846, 1590, 1466, 1431, 1356, 1316, 1223, 1101 cm’'. HRMS (ESI) m/z [M+H]" caled
for C16H1sNO 238.1232, found 238.1252.

6-methoxybenzo|c]phenanthridine (2p)

OMe The title compound was prepared by following the general procedure D

SN in 93% yield (24.1 mg, 0.093 mmol) as a white solid. m.p. 90-92 °C.

O 'TH NMR (500 MHz, CDCl3) § 9.31-9.25 (m, 1H), 8.56 (d, J = 8.1 Hz,

OO 1H), 8.47-8.39 (m, 2H), 7.98-7.92 (m, 1H), 7.89-7.80 (m, 2H), 7.74—

7.67 (m, 1H), 7.69-7.61 (m, 2H), 4.39 (s, 3H). BC{'H} NMR (126

MHz, CDCls) 6 159.0, 140.0, 135.3, 133.7, 131.5, 130.9, 127.7, 127.1, 126.9, 126.3, 125.1,

125.0, 124.8, 122.3, 120.2, 119.8, 118.5, 53.8. IR (neat) 2943, 2846, 1577, 1521, 1453, 1353,

1316, 1210, 1079 cm™. HRMS (ESI) m/z [M+H]" calcd for CisHisNO 260.1070, found
260.1094.
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6-methoxybenzo[c][1,7]naphthyridine (2q)

OMe The title compound was prepared by following the general procedure D in
SN 53% yield (11.1 mg, 0.053 mmol) as a yellow solid. m.p. 94-96 °C. 'TH NMR
(500 MHz, CDCl3) 6 9.25 (s, 1H), 8.67-8.62 (m, 1H), 8.50 (d, J=8.2 Hz, 1H),
8.41-8.39 (m, 1H), 8.19 (d, J=5.2 Hz, 1H), 7.90-7.86 (m, 1H), 7.80-7.76 (m,
1H), 4.25 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) 5 160.6, 150.4, 143.0, 138.9, 132.8, 131.6,
129.9, 128.2, 125.5, 122.7, 122.0, 115.8, 54.2. IR (neat) 2923, 2850, 1592, 1517, 1477, 1351,
1320, 1214, 1141, 1092 cm™. HRMS (ESI) m/z [M+Na]" calcd for C13H1oN2ONa 233.0691,
found 233.0701.

| X

_N

5-methoxythieno[2,3-c]isoquinoline (2r)

The title compound was prepared by following the general procedure D in
SN 49% vyield (10.5 mg, 0.049 mmol) as a white solid. m.p. 70-72 °C; 'H
_ NMR (500 MHz, CDCl3) 6 8.27-8.24 (m, 1H), 8.07-8.04 (m, 1H), 7.70—

_/ 7.66 (m, 1H), 7.61 (d, J = 5.9 Hz, 1H), 7.49-7.45 (m, 1H), 7.24 (d,J=5.8
Hz, 1H), 4.12 (s, 3H). BC{'H} NMR (126 MHz, CDCls) & 159.3, 153.3, 133.8, 131.0, 125.9,
125.4,123.5,122.7, 121.3, 119.9, 117.9, 54.3. IR (neat) 2923, 2850, 1730, 1556, 1473, 1410,

1218, 1104 cm™'. HRMS (ESI) m/z [M+H]" calcd for C12HoNOS 216.0483, found 216.0502.

OMe

6-methoxy-10-methylphenanthridine (2s)

OMe The title compound was prepared by following the general procedure D in

N 49% yield (10.9 mg, 0.049 mmol) as a white solid. m.p. 60-62 °C. 'TH NMR
O (500 MHz, CDCl3) & 8.71-8.68 (m, 1H), 8.36-8.33 (m, 1H), 7.95 (dd, J =
O 8.1, 1.5 Hz, 1H), 7.66-7.61 (m, 2H), 7.56-7.52 (m, 1H), 7.49-7.46 (m, 1 H),
4.23 (s, 3H), 3.09 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) & 159.7, 144.4, 135.2, 135.2,
134.2,128.3, 128.1, 126.8, 126.8, 124.2, 123.8, 123.5, 121.7, 53.8, 26.8; IR (neat) 2945, 2850,
1556, 1473, 1435, 1349, 1303, 1237, 1157, 1110 cm™. HRMS (ESI) m/z [M+H]" calcd for
Ci5H14NO 224.1070, found 224.1077.
10-fluoro-6-methoxyphenanthridine (2t)

The title compound was prepared by following the general procedure D in
91% yield (20.7 mg, 0.091 mmol) as a white solid. m.p. 83-85 °C. 'TH NMR
(500 MHz, CDCl3) & 8.85-8.81 (m, 1H), 8.20-8.18 (m, 1H), 7.93-7.90 (m,
1H), 7.68-7.64 (m, 1H), 7.60-7.55 (m, 1H), 7.53-7.48 (m, 2H), 4.23 (s, 3H).
BC{'H} NMR (126 MHz, CDCl3)  160.6 (d, J = 253.6 Hz), 158.5 (d, J =
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3.7Hz), 143.6,129.1 (d, J=2.2 Hz), 127.8, 127.6 (d,J=9.2 Hz), 127.1 (d, J=22.2 Hz), 125.0
(d,/J=2.2Hz), 124.0 (d, J=10.7 Hz), 122.5 (d, /=4.8 Hz), 121.1 (d, /= 4.1 Hz), 120.4 (d, J
=4.8 Hz), 117.7 (d, J= 23.4 Hz), 54.0. ’F NMR (471 MHz, CDCl3) 6 -110.96 to -111.00 (m,
1F). IR (neat) 2919, 2853, 1588, 1477, 1437, 1356, 1305, 1245, 1214, 1152, 1017 cm™'. HRMS
(ESI) m/z [M+H]" calcd for C14H11FNO 228.0825, found 228.0818.
6-methoxy-9-methylphenanthridine (2u)

The title compound was prepared by following the general procedure
D in 80% yield (17.9 mg, 0.080 mmol) as a white solid. m.p. 70-72 °C.
'TH NMR (500 MHz, CDCl3) & 8.42-8.39 (m, 1H), 8.28 (s, 1H), 8.24
(d, J= 8.2 Hz, 1H), 7.90-7.87 (m, 1H), 7.63-7.59 (m, 1H), 7.49-7.44
(m, 2H), 4.23 (s, 3H), 2.61 (s, 3H). BC{'H} NMR (126 MHz, CDCls) & 159.4, 143.6, 141.3,
135.0,129.0, 128.7,127.9, 125.0, 124.3, 122.6, 122.2,121.8, 118.2, 53.7,22.4. IR (neat) 2921,
2850, 1595, 1500, 1431, 1353, 1314, 1227, 1230, 1097, 1033 cm™'. HRMS (ESI) m/z [M+H]"
caled for C15sH14sNO 224.1070, found 224.1088.

6-methoxy-8-methylphenanthridine (2v)

OMe The title compound was prepared by following the general procedure D

Me N in 93% yield (20.8 mg, 0.093 mmol) as a white solid. m.p. 65-67 °C.

O TH NMR (500 MHz, CDCls) & 8.40-8.36 (m, 2H), 8.15 (s, 1H), 7.92—

O 7.89 (m, 1H), 7.65-7.58 (m, 2H), 7.50-7.45 (m, 1H), 4.24 (s, 3H), 2.57

(s, 3H). BC{'H} NMR (126 MHz, CDCl3) & 159.2, 142.9, 137.4, 132.7, 132.6, 128.4, 127.8,

124.7, 124.5, 122.8, 122.0, 122.0, 120.2, 53.8, 21.8. IR (neat) 2921, 2855, 1579, 1428, 1437,

1358, 1316, 1227, 1092 cm™. HRMS (ESI) m/z [M+H]" caled for C15sH14NO 224.1070, found
224.1084.

8-fluoro-6-methoxyphenanthridine (2w)

OMe The title compound was prepared by following the general procedure D in
F NN 63% yield (14.3 mg, 0.063 mmol) as a white solid. m.p. 90-92 °C. 'H

O NMR (500 MHz, CDCI3) 6 8.50-8.45 (m, 1H), 8.37-8.34 (m, 1H), 7.97
O (dd, J=9.3, 2.8 Hz, 1H), 7.92-7.88 (m, 1H), 7.65-7.60 (m, 1H), 7.56—
7.47 (m, 2H), 4.23 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) 5 161.7 (d,
J=247.8 Hz), 158.6 (d, /= 3.6 Hz), 143.0, 131.5 (d, /= 2.2 Hz), 128.8, 128.1, 124.8, 124.5
(d,/J=8.4 Hz), 122.2,122.0, 121.6 (d, J=8.6 Hz), 119.9 (d, J=23.6 Hz), 110.2 (d, J=22.4

Hz), 53.9. 9F NMR (471 MHz, CDCl3) & -112.59 to -112.64 (m, 1F). IR (neat) 2926, 2848,
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1563, 1423, 1348, 1228, 1121, 1162 cm™'. HRMS (ESI) m/z [M+H]" calcd for C14H;1FNO
228.0825, found 228.0820.
8-chloro-6-methoxyphenanthridine (2x)

OMe The title compound was prepared by following the general procedure D

cl N in 74% yield (18 mg, 0.074 mmol) as a white solid. m.p. 88-90 °C; 'H

O NMR (500 MHz, CDCl5) 6 8.41-8.37 (m, 1H), 8.35-8.32 (m, 1H), 8.32—

O 8.30 (m, 1H), 7.91-7.88 (m, 1H), 7.74-7.70 (m, 1H), 7.66—7.61 (m, 1H),

7.50-7.46 (m, 1H), 4.22 (s, 3H). BC{'H} NMR (126 MHz, CDCls) & 158.3, 143.3, 133.3,

133.2,131.5,129.2,128.0,124.9,124.7,123.7,122.1, 122.0, 121.2, 53.9. IR (neat) 2920, 2850,

1988, 1489, 1348, 1316, 1220, 1088 cml. HRMS (ESI) m/z [M+H]" caled for C14H;;CINO
244.0529, found 244.0526.

7-fluoro-6-methoxyphenanthridine (2y)

The title compound was prepared by following the general procedure D in
44% yield (10 mg, 0.044 mmol) as a white solid. m.p. 60-62 °C; TH NMR
(500 MHz, CDCl3) & 8.38-8.36 (m, 1H), 8.31-8.29 (m, 1H), 7.89-7.86 (m,
1H), 7.75-7.70 (m, 1H), 7.66-7.62 (m, 1H), 7.50-7.46 (m, 1H), 7.33-7.28
(m, 1H), 4.24 (s, 3H). B¥C{'H} NMR (126 MHz, CDCl3) § 161.4, 159.3, 158.0 (d, /= 5.8 Hz),
143.4,137.9 (d,J=2.0 Hz), 131.6 (d, J=9.5 Hz), 129.6, 127.8, 124.9, 122.7, 121.5 (d, J=2.8
Hz), 118.0 (d,J=4.2 Hz), 114.3 (d, J=23.0 Hz), 54.0. ’F NMR (471 MHz, CDCl3) § -107.32
to -107.35 (m, 1F). IR (neat) 2923, 2850, 1577, 1444, 1340, 1309, 1230, 1121, 1159 ¢cm™.
HRMS (ESI) m/z [M+H]" caled for C14Hi1FNO 228.0825, found 228.0832.

6-methoxy-8,9-dimethylphenanthridine (2z)

The title compound was prepared by following the general procedure D
in 84% yield (19.9 mg, 0.084 mmol) as a white solid. m.p. 86-88 °C.
TH NMR (500 MHz, CDCls) & 8.41-8.35 (m, 1H), 8.24 (s, 1H), 8.09 (s,
1H), 7.89 (d, J = 8.1 Hz, 1H), 7.62-7.55 (m, 1H), 7.49-7.42 (m, 1H),
4.24 (s, 3H), 2.52 (s, 3H), 2.47 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) & 159.3, 143.0,
140.8, 136.9, 133.2, 128.3, 127.7, 125.1, 124.3, 122.6, 122.4, 122.0, 118.5, 53.8, 20.9, 20.2.
IR (neat) 2926, 2850, 1623, 1580, 1531, 1358, 1314, 1227, 1092 cm™'. HRMS (ESI) m/z
[M+H]" calcd for Ci1sH16NO 238.1226, found 238.1241.
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6-methoxy-[1,3]dioxolo[4,5-j]phenanthridine (2aa)

OMe The title compound was prepared by following the general procedure D
o N (PhCl was used instead of CH3CN as a solvent) in 67% yield (17 mg,
<O O 0.067 mmol) as a white solid. m.p. 126- 128 °C. "TH NMR (500 MHz,
O CDCl) 6 8.23-8.19 (m, 1H), 7.89-7.85 (m, 1H), 7.79 (s, 1H), 7.65 (s,
1H), 7.60-7.55 (m, 1H), 7.45-7.41 (m, 1H), 6.12 (s, 2H), 4.20 (s, 3H). *C{'H} NMR (126
MHz, CDCls) 6 158.8, 151.3, 148.1, 143.0, 132.2, 128.2, 127.9, 124.2, 122.7, 121.9, 115.9,
102.9, 101.9, 100.4, 53.7. IR (neat) 2912, 1623, 1583, 1455, 1318, 1230, 1132, 1028 cm™.
HRMS (ESI) m/z [M+H]" caled for C1sHi2NO3 254.0812, found 254.0835.

4-methoxythieno|[3,2-c]quinoline (2ab)

OMe The title compound was prepared by following the general procedure D in
44% yield (9.5 mg, 0.044 mmol) as a white solid. m.p. 65-67 °C. "TH NMR
S = (500 MHz, CDCl3) 6 8.19-8.13 (m, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.92-7.87
(m, 1H), 7.79-7.74 (m, 1H), 7.66—7.58 (m, 1H), 7.51-7.44 (m, 1H), 4.25 (s,
3H). BC{!H} NMR (126 MHz, CDCl3) & 157.2, 144.6, 144.5, 131.1, 128.2, 127.8, 124.4,
123.6, 123.4, 122.6, 122.1, 53.8. IR (neat) 2921, 2853, 1734, 1566, 1480, 1356, 1230, 1112
cm™l. HRMS (ESI) m/z [M+H]" caled for C12H;oNOS 216.0483, found 216.0500.

6-ethoxyphenanthridine (2ac)

( OEt ) The title compound was prepared by following the general procedure D in

SN 71% yield (15.8 mg, 0.07 mmol) as a colorless liquid. '"H NMR (500 MHz,
O CDCI3) 6 8.50 (d,J=8.3 Hz, 1H), 8.44 —8.38 (m, 2H), 7.91 — 7.88 (m, 1H),
O 7.82 —17.78 (m, 1H), 7.66 — 7.60 (m, 2H), 7.50 — 7.46 (m, 1H), 4.72 (q, J =
" 7.1 Hz, 2H), 1.56 (t,J="7.1 Hz, 3H); 13C NMR (126 MHz, CDCl3) & 159.0,
143.4, 134.9, 131.0, 128.7, 127.8, 127.3, 125.2, 124.4, 122.5, 122.2, 122.0, 120.3, 62.2, 14.8;
IR (neat) 2970, 2924, 1589, 1462, 1398, 1373, 1338, 1316, 1225, 1084 cm™'; HRMS (ESI) m/z
[M+H]" caled for CisHi4NO 224.1084, found 224.1075.
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(6-methoxyphenanthridin-3-yl)methyl (5)-2-(4-isobutylphenyl)propanoate (2ad)

OMe The title compound was prepared by following

O N the general procedure D in 74% yield (31.6 mg,
O Me 0.074 mmol) and 95:5 er as a white solid. m.p.

o Me 52-54 °C. The enantiomeric excess of the

o Me product was determined by chiral stationary

phase HPLC. HPLC (Chiralpak IC column,
hexane: 'PrOH = 95:05, 0.5 mL/min, 254 nm), tx = 19.52 min (major), 20.55 min (minor). 'H
NMR (500 MHz, CDCI3) 6 8.46 (d, J = 8.2 Hz, 1H), 8.38-8.31 (m, 2H), 7.85 (s, 1H), 7.82—
7.78 (m, 1H), 7.66—7.62 (m, 1H), 7.34 (dd, J=8.3, 1.8 Hz, 1H), 7.25 (d, /= 8.4 Hz, 2H), 7.12—
7.10 (m, 2H), 5.36-5.24 (m, 2H), 4.24 (s, 1H), 3.82 (q, J = 7.2 Hz, 1H), 2.46 (d, J = 7.2 Hz,
2H), 1.91-1.79 (m, 1H), 1.55 (d, J=7.2 Hz, 3H), 0.90 (d, J = 6.6 Hz, 6H). *C{'H} NMR (126
MHz, CDCL) 6 174.7, 159.6, 143.2, 140.7, 137.8, 136.9, 134.6, 131.1, 129.5, 127.5, 127 .4,
127.0, 125.2, 124.0, 122.5, 122.2, 122.0, 120.2, 66.3, 53.9, 45.3, 45.2, 30.3, 22.5, 18.7. IR
(neat) 2954, 2923, 2850, 1723, 1590, 1486, 1358, 1318, 1230, 1163 cm’'. HRMS (ESI) m/z
[M+H]" caled for C2sH30NO3 428.2220, found 428.2235.
(6-methoxyphenanthridin-3-yl)methyl 2-(4-(4-chlorobenzoyl)phenoxy)-2-
methylpropanoate (2ae)

OMe The title compound was prepared by

NN o following the general procedure D in 85%
O yield (45.9 mg, 0.085 mmol) as a sticky
O O\H><o CI yellow liquid. "TH NMR (500 MHz,

(o CDCl) 6 8.44 (d, J= 8.3 Hz, 1H), 8.35—

8.30 (m, 2H), 7.85-7.80 (m, 2H), 7.67-7.64 (m, 1H), 7.61-7.58 (m, 2H), 7.57-7.54 (m, 2H),
7.34-7.32 (m, 3H), 6.83-6.79 (m, 2H), 5.38 (s, 2H), 4.20 (s, 3H), 1.71 (s, 6H). BC{'H} NMR
(126 MHz, CDCIl3) 6 194.2, 173.6, 159.8, 159.7, 142.9, 138.4, 136.4, 135.8, 134.5, 132.1,
131.4,131.2,130.4, 128.6, 127.8, 127.6, 125.4, 124.6, 122.6, 122.5, 122.1, 120.2, 117.4, 79.6,
67.3, 54.3, 25.6. IR (neat) 2941, 2853, 1736, 1660, 1592, 1360, 1278, 1240, 1134, 1088 cm™.

HRMS (ESI) m/z [M+H]" caled for C32H27CINOs 540.1572, found 540.1550.
(6-methoxy-2,3,10,10a-tetrahydrophenanthridin-3-yl)methyl 2-(3-cyano-4-

isobutoxyphenyl)-4-methylthiazole-5-carboxylate (2af)
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OMe The title compound was prepared by
O N following the general procedure D in 73%
Me N CN yield (39.2 mg, 0.073 mmol) as a white
\
O Oﬂs%@O Me | solid. TH NMR (500 MHz, CDCls) § 8.50
o \\<Me (d, J = 8.2 Hz, 1H), 8.45 (d, J = 8.3 Hz,

1H), 8.37 (d, J = 8.0 Hz, 1H), 8.20-8.16
(m, 1H), 8.11-8.05 (m, 1H), 8.03 (s, 1H), 7.87-7.80 (m, 1H), 7.70-7.63 (m, 1H), 7.56 (d, J =
8.3 Hz, 1H), 6.99 (d, J = 8.7 Hz, 1H), 5.52 (s, 2H), 4.28 (s, 3H), 3.89 (d, /= 6.5 Hz, 2H), 2.79
(s, 3H), 2.26-2.14 (m, 1H), 1.08 (d, J = 6.7 Hz, 6H). BC{'H} NMR (126 MHz, CDCI3) &
167.6, 162.7, 162.90, 161.8, 159.8, 143.0, 136.4, 134.6, 132.8, 132.3, 131.4, 127.8, 127.2,
126.1, 125.4, 124.4, 122.8, 122.5, 122.1, 121.6, 120.3, 115.5, 112.8, 103.1, 75.8, 66.9, 28.3,
19.2,17.7. IR (neat) 2926, 2855, 2227, 1707, 1592, 1429, 1367, 1267, 1097, 1008 cm™'. HRMS
(ESI) m/z [M+H]" calcd for C31H2sN304S 538.1795, found 538.1813.
(6-methoxyphenanthridin-3-yl)methyl 2-(4-chlorophenoxy)-2-methylpropanoate (2ag)

The title compound was prepared by following the

N general procedure D in 96% yield (41.8 mg, 0.096

Cll mmol) as a white solid. m.p. 74-76 °C. 'TH NMR

O 0\[%0/@ (400 MHz, CDCI3) 6 8.48 (d, J= 8.2 Hz, 1H), 8.38—

) 8.34 (m, 2H), 7.84-7.78 (m, 2H), 7.68-7.62 (m,

1H), 7.37-7.33 (m, 1H), 7.12-7.06 (m, 2H), 6.77-6.72 (m, 2H), 5.38 (s, 2H), 4.24 (s, 3H), 1.63

(s, 6H). BC{'H} NMR (101 MHz, CDCl3) & 173.9, 159.7, 154.1, 143.4, 135.9, 134.5, 131.1,

129.2, 127.8, 127.6, 127.3, 125.2, 124.4, 122.6, 122.6, 122.1, 120.6, 120.4, 79.7, 67.2, 53.9,

25.5. IR (neat) 2923, 2950, 1727, 1581, 1579, 1486, 1350, 1320, 1227, 1146, 1088 cm™.
HRMS (ESI) m/z [M+H]" caled for CasH23CINO4 436.1310, found 436.1326.

OMe

(6-methoxyphenanthridin-3-yl)methyl oleate (2ah)

The title compound was prepared by following the
general procedure D in 69% yield (34.7 mg, 0.069
mmol) as a colorless liquid. 'H NMR (500 MHz,
CDCl3) 6 8.48 (d, /= 8.2 Hz, 1H), 8.40 (d, /=8.3
Hz, 1H), 8.38-8.32 (m, 1H), 7.90 (s, 1H), 7.83—
7.79 (m, 1H), 7.66—7.62 (m, 1H), 7.48-7.45 (m, 1H), 5.36-5.32 (m, 2H), 5.30 (s, 2H), 4.24 (s,
3H), 2.41 (t,J=7.6 Hz, 2H), 2.03-1.97 (m, 4H), 1.71-1.65 (m, 2H), 1.36-1.24 (m, 20H), 0.88

OMe

~N

O (0] — Me
M My

[0)
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(t, J = 6.8 Hz, 3H). BC{'H} NMR (126 MHz, CDCl3) § 173.9, 159.7, 143.4, 136.9, 134.6,
131.1, 130.1, 129.9, 127.5, 127.2, 125.2, 124.2, 122.6, 122.3, 122.0, 120.3, 66.0, 53.9, 34.5,
32.0,29.9,29.8,29.6,29.5, 29.3, 29.3,29.2, 27.4,27.3, 25.1, 22.8, 14.2. IR (neat) 2923, 2853,
1736, 1586, 1353, 1325, 1227, 1161 cm™'. HRMS (ESI) m/z [M+H]" calcd for C33H4NOs

504.3478, found 504.3482.

(18,2R,5S5)-2-isopropyl-5-methylcyclohexyl 6-methoxy-10,10a-dihydrophenanthridine-3-

carboxylate (2ai)

[ OMe )
O SN
Me Me
& 5
o
e

|\ J

The title compound was prepared by following the
general procedure D in 59% yield (23.1 mg, 0.059 mmol)
as a colorless liquid. '"H NMR (500 MHz, CDCls) &
8.58-8.56 (m, 1H), 8.53 (d, /= 8.2 Hz, 1H), 8.46 (d, J =
8.5 Hz, 1H), 8.38 (d,/=8.0 Hz, 1H), 8.14-8.11 (m, 1H),
7.86-7.82 (m, 1H), 7.72-7.68 (m, 1H), 5.07—4.98 (m,
1H), 4.26 (s, 3H), 2.21-2.15 (m, 1H), 2.09-2.03 (m, 1H),

1.79-1.72 (m, 2H), 1.70-1.56 (m, 3H), 1.21-1.12 (m, 2H), 0.95 (d, J = 6.7 Hz, 6H), 0.83 (d, J
= 6.9 Hz, 3H). 3C{'H} NMR (126 MHz, CDCls) § 166.3, 159.9, 143.0, 134.2, 131.3, 131.1,
129.6, 128.4, 126.0, 125.4, 124.9, 122.6, 122.4, 120.9, 75.1, 54.0, 47.4, 41.2, 34.5, 31.6, 26.6,
23.7,22.2,21.0, 16.6. IR (neat) 2950, 2866, 1712, 1590, 1462, 1358, 1305, 1263, 1218, 1097,
1030 e, HRMS (ESI) m/z [M+H]" calcd for C2sH3NOs 392.2220, found 392.2228.

4. List of intermediates for the synthesis of other N-heterocycles

(o]
(0]
NH
o O
135 O 136 O
Me

(o]
(o]
NH
DSOS O
137 O 138 O
Cl
F
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4.1 General procedure for the synthesis of I35-139 and 141-143 (General Procedure E)

o}
o
OMe
OTf OMe
B(OH
Tf,0 (OH), . -,
DIPEA, DCM Pd(PPh3)s, NEt; '
S G~  THF/H,0, 70 °C P
R I—R
\ I

T1-T7'% and T8'% are previously known compounds and were prepared following the reported

procedure.
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A solution of the ketone (6 mmol, 1 equiv) in dichloromethane (12 mL) was prepared.
Trifluoromethanesulfonic anhydride (7.2 mmol, 1.2 equiv) was added to this solution at room
temperature. While cooling the reaction mixture in an ice-water bath, N,N-
diisopropylethylamine (8.4 mmol, 1.4 equiv) was added dropwise. The mixture was then
allowed to gradually warm to room temperature and stirred for 1.5 h. An additional portion of
trifluoromethanesulfonic anhydride (1.8 mmol) was added, followed by N,N-
diisopropylethylamine (3 mmol). The reaction mixture was stirred at room temperature for
another 2 h. Toluene (18 mL) and silica gel (3 g) were added, and the mixture was concentrated
under reduced pressure. The resulting suspension was filtered through a celite pad. The solid
residue on the filter was washed with toluene (10 mL), and the combined filtrate was
evaporated under vacuum to afford the crude product. The crude triflate was purified by column

chromatography using 1-5% ethyl acetate in hexane as the eluent.

In a 50 mL oven-dried round-bottom flask equipped with a magnetic stir bar, the triflate
substrate (3 mmol, 1 equiv) were charged under a nitrogen atmosphere. Pd(PPhs)4 (5 mol%),
(2-(methoxycarbonyl)phenyl)boronic acid (2.0 equiv), and triethylamine (5.0 equiv) were then
added, followed by THF (15 mL) and deionized water (3 mL). The reaction mixture was stirred
at 70 °C for 2 h or until complete, as determined by TLC. Then water was added, and the
mixture was extracted with ethyl acetate (3 x 20 mL). The combined organic layers were dried
over sodium sulfate, filtered, and concentrated under reduced pressure. The corresponding
crude ester product was purified by column chromatography using 1-5% ethyl acetate in

hexane as the eluent.
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o o o

OMe OH (COCl), NH,
NaOH DMF (cat)
B > Z Ny ———— 2

o MeOH/H,0 ' j aq. NHs ' j
72 Dioxane, 60 °C Z2ad DCM, 12 h N
R R R
Dissolve the methyl 2-(1-phenylvinyl)benzoate derivative (1.5 mmol, 1 equiv) in a mixture of
1,4-dioxane, methanol, and water (12.6 mL, 1:1:1, v/v/v). Add NaOH (5 equiv), and stir the
reaction mixture at 60 °C for 2—4 hours or until ester completely consumed, as monitored by
TLC. Upon completion, concentrate the reaction mixture under reduced pressure. Dilute the
resulting residue with water (10 mL) and wash the aqueous layer with ethyl acetate (10 mL).
Acidify the aqueous phase with 3 M hydrochloric acid to pH ~2, then extract with ethyl acetate
(20 mL x 3). Wash the combined organic layers with brine, dry over Na.SOs, filter, and
concentrate under reduced pressure to afford the 2-(1-phenylvinyl)benzoic acid derivative as a

white solid which was used directly in the next step without further purification.

The 2-(1-phenylvinyl)benzoic acid derivative and a catalytic amount of DMF were
dissolved in 3.7 mL of dry CH2Cl; in a round-bottom flask. The reaction mixture was cooled
to 0 °C and stirred for 5 minutes. Oxalyl chloride (1.2 equiv) was then added dropwise at 0 °C,
and the mixture was stirred at room temperature for 4 hours. Upon completion, the reaction
mixture was concentrated under reduced pressure to afford the corresponding acid chloride.
The crude acid chloride was dissolved in 3 mL of dry CH2Clz, and 4.2 mL of aq. NH3; was
added dropwise at 0 °C. The reaction mixture was then stirred at room temperature for 10 hours.
After completion, the reaction was quenched with water and extracted with CH2Cl
(3 x 15mL). The combined organic extracts were dried over anhydrous Na>SOs, filtered, and
concentrated under reduced pressure. The residue was purified by column chromatography
using a 20-30% mixture of EtOAc in hexane.

2-(1-phenylvinyl)benzamide (I35)

o The title compound was prepared by following the general procedure E in

NH,| 58% yield (194 mg, 0.87 mmol) as a white solid. m.p. 116-118 °C. 'H NMR

O (500 MHz, CDCl3) & 7.81-7.79 (m, 1H), 7.51-7.48 (m, 1H), 7.46-7.43 (m,
1H), 7.34-7.31 (m, 1H), 7.30-7.26 (m, 5H), 5.99 (brs, 1H), 5.85 (s, 1H), 5.47

O (brs, 1H), 5.40 (s, 1H). BC{'H} NMR § 170.6, 149.2, 139.9, 139.8, 134.5,
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131.1, 130.9, 129.2, 128.6, 128.4, 128.3, 126.9, 115.9. IR (neat) 3359, 3173, 1760, 1650, 1617,
1411, 1013 cm™'. HRMS (ESI) m/z [M+H]" caled for CisH14NO 224.1070, found 224.1072.
2-(1-(p-tolyl)vinyl)benzamide (136)

™

Me

The title compound was prepared by following the general procedure E in
48% yield (171 mg, 0.72 mmol) as a colorless liquid. 'H NMR (500 MHz,
CDCl) 6 7.82-7.79 (m, 1H), 7.50-7.46 (m, 1H), 7.45-7.41 (m, 1H), 7.32—
7.29 (m, 1H), 7.16 (d, J = 8.0 Hz, 2H), 7.09 (d, J = 7.9 Hz, 2H), 6.03 (brs,
1H), 5.82 (s, 1H), 5.58 (brs, 1H), 5.33 (s, 1H), 2.32 (s, 3H). BC{'H} NMR
(126 MHz, CDCl3) 6 170.5, 149.1, 140.1, 138.4, 136.8, 134.4, 131.0, 130.9,

129.4, 129.3, 128.2, 126.7, 115.0, 21.3. IR (neat) 3463, 3335, 3187, 2929,1654, 1594, 1371,
1119, 1019 cm’!. HRMS (ESI) m/z [M+H]" calcd for C16H16NO 238.1232, found 238.1219.
2-(1-(4-fluorophenyl)vinyl)benzamide (137)

DG

F

The title compound was prepared by following the general procedure E in
73% yield (264 mg, 1.1 mmol) as a white solid. m.p. 152-154 °C. "TH NMR
(500 MHz, CDCIl3) 6 7.77-7.72 (m, 1H), 7.52—7.46 (m, 1H), 7.47-7.40 (m,
1H), 7.32 (dd, J = 7.5, 1.4 Hz, 1H), 7.26-7.20 (m, 2H), 7.00-6.92 (m, 2H),
5.94 (brs, 1H), 5.75 (s, 1H), 5.73 (brs, 1H), 5.36 (s, 1H). 3C{'H} NMR (126
MHz, CDCI3) 6 170.5, 162.8 (d, J = 248.2 Hz), 148.4, 136.1 (d, J= 3.3 Hz),

139.8, 134.6, 131.0 (d, J = 1.7 Hz), 129.0, 128.72 (d, J = 8.0 Hz), 128.4, 115.6, 115.4. °F
NMR (471 MHz, CDCls) § -113.68, to -113.74 (m, 1F). IR (neat) 3456, 3133, 1656, 1588,
1502, 1375, 1223, 1154, 1099 cm™'. HRMS (ESI) m/z [M+H]" calcd for C1sH3FNO 242.0981,

found 242.0968.

2-(1-(3-chlorophenyl)vinyl)benzamide (I138)

c
l Cl

The title compound was prepared by following the general procedure E in
44% yield (170 mg, 0.66 mmol) as a white solid. m.p. 82-84 °C. "TH NMR
(500 MHz, CDCI3) 6 7.58-7.54 (m, 1H), 7.36-7.31 (m, 1H), 7.30-7.25 (m,
1H), 7.17-7.14 (m, 1H), 7.13-7.10 (m, 1H), 7.09-7.01 (m, 2H), 6.95-6.92
(m, 1H), 5.73 (brs, 2H), 5.64 (s, 1H), 5.26 (s, 1H); BC{'H} NMR R (126

MHz, CDCl) 6 170.6, 148.1, 141.9, 139.3, 134.7, 134.5, 131.1, 131.0, 129.8, 128.9, 128.5,
128.3, 126.9, 125.4, 117. IR (neat) 3377, 3191, 2928, 1647, 1597, 1389, 1160, 1080 cm™'.
HRMS (ESI) m/z [M+H]" calcd for C1sH13CINO 258.0686, found 258.0672.
2-(1-(2-chlorophenyl)vinyl)benzamide (139)
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D
! Cl

The title compound was prepared by following the general procedure E in
40% yield (155 mg, 0.6 mmol) as a white solid. m.p. 136-138 °C. 'TH NMR
(500 MHz, CDCl3) 6 7.64-7.58 (m, 1H), 7.41-7.28 (m, 4H), 7.30-7.22 (m,
2H), 7.21-7.15 (m, 1H), 6.10 (brs, 1H), 5.75 (brs, 2H), 5.74 (s, 1H), 5.66
(s, 1H). BC{IH} NMR (126 MHz, CDCl3) & 171.9, 146.0, 139.8, 139.3,

134.6, 132.5, 132.5, 130.4, 130.2, 129.8, 129.4, 128.9, 128.1, 127.1, 122.2. IR (neat) 3474,
3191, 2930, 1640,1612, 1367, 1044 cm™'. HRMS (ESI) m/z [M+H]" calcd for C15H;3CINO
258.0686, found 258.0673.

(E)-2-(1-phenylprop-1-en-1-yl)benzamide (I41)

(0]
CCn
~ “Me

The title compound was prepared by following the general procedure E in
57% yield (203 mg, 0.85 mmol) as a yellow solid. m.p. 112-114 °C. H
NMR (500 MHz, CDCIl3) 6 8.05-7.99 (m, 1H), 7.58-7.51 (m, 1H), 7.49—
7.42 (m, 1H), 7.30-7.24 (m, 2H), 7.26-7.16 (m, 4H), 6.55 (brs, 1H), 6.46
(q,J=7.0 Hz, 1H), 6.41 (brs, 1H), 1.68 (d, J = 6.9 Hz, 3H). BC{'H} NMR

(126 MHz, CDCl3) 6 171.0, 141.2, 140.2, 137.9, 133.4, 131.7, 131.4, 130.3, 128.8, 128.0,
127.7,126.3, 126.0, 15.8. IR (neat) 3390, 3178, 2930, 1660, 1590, 1444, 1382, 1163, 1077 cm”
! HRMS (ESI) m/z [M+H]" calcd for C16H16NO 238.1232, found 238.1218.
2-(3,4-dihydronaphthalen-1-yl)benzamide (142)

The title compound was prepared by following the general procedure E in
78% yield (292 mg, 1.17 mmol) as a white solid. m.p. 125-127 °C. 'H NMR
(500 MHz, CDCl3) 6 7.87 (dd, J=7.6, 1.6 Hz, 1H), 7.52-7.45 (m, 1H), 7.47—
7.41 (m, 1H), 7.29-7.26 (m, 1H), 7.20-7.13 (m, 2H), 7.09-7.05 (m, 1H),
6.71-6.68 (m, 1H), 6.10 (t, /= 4.6 Hz, 1H), 6.05 (brs, 1H), 5.63 (brs, 1H),

2.89 (t,J=8.1 Hz, 2H), 2.48-2.43 (m, 2H). 3C{'H} NMR (126 MHz, CDCls) § 170.7, 139.2,
138.4,135.9, 134.8, 134.6, 131.1, 131.0, 129.5, 129.1, 128.0, 127.9, 127.8, 127.0, 124.9, 28.0,
23.7. IR (neat) 3380, 3164, 2930, 1641, 1384, 1101, 1026 cm'. HRMS (ESI) m/z [M+H]"
calcd for C17H6NO 250.1232, found 250.1221.
2',3',4',5'-tetrahydro-[1,1'-biphenyl]-2-carboxamide (143)

The title compound was prepared by following the general procedure E in
59% yield (178 mg, 0.88 mmol) as a yellow solid. m.p. 143-145 °C. 'THNMR
(500 MHz, CDCl3) 6 7.77 (dd, J=7.7, 1.5 Hz, 1H), 7.42-7.37 (m, 1H), 7.34—
7.30 (m, 1H), 7.16 (dd, J= 7.6, 1.4 Hz, 1H), 6.37 (brs, 1H), 5.85 (brs, 1H),
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5.84-5.79 (m, 1H), 2.31-2.25 (m, 2H), 2.22-2.17 (m, 2H), 1.78-1.72 (m, 2H), 1.70-1.65 (m,
2H). BC{'H} NMR (126 MHz, CDCl3) 6 171.2, 143.0, 140.2, 132.8, 131.0, 129.5, 129.3,
127.6,127.3,30.6, 25.7,23.4, 21.9. IR (neat) 3394, 3175, 2928, 1634, 1617, 1448, 1383, 1101
cm™'. HRMS (ESI) m/z [M+H]" caled for C13H1sNO 202.1232, found 202.1217.

4.2 Procedure for the synthesis of 140

(0]

© O® c
Me BF3;K Pd(PPh | NH
NH, - \H/ 3 (PPh3),Cly g 2
K,COs, 100 °C
|

N,, 15 h
140 Me

In a N> atmosphere, oven-dried round-bottom flask equipped with a magnetic stir bar, 2-
iodobenzamide (2 mmol) was added. To this, Pd(PPhs):Clz (5 mol%) was added, followed by
potassium trifluoro(prop-1-en-2-yl)borate (1.2 equivalents) and KoCO; (3.0 equiv.). Then, 1,4-
dioxane (8.5 mL) and deionized H,O (2.8 mL) was added to the mixture. The reaction mixture
was stirred at 100 °C for 15 h. The mixture was cooled to room temperature and diluted with
water. The aqueous layer was extracted with EtOAc, and the combined organic extracts were
washed with aq. NaCl, dried over anhydrous Na>SOs, filtered, and concentrated under reduced
pressure. The crude product was then purified by column chromatography using 30—40% ethyl
acetate in hexane, affording the 2-(prop-1-en-2-yl)benzamide 140.
2-(prop-1-en-2-yl)benzamide (140)

o 40% yield (130 mg, 0.80 mmol) as a white solid. m.p. 101-103 °C. 'H NMR

NH,| (500 MHz, CDCl3)67.73(dd,J=7.7,1.5 Hz, 1H), 7.42-7.39 (m, 1H), 7.35~

7.31 (m, 1H), 7.22 (dd, J = 7.5, 1.4 Hz, 1H), 6.33 (brs, 2H), 5.26-5.21 (m,

Me 1H), 5.12-5.08 (m, 1H), 2.12 (s, 3H). *C{'H} NMR (126 MHz, CDCls) §

171.30, 146.9, 142.4, 132.9, 130.9, 129.1, 128.9, 127.6, 116.1, 24.5. IR (neat) 3377, 3173,

2917, 1640, 1391, 1177 cm™'. HRMS (ESI) m/z [M+H]" calcd for C1oH12NO 162.0919, found

162.0902.

4.3 General procedure for the synthesis of 144 to 147 (General Procedure F)

[ Pd(OAc),
CO,Et  AgOAc, AcOH
Xy + r -
| | 110 °C, 6 h
X

R
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A suspension of AgOAc (10 mmol, 2 equiv) and Pd(OAc): (5 mol%) in AcOH (4.1 mL) was
prepared, followed by the addition of iodobenzene (5 mmol, 1 equiv) and ethyl acrylate
(1.65 mmol, 0.35 equiv). The reaction mixture was stirred under an argon atmosphere at 110 °C
for 12 hours. After completion, the mixture was allowed to cool to room temperature and
diluted with ethyl acetate (5 mL). It was then filtered through a pad of Celite and washed with
ethyl acetate (60 mL). The combined filtrate was concentrated under reduced pressure, and the
crude product was purified by column chromatography (hexane/ethyl acetate = 15:1) to afford
the ethyl 3,3-diphenylacrylate derivatives as a yellow oil.

DMF (cat)
(COCI), NH,
— 5 |

aq. NH;
DCM

The corresponding ester (1.3 mmol, 1 equiv) was dissolved in a mixture of NaOH (5.0 equiv)

in 0.8 mL of water and 3.5 mL of methanol, and the reaction mixture was stirred at 50 °C for 6
hours. Upon completion, methanol was removed under reduced pressure, and the residue was
diluted with water. The aqueous phase was acidified with 3 N HCI and extracted with diethyl
ether. The combined organic extracts were washed sequentially with water and brine, dried
over Na>SOs, filtered, and concentrated under reduced pressure to afford the desired 3,3-
diphenylacrylic acid derivatives. Which was used directly used in the next step without further
purification.

The 3,3-diphenylacrylic acid derivative and a catalytic amount of DMF were dissolved in
3.6 mL of anhydrous dichloromethane in a round-bottom flask. The solution was cooled to 0 °C
and stirred for 5 minutes before oxalyl chloride (1.2 equiv) was added dropwise at the same
temperature. The reaction mixture was then allowed to warm to room temperature and stirred
for 4 hours. Afterwards, the solvent was removed under reduced pressure to yield the crude
acid chloride. This intermediate was dissolved in 3 mL of dry dichloromethane, followed by
dropwise addition of 4.2 mL of aqueous ammonia at 0 °C. The mixture was stirred at room
temperature for 10 hours. The reaction was quenched with water and extracted with DCM
(3 x15mL). The combined organic layers were dried over anhydrous Na.SOs, filtered, and
concentrated under reduced pressure. The crude product was purified by column
chromatography using 20-30% ethyl acetate in hexane to afford the 3,3-diphenylacrylamide
derivatives.

3,3-diphenylacrylamide (144)"!
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o The title compound was prepared by following the general procedure F in

[ NH, 83%y

ield (241 mg, 1.1 mmol) as a white solid. m.p. 150-152 °C. 'TH NMR

O O (400 MHz, CDCl3) 6 7.47-7.41 (m, 3H), 7.38-7.27 (m, 7H), 6.39 (s, 1H),

5.48 (brs, 1H), 5.11 (brs, 1H). 3C{'H} NMR (126 MHz, CDCl5) & 168.8,

151.1, 140.7, 138.2, 129.3, 129.1, 128.9, 128.8, 128.5, 128.0, 121.8. IR (neat) 3386, 3182,
2926, 1608, 1380, 1182, 1118 cm™".

3,3-di-p-tolylacrylamide (145)'!

(o)

| NH,
Me l l Me

13C{'H} NMR (126 MHz
129.3, 128.1, 120.4, 21.5,
1115 em™.

The title compound was prepared by following the general
procedure F in 88% yield (287 mg, 1.14 mmol) as a white solid.
m.p. 155-157 °C. 'TH NMR (500 MHz, CDCl3) 6 7.25 (d, J= 8.1
Hz, 2H), 7.18-7.15 (m, 4H), 7.12 (d, J = 8.3 Hz, 2H), 6.35 (s,

1H), 5.44 (brs, 1H), 5.15 (brs, 1H), 2.41 (s, 3H), 2.35 (s, 3H).

, CDCl3) 6 169.0, 151.9, 139.6, 139.1, 137.9, 135.3, 129.8, 129.4,

21.4. IR (neat) 3388, 3184, 2921, 1645, 1601, 1391, 1333, 1183,

3,3-bis(4-fluorophenyl)acrylamide (146)'2

(o)

|NH2
BORGE

J=50.6 Hz), 162.3 (d, J =

The title compound was prepared by following the general
procedure F in 50% yield (168 mg, 0.65 mmol) as a white solid.
m.p. 118-120 °C. 'THNMR (500 MHz, CDCl3) § 7.28-7.18 (m, 4H),
7.14-7.07 (m, 2H), 7.05-6.98 (m, 2H), 6.29 (s, 1H), 5.78 (brs, 1H),
5.27 (brs, 1H). BC{'H} NMR (126 MHz, CDCls) 5 168.4, 164.3 (d,
49.8 Hz), 149.7, 136.9 (d, J=3.3 Hz), 134.0 (d, /= 3.6 Hz), 131.4

(d,J=8.2 Hz), 130.1 (d, J= 8.3 Hz), 121.4.116.0 (d, J=21.7 Hz), 115.7 (d, J=21.6 Hz). ¥F

NMR (471 MHz, CDCls)

0 -111.66 to -111.71 (m, 1F), 111.85 to 111.90 (m, 1F). IR (neat)

3487, 3347, 2921, 1661, 1597, 1502, 1426, 1320, 1227 cm™.
3,3-bis(4-chlorophenyl)acrylamide (147)

(o)

| NH,
cl ‘ ‘ cl

The title compound was prepared by following the general
procedure F in 40% yield (151 mg, 0.52 mmol) as a white solid.
m.p. 130-132 °C. TH NMR (500 MHz, CDCl3) 8 7.41-7.36 (m,
2H), 7.32-7.27 (m, 2H), 7.23-7.17 (m, 2H), 7.19-7.14 (m, 2H),
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6.32 (s, 1H), 5.79 (brs, 1H), 5.31 (s, IH). BC{'"H} NMR (126 MHz, CDCl3) & 168.1, 149.5,
138.9,136.3,135.6,135.2,130.9, 129.5, 129.2, 128.9, 121.9. IR (neat) 3470, 3308, 3162, 2923,
1661, 1601, 1381, 1325, 1088, 1015 cm™.. HRMS (ESI) m/z [M+H]" calcd for CisHi2CI,NO
292.0296, found 292.0284.

4.4 Procedure for the synthesis of 148

o o
(COCI),

‘ OH DMF (cat) ‘ NH,
aq. NH3
DCM
148

3,4,5,6-tetrahydro-[1,1'-biphenyl]-2-carboxylic acid was prepared according to the previous
reported procedures'>. The compound I48 was prepared as described in the following

procedure.

3,4,5,6-Tetrahydro-[1,1'-biphenyl]-2-carboxylic acid (1.9 mmol, 1 equiv) and a catalytic
amount of DMF were dissolved in 4.7 mL of dry dichloromethane in a round-bottom flask. The
reaction mixture was cooled to 0 °C and stirred for 5 minutes before adding oxalyl chloride
(1.2 equiv) dropwise at the same temperature. The reaction was then allowed to warm to room
temperature and stirred for an additional 4 h. Then, the solvent was removed under reduced
pressure to obtain the crude acid chloride. The crude intermediate was dissolved in 3.9 mL of
dry DCM, and 5.4 mL of aq. ammonia was added dropwise at 0 °C. The mixture was stirred at
room temperature for 10 h. The reaction was then quenched with water and extracted with
DCM (3 x 15mL). The combined organic phases were dried over Na.SOs, filtered, and
concentrated under reduced pressure. The crude residue was purified by column
chromatography using 30-40% ethyl acetate in hexane to afford the 3,4,5,6-tetrahydro-[1,1'-
biphenyl]-2-carboxamide 148.

3,4,5,6-tetrahydro-[1,1'-biphenyl]-2-carboxamide (I48)

50% yield (191 mg, 0.95 mmol) as a yellow solid. m.p. 120-122 °C. 'H
NMR (500 MHz, CDCl3) & 7.36-7.32 (m, 2H), 7.31-7.28 (m, 1H), 7.26—
7.22 (m, 2H), 5.27 (brs, 1H), 4.92 (brs, 1H), 2.47-2.42 (m, 2H), 2.40-2.34
(m, 2H), 1.77-1.70 (m, 4H). BC{'H} NMR (126 MHz, CDCLs) § 173.1,
142.4, 140.9, 131.5, 128.9, 127.8, 127.4, 32.3, 27.0, 22.8, 22.1. IR (neat) 3416, 3198, 2926,
2861, 1634, 1601, 1446, 1390, 1160 cm™. HRMS (ESI) m/z [M+H]" calcd for Ci3HisNO
202.1232, found 202.1217.
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4.5 General procedure for the synthesis of 149 to 154 (General Procedure G)'*

bas

o._0
B
1. PBr, DMF o) Ph/& o)
0O 2. NaClOZ, H202 Pd(PPh3)4
> X NH, - X NH,
3. (COCI),, DMF(cat.) | K,COs4 |
X 4. NH(TMS), O Br Dioxane/H,0 -
n 100°C,6-12h Ph
n=0to 2
X=C,0,N

A solution of DMF (30 mmol) in CH2Cl; (20 mL) was cooled to 0 °C and slowly treated with
PBr; (37.5 mmol), followed by stirring for 1 hour. To this mixture, a solution of cyclic ketone
(10 mmol, 1 equiv) in CH2Cl> (4.5 mL) was added dropwise, and the reaction was stirred at
25 °C for 24 hours. The reaction was quenched by pouring the mixture onto ice and adjusting
the pH to 7 with NaHCOs. The resulting mixture was allowed to warm to room temperature
and extracted three times with ethyl acetate. The combined organic extracts were washed with
sat. NaHCOs solution, brine, and water. The organic layer was dried over Na>SOs, filtered, and

concentrated under reduced pressure. The crude product was used as such in the next step.

To a stirred mixture of crude carbaldehyde derivative in acetonitrile (10 mL) was added a
solution of sodium chlorite (1.4 equiv) in water (15 mL) at 0 °C. Then, NaH2POa4 (0.32 g) in
water (5 mL), and 30% aqueous hydrogen peroxide (1.2 mL) was added dropwise over 2 h at
0 °C. After the addition was complete, the mixture was stirred for an additional 2 h at 108 °C.
The reaction was then quenched by pouring it into sat. aq. Na2COs, 25 mL) and washed with
diethyl ether (15 mL); the ether layer was discarded. The aqueous layer was then acidified with
I N HCI (100 mL) and extracted with diethyl ether (3 x 30 mL). The combined organic layers
were dried over Na.SO4 and concentrated under reduced pressure to yield cyclic carboxylic

acid derivative. Which was used directly without further purification for the next step.

To a solution of the crude cyclic carboxylic acid derivatives in CH2Cl> (40 mL) at 0 °C, 3—4
drops of dry DMF followed by oxalyl chloride (3 equiv) was added, the reaction mixture was

stirred at room temperature for 4 h. Then, hexamethyldisilazane (7.5 equiv) was added
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dropwise at 0 °C, and the mixture was stirred overnight at room temperature. After cooling the
reaction mixture at 0 °C, MeOH (15 mL) was added, and the stirring was continued for an
additional 3 h at room temperature. H O was added, and the mixture was extracted with
CHxCl,. The organic layer was then washed with brine. The combined organic layers were
dried over Na.SOs and concentrated to afford cyclohexene carboxamide derivative. The crude

product was used directly in the next step.

In an oven-dried round-bottom flask equipped with a magnetic stir bar, the crude cyclohexene
carboxamide derivative was added under a nitrogen atmosphere. Pd(PPh3)4 (5 mol%), 4,4,5,5-
tetramethyl-2-(1-phenylvinyl)-1,3,2-dioxaborolane (1.2 equiv), and K.COs, (3.0 equiv) were
added, followed by a mixture of 1,4-dioxane (0.25 M) and H>O (0.5 M). The reaction was
stirred at 100 °C for 12 h. The reaction was monitored by TLC to establish the consumption of
starting material. After cooling, water was added, and the mixture was extracted with ethyl
acetate. The combined organic extracts were dried over anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The crude residue was purified by column
chromatography using a gradient of 30—40% ethyl acetate in hexane to afford the desired
product.

1-(1-phenylvinyl)-3,4-dihydronaphthalene-2-carboxamide (149)

o The title compound was prepared by following the general procedure G in

NH,| 15% overall yield (413 mg, 1.5 mmol) as a yellow solid. m.p. 86-88 °C. H

O‘ NMR (500 MHz, CDCI3) & 7.50-7.44 (m, 2H), 7.35-7.25 (m, 3H), 7.21-

O 7.16 (m, 2H), 7.18-7.12 (m, 1H), 7.10-7.03 (m, 1H), 6.05 (s, 1H), 5.92

(brs, 1H), 5.63 (brs, 1H), 5.38 (s, 1H), 2.93 (t, /= 8.0 Hz, 1H), 2.73 (t, J =

8.0 Hz, 1H). BC{'H} NMR (126 MHz, CDCl3) & 171.9, 145.3, 139.4, 138.0, 136.9, 133.9,

132.3,129.2,128.7, 128.6, 127.6, 127.1, 126.8, 126.0, 116.7, 28.2, 25.6. IR (neat) 3461, 3390,

3156, 1652, 1493, 1448, 1404 cm™'. HRMS (ESI) m/z [M+H]" calcd for C1oHsNO 276.1388,
found 276.1382.

2-(1-phenylvinyl)cyclopent-1-ene-1-carboxamide (I50)

o The title compound was prepared by following the general procedure G in
‘ NH, 32% overall yield (682 g 3.2 mmol) as a white solid. m.p. 72-74 °C. 'TH NMR
(500 MHz, CDCl3) 6 7.41-7.35 (m, 2H), 7.36-7.28 (m, 3H), 6.10 (brs, 1H),

5.74 (brs, 1H), 5.69 (s, 1H), 5.28 (s, 1H), 2.86-2.81 (m, 2H), 2.65-2.60 (m,

O 2H), 1.96-1.90 (m, 2H). BC{'H} NMR (126 MHz, CDCls) & 168.1, 148.8,
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146.0, 137.2, 134.6, 128.9, 128.7, 126.2, 114.4, 40.4, 34.6, 21.8. IR (neat) 3430, 3147, 2940,
1661, 1597, 1404, 1154 cm™. HRMS (ESI) m/z [M+H]" calcd for C14HsNO 214.1232, found
214.1215.

2-(1-phenylvinyl)cyclohex-1-ene-1-carboxamide (IS1)

o The title compound was prepared by following the general procedure G in

NH, 28% overall yield (636 mg, 2.8 mmol) as a yellow solid. m.p. 80-82 °C. 'H

‘ NMR (500 MHz, CDCl3) 6 7.44-7.39 (m, 2H), 7.39-7.32 (m, 2H), 7.34-7.27

(m, 1H), 5.74 (brs, 1H), 5.61 (s, 1H), 5.28 (brs, 1H), 5.21 (s, 1H), 2.49-2.44

O (m, 2H), 2.19-2.14 (m, 2H), 1.77-1.71 (m, 2H), 1.70-1.64 (m, 2H). BC{'H}

NMR (126 MHz, CDCl3) 6 172.5, 149.6, 141.0, 137.9, 132.0, 129.0, 128.4, 126.2, 113.6, 31.2,

26.6,22.5,22.3. IR (neat) 3463, 3114, 2932, 1661, 1605, 1390, 1338, 1157 cm™'. HRMS (ESI)
m/z [M+H]" calcd for C1sHi1sNO 228.1388, found 228.1376.

2-(1-phenylvinyl)cyclohept-1-ene-1-carboxamide (152)

o The title compound was prepared by following the general procedure G in

‘ NH, 29% overall yield (700 g, 2.9 mmol) as a white solid. m.p. 90-92 °C. H

NMR (500 MHz, CDCI3) 6 7.44-7.39 (m, 2H), 7.40-7.33 (m, 2H), 7.34—

7.29 (m, 1H), 5.55 (brs, 2H), 5.51 (s, 1H), 5.34 (brs, 1H), 5.20 (s, 1H), 2.59—

O 2.54 (m, 2H), 2.30-2.25 (m, 2H), 1.84-1.78 (m, 2H), 1.70-1.65 (m, 2H),

1.56-1.52 (m, 2H). BC{'H} NMR (126 MHz, CDCl3) & 173.8, 150.2, 146.5, 138.2, 137.8,

129.0, 128.5,126.6, 113.2,34.8,32.5,31.0, 27.1, 26.0. IR (neat) 3460, 3146, 2928, 1630, 1408,
1365, 1165 cm™ . HRMS (ESI) m/z [M+H]" caled for C16H20NO 242.1545, found 242.1539.

4-(1-phenylvinyl)-1-tosyl-1,2,5,6-tetrahydropyridine-3-carboxamide (IS3)

o The title compound was prepared by following the general procedure G
Ts. in 23% overall yield (880 g, 2.3 mmol) as a yellow liquid. (NMR data
for rotamers) "TH NMR (500 MHz, CDCls) § 7.74-7.71 (m, 1.60H),
7.69-7.64 (m, 1.22H), 7.56-7.53 (m, 0.64H), 7.48-7.44 (m, 1.12H),
7.36—7.31 (m, 6.12H), 6.36 (brs, 0.18H), 5.98 (brs, 0.64H), 5.91 (brs,
0.22H), 5.67 (s, 0.79H), 5.42 (brs, 0.64H), 5.18 (s, 0.80H), 3.99-3.95 (m,
1.56H), 3.90-3.89 (m, 0.35H), 3.27 (t, J = 5.8 Hz, 0.34H), 3.23 (t, J/ = 5.8 Hz, 1.46H), 2.64—
2.61 (m, 0.31H), 2.44 (s, 2.33H), 2.43 (s, 0.52H), 2.40-2.37 (m, 1.80H). BC{'H} NMR (126
MHz, CDCl3) 8 168.5, 166.1, 147.9, 144.3, 144.0, 140.6, 136.3, 134.5, 133.2, 133.0, 132.3,
132.2, 132.1, 132.1, 131.4, 130.0, 129.9, 129.2, 129.0, 128.7, 128.6, 129.00, 127.8, 127.7,

z

Z

I
N
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126.1, 114.6, 46.8, 45.6, 43.2, 42.7, 34.4, 31.4, 25.0, 21.7. IR (neat) 3310, 3181, 2923, 1650,
1336, 1165, 1117 cm™. HRMS (ESI) m/z [M+H]" caled for C>1H23N203 405.1249, found
405.1243.

4-(1-phenylvinyl)-1-tosyl-1,2,5,6-tetrahydropyridine-3-carboxamide (I53)

o The title compound was prepared by following the general procedure G
TS\N NH, in 23% overall yield (880 g, 2.3 mmol) as a yellow liquid. (Rotamers
was observed). "TH NMR (500 MHz, CDCl3) & 7.72 (d, J = 8.2 Hz,
1.43H), 7.71-7.61 (m, 1.47H), 7.38-7.28 (m, 6.11H), 6.37 (brs, 0.23H),
5.99 (brs, 0.80H), 5.67 (s, 0.82H), 5.51 (brs, 0.63H), 5.18 (s, 0.83H),
3.99-3.95 (m, 1.44H), 3.92-3.87 (m, 0.45H), 3.27 (t,J= 5.8 Hz, 0.50H),
3.22 (t,J = 5.8 Hz, 1.50H), 2.66-2.59 (m, 0.46H), 2.44 (s, 2.29H), 2.43 (s, 0.69H), 2.43-2.36
(m, 2.56H). BC{'H} NMR (126 MHz, CDCIls) & 168.5, 166.1, 147.9, 144.3, 144.0, 140.6,
136.3,134.5,133.2,133.0,132.3, 132.2,132.1, 132.1, 131.4, 130.0, 129.9, 129.2, 129.0, 128.7,
128.6, 129.00, 127.8, 127.7, 126.1, 114.6, 46.8, 45.6, 43.2, 42.7, 34.4, 31.4, 25.0, 21.7. IR
(neat) 3310, 3181, 2923, 1650, 1336, 1165, 1117 cm™'. HRMS (ESI) m/z [M+Na]" caled for
C21H23N203S8Na 405.1249, found 405.1243.

4-(1-phenylvinyl)-5,6-dihydro-2H-pyran-3-carboxamide (154)

o The title compound was prepared by following the general procedure G in

NH,| 23% overall yield (527 mg, 2.3 mmol) as a yellow solid. m.p. 128-130 °C.
'TH NMR (500 MHz, CDCls) & 7.46-7.40 (m, 2H), 7.41-7.31 (m, 3H), 6.06
(brs, 1H), 5.72 (s, 1H), 5.48 (brs, 1H), 5.30 (s, 1H), 4.50 (t, /= 2.6 Hz, 2H),
3.83 (t, J = 5.5 Hz, 2H), 2.33-2.26 (m, 2H). BC{'H} NMR (126 MHz,
CDCl) 6 168.7, 148.3, 140.5, 136.7, 130.1, 129.2, 128.9, 126.2, 114.5, 65.9, 64.2, 30.8. IR
(neat) 3483, 3158, 1656, 1402, 1174, 1110, 1024 cm!. HRMS (ESI) m/z [M+H]" calcd for
C14H16NO2 230.1176, found 230.1182.

List of imidate for the synthesis of other N-heterocycles

OMe OMe OMe OMe
Cl
3a O 3b O 3¢ 3d 3e O
Cl
Me F
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4.6 General procedure for the synthesis of 3a-3i (General Procedure H)

MeBF

] DCM. 12h

\\
\ R

Trimethyloxonium tetrafluoroborate (1.5 equiv) was added to a solution of 2-(1-

phenylvinyl)benzamide (0.5 mmol, 1.0 equiv) in CH2Cl2(6 mL) at 0 °C. The reaction mixture

was then allowed to warm to room temperature and stirred overnight. Then, the reaction was

quenched with methanol (1.5 mL) and concentrated under reduced pressure. The resulting

crude residue was purified by column chromatography on deactivated silica gel using a gradient
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of hexane/ethyl acetate (5-10%) to yield the desired methyl 2-(1-phenylvinyl)benzimidate

derivatives.

methyl 2-(1-phenylvinyl)benzimidate (3a)

The title compound was prepared by following the general procedure H in
66% yield (78 mg, 0.33 mmol) as a pale yellow liquid. '"H NMR (400 MHz,
CDCl;) & 7.58 (d, J = 7.6 Hz, 1H), 7.49-7.44 (m, 1H), 7.41 (d, J = 7.6 Hz,
1H), 7.37 (d, J = 7.8 Hz, 1H), 7.28-7.23 (m, 5H), 5.71 (s, 1H), 5.32 (s, 1H),
3.59 (s, 3H); 3C{'H} NMR (126 MHz, CDCI3) 6 170.0, 149.0, 140.4, 140.2,

131.0,130.2, 128.2,128.0, 127.9,127.9, 127.0, 125.1, 115.5, 53.8. IR (neat) 3324, 2945, 1639,
1437, 1338, 1170, 1075 cm™'. HRMS (ESI) m/z [M+H]" caled for C16H1sN0238.1232, found

238.1239.

methyl 2-(1-(p-tolyl)vinyl)benzimidate (3b)

Me

The title compound was prepared by following the general procedure H in
70% yield (88 mg, 0.35 mmol) as pale yellow liquid. '"H NMR (500 MHz,
CDCl) 6 7.56-7.50 (m, 1H), 7.47-7.39 (m, 1H), 7.41-7.34 (m, 1H), 7.37—
7.31 (m, 1H), 7.12 (d, /= 8.3 Hz, 2H), 7.08 (d, /= 8.0 Hz, 2H), 5.67 (s, 1H),
5.25 (s, 1H), 3.57 (s, 3H), 2.32 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) §
170.0, 150.0, 140.7, 137.8, 137.5, 131.1, 130.2, 129.0, 128.0, 127.9, 127.0,

114.8,53.7,21.3. IR (neat) 3330, 2945, 1636, 1515, 1437, 1338, 1070 cm™'. HRMS (ESI) m/z
[M+H]" caled for C17H1sNO 252.1388 , found 252.1395.

methyl 2-(1-(4-fluorophenyl)vinyl)benzimidate (3c)

The title compound was prepared by following the general procedure H in
55% yield (70 mg, 0.27 mmol) as a pale yellow liquid. "H NMR (500 MHz,
CDCl3) 6 7.52-7.47 (m, 1H), 7.48-7.41 (m, 1H), 7.42-7.35 (m, 1H), 7.37—
7.32 (m, 1H), 7.23-7.16 (m, 2H), 7.00-6.91 (m, 2H), 5.64 (s, 1H), 5.30 (s,
1H), 3.53 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) & 169.7, 162.6 (d, J =
247.2 Hz), 148.3, 140.1, 136.5 (d, J = 3.5 Hz), 134.3, 131.0, 130.1, 128.8 (d,

J=8.1Hz), 1282, 128.0, 115.4, 115.1 (d, J = 21.6 Hz) 53.4. YF NMR (471 MHz, CDCls) §
19F NMR (471 MHz, CDCl3) § -114.32 to -114.38 (m, 1F). IR (neat) 3330, 2948, 1639, 1600,
1506, 1368, 1227, 1160, 1077 cm™'. HRMS (ESI) m/z [M+H]" calcd for C16H1sFNO 256.1132,

found 256.1118.
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methyl 2-(1-(3-chlorophenyl)vinyl)benzimidate (3d)

OMe

NH

l Cl

The title compound was prepared by following the general procedure H in
83% yield (113 mg, 0.41 mmol) as a yellow liquid 'H NMR (500 MHz,
CDCl3) 6 7.54-7.51 (m, 1H), 7.50-7.46 (m, 1H), 7.45-7.41 (m, 1H), 7.39—
7.35 (m, 1H), 7.30-7.22 (m, 3H), 7.15-7.11 (m, 1H), 5.73 (s, 1H), 5.39 (s,
1H), 3.57 (s, 3H). 3C{'H} NMR (126 MHz, CDCl3) § 169.7, 148.1, 142.2,
140.5, 134.5,134.4,131.0, 130.1, 129.5, 128.3, 128.0, 128.0, 127.2, 125.4,

116.6, 53.3. IR (neat) 3328, 2945, 1636, 1577, 1440, 1347, 1314, 1077 cm™'. HRMS (ESI) m/z
[M+H]" caled for C16H1sCINO 272.0837, found 272.0819.

methyl 2-(1-(2-chlorophenyl)vinyl)benzimidate (3e)

OMe

! Cl

The title compound was prepared by following the general procedure H in
81% yield (110 mg, 0.40 mmol) as a pale yellow solid. m.p. 46-48 °C. 'H
NMR (500 MHz, CDCl3) § 7.40-7.31 (m, 5H), 7.25-7.20 (m, 3H), 5.67 (s,
1H), 5.59 (s, 1H), 3.57 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) 6 170.5,
146.6, 139.6, 139.6, 134.1, 133.0, 132.1, 130.4, 130.1, 129.8, 129.0, 128.0,

127.9, 126.5, 121.1, 53.4. IR (neat) 3324, 2943, 1636, 1430, 1330, 1168, 1066, 1040 cm™.
HRMS (ESI) m/z [M+H]" caled for C16HisCINO 272.0837, found 272.0836.

methyl 2-(prop-1-en-2-yl)benzimidate (3f)

OMe

NH

Me

The title compound was prepared by following the general procedure H in
69% yield (60.4 mg, 0.34 mmol) as a pale yellow liquid. "H NMR (500 MHz,
CDCl3) 6 7.52-7.46 (m, 1H), 7.40-7.33 (m, 1H), 7.33-7.26 (m, 1H), 7.26—
7.20 (m, 1H), 5.20-5.16 (m, 1H), 5.02—4.98 (m, 1H), 3.89 (s, 3H), 2.04 (s,

3H). BC{'H} NMR (126 MHz, CDCl3) & 170.3, 145.7, 142.7, 132.5, 130.1, 129.2, 127.8,
127.3, 115.8, 53.8, 23.9. IR (neat) 3330, 2943, 1636, 1437, 1342, 1095, 1073 cm™'. HRMS
(EST) m/z [M+H]" caled for C11H14NO 176.1075, found 176.1078.

methyl (E)-2-(1-phenylprop-1-en-1-yl)benzimidate (3g)

OMe
NH

~ “Me

The title compound was prepared by following the general procedure H in
43% vyield (54 mg, 0.215 mmol) as a pale yellow liquid. "H NMR (500
MHz, CDCl3) 6 7.67-7.63 (m, 1H), 7.48-7.44 (m, 1H), 7.41-7.36 (m, 1H),
7.24-7.16 (m, 6H), 6.31 (q, J = 6.9 Hz, 1H), 3.67 (s, 3H), 1.65 (d, J=7.0
Hz, 3H). BC{'H} NMR (126 MHz, CDCl3) & 169.1, 141.2, 141.1, 138.4,
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134.1,131.6,130.2, 128.4, 128.2, 127.6, 127.1, 126.6, 125.1, 53.4, 15.8. IR (neat) 3335, 2941,
1641, 1435, 1347, 1165, 1070 cm™. HRMS (ESI) m/z [M+H]" calcd for C17H18NO 252.1388,
found 252.1392.

methyl 2-(3,4-dihydronaphthalen-1-yl)benzimidate (3h)

OMe The title compound was prepared by following the general procedure H in

NH | 68% yield (90 mg, 0.34 mmol) as a yellow liquid. TH NMR (500 MHz,
O CDCl3) 6 7.59 (dd, J = 7.6, 1.5 Hz, 1H), 7.47-7.43 (m, 1H), 7.40-7.37 (m,
‘ 1H), 7.30 (dd, J = 7.5, 1.5 Hz, 1H), 7.18-7.16 (m, 1H), 7.14-7.11 (m, 1H),
O 7.06-7.02 (m, 1H), 6.66—6.64 (m, 1H), 6.05 (t, /= 4.6 Hz, 1H), 3.58 (s, 3H),
2.88-2.84 (m, 2H), 2.45-2.39 (m, 2H). BC{'H} NMR (126 MHz, CDCl3) § 169.5, 139.2, 139.2,
136.1, 134.9, 133.9, 131.2, 130.3, 128.4, 127.8, 127.7, 127.6, 127.4, 126.5, 124.6, 53.3, 28.2,
23.7. IR (neat) 3328, 2940, 1634, 1435, 1336, 1160, 1077 cm'. HRMS (ESI) m/z [M+H]"
calcd for CigHi1sNO 264.1388, found 264.1398.

methyl 2',3',4',5'-tetrahydro-[1,1'-biphenyl]-2-carbimidate (3i)

OMe The title compound was prepared by following the general procedure H in

NH | 76% yield (82 mg, 0.38 mmol) as a pale yellow liquid. "TH NMR (500 MHz,
O CDCl3) 6 7.53-7.48 (m, 1H), 7.38-7.32 (m, 1H), 7.30-7.23 (m, 1H), 7.17
‘ (dd,J=17.6,1.4 Hz, 1H), 5.72-5.70 (m, 1H), 3.89 (s, 3H), 2.20-2.15 (m, 4H),
1.76-1.70 (m, 2H), 1.69-1.63 (m, 2H). BC{'H} NMR (126 MHz, CDCls) & 170.3, 143.6,
138.9, 132.3, 130.1, 129.6, 127.8, 127.2, 126.9, 53.7, 29.8, 25.7, 23.3, 22.0. IR (neat) 3321,
2930, 1641, 1442, 1336, 1163, 1073 cm™'. HRMS (ESI) m/z [M+H]" caled for C14HisNO

216.1388, found 216.1391.

4.7 General procedure for the synthesis of 3j-3m (General Procedure I)

OMe

To a solution of 3,3-diphenylacrylamide derivatives (0.5 mmol, 1.0 equiv) in dichloromethane
(6 mL), trimethyloxonium tetrafluoroborate (1.5 equiv) was added at 0 °C. The reaction
mixture was gradually warmed to room temperature and stirred overnight. After completion,
the reaction was quenched with methanol (1.5 mL) and concentrated under reduced pressure.

The crude product was then purified by column chromatography on deactivated silica gel using
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a hexane/ethyl acetate gradient (5—10%) to afford the desired methyl 3,3-diphenylacrylimidate
derivatives.

methyl 3,3-diphenylacrylimidate (3j)

The title compound was prepared by following the general procedure I in

NH | 65% yield (76 mg, 0.32 mmol) as a yellow liquid. "H NMR (500 MHz,

| CDCls) 6 7.44-7.39 (m, 3H), 7.34-7.29 (m, 3H), 7.29-7.26 (m, 2H), 7.24—

O O 7.22 (m, 2H), 6.33 (s, 1H), 3.67 (s, 3H). BC{!H} NMR (126 MHz, CDCl5)

5 167.6, 150.7, 141.1, 138.5, 129.2, 129.1, 129.0, 128.6, 128.5, 128.0, 119.2, 52.8. IR (neat)

3340, 2943, 1625, 1442, 1367, 1307, 1177 cm™ . HRMS (ESI) m/z [M+H]" calcd for C16Hi1eNO
238.1232, found 238.1239.

OMe

methyl 3,3-di-p-tolylacrylimidate (3k)

OMe The title compound was prepared by following the general
procedure I in 88% yield (117 mg, 0.44 mmol) as a pale yellow

7.19-7.13 (m, 2H), 7.14-7.07 (m, 4H), 6.27 (s, 1H), 3.68 (s, 1H),
2.39 (s, 3H), 2.34 (s, 3H). BC{'H} NMR (126 MHz, CDCls) &
167.8, 151.1, 139.2, 138.5, 138.4, 135.5, 129.7, 129.2, 129.1, 128.0, 117.9, 52.9, 21.5, 21.3.
IR (neat) 3348, 2948, 1718, 1628, 1600, 1429, 1375, 1303, 1148, 1079 cm™'. HRMS (ESI) m/z
[M+H]" calcd for C1sH20NO 266.1539, found 266.1515.

NH
O | O liquid. 'H NMR (500 MHz, CDC13) 07.22 (d, J=7.6 Hz, 2H),
Me Me

methyl 3,3-bis(4-fluorophenyl)acrylimidate (31)

OMe The title compound was prepared by following the general
NH procedure I in 83% yield (113 mg, 0.41 mmol) as a pale yellow

| liquid. "TH NMR (500 MHz, CDCl3) 8 7.24-7.17 (m, 4H), 7.13-7.08
F O O | (m, 2H), 7.03-6.98 (m, 2H), 6.26 (s, 1H), 3.66 (s, 3H). BC{H}
NMR (126 MHz, CDCl3) ¢ 167.5, 164.2 (d, J=52.8 Hz), 162.2 (d,
J=51.6 Hz), 148.5, 137.1 (d, /= 3.4 Hz), 134.3 (d, /= 3.5 Hz), 131.2 (d, J = 8.3 Hz), 129.8
(d, J= 8.3 Hz), 119.6, 116.0 (d, J = 21.6 Hz), 115.6 (d, J = 21.7 Hz), 53.0. ’F NMR (471
MHz, CDCI3) 6 -112.15 to -112.18 (m, 1F), 112.53 to -112.59 (m, 1F); IR (neat) 3344, 2945,
1632, 1599, 1504, 1308, 1227, 1154, 1086 cm. HRMS (ESI) m/z [M+H]" caled for
Ci6H14F2NO 274.1043, found 274.1056.
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methyl 3,3-bis(4-chlorophenyl)acrylimidate (3m)

OMe The title compound was prepared by following the general
NH procedure I in 82% yield (125 mg, 0.41 mmol) as a pale yellow

| liquid. 'TH NMR (400 MHz, CDCl3) 8 7.38 (d, J = 8.0 Hz, 2H),
cl O O cil 7-30-7.25 (m, 2H), 7.18-7.12 (m, 4H), 6.30 (s, 1H), 3.66 (s, 3H);
I3C{'H} NMR (101 MHz, CDCls) & 167.3, 148.1, 139.2, 136.6,
135.4,134.9,130.7, 129.3, 129.2, 128.9, 120.2, 53.0; IR (neat) 3352, 2941, 1625, 1488, 1437,
1362, 1307, 1081 cm™'; HRMS (ESI) m/z [M+H]" calcd for Ci6H14CINO 306.0453, found
306.0455.

4.8 Procedure for the synthesis of 3n

o OMe
® S

‘ NH, O(Me);BF, ‘ NH
—_—
O ®

To a solution of 3,4,5,6-tetrahydro-[1,1'-biphenyl]-2-carboxamide (0.5 mmol, 1.0 equiv) in
dichloromethane (6 mL), trimethyloxonium tetrafluoroborate (1.5 equiv) was added at 0 °C.
The mixture was gradually warmed to room temperature and stirred overnight. After
completion, the reaction was quenched with methanol (1.5mL) and concentrated under
reduced pressure. The crude product was then purified by column chromatography on
deactivated silica gel using a hexane/ethyl acetate gradient (5%) to afford the methyl 3,4,5,6-
tetrahydro-[1,1'-biphenyl]-2-carbimidate.

methyl 3,4,5,6-tetrahydro-[1,1'-biphenyl]-2-carbimidate (3n)

OMe 75% yield (81 mg, 0.37 mmol) as a yellow liquid. "H NMR (500 MHz,

NH | CDCl3) 8 7.31-7.27 (m, 2H), 7.25-7.21 (m, 1H), 7.17-7.14 (m, 2H), 3.57 (s,

‘ 3H), 2.39-2.33 (m, 4H), 1.76-1.72 (m, 4H). BC{'H} NMR (126 MHz,

O CDCl3) 6 172.1, 142.8, 130.1, 128.4, 127.3, 127.2, 125.4, 53.0, 31.9, 27.8,

22.7, 22.3. IR (neat) 3326, 2923, 1625, 1437, 1327, 1081 cm™'. HRMS (ESI) m/z [M+H]"
caled for C14H1sNO 216.1388, found 216.1387.
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4.9 General procedure for the synthesis of 30-3t (General Procedure J)

o) OMe
X NH, @ ©O X NH
| O(Me)3BF4 | n=0to2
- — T n X=C,0O,N
Ph DCM, 12 h Ph

Trimethyloxonium tetrafluoroborate (1.5 equiv.) was added to a solution of phenylvinyl cyclic
carboxamide derivatives (0.5 mmol, 1.0 equiv) in dichloromethane (6 mL) at 0 °C. The reaction
mixture was then allowed to warm to room temperature and stirred for 12 h. The reaction was
quenched with methanol (1.5 mL) and the solvent was removed under reduced pressure. The
crude residue was purified by column chromatography on deactivated silica gel using a 5—10%

ethyl acetate in hexane to yield the desired phenylvinyl cyclic carbimidate derivatives.

methyl 1-(1-phenylvinyl)-3,4-dihydronaphthalene-2-carbimidate (30)

oMe | The title compound was prepared by following the general procedure J in

NH| 66% yield (95 mg, 0.33 mmol) as a pale yellow solid. m.p. 74-76 °C; 'H

‘ NMR (500 MHz, CDCl3) 6 7.46—7.40 (m, 2H), 7.32-7.21 (m, 3H), 7.20—

O Ph 7.13 (m, 3H), 7.11-7.04 (m, 1H), 5.92 (s, 1H), 5.24 (s, 1H), 3.64 (s, 3H),

2.92 (t, J = 8.0 Hz, 2H), 2.60 (t, J = 8.0 Hz, 2H). ¥C{'H} NMR (126 MHz, CDCl3) § 170.7,

145.5,139.4,138.9,136.3, 134.2,131.1, 128.7, 128.2, 128.1, 127.5, 126.9, 126.8, 126.2, 116.0,

52.9,28.2,26.1. IR (neat) 3321, 2932, 1645, 1435, 1345, 1325, 1188, 1073 cm™. HRMS (ESI)
m/z [M+H]" calcd for C20H20NO 290.1545, found 290.1549.

methyl 2-(1-phenylvinyl)cyclopent-1-ene-1-carbimidate (3p)

OMe The title compound was prepared by following the general procedure J in 62%
nu | Yield (70 mg, 0.31 mmol) as a yellow liquid. 'TH NMR (500 MHz, CDCl3) &
7.34-7.27 (m, 5H), 5.54 (d, J= 1.2 Hz, 1H), 5.22 (d, J=1.2 Hz, 1H), 3.47 (s,
Ph 3H), 2.75-2.72 (m, 2H), 2.68-2.63 (m, 2H), 1.99-1.92 (m, 2H). B¥C{'H}
NMR (126 MHz, CDCl;) 6 167.5, 146.8, 145.7,139.2, 132.6, 128.5, 127.9, 126.5, 114.8, 52.5,
39.5,35.3,22.4. IR (neat) 3339, 2948, 1623, 1437, 1320, 1066 cm™'. HRMS (ESI) m/z [M+H]"

calcd for C1sHsNO 228.1388, found 228.1378.
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methyl 2-(1-phenylvinyl)cyclohex-1-ene-1-carbimidate (3q)

ome | The title compound was prepared by following the general procedure J in 59%

NH| yield (76 mg, 0.29 mmol) as a pale yellow liquid. "H NMR (500 MHz, CDCl3)

8 7.39-7.33 (m, 2H), 7.35-7.28 (m, 2H), 7.29-7.22 (m, 1H), 5.44 (s, 1H), 5.08

Ph (s, 1H), 3.54 (s, 3H), 2.36-2.32 (m, 2H), 2.17-2.13 (m, 2H), 1.75-1.70 (m,

2H), 1.69-1.64 (m, 2H). BC{'H} NMR (126 MHz, CDCl3) § 171.8, 150.0, 139.1, 130.7, 128.5,

127.8,126.7,113.0, 53.0,30.7,27.4,22.5, 22.4. IR (neat) 3339, 2928, 2855, 1665, 1446, 1383,
1265, 1066 cm™. HRMS (ESI) m/z [M+H]" caled for C16H20NO 242.1543, found 242.1545.

methyl 2-(1-phenylvinyl)cyclohept-1-ene-1-carbimidate (3r)

ome | The title compound was prepared by following the general procedure J in

NH| 48% yield (61 mg, 0.24 mmol) as a pale yellow liquid. TH NMR (500 MHz,
CDCl3) 6 7.39-7.36 (m, 2H), 7.34-7.30 (m, 2H), 7.29-7.26 (m, 1H), 5.34 (s,
1H), 5.04 (s, 1H), 3.56 (s, 3H), 2.47-2.44 (m, 2H), 2.26-2.23 (m, 2H), 1.82—
1.77 (m, 2H), 1.67-1.62 (m, 2H), 1.54-1.49 (m, 2H). BC{'H} NMR (126 MHz, CDCls) &
173.0,151.2, 146.1, 138.9, 136.9, 128.5, 127.9, 127.1, 112.3, 52.8, 34.4, 32.5, 31.8, 27.0, 26.1.
IR (neat) 3280, 2923, 2848, 1654, 1446, 1383, 1265, 1066 cm™'. HRMS (ESI) m/z [M+H]"
calcd for C17H22NO 256.1701, found 256.1690.

Ph

methyl 4-(1-phenylvinyl)-5,6-dihydro-2H-pyran-3-carbimidate (3s)

" ome | The title compound was prepared by following the general procedure J in
o | NH | 47% yield (57 mg, 0.23 mmol) as a yellow liquid. TH NMR (500 MHz,
CDCl3) 6 7.40-7.34 (m, 2H), 7.37-7.30 (m, 2H), 7.32-7.27 (m, 1H), 5.56
(s, IH), 5.19 (s, 1H), 4.36 (t, J= 2.6 Hz, 2H), 3.83 (t, J = 5.5 Hz, 1H), 3.55
(s, 3H), 2.32-2.27 (m, 2H). BC{'H} NMR (126 MHz, CDCl3) & 167.5,
148.3, 139.0, 138.1, 129.5, 128.7, 128.3, 126.6, 114.2, 66.1, 64.3, 52.9, 30.4. IR (neat) 3335,
2945, 2848, 1632, 1440, 1320, 1185, 1101, 1050 cm™'. HRMS_(ESI) m/z [M+H]" calcd for
Ci1sH1sNO2 244.1332, found 244.1342.

S65



methyl 4-(1-phenylvinyl)-1-tosyl-1,2,5,6-tetrahydropyridine-3-carbimidate (3t)

OMe The title compound was prepared by following the general procedure J
Ts. in 50% yield (99 mg, 0.25 mmol) as a yellow liquid. '"H NMR (500 MHz,
CDClL) 6 7.73-7.70 (m, 2H), 7.37-7.34 (m, 3H), 7.29-7.27 (m, 2H),
7.25-7.23 (m, 2H), 5.51 (s, 1H), 5.05 (s, 1H), 3.86 (t, J = 2.6 Hz, 2H),
3.54 (s, 3H), 3.23 (t, J = 5.8 Hz, 2H), 2.46 (s, 3H), 2.36-2.33 (m, 2H).
BC{'H} NMR (126 MHz, CDCl3) & 167.2, 147.7, 143.9, 139.3, 137.6,
133.3, 129.8, 128.6, 128.2, 127.8, 127.6, 126.3, 114.2, 52.8, 45.7, 42.7, 30.5, 21.6. IR (neat)
3352, 2919, 2853, 1670, 1440, 1332, 1159, 1088 cm™'. HRMS (ESI) m/z [M+H]" calcd for

C22H2sN20;5S 397.1580, found 397.1588.

5. General procedure for the synthesis of isoquinoline derivatives 4a-4i (General
Procedure K)

OMe OMe
NH ~N
PIDA, ACN

Z N = ™y
1 Ar, rt 1
J J

= | g 22l

3 NS % 4 X
R R

A solution of methyl 2-(1-phenylvinyl)benzimidate derivative 3 (0.1 mmol, 1.0 equiv.) in
CH3CN (0.5 mL) was treated with PIDA (0.12 mmol, 1.2 equiv.) and stirred at room
temperature under an argon atmosphere for 15-24 hours. The reaction progress was monitored
by TLC. Upon completion, the solvent was removed under reduced pressure, and the crude
product was purified by flash column chromatography on silica gel (hexane/ethyl acetate, 99:1
to 33:1) to yield the cyclized product 4.

1-methoxy-4-phenylisoquinoline (4a)

OMe The title compound was prepared by following the general procedure K in 75%
SN yield (17.6 mg, 0.075 mmol) as a colorless liquid. "H NMR (500 MHz, CDCl3)

O ~ | 8837-8.31 (m, 1H), 7.98 (s, 1H), 7.81 (d, J= 8.3 Hz, 1H), 7.66-7.62 (m, 1H),
7.58-7.55 (m, 1H), 7.52-7.47 (m, 4H), 7.46-7.42 (m, 1H), 4.20 (s, 3H);

O BC{'H} NMR (126 MHz, CDCls) & 160.6, 139.1, 137.6, 136.5, 130.7, 130.3,
128.6, 128.1, 127.6, 126.7, 124.8, 124.5, 119.4, 54.0. IR (neat) 2921, 2857, 1531, 1570, 1508,
1460, 1367, 1241, 1092 cm™. HRMS (ESI) m/z [M+H]" calcd for C16H14NO 236.1075, found

236.1077.
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1-methoxy-4-(p-tolyl)isoquinoline (4b)

Me

The title compound was prepared by following the general procedure K in 90%
yield (22.4 mg, 0.09 mmol) as a pale yellow liquid. 'H NMR (500 MHz,
CDCl) 6 8.36-8.30 (m, 1H), 7.96 (s, 1H), 7.85-7.79 (m, 1H), 7.66—7.59 (m,
1H), 7.59-7.52 (m, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 7.9 Hz, 2H),
4.19 (s, 3H), 2.46 (s, 3H). 3C{'H} NMR (126 MHz, CDCl3) & 160.5, 139.1,
137.3, 136.6, 134.6, 130.6, 130.2, 129.4, 128.0, 126.6, 124.9, 124.5, 119.4,

54.0,21.4. IR (neat) 2923, 2855, 1570, 1515, 1445, 1364, 1241, 1161, 1095 cm™'. HRMS (ESI)
m/z [M+H]" calcd for C17H1sNO 250.1226, found 250.1248.

4-(4-fluorophenyl)-1-methoxyisoquinoline (4¢)

OMe

F

The title compound was prepared by following the general procedure K in 89%
yield (22.5 mg, 0.089 mmol) as a white solid. m.p. 102-104 °C; "TH NMR (500
MHz, CDCls) 6 8.35-8.32 (m, 1H), 7.93 (s, 1H), 7.75-7.73 (m, 1H), 7.66—7.62
(m, 1H), 7.58-7.55 (m, 1H), 7.44-7.41 (m, 2H), 7.21-7.17 (m, 2H), 4.18 (s,
3H). BC{'H} NMR (126 MHz, CDCl3) 8 162.5 (d, J=246.4 Hz), 160.7, 139.3,
136.5,124.6 (d,J=4.9 Hz), 133.5 (d, /J=3.5 Hz), 131.9 (d, /= 7.9 Hz), 130.8,

127.0, 126.8, 119.4, 115.6 (d, J=21.2 Hz), 54.0. F NMR (471 MHz, CDCl3) § -115.02, to -
115.08 (m, 1F). IR (neat) 2945, 2859, 1566, 1506, 1451, 1371, 1212, 1159, 1092 cnm’'. HRMS
(ESI) m/z [M+H]" calcd for C16H13FNO 254.0976, found 254.0965.

4-(3-chlorophenyl)-1-methoxyisoquinoline (4d)

OMe

~N
%

l Cl

The title compound was prepared by following the general procedure K in
76% yield (20.5 mg, 0.76 mmol) as a white solid. m.p. 81-83 °C. 'TH NMR
(500 MHz, CDCl3) 6 8.36—8.33 (m, 1H), 7.94 (s, 1H), 7.76 (d, J = 8.3 Hz,
1H), 7.68-7.64 (m, 1H), 7.60-7.56 (m, 1H), 7.48-7.46 (m, 1H), 7.44-7.40
(m, 2H), 7.38-7.34 (m, 1H), 4.19 (s, 3H). BC{'H} NMR (126 MHz, CDCl3)

5160.9,139.4,139.2,136.2,134.5,131.0, 130.3, 129.9, 128.5, 127.8, 126.9,

126.7, 124.7, 124.4, 119.4, 54.2. IR (neat) 2923, 2855, 1623, 1563, 1500, 1453, 1362, 1232,
1095 cnr!. HRMS (ESI) m/z [M+H]" calcd for C1sH13CINO 270.0680, found 270.0667.
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4-(2-chlorophenyl)-1-methoxyisoquinoline (4e¢)

OMe
~N
=

! Cl

The title compound was prepared by following the general procedure K in
66% yield (17.8 mg, 0.066 mmol) as a pale yellow liquid. "H NMR (500
MHz, CDCl3) 6 8.36-8.31 (m, 1H), 7.93 (s, 1H), 7.63-7.59 (m, 1H), 7.58—
7.53 (m, 2H), 7.42-7.36 (m, 4H), 4.20 (s, 3H). BC{'H} NMR (126 MHz,
CDCI3) 6 161.0, 139.7, 136.6, 136.3, 135.0, 132.8, 130.8, 129.8, 129.4,

126.9, 126.8, 125.6, 124.9, 124.5, 119.3, 54.1. IR (neat) 2922, 2853, 1592, 1562, 1437, 1360,
1236, 1157, 1090 cm™'. HRMS (ESI) m/z [M+H]" caled for CisHi3CINO 270.0680, found

270.0696.

1-methoxy-3-methyl-4-phenylisoquinoline (4g)

OMe
O
= Me

The title compound was prepared by following the general procedure K in
77% yield (19.2 mg, 0.077 mmol) as a white solid. m.p. 46-48 °C. '"H NMR
(500 MHz, CDCI3) 6 8.28-8.25 (m, 1H), 7.52-7.48 (m, 3H), 7.46-7.41 (m,
2H), 7.31-7.27 (m, 3H), 4.18 (s, 3H), 2.36 (s, 3H). BC{'H} NMR (126
MHz, CDCls) & 159.5, 145.9, 138.5, 138.3, 130.8, 130.3, 128.6, 127.3,

125.4, 124.9, 124.9, 124.0, 117.8, 53.7, 22.9. IR (neat) 2923, 2857, 1621, 1572, 1504, 1442,
1362, 1331, 1236, 1090 cm™'. HRMS (ESI) m/z [M+H]" calcd for C17HsNO 250.1232, found

250.1234.

5-methoxy-7,8-dihydrobenzo[a]phenanthridine (4h)

OMe
~N

The title compound was prepared by following the general procedure K in
58% yield (15.2 mg, 0.058 mmol) as a white solid. m.p. 83-85 °C. 'TH NMR
(500 MHz, CDCl;) & 8.43 (d, /= 8.5 Hz, 1H), 8.34-8.28 (m, 1H), 7.87-7.81
(m, 1H), 7.71-7.64 (m, 1H), 7.54-7.47 (m, 1H), 7.39-7.30 (m, 2H), 7.28—
7.21 (m, 1H), 4.18 (s, 3H), 3.01 (t, /= 8.0 Hz, 2H), 2.90 (t, J = 8.0 Hz, 2H).
BC{'H} NMR (126 MHz, CDCls) & 159.7, 150.6, 138.5, 135.1, 133.7,

130.6, 127.9, 127.5, 126.5, 126.2, 125.5, 124.8, 124.2, 119.4, 118.8, 54.0, 32.4, 29.4. IR (neat)
2926, 2848, 1619, 1568, 1502, 1448, 1373, 1254, 1188, 1090 cm™'. HRMS (ESI) m/z [M+H]"
calcd for CisHsNO 262.1226, found 262.1243.
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6-methoxy-1,2,3,4-tetrahydrophenanthridine (4i)

OMe The title compound was prepared by following the general procedure K in
N 42% yield (9 mg, 0.042 mmol) as a pale yellow liquid. "H NMR (500 MHz,
Z CDCh) 6 8.24-8.21 (m, 1H), 7.79 (d, J = 8.4 Hz, 1H), 7.67-7.63 (m, 1H),
7.48-7.44 (m, 1H), 4.11 (s, 3H), 2.95-2.89 (m, 4H), 1.94-1.89 (m, 4H).
BC{'H} NMR (126 MHz, CDCl3) & 158.7, 146.7, 137.8, 130.3, 125.3, 124.6, 121.8, 118.4,
118.1, 53.6, 32.8, 24.5, 23.3, 23.1. IR (neat) 2930, 2857, 1621, 1577, 1455, 1369, 1333, 1221,
1121, 1088 cm™'. HRMS (ESI) m/z [M+H]" caled for C14HsNO 214.1226, found 214.1235.

5.1 General procedure for the synthesis of quinoline derivatives 4j-4n (General
Procedure L)

OMe

PIDA (1.2 equiv)

PhCI, 24 h, Ar
0°C (15 min) to rt

Methyl 3,3-diphenylacrylimidate derivative 3 (0.1 mmol, 1.0 equiv.) was dissolved in 0.5 mL
of PhCl, and PIDA (0.12 mmol, 1.2 equiv.) was added at 0 °C. The resulting mixture was
stirred at 0 °C for 15 min, then at room temperature under an argon atmosphere for 15-24 h,
with the reaction progress monitored by TLC. The solvent was then evaporated under reduced
pressure, and the crude residue was purified by flash column chromatography on silica gel
using a hexane/ethyl acetate (99:1 to 33:1) to afford the desired cyclized product 4.
2-methoxy-4-phenylquinoline (4j)

The title compound was prepared by following the general procedure L
in 71% yield (16.7 mg, 0.071 mmol) as a white solid. m.p. 70-72 °C. 'H
NMR (500 MHz, CDCl3) 6 7.94 (d, J = 8.3 Hz, 1H), 7.79-7.76 (m, 1H),
O O 7.65-7.61 (m, 1H), 7.53—7.46 (m, 5H), 7.35-7.31 (m, 1H), 6.87 (s, 1H),
4.12 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) § 162.2, 151.4, 147.3,
138.1,129.6,129.5, 128.6, 128.5, 127.7, 126.0, 124.2, 124.2, 113.0, 53.6. IR (neat) 2926, 2853,
1736, 1608, 1568, 1462, 1375, 1349, 1207, 1015 cm™'. HRMS (ESI) m/z [M+H]" calcd for
C16H14NO 236.1070, found 236.1084.
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2-methoxy-7-methyl-4-(p-tolyl)quinoline (4k)

OMe The title compound was prepared by following the general

N procedure L in 56% yield (14.7 mg, 0.056 mmol) as a white solid.

| m.p. 74-76 °C. 'H NMR (400 MHz, CDCl3) & 7.74 (s, 1H), 7.68

Me O O Me| (d.J=8.4Hz 1H),7.38(d,J=7.8 Hz,2H), 7.31 (d, /J=7.8 Hz,

2H), 7.18-7.13 (m, 1H), 6.79 (s, 1H), 4.10 (s, 3H), 2.52 (s, 3H),

2.46 (s, 3H). BC{'H} NMR (101 MHz, CDCl3) & 162.4, 151.3, 147.4, 139.8, 138.3, 135.4,

129.4, 129.3, 127.1, 126.1, 125.7, 122.2, 111.8, 53.5, 21.7, 21.4. IR (neat) 2921, 2850, 1594,

1563, 1506, 1440, 1336, 1200, 1037 cm™'. HRMS (ESI) m/z [M+H]" caled for CisHisNO
264.1383, found 264.1366.

7-fluoro-4-(4-fluorophenyl)-2-methoxyquinoline (41)

OMe The title compound was prepared by following the general

N procedure L in 55% yield (14.9 mg, 0.055 mmol) as a white solid.

| m.p. 126-128 °C. "TH NMR (500 MHz, CDCl3) & 7.70-7.66 (m, 1H),

F O O gl 7.57 (dd, J=10.4, 2.7 Hz, 1H), 7.45-7.41 (m, 2H), 7.23-7.19 (m,

2H), 7.12-7.07 (m, 1H), 6.78 (s, 1H), 4.10 (s, 3H). ¥C{'H} NMR

(126 MHz, CDCI3) 6 164.3 (d, J = 58.9 Hz), 163.0, 162.4 (d, J = 58.4 Hz), 150.2, 148.8 (d, J

=13.2 Hz), 133.9 (d, /= 3.5 Hz), 131.1 (d, /= 8.2 Hz), 127.7 (d, /= 10.1 Hz), 121.1, 115.8

(d,J=21.6 Hz), 113.8 (d, J=24.2 Hz), 112.3 (d,J=2.7 Hz), 112.1 (d, J= 20.8 Hz), 53.8. ’F

NMR (471 MHz, CDCl3) 6 -110.79 to -110.84 (m, 1F); -112.98 to -113.04 (m, 1F). IR (neat)

2921, 2835, 1577, 1504, 1462, 1351, 1210, 1106, 1040 cm™'. HRMS (ESI) m/z [M+H]" caled
for Ci1sH12F2NO 272.0881, found 272.0872.

7-chloro-4-(4-chlorophenyl)-2-methoxyquinoline (4m)

OMe The title compound was prepared by following the general

N procedure L in 60% yield (18.2 mg, 0.060 mmol) as a white solid.

| m.p. 130-132 °C. TH NMR (500 MHz, CDCl3) 6 7.93 (d, J=2.2

cl O O ci| Hz, 1H), 7.61 (d, J = 8.8 Hz, 1H), 7.52-7.46 (m, 2H), 7.42-7.35

(m, 2H), 7.31-7.25 (m, 1H), 6.81 (s, 1H), 4.09 (s, 3H). 3C{'H}

NMR (126 MHz, CDCI3) 6 162.8, 149.9, 148.0, 136.0, 135.7, 135.0, 130.7, 129.1, 127.0,

126.8, 125.1, 122.4, 113.1, 53.8. IR (neat) 3063, 2921, 2855, 1597, 1453, 1367, 1322, 1212
cm’'. HRMS (ESI) m/z [M+H]" calcd for C1sH12CI2NO 304.0296, found 304.0288.
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6-methoxy-7,8,9,10-tetrahydrophenanthridine (4n)
" omMme | The title compound was prepared by following the general procedure L in
N 71% yield (15.1 mg, 0.071 mmol) as a pale yellow solid. m.p. 84-86 °C. 'H
| NMR (500 MHz, CDCls) & 7.85-7.79 (m, 2H), 7.58-7.52 (m, 1H), 7.39—
7.33 (m, 1H), 4.08 (s, 3H), 3.05-3.01 (m, 2H), 2.73-2.69 (m, 2H), 1.94-1.89
(m, 2H), 1.88-1.83 (m, 2H). BC{'H} NMR (126 MHz, CDCl3) 5 161.0, 143.2, 128.2, 127.5,
125.2,123.8,122.6,121.6,53.6,25.5,23.8,22.3,22.2. IR (neat) 2921, 2857, 1736, 1636, 1442,
1402, 1333, 1236, 1084 cm™. HRMS (ESI) m/z [M+H]" calcd for C14H16NO 214.1226, found
214.1235.

5.2 General procedure for the synthesis of isoquinoline derivatives 40-4t (General
Procedure M)

OMe

PIDA, PhCI
—_

rt, Ar, 4 h

n=0,1,2
X = CH,, NTs, O

Methyl phenylvinyl cyclic carbimidate derivative 3 (0.1 mmol, 1.0 equiv.) was dissolved in
PhCI (0.5 mL), Then PIDA (0.12 mmol, 1.2 equiv.) was added and stirred at room temperature
under an argon atmosphere for 4 hours, with the progress monitored by TLC. After completion,
the solvent was removed under reduced pressure, and the residue was purified by flash column
chromatography on silica gel (hexane/ethyl acetate, 99:1 to 33:1) to afford the cyclized product
4.

4-methoxy-1-phenyl-5,6-dihydrobenzo|flisoquinoline (40)

ome| The title compound was prepared by following the general procedure M in

XN | 68% yield (19.5 mg, 0.068 mmol) as a yellow solid. m.p. 100-102 °C. H
| =~ | NMR (500 MHz, CDCL) 6 8.02 (s, 1H), 7.38-7.30 (m, 3H), 7.28-7.23 (m,

Ph | 3H),7.16-7.11 (m, 1H), 6.87-6.82 (m, 2H), 4.04 (s, 3H), 2.88-2.84 (m, 2H),
2.82-2.78 (m, 2H). BC{'H} NMR (126 MHz, CDCls) & 161.1, 146.3, 142.2, 140.0, 139.8,
132.0,129.9, 129.5, 128.7, 128.5, 128.3, 127.9, 127.1, 125.6, 120.8, 53.8, 28.8, 21.6. IR (neat)
2928, 2850, 1732, 1577, 1457, 2380, 1267, 1196 cm™'. HRMS (ESI) m/z [M+H]" calcd for
C20H1sNO 288.1388, found 288.1400.
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1-methoxy-4-phenyl-6,7-dihydro-SH-cyclopenta|c]pyridine (4p)

" ome| The title compound was prepared by following the general procedure M in 68%
Sn| yield (15.3 mg, 0.068 mmol) as a colorless liquid. 'H NMR (500 MHz, CDCl5)

C@ 5 8.02 (s, 1H), 7.47-7.38 (m, 4H), 7.37-7.30 (m, 1H), 4.02 (s, 3H), 2.98 (t, J =
Ph | 7.4 Hz, 2H), 2.91 (t, J = 7.4 Hz, 2H), 2.15-2.05 (m, 2H). ¥C{'H} NMR (126

MHz, CDCl3) 6 160.1, 154.2, 144.0, 138.2, 128.6, 128.5, 127.2, 125.7, 53.5, 33.2, 29.2, 24.9.

IR (neat) 2958, 2851, 1540, 1455, 1380, 1330, 1252, 1088 cm™'. HRMS (ESI) m/z [M+H]"
calcd for CisH6NO 226.1232, found 226.1239.

1-methoxy-4-phenyl-5,6,7,8-tetrahydroisoquinoline (4q)

oMe| The title compound was prepared by following the general procedure M in 72%

| XN | yield (18.4 mg, 0.072 mmol) as a colorless liquid. 'TH NMR (500 MHz, CDCl5)
Z | 87.83 (s, 1H), 7.42-7.39 (m, 2H), 7.36-7.33 (m, 1H), 7.29 7.26 (m, 2H), 3.99
Ph

(s, 3H), 2.65 (t, J = 6.5 Hz, 2H), 2.54 (t, J = 6.3 Hz, 2H), 1.83—1.77 (m, 2H),
1.70-1.65 (m, 2H). BC{'H} NMR (126 MHz, CDCl;) & 161.4, 145.9, 142.6, 138.5, 131.4,
129.8,128.3,127.2,119.8,53.6,28.3,23.3,22.4,22.2. IR (neat) 2964, 2859, 1588, 1462, 1378,
1333, 1247, 1090 cm™'. HRMS (ESI) m/z [M+H]" calcd for CisHisNO 240.1388, found
240.1398.
1-methoxy-4-phenyl-6,7,8,9-tetrahydro-SH-cyclohepta[c]|pyridine (4r)

ome| The title compound was prepared by following the general procedure M in

| S| 41% yield (10.4 mg, 0.041 mmol) as a white solid. m.p. 438-50 °C; TH NMR
~ | (500 MHz, CDCl3) 6 7.87 (s, 1H), 7.43 —7.39 (m, 2H), 7.37 — 7.34 (m, 1H),
Ph

7.26 —7.23 (m, 2H), 3.98 (s, 3H), 2.94 — 2.91 (m, 2H), 2.72 — 2.70 (m, 2H),
1.89 — 1.83 (m, 2H), 1.66 — 1.56 (m, 4H); BC{'H} NMR (126 MHz, CDCl3) & 160.7 152.6,
143.8, 139.1, 131.4, 130.0, 128.4, 127.1, 125.4, 53.9, 32.7, 31.1, 27.1, 26.9, 25.9; IR (neat)
2917, 2850, 1586, 1460, 1380, 1260, 1203, 1115, 1160, 1013 cm™'; HRMS (ESI) m/z [M+H]"
caled for C17H20NO 254.1545, found 254.1551.
8-methoxy-5-phenyl-2-tosyl-1,2,3,4-tetrahydro-2,7-naphthyridine (4s)

ome | The title compound was prepared by following the general procedure M

N XN | 1n27% yield (11.1 mg, 0.027 mmol) as a white solid. m.p. 208-210 °C.
| ¥z 'TH NMR (500 MHz, CDCl13) & 7.89 (s, 1H), 7.74 (d,J= 7.9 Hz, 2H), 7.44—

Ph 7.38 (m, 2H), 7.37 (d,J="7.1 Hz, 1H), 7.34 (d, /= 8.0 Hz, 2H), 7.20 (d, J
=7.2Hz,2H), 4.17 (s, 2H), 3.99 (s, 3H), 3.25 (t, J= 5.7 Hz, 2H), 2.75 (t,J = 5.5 Hz, 2H), 2.43

Ts .
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(s, 3H). BC{'H} NMR (126 MHz, CDCls) & 159.6, 143.9, 142.6, 137.1, 133.3, 131.0, 129.9,
129.6, 128.6, 127.9, 127.7, 115.2, 53.9, 43.4, 42.9, 28.0, 21.7. IR (neat) 2923. 2850, 1738,
1460, 1364, 1161, 1055, 1033, 1011 cm™. HRMS (ESI) m/z [M+H]" caled for C22H23N203S
395.1429, found 395.1427.

8-methoxy-5-phenyl-3,4-dihydro-1H-pyrano|[3,4-c|pyridine (4t)

OMe

Ph

The title compound was prepared by following the general procedure M in
47% yield (12.1 mg, 0.047 mmol) as a colorless liquid. "H NMR (500 MHz,
CDCl3) & 7.93 (s, 1H), 7.46-7.39 (m, 2H), 7.40-7.33 (m, 1H), 7.32-7.26
(m, 2H), 4.73-4.71 (m, 2H), 3.98 (s, 3H), 3.85 (t, J = 5.5 Hz, 2H), 2.68—

2.65 (m, 2H). BC{'H} NMR (126 MHz, CDCl3) & 159.2, 143.8, 142.7, 137.3, 131.0, 129.6,
128.6,127.5,117.7,64.3, 64.0, 53.5,27.3. IR (neat) 2927, 2845, 1748, 1454, 1363, 1150, 1056,
1028 cm™!. HRMS (ESI) m/z [M+H]" calcd for CisHigNO2 242.1181, found 242.1189.

6. Control experiment

6.1 Radical inhibiting experiment:

(1) Reaction of 1a and PIDA in the presence of TEMPO

OMe

>,

1a

OMe
PIDA (1.2 equiv), CH3CN O SN
TEMPO (5 equiv), Ar

15h 2a O

81%

In an oven-dried glass vial equipped with a magnetic stir bar, methyl [1,1-biphenyl]-2-
carbimidate 1a (0.1 mmol) was added, followed by PIDA (1.2 equiv) dissolved in CHsCN (0.5

mL). TEMPO (5 equiv) was then added, and the reaction mixture was stirred at room

temperature under an argon atmosphere for 15 h. Upon completion, the solvent was removed

under reduced pressure, and the crude residue was purified by column chromatography on

silica gel (hexane) to yield product 2a as a white solid in 81% yield.
(i1) Reaction of 3a and PIDA in the presence of TEMPO

OMe

L
g

OMe
~N
PIDA (1.2 equiv), CH;CN + 4a
: o Ph
TEMPO (5 equiv) 0 Detected by HRMS 31%

15 h, Ar, rt N
[M+H] calcd: 393.2542
o [M+H] found: 393.2560
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In a reaction vial, methyl 2-(1-phenylvinyl)benzimidate 3a (0.1 mmol) was combined with
PIDA (1.2 equiv) and TEMPO (5 equiv) in CHsCN (0.5 mL) and stirred at room temperature
for 15 h under an argon atmosphere. Then, the solvent was removed under reduced pressure,
and the crude residue was purified by silica gel column chromatography (hexane) to yield

product 4a in 31% yield. After the reaction, the crude mixture was further analyzed by HRMS.

Software : MassLynx 4.2 SIC NIT Indore 14-A0g-202513:10:51
Retention Time @ 0.053 XEVO-GIATOF#MNotSet LCHRMS Facility14-Aug-202513:10:51
CHEM SK-ASP-P2-440 (0.053) Is (1.00,1.00) C25H32N202 1: TOF M5 ES+
393 2843 7.52212
100+,
m e
304 2574
385 2604
T miz
383 384 395 396 3oy
CHEM SK-ASP-P2-449 10 (0.225) AM2 (Ar 22000.0,556.28,0.00,L5 3) 1: TOF M5 ES+
3832560 1.5426
100
# 397 2304
192 2612 94.2588 385 2727
3921100 027158 30317 393.3285 342002 soadoas  PERISEE D agssagn apepape STV goravas
T 3066570 iz
392 383 354 3585 396 3oy

(ii1) Reaction of 3a and PIDA in the presence of BHT

OMe
O NH PIDA (1.2 equiv), ACN
BHT (5 equiv), Ar

1a O 15h

OH 26%

Detected by HRMS
[M+H] calcd:430.2746
[M+H] found: 430.2741

A reaction tube was charged with methyl [1,1'-biphenyl]-2-carbimidate 1a (0.1 mmol), PIDA
(1.2 equiv), and BHT (5 equiv) in CHsCN (0.5 mL) and stirred at room temperature for 15 h
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under an argon atmosphere. The solvent was concentrated in vacuo and residue was then
purified by column chromatography on silica gel (hexane) to afford product 2a as a white solid

in 26% yield. After completion of reaction, the crude mixture was analyzed through HRMS.

Software | MassLynx 4.2 SIC T Indore 09-Jul-202516:29:22
Retention Time : 0.053 XEVO-G3OQTOFEYGADSID LCHRMS Facility
CHEM SK-ASP-BHT (0.053) Is (1.00,1.00) C2OH3SN02 1: TOF M5 ES+
100, 4302746 T 23212
L=
431.2779
432,281
= T T miz
425 428 427 428 429 430 431 432 433 434 4
CHEM SK-ASP-BHT 19 (D.358) AM2 (&r,22000.0,586 268 0.00,L5 3) 1: TOF MS ES+
4302741 2716
100
-l
431.2775
A28.2584
428 2617 432 2805
= T T miz
425 426 427 428 429 430 431 432 433 434 435
(iv) Reaction with DPE
OMe OMe
. N Ph
NH  PIDA (1.2 equiv), ACN N/\(
- + 2a
o Ph
DPE (5 equiv), Ar 0
( e ) Detected by HRMS  32%
1a 8 [M+H] calcd: 390.1858

[M+H] found: 390.1834

A reaction tube was charged with methyl [1,1'-biphenyl]-2-carbimidate 1a (0.1 mmol), PIDA
(1.2 equiv), and DPE (5 equiv) in CH3CN (0.5 mL) and stirred at room temperature for 15 h
under an argon atmosphere. The solvent was concentrated in vacuo and residue was then
purified by column chromatography on silica gel (hexane) to afford product 2a as a white solid

in 32% yield. After completion of reaction, the crude mixture was analyzed through HRMS.

S75



Software : MassLynx 4.2 SIC T Indore

11-Jul-202512:15:59

Retention Time : 0.375 XEVO-G3QTOF#Y GADS90 LCHRMS Facility
GHEM SK-ASP-DPEZ (0.053) Is (1.00,1.00) C28H23M0 1: TOF MS ES+
1D 390.1858 7.33812
&
301.18%1
3921923
O T T mfz
388 380 391 382 383 it
GHEM SK-ASP-DPEZ 20 (0.375) AM2 (Ar 22000.0,556.28,0.00,L5 3) 1: TOF MS ES+
390.1834 429
100
Ll
1 391.1783
389.1625 362.1820 3041460
O T T miz
388 380 391 a2 383 i)

6.2 Procedure for the synthesis of [Ds]-1a
methyl [1,1'-biphenyl]-2-carboxylate-2',3',4',5',6'-ds was synthesized as
reported method. !>

o A Br A o
oM
OMe . Pd(PPh3), . e
K,CO,, Toluene X
D p K2COs
B(OH ° -D
(OH), ! 110 °C, 15 h I/ 5

per previously

An oven-dried round-bottom flask equipped with a magnetic stir bar was charged with (2-

(methoxycarbonyl)phenyl)boronic acid (2 mmol, 1 equiv.) under a nitrogen atmosphere.
Pd(PPhs)s+ (5 mol%), 1-bromobenzene-2,3,4,5,6-ds (1.1 equiv.), and K.COs (3.0 equiv.) were
added, followed by toluene (20 mL) and aqueous ethanol (95% v/v, 10 mL). The reaction

mixture was stirred at 110 °C for 15 h, with progress monitored by TLC until complete

consumption of the starting material. After cooling, the mixture was quenched with water and

extracted with ethyl acetate. The combined organic phases were dried over anhydrous Na2SOa,

filtered, and concentrated under reduced pressure. The crude product was purified by column

chromatography (2% ethyl acetate in hexane) to yield the desired compound (70% yield).
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o o o

OMe NaOH OH  (COCH);, DVF (cat) NH,

| \—D MeOH/Dioxane/H,0 AN aq. NH;, DCM N
_J7s  e0°C,6h | 1Ds | =Ds

= =

The corresponding ester (1.8 mmol, 1 equiv.) was dissolved in a 1:1:1 mixture of 1,4-dioxane,
methanol, and water (22 mL). NaOH (5 equiv.) was added, and the reaction was stirred at 60
°C for 6 h. The mixture was concentrated under reduced pressure, diluted with water (15 mL),
and washed with ethyl acetate (10 mL). The aqueous phase was acidified to pH ~2 with 3 M
HCI and extracted with ethyl acetate (3 x 20 mL). The combined organic layers were washed
with brine, dried over anhydrous Na>SOs, filtered, and concentrated under reduced pressure to
give the corresponding carboxylic acid as a white solid, which was used directly without further
purification.
The obtained acid derivative and a catalytic amount of DMF were dissolved in dry CH2Cl. (8
mL) in a round-bottom flask, cooled to 0 °C, and stirred for 5 min. Oxalyl chloride (1.2 equiv.)
was added dropwise at 0 °C, and the reaction was stirred at room temperature for 4 h. The
solvent was removed under reduced pressure to afford the crude acid chloride, which was
dissolved in dry CH:>Cl. (4 mL). aq. NHs (8 mL) was added dropwise at 0 °C, and the mixture
was stirred at room temperature for 10 h. After completion, the reaction was quenched with
water and extracted with CH2Clz (3 x 15 mL). The combined organic extracts were dried over
anhydrous Na.SOQs, filtered, and concentrated. The crude residue was purified by column
chromatography (20% EtOAc in hexane) to give the desired [1,1'-biphenyl]-2',3",4",5',6'-d5-2-
carboxamide ([D4]-A).
[1,1'-biphenyl]-2',3',4',5',6'-d5-2-carboxamide (|[D4]|-A)
77% yield (280 mg, 1.4 mmol) as a colorless liquid. 'TH NMR (500 MHz,
CDCl3) 6 7.80-7.77 (m, 1H), 7.53—7.49 (m, 1H), 7.45-7.42 (m, 1H), 7.38—
7.35 (m, 1H), 5.66 (brs, 1H), 5.27 (brs, 1H). BC{'H} NMR (126 MHz,
Z CDCl3) 6 171.5, 140.1, 140.00, 134.4, 130.7, 130.6, 129.2, 128.9, 128.9,
128.1, 127.8; IR (neat) 3375, 3163, 1694, 1642, 1618, 1390, 1115 cm™.
HRMS (ESI) m/z [M+H]" caled for C13H7DsNO 203.1227, found 203.1240.

(0]
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(o] OMe

® ©
NH2 O(Me)gBF4 NH
—_
N DCM, 12 h X
| Ds | Ds
= =
[D4l-A [D4l-1a

A solution of biphenyl carboxamide derivative [D4]-A (0.5 mmol, 1.0 equiv.) in 6 mL of DCM
was cooled to 0°C, followed by the addition of trimethyloxonium tetrafluoroborate (1.5
equiv.). The reaction mixture was then allowed to warm to room temperature and stirred
overnight. After completion, 1.5 mL of methanol was added to the reaction mixture, which was
then concentrated under reduced pressure. The resulting crude product was purified by column
chromatography using deactivated silica gel and using an ethyl acetate/hexane (5%) to afford
the desired methyl biphenyl carbimidate derivatives [D4]-1a.

methyl [1,1'-biphenyl]-2',3',4',5',6'-d5-2-carbimidate (|[D4]-1a)

OMe 50% yield (108 mg, 0.5 mmol) as a colorless liquid. '"H NMR (500 MHz,

NH CDCI3) 6 7.57-7.54 (m, 1H), 7.48-7.45 (m, 1H), 7.39-7.35 (m, 2H), 3.69

| \—D5 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) 6 170.6, 140.5, 140.3, 134.1,
=

130.6, 130.0, 128.6, 128.5, 128.2, 127.6, 127.5, 53.5. IR (neat) 3322,
2941, 1640, 1435, 1339, 1164, 1077 cm™'. HRMS (ESI) m/z [M+Na]" calcd for C14HoDsNONa
239.1203, found 239.1225.

6.3 Competing Kinetic Isotope Effect (KIE) Experiment

e e OMe
O NH NH PIDA (1.2 equiv) ) \n
A CH4CN (0.2 M) §
| 5 Ds Ar, 15 h | M
= o,
(0.05 mmol) (0.05 mmol) Ku/Kp = 1.54 ) -
1a [Ds]-1a 75% ([D4]-2a+2a) a [D,]-2a

General procedure: The compound 1a (0.05 mmol) and [D5]-1a (0.05 mmol) and PIDA (0.12
mmol, 1.2 equiv.) were combined in a vial, and 0.5 mL of CHsCN was added. The resulting
mixture was stirred at room temperature under an argon atmosphere for 15 h. After that, the
solvent was evaporated under reduced pressure, and the crude residue was purified by flash

column chromatography on silica gel using a hexane to obtain the mixture of cyclized product

2a+[D4]-2a (yield 75%).
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SK-ASP-P2-432.1.fid

5.16=

5.5

4.5 4.0 3.5 3.0 2.5

6.4 Reaction with NIS

OMe

(I~

A reaction tube was charged with methyl [1,1'-biphenyl]-2-carbimidate 1a (0.1 mmol) and N-
Iodosuccinimide (1.2 equiv) in CHsCN (0.5 mL) and stirred at room temperature for 15 h under

1a

an argon atmosphere. The solvent was concentrated in vacuo and residue was then purified by

column chromatography on silica gel (hexane) to afford product 2a as a white solid in 56%

yield.

NIS (1.2 equiv)

CH5CN, Ar, 15 h, rt
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6.5 Procedure for the large-scale reaction
OMe OMe
O NH PIDA (1.2 equiv), CHsCN O SN
O 24 h, rt, Ar

(1g,4.73 mmol) (0.96 g, 97%)

Methyl [1,1'-biphenyl]-2-carbimidate (4.73 mmol, 1.0 equiv.) and PIDA (5.67 mmol, 1.2
equiv.) were placed in a round-bottom flask, followed by the addition of CH3CN (0.2 M). The
mixture was stirred at room temperature under an argon atmosphere for 24 hours. After
completion, the solvent was removed under reduced pressure, and the crude product was
purified by flash column chromatography on silica gel using a hexane to afford the desired 6-

methoxyphenanthridine product (960 mg, 4.58 mmol, 97% as a white solid).
7. Optimization table and procedure for the catalytic reaction

7.1 Optimization table

OMe OMe
Phl ( mol%)

O NH  mCPBA (1.5 equiv) O SN
O Solvent (0.1M), rt O
Ar, 24 h
1a 2a

0.1 mmol
Entry Phl (mol%) Solvent Yield?
1 10 CH3CN:AcOH (40:1) 29
2 10 CH3CN:ACcOH (20:1) 25
3 20 HFIP:ACOH (1:5) 05
4 20 CH3CN:ACOH (40:1) 61
5 20 CH3CN 46
6 20 CH3CN:AcOH (40:1) (0.5 mL) 65
7 20 1,2-DCE:AcOH (40:1) 49
8 20 PhCI:AcOH (40:1) 68
9 20 PhCI:AcOH (40:1) (0.5 mL) 77
10 20 PhCI:AcOH (50:1) (0.5 mL) 60
11 20 PhCI:AcOH (40:1) (0.5 mL) 39

[a] Isolated yield. [b] Using 1.2 equiv. of mCPBA.
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7.2 General procedure for the catalytic reaction

An oven-dried 5 mL glass vial equipped with a magnetic stir bar was charged with methyl [1,1'-
biphenyl]-2-carbimidate 1a (0.1 mmol), followed by iodobenzene and mCPBA in the mixture
of PhCl:AcOH (40:1). The reaction mixture was stirred at room temperature for 24 h under an
argon atmosphere. After completion, the solvent was removed under reduced pressure, and the
crude residue was purified by silica gel column chromatography (hexane) to obtained the
desired product as a white solid.

8. Synthetic application of phenanthridine and cyclization of imine
8.1 Procedure for the synthesis of Crinasiadine (5a)

OMe (o)
33% HBrin

<0 O SN acetic acid <0 O NH
— >
e} % AcOH o) 7
50°C,6h O
2aa 5a

Crinasiadine

An oven-dried vial equipped with a magnetic stir bar was charged with compound 2aa (0.1
mmol, 1 equiv), followed by the addition of 33% HBr in acetic acid (0.4 mmol, 4 equiv) and
excess AcOH (0.15 mL). The reaction mixture was stirred at 50 °C for 6 h. After completion,
the mixture was cooled to room temperature and poured onto ice. Saturated aqueous NaHCOs
solution (5 mL) was added, and the product was extracted with ethyl acetate. The combined
organic layers were washed with brine, dried over anhydrous Na.SOa, and concentrated under
reduced pressure. The crude residue was purified by column chromatography (30-40%

EtOAc/hexane) to afford compound 5a.

[1,3]dioxolo[4,5-j]phenanthridin-6(5H)-one (5a)’

o 42% yield (10 mg, 0.042 mmol) as a yellow solid. 'H NMR (500 MHz,
<0 O NH | DMSO-Dg) 6 11.62 (s, 1H), 8.29 (d, J = 8.0 Hz, 1H), 8.04 (s, 1H), 7.64
o (s, 1H), 7.43 (d, /= 7.2 Hz, 1H), 7.34 (d, J = 7.8 Hz, 1H), 7.21 (d, J =
O 7.3 Hz, 1H), 6.23 (s, 2H). 13C NMR (126 MHz, CDCl3) § 157.9, 151.4,
148.0, 141.7, 131.7, 128.1, 126.8, 124.2, 122.5, 122.1, 114.6, 102.1, 101.5, 100.6. IR (neat)

2919, 2856, 1709, 1657, 1463, 1365, 1182, 1079 cm™.
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8.2 Procedure for the synthesis of Phenaglydon (5b)

OMe (o)
33% HBrin

O NN acetic acid O NH
E—
Me / AcOH Me =
50°C,6h
2u 5b

Phenaglydon

An oven-dried vial equipped with a magnetic stir bar was charged with compound 2u (0.1
mmol, 1 equiv), followed by the addition of 33% HBr in acetic acid (0.4 mmol, 4 equiv) and
excess AcOH (0.15 mL). The reaction mixture was stirred at 50 °C for 6 h. Upon completion,
the mixture was cooled to room temperature and poured onto ice. Saturated aqueous NaHCOs
solution (5 mL) was added, and the product was extracted with ethyl acetate. The combined
organic layers were washed with brine, dried over anhydrous Na.SOa, and concentrated under
reduced pressure. The crude residue was purified by column chromatography (20%

EtOAc/hexane) to afford compound 5b as a white solid in 91% yield.

9-methylphenanthridin-6(5H)-one (5b)’

o 91% yield (19 mg, 0.091 mmol) as a white solid. m.p. 220-222 °C; 'H

NH | NMR (500 MHz, DMSO-Ds) 8 11.55 (s, 1H), 8.33 (d, J = 8.0 Hz, 1H),

Me O 8.28 (s, 1H), 8.17 (d,J= 8.1 Hz, 1H), 7.45-7.41 (m, 2H), 7.34-7.31 (m,
O 1H), 7.24-7.20 (m, 1H), 2.47 (s, 3H). BC{'H} NMR (126 MHz,

DMSO-Dg) 6 160.9, 143.1,136.7, 134.3,129.5,129.2, 127.5,123.4,123.2,122.5,122.2, 117.6,
116.1, 21.6. IR (neat) 2871, 1659, 1607, 1417, 1658, 1154, 1034 cm’".

8.3 Cyclization of imine

[1,1'-biphenyl]-2-yl(phenyl)methanimine 6 was prepared according to the previous reported

procedures'®.

Ph
O NH PIDA (1.2 equiv), CH;CN
15 h, RT, Ar

[1,1'-biphenyl]-2-yl(phenyl)methanimine 6 (0.1 mmol, 1.0 equiv.) and PIDA (0.12 mmol, 1.2

equiv.) were combined in a vial, and 0.5 mL of CH3CN was added. The resulting mixture was

stirred at room temperature under an argon atmosphere for 15 hours. After that, the solvent was
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evaporated under reduced pressure, and the crude residue was purified by flash column

chromatography on silica gel using a gradient of hexane/ethyl acetate (99:1) to obtain the target

cyclized product 7.
6-phenylphenanthridine (7)'’

47% yield (12 mg, 0.047 mmol) as a white solid. '"H NMR (500 MHz,
CDCl) 6 8.72 (d, J = 8.3 Hz, 1H), 8.65 — 8.61 (m, 1H), 8.31 (s, 1H), 8.12
(d, J=8.2 Hz, 1H), 7.90 — 7.86 (m, 1H), 7.79 — 7.69 (m, 4H), 7.66 — 7.61
(m, 1H), 7.60 — 7.52 (m, 3H); ¥C NMR (126 MHz, CDCl3) 6 161.4, 139.4,
143.6, 133.8, 131.1, 130.4, 130.0, 129.3, 129.2, 128.6, 127.4, 127.3, 125.3,
123.9, 122.4, 122.1; IR (neat) 3062, 1583, 1473, 1458, 1442, 1401, 1328,
1138, 1072 cm’'; ; HRMS (ESI) m/z [M+H]" calcd for C19H 4N 256.1126, found 256.1118.
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10. 'H, 3C and F NMR Spectra

'TH NMR spectrum of 17 in CDCI3 [500 MHz]
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'"H NMR spectrum of I8 in CDCI3 [500 MHz]
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19F NMR spectrum of I8 in CDCls [471 MHz]

SK-ASP-P2-35.2.fid

-62.51

T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 10 20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2
f1 (ppm)
1 .
H NMR spectrum of 19 in CDCIs [500 MHz]
SK-ASP-P2-103.1.fid
QDO ONNH A MAN T 00NNV —ONDD INE=3
ANANANNNNNNOLODOOOONNNNINWNININTE TS MMM N w»n
BBBBONNNNNNNNNNNNNNNNNNNNNNNNSWGG
SRR L
O g
NO,
L .
4 sHWR L &
o OoON—-=OO (=) [}
~ AN O - c o
T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

S88



I3C{TH} NMR spectrum of 19 in CDCl3 [126 MHz]
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'TH NMR spectrum of 110 in CDCIl3 [S00 MHz]
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BC{'H} NMR spectrum of 110 in CDCls [126 MHz]
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BC{'H} NMR spectrum of I11 in CDClz [101 MHz]
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'TH NMR spectrum of 112 in CDCIl3 [S00 MHz]
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BC{'H} NMR spectrum of 112 in CDCls [126 MHz]
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'TH NMR spectrum of 113 in CDCIl3 [S00 MHz]
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BC{'H} NMR spectrum of 113 in CDCls [126 MHz]
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BC{'H} NMR spectrum of 114 in CDCls [126 MHz]
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BC{'H} NMR spectrum of I15 in CDCls [126 MHz]
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BC{'H} NMR spectrum of 116 in CDCls [126 MHz]

XXv08V10Txal+I8aBRnpEw.2.fid

- o
o
=
o
e
o
™
o
) |
o
Lg |
L g N 4
z 7/ N i
4
° __
LR o L
o
[~
o
Lg L
o Ww N
O - |
=
I
] |
59921 ] - > 95°'5 — S— - [Ra%
9L/921 I S
stet zZ - W 58’5 — S~ - Fss0
voLzt Fs — Fo
06221 (o] <0
et
ze'8T = o @
1 = & & ‘
zs'8z1 \ — £
et 3 @) 8L
£8°0€T - ° iy L
98'0¢1 3 = = L
06°Z€T ~ wie e
ob°EET . 7
° — 6b°L
09°bET o pa ous f NW
L8°LET [ €5/ R0t
£6'6€T 1) oy
o
3 = 95,
Q
89/
= osL
e = £€9'8
R -
8T TLT — - 3] vo‘mw Tum.ﬁ
m £9'8
o
5
o
NI I
o
7
<
g = 3
N — %)

1 (ppm)

S96

5.5



BC{'H} NMR spectrum of 117 in CDCls [126 MHz]
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'TH NMR spectrum of 118 in CDCIl3 [S00 MHz]
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BC{'H} NMR spectrum of 118 in CDCls [126 MHz]

SK-ASP-P2-100.2.fid

8E'ECT

0g'9zT
£87/21
95°821
16'821
67°0ET &
590617
THbeT
bSbET 7
£9°0bT —

W TLT —

|

|

T
130

110

T
120

T T T T T
180 170 160 150 140

T
190

T
200

f1 (ppm)

'TH NMR spectrum of 119 in CDCIl3 [S00 MHz]

SK-ASP-P2-86.1.fid

0T'¢ =

8T'S —

g5

vTLq
ST
sz
9T°L

@N.hg
T€°L
e L
€€
SELA

s ~E

9€°L 7]
LE°L7
LEL
87/
6€°L ]
6€°L ]
ov'Z
v
(2
]
eve ]
b/

YhL
Sv'L
€9°2
€9°L

// oNH2
@

[

—

S9°L
S9°L

Me

=

=00°€

m\oﬁ.m

(A%}
s
0'C
H/

160




BC{'H} NMR spectrum of 119 in CDCls [126 MHz]
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'TH NMR spectrum of 120 in CDCIl3 [S00 MHz]
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BC{'H} NMR spectrum of 120 in CDCls [126 MHz]
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'"H NMR spectrum of 121 in CDCI3 [500 MHz]
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'"H NMR spectrum of 122 in CDCI3 [500 MHz]
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'"H NMR spectrum of 123 in CDCI3 [500 MHz]

SK-ASP-P2-173.1.fid

NH,

/

/

Fz80

JP0T
H\Two_ﬁ

0'S
H/oo.ﬁ

T T T
6.0

4.5

5.0
f1 (ppm)

BC{TH} NMR spectrum of 123 in CDCIls [126 MHz]

SK-ASP-P2-173.3.fid

5.5

6.5

7.0

7.5

0T'9TT
8E€'9TT

69°LTT N

98°LTT
68T
£6'8CT /
66'8CT

6E°CET \

Sb'TET
C0'9€T
80°9€T
0T'9€T
9E'6ET

9T 19T ~
PT'E9T

647691 —

NH,

T T T T T T T
180 170 160 150 140 130 120 110

T
190

r
00

f1 (ppm)

S103



19F NMR spectrum of 123 in CDCIl3 [471 MHz]
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BC{'H} NMR spectrum of 124 in CDCls [126 MHz]
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BC{'H} NMR spectrum of 125 in CDCls [126 MHz]
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'"H NMR spectrum of 126 in CDCI3 [500 MHz]
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'H NMR spectrum of 127 in CDCI3 [500 MHz]
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'H NMR spectrum of 128 in CDCI3 [500 MHz]
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'"H NMR spectrum of 129 in CDCI3 [500 MHz]
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'"H NMR spectrum of 130 in CDCI3 [500 MHz]

SK-ASP-P2-121.1.fid

vT's—
8787
08'9 1

08'9 1

6241
67°L 7
0€°£
0£°L
0€°Z7

1€
1€
8€'L ;.
8E°L A

6€'L kﬁ
ob'L
otz ﬁ
ov'z

v
[
L]
1v°L
8t/ |
59z ]
59z ]
99°L

9921
99'L
19'L
oLt
oLL
e

NH,

I I (o]

Me_ Me
O\W><°

0.0

0.5

T T T T T
4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

5.0
f1 (ppm)

BC{TH} NMR spectrum of 130 in CDCIls [126 MHz]

SK-ASP-P2-121.2.fid

=00'C
/80

T
5.5

%

6.0

6.5

F90°C

7.0

JOTE
vE0'S
20T
£80't

me.o

7.5

8.0

65°GC —

€049 —

LS°6L

v LTT —

T6°LCT
89'8¢T
[ 14%

+8°821
vo'szt /f
SH70€T ]
6b°0€T |
£9°0¢1 4
0€'TET
rzet
9L 'bET ]
T8'PET
6€°9€T
£5°8€T
bT6ET |
757001
89°65T
99'TLT ~
19°€/1—

8vP6T —

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

S111



'"H NMR spectrum of 131 in CDCI3 [500 MHz]
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'"H NMR spectrum of 132 in CDCI3 [500 MHz]

SK-ASP-P2-182.1.fid

19T =

€0~
SE€'S—

¥8'S —

[A°]
€L°9
€L°9
vL'9

2
€rL
v W

1€,
e
€L
sz
ses
9g°s ]
o5
ov'c ]
]
WL
[
[
ev'L
052
152
€L

F66'S

F00C

Fe60

6’1

0°C
H\oo.N
H/Mo.m

01
260

BC{TH} NMR spectrum of 132 in CDCIs [126 MHz]

SK-ASP-P2-182.2.fid

Ly'ST—

4899 —

£9°6L—

£58°02T —
bELTT
¢6'LTT V
$9'82T T
66'8CT
£0°6CT
YT'6CT
8G°0€T
9L°0€T
PSPET
LO'SET
0'6€ET

£b°0bT \

80'bST

SSTLT —
T6°€LT —

(o]

g
X

o~
I
4

T T T T T T T
180 170 160 150 140 130 120 110

T
190

T
200

f1 (ppm)

S113



'"H NMR spectrum of 133 in CDCI3 [500 MHz]
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'"H NMR spectrum of 134 in CDCI3 [500 MHz]
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'TH NMR spectrum of 1a in CDCI3 [500 MHz]
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'H NMR spectrum of 1b in CDCls [500 MHz]

SK-ASP-P2-50.1.fid

ove—"—"—"—"—"—

pprge=

Me

wL
wL
€CL
€TL
9T'L

97°L 1

9z'L 1

LTL A
8T°L Y
9€°L
9€°L
9€°L
9€°L A
LE LA
LELANE

8/ P R

OMe
NH

seL /b —_
6L
6]
bz
St
Sb's
o'/
9/ |
1]
8v°L
S5
S5t
95°L
95°L
157,
1571

|

M\mﬂ.w
=9€°C
301°C

T
w/nm.o

4.5

5.0
f1 (ppm)

5.5

3BC{TH} NMR spectrum of 1b in CDCl3 [126 MHz]

SK-ASP-P2-50.2.fid

€T —

Sb'ES —

L {vxat

81°8CT /
6£°8CT

TE6CT —~
L6'6CT
T9°0€T
COVET
0b°LET
S9°/LET
6€°0VT

=SS

vS0LT —

OMe

NH

Me

L

Hml

|

T
140

|

T
120 110

T
130

T T T T
180 170 160 150

T
190

T
00

f1 (ppm)

S117



'"H NMR spectrum of 1¢ in CDCl3 [500 MHz]
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'H NMR spectrum of 1d in CDCls [500 MHz]
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19F NMR spectrum of 1d in CDCl3 [471 MHz]
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I3C{TH} NMR spectrum of 1e¢ in CDCl3 [126 MHz]

44rwBnzKT0aLNz2SX02+5g.2.fid

SS°ES —

[4:9xa
L£°821
bL'82T
8.°62T ~
9T°0€T \
6€°0€T \

LLEET

TCPET
00°6€ET

ET'6ET

0S5°04T —

OMe

Cl

NH

f1 (ppm)

'TH NMR spectrum of 1f in CDCI3 [500 MHz]
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I3C{TH} NMR spectrum of 1f in CDCl3 [126 MHz]
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'"H NMR spectrum of 1g in CDCI3 [500 MHz]
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I3C{TH} NMR spectrum of 1g in CDCls [126 MHz]
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I3C{TH} NMR spectrum of 1h in CDCl3 [126 MHz]
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'"H NMR spectrum of 1i in CDCI3 [500 MHz]
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'"H NMR spectrum of 1j in CDCl3 [500 MHz]
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'H NMR spectrum of 1k in CDCls [500 MHz]
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'"H NMR spectrum of 11 in CDCl3 [500 MHz]
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'"H NMR spectrum of 1m in CDCls [500 MHz]
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'H NMR spectrum of 1n in CDCls [500 MHz]
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'"H NMR spectrum of 10 in CDCl3 [500 MHz]
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'H NMR spectrum of 1p in CDCls [500 MHz]
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'H NMR spectrum of 1q in CDCls [500 MHz]
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'H NMR spectrum of 1r in CDCl3 [500 MHz]
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'"H NMR spectrum of 1s in CDCI3 [500 MHz]
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'"H NMR spectrum of 1t in CDCl3 [500 MHz]
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19F NMR spectrum of 1t in CDCl3 [471 MHz]
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I3C{TH} NMR spectrum of 1u in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 1v in CDCls [126 MHz]
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I3C{TH} NMR spectrum of 1w in CDCI3 [126 MHz]
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'TH NMR spectrum of 1x in CDCl3 [500 MHz]
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'"H NMR spectrum of 1y in CDCl3 [500 MHz]
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19F NMR spectrum of 1y in CDCIls [471 MHz]
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'TH NMR spectrum of 1z in CDCI3 [500 MHz]
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I3C{TH} NMR spectrum of 1z in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 1aa in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 1ab in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 1ac in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 1ad in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 1ae in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 1af in CDCI3 [101 MHz]
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I3C{TH} NMR spectrum of 1ag in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 1ah in CDCls [126 MHz]
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I3C{TH} NMR spectrum of 1ai in CDCI3 [126 MHz]
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I3C{TH} NMR spectrum of 2a in CDCls [126 MHz]
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I3C{TH} NMR spectrum of 2b in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 2¢ in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 2d in CDCIl3 [126 MHz]
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'"H NMR spectrum of 2e in CDCl3 [500 MHz]

SK-ASP-P2-273.1.fid

war="

LA
Tl
€L
€L
291 m
291

v9'2 o
v9°2

602
6L
0821
ow.né
082
8| -
28
68°L N —
o6z’

62'8

oe'8-: _
ze'8

€8

be'8

be'8

ov'8

'8

$9°Z
S99/
S9°L A

Cl

=007
00T
/10T
=660

60

0'T
H/Mo.ﬁ

T T T T T T T T T T T
4.5 4.0 25 1.0 0.5

6.0

0.C

1.5

3.0 2.0

3.5

5.0
f1 (ppm)

BC{'H} NMR spectrum of 2e in CDCl3 [126 MHz]

SK-ASP-P2-273.2.fid

5.5

W0'PSs —

80°0¢T
0T°1CT
61T
9'ECT \

£6'HTT
1€°521 72

L N
[ApXat
CETET \
8EVET
EPPET
STHPT —

0T°09T —

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

S158



'"H NMR spectrum of 2f in CDCl3 [500 MHz]
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'"H NMR spectrum of 2g in CDCl3 [500 MHz]
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'H NMR spectrum of 2h in CDCl3 [500 MHz]
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19F NMR spectrum of 2h in CDCl3 [471 MHz]
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I3C{TH} NMR spectrum of 2i in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 2j in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 2k in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 21 in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 2m in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 2m" in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 2n in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 2p in CDCl3 [126 MHz]
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'TH NMR spectrum of 2q in CDCl3 [500 MHz]
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I3C{TH} NMR spectrum of 2q in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 2r in CDCl3 [126 MHz]
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'TH NMR spectrum of 2s in CDCls [500 MHz]
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I3C{TH} NMR spectrum of 2s in CDCl3 [126 MHz]
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'TH NMR spectrum of 2t in CDCl3 [500 MHz]
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I3C{TH} NMR spectrum of 2t in CDCl3 [126 MHz]
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'"H NMR spectrum of 2u in CDCls [500 MHz]
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'TH NMR spectrum of 2v in CDCl3 [500 MHz]
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'"H NMR spectrum of 2w in CDCl3 [500 MHz]
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19F NMR spectrum of 2w in CDCl3 [471 MHz]
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'TH NMR spectrum of 2x in CDCls [S00 MHz]
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I3C{TH} NMR spectrum of 2x in CDCls [126 MHz]
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'"H NMR spectrum of 2y in CDCI3 [500 MHz]
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I3C{TH} NMR spectrum of 2y in CDCls [126 MHz]
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'H NMR spectrum of 2z in CDCl3 [500 MHz]
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'H NMR spectrum of 2aa in CDCl3 [500 MHz]

SK-ASP-P2-372A.1.fid

T’y

9 —

WL
WL
b
b/
[
Sb'L
Sb'L
9572\
95°2 ]
(5L
s
8572
6572
65°L ]
S92
6L,
98 ]
88°/ ]
88/
0z'8 ]
0z'8 1

f

=

178 |
e

Je0t
0T
=€60
00T

me.o

=€0'T

T T T T T T T T T
4.0 3.5

7.0

0.0

0.5

2.0 1.5 1.0

2.5

3.0

4.5

5.0
f1 (ppm)

I3C{TH} NMR spectrum of 2aa in CDCls [126 MHz]

SK-ASP-P2-372A.2.fid

5.5

6.0

6.5

7.5

8.0

YLES —

SE°00T ~
06'T0T —
262017

68'STT —
€6'TCT \
e =
vever
8g'/21

81871 W
[aaa3

z0ept
£0°8bT ~
9TTST ~.

08'8ST —

f1 (ppm)

S182



'"H NMR spectrum of 2ab in CDCI3 [500 MHz]
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'H NMR spectrum of 2ac in CDCl3 [500 MHz]
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'"H NMR spectrum of 2ad in CDCI3 [500 MHz]
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'"H NMR spectrum of 2ae in CDCl3 [500 MHz]
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'TH NMR spectrum of 2af in CDCl3 [500 MHz]
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'H NMR spectrum of 2ag in CDCl3 [400 MHZz]
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'H NMR spectrum of 2ah in CDCI3 [500 MHz]
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'"H NMR spectrum of 2ai in CDCl3 [500 MHz]
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'"H NMR spectrum of 135 in CDCI3 [500 MHz]
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'H NMR spectrum of 136 in CDCI3 [500 MHz]
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'"H NMR spectrum of 137 in CDCI3 [500 MHz]
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19F NMR spectrum of 137 in CDCl3 [471 MHz]
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BC{'H} NMR spectrum of 138 in CDCls [126 MHz]
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'TH NMR spectrum of 139 in CDCIl3 [S00 MHz]
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BC{'H} NMR spectrum of 139 in CDCls [126 MHz]
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'TH NMR spectrum of 140 in CDCIl3 [S00 MHz]
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BC{'H} NMR spectrum of 140 in CDCls [126 MHz]
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'TH NMR spectrum of 141 in CDCIl3 [S00 MHz]
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BC{'H} NMR spectrum of 141 in CDCls [126 MHz]
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'TH NMR spectrum of 142 in CDCIl3 [S00 MHz]
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BC{'H} NMR spectrum of 142 in CDCls [126 MHz]
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'TH NMR spectrum of 143 in CDCIl3 [S00 MHz]
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BC{'H} NMR spectrum of 143 in CDCls [126 MHz]
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BC{'H} NMR spectrum of 145 in CDCls [126 MHz]
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'TH NMR spectrum of 146 in CDCIl3 [S00 MHz]
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BC{'H} NMR spectrum of 146 in CDCls [126 MHz]
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'"H NMR spectrum of 147 in CDCI3 [500 MHz]
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'"H NMR spectrum of 148 in CDCI3 [500 MHz]
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'"H NMR spectrum of 149 in CDCI3 [500 MHz]

SK-ASP-P2-353.1.fid

NN.N
mn.N%
[Fardes —
16'CF —_—
mm.NN

¥6'C

8e's
mm.mM N
€9'

765~ -
7827 —
B.L

wo.ng
80° |
b
ST
(1 ;W .
8T S —
ST
s -

e
8T'L
67,
62 ]
0L
o
e
TeL ]
€€,
€€
9L
L
L
8p'L
8v'L
8v°L

60
kg0
78'0

00T

m\oo.H
T
wﬂmn.ﬁ

0'€
HHNmA

4.5

5.0
f1 (ppm)

5.5

T
6.0

BC{TH} NMR spectrum of 149 in CDCIls [126 MHz]

SK-ASP-P2-353.2.fid

29'ST—
07’87 —

0L9TT —

66°SCT
08'9¢T
Tl

€921 F
09'8¢T

£9'8CT N
9T'6CT
LTTET
Y6 EET

68'9€T
86'LET
Sb'6ET

YE'SPT

¢6'TLT —

f1 (ppm)

S205



'"H NMR spectrum of 150 in CDCI3 [500 MHz]
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'"H NMR spectrum of 151 in CDCI3 [500 MHz]
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'"H NMR spectrum of 152 in CDCI3 [500 MHz]
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'"H NMR spectrum of 153 in CDCI3 [500 MHz]
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'"H NMR spectrum of 154 in CDCI3 [500 MHz]
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'"H NMR spectrum of 3a in CDCl3 [400 MHz]
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'H NMR spectrum of 3b in CDCls [500 MHz]
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'"H NMR spectrum of 3¢ in CDCl3 [500 MHz]
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19F NMR spectrum of 3¢ in CDCl3 [471 MHz]
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I3C{TH} NMR spectrum of 3d in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 3¢ in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 3f in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 3g in CDCls [126 MHz]
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I3C{TH} NMR spectrum of 3h in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 3i in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 3j in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 3k in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 31 in CDCl3 [126 MHz]
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'"H NMR spectrum of 3m in CDCls [400 MHz]
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'H NMR spectrum of 3n in CDCls [500 MHz]
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'TH NMR spectrum of 30 in CDCI3 [500 MHz]
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'H NMR spectrum of 3p in CDCls [500 MHz]
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'H NMR spectrum of 3q in CDCls [500 MHz]
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'H NMR spectrum of 3r in CDCl3 [500 MHz]
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'"H NMR spectrum of 3s in CDCI3 [500 MHz]
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'H NMR spectrum of 3t in CDCl3 [500 MHz]
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'"H NMR spectrum of 4a in CDCl3 [500 MHz]

dSamNasCRF2bQ+Z72H9Qxg.1.fid

MN:V.O
T
T
0T
6°0
H/wm.o

£96'0

T T T T T
3.5 2.0

T
5.0
f1 (ppm)

3C{TH} NMR spectrum of 4a in CDCls [126 MHz]

dSamNasCRF2bQ+2Z72H9Qxg.3.fid

0.C

0.5

1.0

1.5

2.5

3.0

4.0

4.5

5.5

P0'bS —

St'6TT
[An 24t /
8'vCT
02921
8G°LTT /

£0°821
/

+9°8¢1
vm.omﬁ\
YL '0ET
mm.wmﬁ\
mm.nmﬁ\

PT6ET

T9°09T —

T T T T T T T
180 170 160 150 140 130 120 110

T
190

00

f1 (ppm)

S232



'H NMR spectrum of 4b in CDCls [500 MHz]
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'"H NMR spectrum of 4¢ in CDCl3 [500 MHz]
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19F NMR spectrum of 4¢ in CDCl3 [471 MHz]
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I3C{TH} NMR spectrum of 4d in CDCl3 [126 MHz]
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'TH NMR spectrum of 4e in CDCI3 [500 MHz]
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I3C{TH} NMR spectrum of 4¢ in CDCl3 [126 MHz]
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'"H NMR spectrum of 4g in CDCl3 [500 MHz]
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I3C{TH} NMR spectrum of 4g in CDCls [126 MHz]
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I3C{TH} NMR spectrum of 4h in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 4i in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 4j in CDCl3 [126 MHz]
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I3C{TH} NMR spectrum of 4k in CDCl3 [101 MHz]
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I3C{TH} NMR spectrum of 41 in CDCl3 [126 MHz]
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'"H NMR spectrum of 4m in CDCls [500 MHz]
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'"H NMR spectrum of 4n in CDCls [500 MHz]
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'"H NMR spectrum of 40 in CDCl3 [500 MHz]
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'H NMR spectrum of 4p in CDCls [500 MHz]
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'H NMR spectrum of 4q in CDCls [500 MHz]
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'H NMR spectrum of 4r in CDCl3 [500 MHz]
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'H NMR spectrum of 4s in CDCI3 [500 MHz]
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'"H NMR spectrum of 4t in CDCl3 [500 MHz]
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'"H NMR spectrum of 155 in CDCI3 [500 MHz]
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'"H NMR spectrum of [Ds]-A in CDCls [500 MHz]
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'"H NMR spectrum of [Ds]-1a in CDCl3 [500 MHz]
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11. HPLC for compound 2ad

Racemic

OMe
D@
U,
o Me
(o]
Me

VWD1A Wavelength=254 nm

mAL
:

Tinme [min]

Signal: VWD1A,Wavelength=254 nm
RT[min]  Type  Width [min] Area Height
19.800 BV 0.98 56928.30 2265.33
20.813 I 1.47 60567.81 2254 69
Sum 117496.11

Chiral

OMe
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o
Me
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Me

VWD 1A, Wavelength=254 nm

1 2 3 &4 E & 7 % 6 10 11 12 13 14 15 18 17 18 19 20 21 22 23 24 25 28

Area%
48.45
5155

7

28 29 a0

Name

mAL

AN

Time [min]

Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height
19.519 BV 1.75 114963.00 2529.97
20.546 Wi 117 556817 206.33
Sum 120531.16
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7 2 3 4 5 & T 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Area%
95.38
462
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