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1. General experiment details and materials

Experimental: All non-aqueous reactions and manipulations were using standard
Schlenk techniques. All solvents before use were dried and degassed by standard
methods and stored under nitrogen atmosphere. All reactions were monitored by TLC
with silica gel-coated plates. NMR spectra were recorded on BRUKER Avence 111 400
MHz spectrometers. Chemical shifts were reported in parts per million (ppm) down
field from TMS with the solvent resonance as the internal standard. Coupling constants
(J) were reported in Hz and refered to apparent peak multiplications. High resolution
mass spectra (HRMS) were recorded on Bruker MicroTOF-QII mass (ESI). GC
analysis were performed on Agilent 7890 with OV-225 column or Hp-5 column.

GC-MS analysis were performed with Agilent 7890A/5975C GC-MS system.

General procedures for the synthesis of
N-benzyl-1-(2-(phenylethynyl)phenyl)methanamine derivatives:

Method A: Synthesis of substrate 1a.

Ph Ph
= = &
o 2 Pd(PPh3),Cl, (1 mol%) =~ BnNH, (1.0 equiv)
+ Cul (0.5 mol%), EtsN 0 toluene, 35°C, 12 h _NBn
Br 50°C, 12 h Z
Step 1 Step 2
P Ph
7
NaBH,4 (1.2 equiv)
methanol, 0 °C, 30 min NHBn

1a

Step 1. To a solution of 2-bromobenzaldehyde (15.1 g, 81.7 mmol), Pd(PPhz)2Cl> (1
mol%, 573.5 mg) in EtsN (200 mL) was added phenylacetylene (10.0 g, 98.0 mmol)
under nitrogen atmosphere. The resulting mixture was stirred at room temperature for
20 minutes and then Cul (0.5 mol%, 77 mg) was added. The resulting mixture was
stirred at 50 °C for 12 hours. After the reaction was completed, the crude mixture was

cooled to room temperature and filtered through Celite. The filtrate was concentrated
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under vacuum and diluted with water (50 mL). The resulting mixture was extracted by
DCM (50 mL x 3) and the combined organic layer was washed with brine (50 mL x 2),
dried over anhydrous Na,SO4. After the solvent was removed under reduced pressure,
the crude product was purified by flash column chromatography on silica gel and
eluted  with  petroleum  ether/ethyl  acetate  (50/1-20/1) to  afford
2-(phenylethynyl)benzaldehyde (13.5 g, 80% yield).

Step 2. The mixture of 2-(phenylethynyl)benzaldehyde (8.0 g, 38.8 mmol),
benzylamine (4.2 g, 38.8 mmol), toluene (50 mL) was added to a 250 mL Schlenk
flask under nitrogen atmosphere and stirred at 35 °C for 12 hours. Then the solvent was
removed under reduced pressure and the resulting residue was dissolved in methanol
(50 mL) in a 250 mL flask. NaBH4 (1.8 g, 46.6 mmol) was added to the reaction
mixture in portions at 0 °C and the reaction mixture was stirred for 30 minutes at this
temperature. Then the reaction was quenched by aqueous saturated ammonium
chloride solution (20 mL). Methanol was removed under vacuum and the residue was
extracted by ethyl acetate (50 mL x 3). The combined organic layer was dried over
anhydrous Na»SOs. After the solvent was removed under reduced pressure, the crude
product was purified by flash column chromatography on silica gel and eluted with
petroleum ether/ethyl acetate (20/1-5/1) to afford

N-benzyl-1-(2-(phenylethynyl)phenyl)methanamine 1a (8.5 g, 74% yield).
Other compounds including 1b-1j and 1m-1x were prepared by method A.

N-Benzyl-1-(2-(phenylethynyl)phenyl)methanamine (1a): The title compound was
_ Ph  prepared according to the general procedure (Method A) and purified
%Bn by column chromatography to give the yellow oil (8.5 g, 74% yield);
1a IH NMR (400 MHz, CDCls) § 7.54 (d, J= 7.6 Hz, 1H), 7.46-7.48 (m,
2H), 7.42 (d, J= 7.6 Hz, 1H), 7.21-7.35 (m, 10H), 4.03 (s, 2H), 3.82 (s, 2H), 1.92 (br,
1H); 13C NMR (100 MHz, CDCls) & 142.2, 140.4, 132.5, 131.7, 128.9, 128.6, 128.5,
128.3, 127.0, 127.0, 123.3, 122.5, 93.8, 87.6, 53.4, 52.0; HRMS (ESI) calcd. for
C22HaoN [M+H]: 298.1590, found: 298.1591.
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N-Benzyl-1-(4-methyl-2-(phenylethynyl)phenyl)methanamine  (1b): The title
_ ph compound was prepared according to the general procedure
mB" (Method A) and purified by column chromatography to give the
1b yellow oil (9.0 g, 80% yield); *H NMR (400 MHz, CDCls) & 7.45
(dd, J1= 2.0 Hz, J2= 5.2 Hz, 2H), 7.20-7.36 (m, 10H), 7.11 (d, J=
7.6 Hz, 1H), 3.98 (s, 2H), 3.80 (s, 2H), 2.31 (s, 3H), 1.88 (br, 1H); 3C NMR (100
MHz, CDCl3) 6 140.5, 139.2, 136.6, 132.9, 131.6, 129.4, 128.9, 128.4, 128.3, 128.3,
128.2, 126.9, 123.3, 122.3, 93.3, 87.8, 53.2, 51.6, 20.9; HRMS (ESI) calcd. for
C2sHaaN [M+H]: 312.1747, found: 312.1749.
N-Benzyl-1-(5-methoxy-2-(phenylethynyl)phenyl)methanamine (1c): The title
_ Ph compound was prepared according to the general procedure
/@(NHBn (Method A) and purified by column chromatography to give the
Meo 1c yellow oil (5.5 g, 83% vyield); 'H NMR (400 MHz, CDCls) &
7.42-7.46 (m, 3H), 7.21-7.34 (m, 8H), 6.98 (d, J= 2.8 Hz, 1H), 6.76 (dd, J1 = 2.8 Hz,
J2=8.4 Hz, 1H), 3.99 (s, 2H), 3.81 (s, 2H), 3.77 (s, 3H), 1.89 (br, 1H); 13C NMR (100
MHz, CDCl3) & 159.8, 144.1, 140.3, 133.7, 131.4, 128.4, 128.4, 128.3, 128.2, 128.0,
126.9, 123.5, 114.3, 112.6, 92.4, 87.6, 55.3, 53.3, 51.9; HRMS (ESI) calcd. for
C23H22NO [M+H]: 328.1696, found: 328.1696.
N-Benzyl-1-(4-fluoro-2-(phenylethynyl)phenyl)methanamine  (1d): The title
pn Compound was prepared according to the general procedure
K@{ (Method A) and purified by column chromatography to give the
1d b yellow oil (9.1 g, 81% yield); '"H NMR (400 MHz, CDCls) &
7.44-7.46 (m, 2H), 7.20-7.37 (m, 10H), 6.96-7.01 (m, 1H), 3.97 (s, 2H), 3.80 (s, 2H),
1.83 (br, 1H); 23C NMR (100 MHz, CDCls) 6 162.6 (d, Jc-r = 244.1 Hz), 140.3, 138.2
(d, Je-F= 3.1 Hz), 131.7, 130.5 (d, Jcr = 8.4 Hz), 128.8, 128.5, 128.3, 127.0, 124.1 (d,
JoF= 9.6 Hz), 122.7, 118.9 (d, Jc-F = 22.7 Hz), 115.8 (d, JcF = 20.8 Hz), 94.5, 86.5 (d,
JoF= 3.2 Hz), 53.3, 51.1; °F NMR (376 MHz, CDCl3) § -115.6; HRMS (ESI) calcd.
for C22H1oFN [M+H]: 316.1496, found: 316.1501.
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N-Benzyl-1-(5-fluoro-2-(phenylethynyl)phenyl)methanamine  (le): The title
_ ph compound was prepared according to the general procedure
mBn (Method A) and purified by column chromatography to give the
" 1e yellow oil (5.2 g, 78% vyield); '"H NMR (400 MHz, CDCls) §
7.43-7.46 (m, 3H), 7.17-7.34 (m, 9H), 6.88-6.92 (m, 1H), 3.98 (s, 2H), 3.80 (s, 2H),
1.83 (br, 1H); 13C NMR (100 MHz, CDCls) 6 163.9 (d, Jc-r = 248.4 Hz), 145.2 (d, Jc-F
= 7.3 Hz), 140.2, 134.1 (d, Jc-F = 8.4 Hz), 131.5, 128.5 (d, Jc-F = 3.1 Hz), 128.2, 127.1,
123.1, 118.3 (d, JcF = 3.2 Hz), 115.7 (d, Jc-£ = 22.2 Hz), 114.2 (d, Jc-F = 22.0 Hz), 93.5,
86.6, 53.3, 51.4; F NMR (376 MHz, CDCls) 6 -110.4; HRMS (ESI) calcd. for
C22H19FN [M+H]: 316.1496, found: 316.1494.
N-Benzyl-1-(2-(phenylethynyl)-5-(trifluoromethyl)phenyl)methanamine (1f): The
& pn title compound was prepared according to the general procedure
(Method A) and purified by column chromatography to give the
i " yellow oil (3.4 g, 77% yield); *H NMR (400 MHz, CDCls) & 7.74
(s, 1H), 7.63 (d, J= 8.0 Hz, 1H), 7.48-7.51 (m, 3H), 7.25-7.38 (m, 8H), 4.08 (s, 2H),
3.86 (s, 2H), 1.88 (br, 1H); 3C NMR (100 MHz, CDCl3) & 143.1, 140.1, 132.7, 131.8,
130.4 (q, Jo-F = 32.3 Hz), 129.1, 128.6, 128.4, 127.2, 126.2, 125.5 (q, Jc-F = 3.7 Hz),
123.8 (g, Jc-F = 3.8 Hz), 122.6, 96.1, 86.3, 53.6, 51.5; 9F NMR (376 MHz, CDCls) 5
-62.6; HRMS (ESI) calcd. for CazHigF3N [M+H]: 366.1464, found: 366.1456.
N-Benzyl-1-(4-chloro-2-(phenylethynyl)phenyl)methanamine  (1g): The title
3 _ ph compound was prepared according to the general procedure
\©( (Method A) and purified by column chromatography to give the
19 e yellow oil (6.1 g, 80% vyield); 'H NMR (400 MHz, CDCls) &
7.44-7.50 (m, 3H), 7.19-7.35 (m, 10H), 3.97 (s, 2H), 3.79 (s, 2H), 1.82 (br, 1H); 13C
NMR (100 MHz, CDCls) ¢ 140.7, 140.2, 132.5, 131.9, 131.7, 130.1, 128.8, 128.6,
128.5, 128.3, 127.1, 124.1, 122.7, 94.8, 86.3, 53.3, 51.2; HRMS (ESI) calcd. for
C22H19CIN [M+H]: 332.1201, found: 332.1190.
N-Benzyl-1-(5-chloro-2-(phenylethynyl)phenyl)methanamine  (1h): The title

compound was prepared according to the general procedure (Method A) and purified
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_ ph by column chromatography to give the yellow oil (5.5 g, 74%
/@( yield): 'H NMR (400 MHz, CDCls) & 7.40-7.44 (m, 4H),
c 1h e 7.26-7.34 (m, TH), 7.17-7.24 (m, 2H), 3.97 (s, 2H), 3.80 (s, 2H),
1.83 (br, 1H); 13C NMR (100 MHz, CDCls) & 144.1, 140.1, 134.5, 133.4, 131.6, 128.8,
128.6, 128.5, 128.5, 128.3, 127.2, 127.1, 122.9, 120.9, 94.7, 86.6, 53.4, 51.4; HRMS
(ESI) calcd. for C22H19CIN [M+H]: 332.1201, found: 332.1204.
N-Benzyl-1-(3-(phenylethynyl)thiophen-2-yl)methanamine (1i): The title compound
ph Wwas prepared according to the general procedure (Method A) and
iﬁmn purified by column chromatography to give the yellow oil (7.0 g, 78%
" yield); H NMR (400 MHz, CDCls) § 7.42-7.45 (m, 2H), 7.27-7.36
(m, 7H), 7.23 (t, J= 7.2 Hz, 1H), 7.16 (d, J= 5.2 Hz, 1H), 7.07 (d, J= 4.8 Hz, 1H),
4.13 (s, 2H), 3.85 (s, 2H), 1.84 (br, 1H); 3C NMR (100 MHz, CDCls) 5 147.8, 140.1,
131.5, 129.7, 128.5, 128.4, 128.3, 128.3, 127.1, 123.6, 123.3, 119.7, 92.3, 83.8, 52.9,
46.6; HRMS (ESI) calcd. for C20H1sNS [M+H]: 304.1154, found: 304.1158.
N-benzyl-1-(1-(phenylethynyl)naphthalen-2-yl)methanamine  (1j): The title

Z
O (Method A) and purified by column chromatography to give the
NHBn

O pn compound was prepared according to the general procedure

1j yellow oil (4.0 g, 71% vyield); *H NMR (400 MHz, CDCls) & 8.47

(d, J = 8.0 Hz, 1H), 7.81-7.85 (m, 2H), 7.57-7.60 (m, 4H),

7.48-7.52 (m, 1H), 7.35-7.39 (m, 5H), 7.27-7.32 (m, 2H), 7.21-7.24 (m, 1H), 4.25 (s,

2H), 3.86 (s, 2H), 1.91 (br, 1H); 3C NMR (100 MHz, CDCl3) & 141.3, 140.5, 133.7,

132.5, 131.7, 128.7, 128.6, 128.6, 128.5, 128.4, 128.3, 127.1, 127.0, 127.0, 126.4,

126.2, 123.5, 119.5, 99.2, 85.7, 53.4, 52.3; HRMS (ESI) calcd. for CosH22N [M+H]:
348.1747, found: 348.1746.

N-Benzyl-1-(2-(p-tolylethynyl)phenyl)methanamine (1m): The title compound was

O prepared according to the general procedure (Method A) and

O iHBn purified by column chromatography to give the yellow oil (4.5 g,

i 74% vyield); *H NMR (400 MHz, CDCl3) & 7.53 (d, J = 7.6 Hz, 1H),

7.21-7.40 (m, 10H), 7.15 (d, J= 7.6 Hz, 2H), 4.02 (s, 2H), 3.81 (s, 2H), 2.35 (s, 3H),
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1.92 (br, 1H); *C NMR (100 MHz, CDCls) 6 142.1, 140.5, 138.6, 132.4, 131.5, 129.2,
129.0, 128.9, 128.5, 128.4, 128.3, 128.2, 127.0, 127.0, 122.7, 120.2, 94.0, 87.0, 53.3,
52.0, 21.6; HRMS (ESI) calcd. for C2zH22N [M+H]: 312.1747, found: 312.1741.
N-Benzyl-1-(2-(m-tolylethynyl)phenyl)methanamine (1n): The title compound was
O prepared according to the general procedure (Method A) and
O - purified by column chromatography to give the yellow oil (4.8 g,
71% yield); *H NMR (400 MHz, CDCls) & 7.54 (dd, J1 = 0.8 Hz, J;
= 7.6 Hz, 1H), 7.41 (d, J= 7.2 Hz, 1H), 7.21-7.36 (m, 10H), 7.15 (d, J= 7.6 Hz, 1H),
4.03 (s, 2H), 3.82 (s, 2H), 2.34 (s, 3H), 1.98 (br, 1H); 3C NMR (100 MHz, CDCl5) &
142.2, 140.4, 138.2, 132.5, 132.2, 129.4, 128.9, 128.8, 128.5, 128.4, 128.4, 127.1,
127.0, 123.1, 122.6, 94.0, 87.2, 53.3, 52.0, 21.4; HRMS (ESI) calcd. for CasH2N
[M+H]: 312.1747, found: 312.1743.
N-Benzyl-1-(2-((4-(tert-butyl)phenyl)ethynyl)phenyl)methanamine (10): The title
compound was prepared according to the general procedure
O (Method A) and purified by column chromatography to give the
O iHBn yellow oil (4.5 g, 73% yield); H NMR (400 MHz, CDCls) § 7.53
1o (d, J=7.6 Hz, 1H), 7.20-7.43 (m, 12H), 4.02 (s, 2H), 3.81 (s, 2H),
1.94 (br, 1H), 1.31 (s, 9H); ¥C NMR (100 MHz, CDCls) § 151.7, 142.1, 140.4, 132.4,
131.4, 128.9, 128.5, 128.4, 128.3, 127.0, 125.5, 122.7, 120.2, 94.0, 87.0, 53.3, 52.0,
34.9, 31.3; HRMS (ESI) calcd. for CaeH2sN [M+H]: 354.2216, found: 354.2218.
N-Benzyl-1-(2-((4-methoxyphenyl)ethynyl)phenyl)methanamine (1p): The title
compound was prepared according to the general procedure

OMe

(Method A) and purified by column chromatography to give the

Z
O NHBn yellow oil (2.5 g, 60% yield); *H NMR (400 MHz, CDCls) §
' 7.52 (dd, J1 = 0.8 Hz, Jo= 7.2 Hz, 1H), 7.22-7.41 (m, 10H), 6.88

(d, J= 8.8 Hz, 2H), 4.02 (s, 2H), 3.82 (s, 5H), 1.96 (br, 1H); 3C NMR (100 MHz,
CDCls) § 159.8, 142.0, 140.5, 133.1, 132.3, 128.9, 128.5, 128.4, 128.3, 127.0, 127.0,
122.9, 115.4, 114.1, 93.8, 86.3, 55.4, 53.3, 52.1; HRMS (ESI) calcd. for CasH2NO
[M+H]: 328.1696, found: 328.1692.
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N-Benzyl-1-(2-((4-chlorophenyl)ethynyl)phenyl)methanamine (1q): The title

o compound was prepared according to the general procedure

(Method A) and purified by column chromatography to give the

Z
O NHBn yellow oil (5.5 g, 81% yield); *H NMR (400 MHz, CDCls) § 7.53
'a (d, J= 7.2 Hz, 1H), 7.42 (d, J= 7.6 Hz, 1H), 7.22-7.36 (m, 11H),

4.00 (s, 2H), 3.82 (s, 2H), 1.86 (br, 1H); 3C NMR (100 MHz, CDCls) & 142.3, 140.4,
134.5, 132.8, 132.5, 128.9, 128.8, 128.5, 128.3, 127.1, 127.1, 122.2, 121.8, 92.6, 88.6,
53.3, 51.8; HRMS (ESI) calcd. for C22H19CIN [M+H]: 332.1201, found: 332.1192.

N-Benzyl-1-(2-((4-fluorophenyl)ethynyl)phenyl)methanamine  (1r): The title

¢ compound was prepared according to the general procedure

> (Method A) and purified by column chromatography to give the
O NHBn yellow oil (2.9 g, 76% vyield); *H NMR (400 MHz, CDCls3) § 7.52
ir (d, J =7.2 Hz, 1H), 7.39-7.43 (m, 3H), 7.22-7.35 (m, 7H), 7.01 (t,

J=8.8 Hz, 2H), 4.01 (s, 2H), 3.81 (s, 2H), 1.88 (br, 1H); 3C NMR (100 MHz, CDCl5)
6 163.9 (d, Jc-Fr=248.4 Hz), 142.2, 140.4, 133.6 (d, Jc-F= 8.4 Hz), 132.4, 128.9 (d, Jc-F
= 26.0 Hz), 128.3 (d, Jc-F= 17.7 Hz), 128.2, 127.0 (d, Jc-F= 2.5 Hz), 122.3, 119.4 (d,
JeF= 3.4 Hz), 115.9 (d, Jc-F = 21.9 Hz), 92.6, 87.3, 53.3, 51.9; 1°F NMR (376 MHz,
CDCl3) & -110.6; HRMS (ESI) calcd. for CaHioFN [M+H]: 316.1496, found:
316.1488.
N-Benzyl-1-(2-((4-bromophenyl)ethynyl)phenyl)methanamine  (1s): The title
gr compound was prepared according to the general procedure
— O (Method A) and purified by column chromatography to give the
O NHBn yellow oil (2.7 g, 66% yield); *H NMR (400 MHz, CDCls) & 7.53
e (d, J=7.6 Hz, 1H), 7.41-7.47 (m, 3H), 7.23-7.35 (m, 9H), 4.01 (s,
2H), 3.82 (s, 2H), 1.87 (br, 1H); 3C NMR (100 MHz, CDCls) § 142.3, 140.4, 133.0,
132.5, 131.8, 131.7, 129.0, 128.9, 128.5, 128.3, 128.3, 127.1, 127.1, 122.7, 122.2,
122.2, 92.6, 88.8, 53.3, 51.8; HRMS (ESI) calcd. for C22H1oBrN [M+H]: 378.0659,
found: 378.0670.
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N-Benzyl-1-(2-(hex-1-yn-1-yl)phenyl)methanamine (1t): The title compound was
prepared according to the general procedure (Method A) and

Z
purified by column chromatography to give the yellow oil (5.7 g,

NHBn
1t 80% yield); *H NMR (400 MHz, CDCl3) & 7.41 (dd, J; = 1.2 Hz,
J2 = 7.6 Hz, 1H), 7.30-7.35 (m, 5H), 7.16-7.26 (m, 3H), 3.93 (s, 2H), 3.77 (s, 2H), 2.41
(t, J = 7.2 Hz, 2H), 1.93 (br, 1H), 1.53-1.60 (m, 2H), 1.41-1.50 (m, 2H), 0.93 (t, J = 7.2
Hz, 3H); C NMR (100 MHz, CDCls) § 141.9, 140.6, 132.5, 128.9, 128.5, 128.3,
127.7, 127.0, 126.9, 123.4, 95.0, 78.8, 53.2, 52.1, 31.0, 22.2, 19.4, 13.8; HRMS (ESI)
calcd. for C2oH24N [M+H]: 278.1903, found: 278.1900.
N-Benzyl-1-(2-(3-cyclohexylprop-1-yn-1-yl)phenyl)methanamine (1u): The title
P compound was prepared according to the general procedure
~ (Method A) and purified by column chromatography to give the
1u yellow oil (6.0 g, 81% yield); ‘H NMR (400 MHz, CDCls) &
7.40-7.43 (m, 1H), 7.33 (t, J = 2.8 Hz, 5H), 7.18-7.24 (m, 3H), 3.95 (d, J = 4.4 Hz, 2H),
3.78 (d, J = 4.0 Hz, 2H), 2.31 (d, J = 2.0 Hz, 2H), 1.83-1.91 (m, 3H), 1.65-1.73 (m,
3H), 1.53 (t, J = 2.8 Hz, 1H), 1.04-1.27 (m, 5H); *C NMR (100 MHz, CDCls) & 142.0,
140.6, 132.6, 128.8, 128.4, 128.3, 127.7, 127.0, 126.9, 123.4, 93.9, 79.7, 53.2, 52.2,
37.6, 32.9, 27.5, 26.4, 26.3; HRMS (ESI) calcd. for Co3HosN [M+H]: 318.2216, found:
318.2207.
N-Benzyl-1-(2-(3-phenylprop-1-yn-1-yl)phenyl)methanamine  (1v): The title
compound was prepared according to the general procedure
O z n (Method A) and purified by column chromatography to give the
v yellow oil (4.5 g, 69% yield); *H NMR (400 MHz, CDCls) & 7.46
(d, J = 7.6 Hz, 1H), 7.38 (d, J = 7.2 Hz, 2H), 7.16-7.33 (m, 11H), 3.94 (s, 2H), 3.81 (s,
2H), 3.73 (s, 2H), 1.82 (br, 1H); 3C NMR (100 MHz, CDCls) § 142.1, 140.4, 136.8,
132.6, 128.8, 128.7, 128.4, 128.4, 128.2, 128.2, 128.1, 128.0, 127.0, 126.9, 126.9,
126.8, 122.9, 92.0, 80.8, 53.2, 53.2, 52.0, 26.0; HRMS (ESI) calcd. for CxH2N

[M+H]: 312.1747, found: 312.1749.
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N-(2-(Phenylethynyl)benzyl)propan-1-amine (1w): The title compound was

o prepared according to the general procedure (Method A) and purified

66\/\ by column chromatography to give the yellow oil (4.0 g, 83% vyield);
1w IH NMR (400 MHz, CDCl3) & 7.54 (dd, J; = 2.4 Hz, J2 = 8.0 Hz,

3H), 7.28-7.39 (m, 5H), 7.21-7.25 (m, 1H), 4.01 (s, 2H), 2.61 (t, J = 7.2 Hz, 2H),
1.49-1.58 (m, 3H), 0.91 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCls) & 142.5,
132.4, 131.6, 128.8, 128.5, 128.5, 128.4, 128.2, 126.9, 123.3, 122.4, 93.6, 87.6, 52.6,
51.3, 23.4, 11.9; HRMS (ESI) calcd. for C1gH20N [M+H]: 250.1590, found: 250.1598.
N-(2-(Phenylethynyl)benzyl)cyclohexanamine (1x): The title compound was

oh prepared according to the general procedure (Method A) and purified

@ﬁ by column chromatography to give the yellow oil (5.0 g, 89% yield);
1x O IH NMR (400 MHz, CDCls) § 7.51-7.54 (m, 3H), 7.27-7.39 (m, 5H),
7.21-7.25 (m, 1H), 4.02 (s, 2H), 2.46-2.52 (m, 1H), 1.94 (d, J = 11.6 Hz, 2H),
1.70-1.74 (m, 2H), 1.57-1.61 (m, 2H), 1.09-1.28 (m, 5H); *C NMR (100 MHz, CDCls)
0 142.8, 132.5, 131.6, 128.9, 128.6, 128.5, 128.4, 126.9, 123.3, 122.4, 93.5, 87.7, 56.2,
49.8, 33.7, 26.3, 25.1; HRMS (ESI) calcd. for C2:H2sN [M+H]: 290.1903, found:
290.1898.

Method B: Synthesis of substrate 1k.2

HO™ " + Phi _Pd(PPhg)s HO/\/\ MsCl, EtsN MsO/\/\

Cul, Et3N ph DCM, -10°C Ph
THF, rt
Step 1 Step 2
Taner TN
3%, =113 Ph
reflux 1k

Step 3

Step 1. The mixture of Pd(PPhs)s (398 mg, 0.8 mol%) and Cul (132 mg, 1.6 mol%)
was added to the solution of pent-4-yn-1-ol (3.6 g, 43.0 mol), iodobenzene (17.5 g,
86.0 mmol) and EtsN (124 mg, 890 mmol) in THF (20 mL) under nitrogen atmosphere.
The reaction mixture was then allowed to stir at room temperature for 12 hours. The

mixture was filtered and the filtrate was concentrated under reduced pressure. The
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residue was purified by flash column chromatography on silica gel and eluted with
petroleum ether/ethyl acetate (20/1-3/1) to afford 5-phenylpent-4-yn-1-ol (6.5 g, 94%
yield).

Step 2. Methanesulfonyl chloride (5.3 g, 46.6 mmol) was added successively to a
solution of 5-phenylpent-4-yn-1-ol (6.5 g, 40.6 mmol) and EtzN (9.2 mL, 66.6 mmol)
in DCM (100 mL) at -10 °C. The mixture was stirred for 30 minutes at this temperature
and it was then poured into ice water. The organic layer was washed successively by 1
M HCI solution (30 mL x 2) and saturated aqueous sodium bicarbonate solution (30
mL x 2). The organic layer was dried over anhydrous Na>SOs. After the solvent was
removed under reduced pressure, the crude product of 5-phenylpent-4-yn-1-yl
methanesulfonate (9.3 g) was obtained, which could be used directly in the next step
without further purification.

Step 3. The crude 5-phenylpent-4-yn-1-yl methanesulfonate product (5.0 g) from the
previous step was added to a solution of BnNH2 HCI (9.0 g, 63.0 mmol) and EtsN (4.3
mL , 31.5 mmol) in MeCN (50 mL) and heated to reflux for 5 hours. The reaction was
allowed to cool to room temperature and concentrated under reduced pressure. Then
the solution was made basic by addition of 1M NaOH and extracted by DCM (50 mL x
3). The combined organic layer was dried over anhydrous Na,SO4 and the solvent was
removed under reduced pressure. The excess BnNH2 was removed by distillation and
the residue was purified by flash column chromatography on silica gel and eluted with
petroleum ether/ethyl acetate (20/1-3/1) to afford N-benzyl-5-phenylpent-4-yn-1-amine
1k (2.2 g, 42% yield over two steps).

N-Benzyl-5-phenylpent-4-yn-1-amine (1k): The title compound was prepared
p, according to the general procedure (Method B) and purified by column

7 chromatography to give the yellow oil (2.2 g, 42% vyield); 'H NMR (400
1:HBH MHz, CDCls) & 7.34-7.36 (m, 2H), 7.27-7.31 (m, 4H), 7.24-7.25 (m, 4H),
3.79 (s, 2H), 2.78 (t, J = 6.8 Hz, 2H), 2.47 (t, J = 7.2 Hz, 2H), 1.75-1.82 (m, 2H), 1.31
(br, 1H); 13C NMR (100 MHz, CDCls) & 140.6, 131.6, 128.4, 128.2, 128.2, 127.6,
126.9, 124.0, 89.9, 81.0, 54.0, 48.4, 29.0, 17.4; HRMS (ESI) calcd. for CigHxN
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[M+H]: 250.1590, found: 250.1595.

Method C: Synthesis of substrate 11.3°

=—Ph

HO
CN piBALH CHO ~"oH Br  n-Buli, ZnBr, [
Br DCM, 0 °C-rt Br  Pp-TsOH, toluene O_ Pd(DPEphos)Cl, o_ Ph
reflux \) THE \)
o] o)
Step 1 Step 2 Step 3

p-TsOH N BnNH, T NaBH, SN
acetone/H,O _0 Ph toluene, 35 °C _N__"Ph methanol N._ "Ph
reflux Bn 0°C Ill Bn
Step 4 Step 5 11

Step 1. The mixture of 2-(bromomethyl)benzonitrile (10 g, 51.0 mmol) and DCM
(150 mL) was added to a 500 mL Schlenk flask under nitrogen atmosphere. Then
DIBAL-H (1.5 M in toluene, 34.7 mL) was added dropwise to the solution at 0 °C. The
reaction mixture was then allowed to warm to room temperature within a period of 3
hours. Then the reaction mixture was cooled again with an ice-bath, and directly
poured into a 1000 mL beaker containing ice (100 g) and a pre-cooled HBr aqueous
solution (6.0 N, 100 mL). The resulting mixture was vigorously stirred for one hour
and then extracted by CH>Cl> (100 mL x 3). The combined organic layer was washed
by saturated NaHCO3 solution, water and dried over anhydrous Na>SOs. The solvent
was removed under reduced pressure and the residue was purified by flash column
chromatography on silica gel and eluted with petroleum ether/ethyl acetate (20/1-10/1)
to afford 2-(bromomethyl)benzaldehyde (8.6 g, 85% yield).

Step 2. Ethylene glycol (2.7 g, 42.7 mmol) and p-toluenesulfonic acid (370 mg, 2.2
mmol) were added to a solution of 2-(bromomethyl)benzaldehyde (4.3 g, 21.4 mmol)
in toluene (75 mL). The mixture was heated to reflux and stirred for 12 hours by using
a Dean-Stark apparatus. The reaction mixture was then cooled to room temperature
and diluted with water (20 mL). The resulting mixture was extracted by ethyl acetate
(50 mL x 3). The combined organic layer was dried over anhydrous Na>SOa. After the
solvent was removed under reduced pressure, the crude product of
2-(2-(bromomethyl)phenyl)-1,3-dioxolane (5.0 g) was obtained which could be used in
the next step without further purification.

Step 3. n-BuLi (9.9 mL, 24.7 mmol, 2.5 M in hexane) was added to a solution of
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phenylacetylene (2.5 g, 24.7 mmol) in THF (50 mL) at -78 °C under nitrogen
atmosphere. The resulting mixture was stirred for 30 minutes at -78 °C, followed by
addition of a solution of dry ZnBr. (5.6 g, 24.7 mmol) in THF (30mL). The solution
was stirred for 5 minutes at -78 °C and allowed to warm to room temperature slowly.
Then  Pd(DPEphos)Cl. (1475 mg, 1.0 mol%) and the crude
2-(2-(bromomethyl)phenyl)-1,3-dioxolane (5.0 g) from the previous step were added at
this temperature. After stirring for 12 hours, the reaction mixture was quenched with 1
M HCI and extracted by Et,O (50 mL x 3). The combined organic layer was washed
with aqueous NaHCOgs, dried over MgSOs and concentrated to afford the crude
product of 2-(2-(3-phenylprop-2-yn-1-yl)phenyl)-1,3-dioxolane which could be used
directly in the next step without further purification.

Step 4. The mixture of water (45 mL), p-toluenesulfonic acid (5 mol%, 177.2 mg),
acetone (55 mL) and 2-(2-(3-phenylprop-2-yn-1-yl)phenyl)-1,3-dioxolane from
previous step was added to a 250 mL Schlenk flask and the resulting mixture was
heated to reflux and stirred for 3 hours. After the reaction completed, the mixture was
concentrated and the residue was extracted by ethyl acetate (50 mL x 3). The combined
organic layer was dried over anhydrous Na;SO4 and the solvent was removed under
reduced pressure. The residue was purified by flash column chromatography on silica
gel and eluted with petroleum ether/ethyl acetate (50/1-20/1) to afford
2-(3-phenylprop-2-yn-1-yl)benzaldehyde (2.0 g, 43% yield over three steps).

Step 5. Under nitrogen atmosphere, the mixture of
2-(3-phenylprop-2-yn-1-yl)benzaldehyde (1.6 g, 7.3 mmol), benzylamine (0.8 mL, 7.3
mmol), toluene (30 mL) was added to a 100 mL Schlenk flask and stirred at 35 °C for
12 hours. Then the solvent was removed under reduced pressure and the resulting
residue was dissolved in methanol (50 mL) in a 100 mL three-neck flask. NaBH4 (0.3
g, 8.8 mmol) was added to the reaction mixture in portions at 0°C and stirred for 30
minutes at this temperature. The resulting mixture was quenched by aqueous saturated
ammonium chloride solution (10 mL). Methanol was removed under reduced pressure

and the residue was extracted by ethyl acetate (50 mL x 3). The combined organic
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layer was dried over anhydrous NaSOs. After the solvent was removed under reduced
pressure, the crude product was purified by flash column chromatography on silica gel
and eluted with petroleum ether/ethyl acetate (20/1-5/1) to afford
N-benzyl-1-(2-(3-phenylprop-2-yn-1-yl)phenyl)methanamine 11 (1.8 g, 78% yield).
N-Benzyl-1-(2-(3-phenylprop-2-yn-1-yl)phenyl)methanamine  (11): The title
compound was prepared according to the general procedure

X
%Ph (Method C) and purified by column chromatography to give the
H

1 yellow oil (1.8 g, 78% yield); *H NMR (400 MHz, CDCl3) & 7.54
(d, J = 7.2 Hz, 1H), 7.21-7.39 (m, 13H), 3.91 (s, 2H), 3.87 (s, 2H), 3.84 (s, 2H), 1.56
(br, 1H); 3C NMR (100 MHz, CDCls); & 140.5, 137.9, 135.6, 131.7, 129.3, 129.2,
128.5, 128.3, 128.3, 127.9, 127.6, 127.1, 127.0, 123.8, 87.9, 82.9, 53.8, 51.2, 23.2;
HRMS (ESI) calcd. for C23H22N [M+H]: 312.1747, found: 312.1740.

Method D: Synthesis of substrate 1y.

0 Ph
. //Ph Pd(PPhs),Clo/Cul _ NaBH, _
Br Z EtsN, 80°C, 6 h methanol OH

Step 1

Z
MsCl, Et;N ~ _ BONH,
DCM, 0 °C-40 °C OMs CH4CN, 40°C NHBn
Step 3 Step 4

Step 1. To a solution of 1-(2-bromophenyl)ethanone (10.0 g, 50.3 mmol),

AN

Step 2

Pd(PPh3).Cl> (353.1 mg, 1 mol%) in EtsN (200 mL) was added phenylacetylene (6.2 g,
60.3 mmol) under nitrogen atmosphere. The resulting mixture was stirred at room
temperature for 20 minutes and then Cul (48.0 mg, 0.5 mol%) was added. The
resulting mixture was stirred at 80 °C for 6 hours. After the reaction was completed,
the crude mixture was cooled to room temperature and filtered through Celite. The
filtrate was concentrated under vacuum and diluted with water (50 mL). The resulting
mixture was extracted by DCM (50 mL x 3) and the combined organic layer was
washed with brine (50 mL x 2), dried over anhydrous Na>SO4. After the solvent was

removed under reduced pressure, the crude product was purified by flash column
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chromatography on silica gel and eluted with petroleum ether/ethyl acetate (50/1-10/1)
to afford 1-(2-(phenylethynyl)phenyl)ethanone (7.8 g, 70% yield).

Step 2. The mixture of 1-(2-(phenylethynyl)phenyl)ethanone (5.5 g, 24.8 mmol) and
methanol (50 mL) was added to a 250 mL Schlenk flask under nitrogen atmosphere.
NaBH; (1.1 g, 29.8 mmol) was added to the reaction mixture in portions at 0°C and
stirred for 30 minutes at this temperature. The resulting mixture was quenched by
aqueous saturated ammonium chloride solution (10 mL). Methanol was removed under
reduced pressure and the residue was extracted by DCM (50 mL x 3). The combined
organic layer was dried over anhydrous Na>SO4. After the solvent was removed under
reduced pressure, the crude product of 1-(2-(phenylethynyl)phenyl)ethanol was
obtained which could be used directly in the next step without further purification.

Step 3. Methanesulfonyl chloride (3.3 g, 28.5 mmol) was added successively to a
solution of the crude 1-(2-(phenylethynyl)phenyl)ethanol from the previous step and
EtsN (5.6 mL, 40.6 mmol) in DCM (100 mL) at 0 °C. The mixture was then heated to
40 °C and stirred for 48 hours at this temperature. After the reaction completed, it was
poured into ice water. The organic layer was washed successively by 1 M HCI solution
(50 mL x 2) and saturated aqueous sodium bicarbonate solution (50 mL x 2). The
organic layer was dried over anhydrous NaSOa. After the solvent was removed under
reduced pressure, the crude product of 1-(2-(phenylethynyl)phenyl)ethyl
methanesulfonate was obtained, which could be used directly in the next step without
further purification.

Step 4. BnNH2 (15 mL) was added to a solution of the crude
1-(2-(phenylethynyl)phenyl)ethyl methanesulfonate from the previous step in CH3sCN
(15 mL) under nitrogen atmosphere and the resulting mixture was stirred at 40 °C for
72 hours. Then the reaction was allowed to cool to room temperature and diluted with
water (10 mL). CH3CN was removed under reduced pressure and the resulting residue
was extracted by DCM (50 mL x 3). The combined organic layer was dried over
anhydrous Na>SO4 and the solvent was removed under reduced pressure. Then the

excess BnNH, was removed by distillation and the residue was purified by flash
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column chromatography on silica gel and eluted with petroleum ether/ethyl acetate
(20/1-5/1) to afford N-benzyl-1-(2-(phenylethynyl)phenyl)ethanamine 1y (3.3 g, 43%
yield over three steps).

N-benzyl-1-(2-(phenylethynyl)phenyl)ethanamine (1y): The title compound was

o prepared according to the general procedure (Method D) and purified
Z by column chromatography to give the yellow oil (3.3 g, 43% yield);

NFBN 111 NMR (400 MHz, CDCls) & 7.55 (dd, J1 = 8.0 Hz, J, = 10.8 Hz,
2H), 7.43-7.46 (m, 2H), 7.18-7.37 (m, 10H), 4.46 (q, J = 6.8 Hz, 1H),

3.67 (dd, Ji = 12.8 Hz, J» = 22.0 Hz, 2H), 1.80 (br, 1H), 1.44 (d, J = 6.8 Hz, 3H); 13C

1y

NMR (100 MHz, CDClz); 6 147.4, 140.7, 132.6, 131.5, 129.0, 128.5, 128.4, 128.3,
126.9, 126.7, 126.1, 123.4, 121.9, 94.0, 87.7, 55.5, 51.9, 23.4; HRMS (ESI) calcd. for
CasHaaN [M+H]: 312.1747, found: 312.1749.

Method E: Synthesis of substrate 1z.

Ph Ph Ph

g gz 4
= PhNH, (1.0 equiv) Z NaBH, (1.2 equiv)
_o  toluene, 80°C, 12h _NPh  methanol, 0 °C, 30 min NHPh

under vacuum
1z

The mixture of 2-(phenylethynyl)benzaldehyde (1.0 g, 4.9 mmol), aniline (0.5 g, 4.9
mmol), toluene (20 mL) was added to a 100 mL Schlenk flask under nitrogen
atmosphere and stirred at 35 °C under vacuum for 12 hours. Then the solvent was
removed under reduced pressure and the resulting residue was dissolved in methanol
(20 mL) in a 100 mL flask. NaBH4 (0.2 g, 5.9 mmol) was added to the reaction
mixture in portions at 0°C and the reaction mixture was stirred for 30 minutes at this
temperature. Then the reaction was quenched by aqueous saturated ammonium
chloride solution (10 mL). Methanol was removed under vacuum and the residue was
extracted by ethyl acetate (50 mL x 3). The combined organic layer was dried over
anhydrous Na>SOas. After the solvent was removed under reduced pressure, the crude
product was purified by flash column chromatography on silica gel and eluted with
petroleum ether/ethyl acetate (50/1-20/1) to afford N-(2-(phenylethynyl)benzyl)aniline
1z (1.1 g, 79% yield).

N-(2-(Phenylethynyl)benzyl)aniline (1z): The title compound was prepared
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ph according to the general procedure (Method E) and purified by column

@(Nth chromatography to give a yellow solid (1.1 g, 79% vyield); ‘H NMR

1z (400 MHz, CDCls) & 7.53-7.55 (m, 1H), 7.39-7.46 (m, 3H), 7.22-7.31

(m, 5H), 7.13-7.18 (m, 2H), 6.68-6.72 (m, 1H), 6.64 (d, J = 8.0 Hz, 2H), 4.55 (s, 2H),

4.19 (s, 1H); C NMR (100 MHz, CDCls) $ 148.2, 141.3, 132.4, 131.7, 129.4, 128.7,

128.5, 128.5, 127.7, 127.1, 123.2, 122.1, 117.7, 113.1, 94.7, 87.2, 47.0; HRMS (ESI)
calcd. for C21HigN [M+H]: 284.1434, found: 284.1440.

Method F: Synthesis of substrates 1a’ and 1b°.°

_ Ph
NaBH, MsCl, EtzN ~ NaNg
_—
methanol o4 DCM,0°C-40°C OMs DMF,40°C
Step 1 Step 2 Step 3

P P
/ /
PPhs Ac,0
THF, it NH,  Et;N, DCM NHAc
1b’

Step 4 1a’ Step 5

Step 1. The mixture of 2-(phenylethynyl)benzaldehyde (5.7 g, 27.7 mmol) and
methanol (50 mL) was added to a 250 mL Schlenk flask under nitrogen atmosphere.
NaBH4 (1.3 g, 33.2 mmol) was added to the reaction mixture in portions at 0°C and
stirred for 30 minutes at this temperature. The resulting mixture was quenched by
aqueous saturated ammonium chloride solution (10 mL). Methanol was removed under
reduced pressure and the residue was extracted by DCM (50 mL x 3). The combined
organic layer was dried over anhydrous NaSOa. After the solvent was removed under
reduced pressure, the crude product was purified by flash column chromatography on
silica gel and eluted with petroleum ether/ethyl acetate (20/1-5/1) to afford
(2-(phenylethynyl)phenyl)methanol (5.1 g, 88% yield).

Step 2. Methanesulfonyl chloride (3.2 g, 28.1 mmol) was added successively to a
solution of (2-(phenylethynyl)phenyl)methanol (5.1 g, 24.5 mmol) and EtsN (5.6 mL,
40.2 mmol) in DCM (100 mL) at 0 °C. The mixture was then heated to 40 °C and
stirred for 12 hours at this temperature. After the reaction completed, it was poured

into ice water. The organic layer was washed successively by 1 M HCI solution (30
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mL x 2) and saturated aqueous sodium bicarbonate solution (30 mL x 2). The organic
layer was dried over anhydrous Na,SOjs. After the solvent was removed under reduced
pressure, the crude product of 2-(phenylethynyl)benzyl methanesulfonate was obtained,
which could be used directly in the next step without further purification.

Step 3. Sodium azide (3.2 g, 49.0 mmol) was added to a solution of the crude
2-(phenylethynyl)benzyl methanesulfonate from the previous step in DMF (40 mL)
under nitrogen atmosphere. The resulting mixture was stirred at 40 °C for 12 hours.
Then the reaction was allowed to cool to room temperature and diluted with water (40
mL). The aqueous layer was extracted by Et2O (30 mL x 5) and the combined organic
layers were dried over NaSOj4. After the solvent was removed under reduced pressure,
the crude product was purified by flash column chromatography on silica gel and
eluted  with  petroleum  ether/ethyl  acetate  (50/1-20/1) to  afford
1-(azidomethyl)-2-(phenylethynyl)benzene (4.2 g, 74% yield).

Step 4. PPhs (94 g, 36.0 mmol) was added to a solution of
1-(azidomethyl)-2-(phenylethynyl)benzene (4.2 g, 18.0 mmol) in THF (40 mL) under
nitrogen atmosphere and the resulting mixture was stirred at room temperature for 4
hours. Then water (40 mL) was added and the mixture was allowed to stir overnight.
After the reaction completed, the mixture was concentrated and the residue was
extracted by DCM (50 mL x 3). The combined organic layer was dried over anhydrous
Na>SO4and the solvent was removed under reduced pressure. The residue was purified
by flash column chromatography on silica gel and eluted with petroleum ether/ethyl
acetate (10/1-2/1) with 10% EtsN to afford (2-(phenylethynyl)phenyl)methanamine 1a’
(3.0 g, 81% yield).

Step 5. AccO (05 mL, 48 mmol) was added to a solution of
(2-(phenylethynyl)phenyl)methanamine 1a’ (1.0 g, 4.8 mmol) and EtsN (0.7 mL, 4.8
mmol) in DCM (20 mL) under nitrogen atmosphere and the resulting mixture was
stirred at room temperature for 3 hours. After the reaction completed, water (5 mL)
was added and the resulting residue was extracted by DCM (50 mL x 3). The

combined organic layer was dried over anhydrous NaSOas. After the solvent was
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removed under reduced pressure, the crude product was purified by flash column
chromatography on silica gel and eluted with petroleum ether/ethyl acetate (10/1-2/1)
to afford N-(2-(phenylethynyl)benzyl)acetamide 1b’ (0.9 g, 75% vyield).
(2-(Phenylethynyl)phenyl)methanamine (1a’): The title compound was prepared
according to the general procedure (Method F) and purified by
column chromatography to give the red oil (3.0 g, 81% vyield); ‘H
NMR (400 MHz, CDCls) & 7.51-7.54 (m, 3H), 7.27-7.34 (m, 5H),
7.22 (t, J = 8.0 Hz, 1H), 4.03 (s, 2H), 1.58 (br, 2H); 3C NMR (100
MHz, CDClz); 6 145.5, 132.4, 131.5, 128.8, 128.4, 127.3, 126.8, 123.1, 121.8, 93.9,
87.3, 45.7; HRMS (ESI) calcd. for CisH14N [M+H]: 208.1121, found: 208.1125.
N-(2-(phenylethynyl)benzyl)acetamide (1b’): The title compound was prepared
oh according to the general procedure (Method F) and purified by
©V/ column chromatography to give a white solid (0.9 g, 75% yield); H
~ NAAC NIMR (400 MHz, CDCls) & 7.52-7.54 (m, 3H), 7.27-7.35 (m, 6H),
6.07 (br, 1H), 4.66 (d, J = 5.6 Hz, 2H), 1.99 (s, 3H); 3C NMR (100
MHz, CDCls); 6 170.0, 139.9, 132.5, 131.7, 128.9, 128.7, 128.6, 127.6, 123.0, 122.5,
94.3, 87.1, 42.6, 23.4; HRMS (ESI) calcd. for C17H1isNNaO [M+Na]: 272.1046, found:
272.1051.

2. Optimization of the reaction conditions

A mixture of N-benzyl-1-(2-(phenylethynyl)phenyl)methanamine 1a (118.8 mg,
0.4 mmol), [Pd] (0.02 mmol), ligand (0.022 mmol) and solvent (1 mL) was added into
a glass tube which was placed in an autoclave. Then the autoclave was purged and
charged with CO at designed pressure. The reaction mixture was stirred at designed
temperature for designed hours. After the reaction finished, the autoclave was cooled
to room temperature and the pressure was carefully released. Then the solvent was
removed under reduced pressure, and the residue was purified by flash column
chromatography on silica gel and eluted with petroleum ether/ethyl acetate (20/1-5/1)

to afford the desired product 2a.
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Table S1. Screening of solvent?

_ Ph Ph
co Pd(COD)CIy/PPhy = o
NHBnN 120°C, 12h NBn
1a 2a
entry solvent yield(%)®
1 toluene 43
2 THF 36
3 CHiCN 53
4 DCE 59
5 PhCF3 54
6 anisole 62
7 DMA 47
8 CI,CHCHCI; 40
9 NMP trace

aReaction conditions: 1a (0.4 mmol), Pd(COD)CI, (0.02 mmol), PPh; (0.044 mmol), solvent (1.0 mL),
CO (30 atm), 120 °C, 12 h. "Isolated yield.

Table S2. Screening of ligand?

Ph Ph
Z + co Pd(COD)CyL —
NHBn 120°C, 12 h ©
anisole NBn
1a 2a
entry ligand yield(%)P

1 Xantphos 19
2 DPPM 30
3 DPPE 62
4 DPPP 84
5 DPPB 92
6 DPPPen 81
7 DPPHex 72
8 DPPOct 76
9 BINAP 37
10 DPPF 72
11 DPEphos 32

@Reaction conditions: 1a (0.4 mmol), Pd(COD)CI»(0.02 mmol), ligand (0.022 mmol), anisole (1.0 mL),
CO (30 atm), 120 °C, 12 h. "Isolated yield.
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Table S3. Screening of [Pd] precatalyst?

_ Ph _ Ph
+ CO [Pd]iDPPB o
NHEn nieole " NB
1a 2a

entry [Pd]/L yield(%)°
1 Pd(COD)CI,/DPPB 92
2 PdCI,/DPPB 82
3 Pd(OAc),/DPPB 65
4 Pd(TFA),/DPPB 61

5 Pd(Xantphos)Cl. trace

6 Pd(CH:CN).Cl,/DPPB 23
7 [Pd(allyl)CI]./DPPB 80
8 Pd(PPh3).Cl, 48
9 Pd(Xantphos)(CH3CN)2(OTf), 28

@Reaction conditions: 1a (0.4 mmol), [Pd] (0.02 mmoal), DPPB (0.022 mmol), anisole (1.0 mL), CO (30
atm), 120 °C, 12 h. "Isolated yield.

Table S4. Screening of pressure of CO?

> Ph Ph
+ co _Pd(COD)CL,/DPPB = o
NHBn anisole, 120 °C, 12 h NBn
1a 2a
entry CO (atm) yield (%)°

1 30 92
2 20 90
3 10 89
4 5 90
5 1 52

@Reaction conditions: 1a (0.4 mmol), Pd(COD)CI; (0.02 mmol), DPPB (0.022 mmol), anisole (1.0 mL),
120 °C, 12 h. ®Isolated yield.

Table S5. Screening of temperature?

Ph Ph
Z =

+ CO Pd(CQD)CIlePPB= o

NHBn anisole, 12 h NBn

1a 2a
entry T(°C) yield(%)°

1 120 90
2 100 90
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3 80 90
4 60 72

@Reaction conditions: 1a (0.4 mmol), Pd(COD)CI, (0.02 mmol), DPPB (0.022 mmol), anisole (1.0 mL),
CO (5 atm), 12 h. "Isolated yield.

Table S6. Screening of time?

_ Ph W
+ co _Pd(COD)CI,/DPPB_ o

NHBn anisole, 80 °C NEn

1a 2a
entry time (h) yield(%)°

1 12 90
2 6 88
3 3 89
4 1.5 90

@Reaction conditions: 1a (0.4 mmol), Pd(COD)CI, (0.02 mmol), DPPB (0.022 mmol), anisole (1.0 mL),
CO (5 atm), 80 °C. "Isolated yields.

Table S7. Screening of the loading of catalyst?

_ Ph _ Ph
+ co _Pd(CODCL,/IDPPB o
NHBn anisole, 80 °C, 90 min NBn
1a 2a
entry Loading of [Pd] yield(%)P
1 5.0 mol% 90
2 2.5 mol% 73

@Reaction conditions: 1a (0.4 mmol), DPPB (0.022 mmol), anisole (1.0 mL), CO (5 atm), 80 °C, 90 min.
bIsolated yields.

3. General procedure for palladium-catalyzed hydroaminocarbonylation reaction

R1 R1
=

+ co _Pd(COD)CI,/DPPB — o
NHR2 anisole, 80 °C, 90 min NR?

R3 R3
1 2

A mixture of 1 (0.4 mmol), Pd(COD)Cl> (5.7 mg, 0.02 mmol), DPPB(9.4 mg,
0.022 mmol) and anisole (1 mL) was added to a glass tube which was placed in an
autoclave. Then the autoclave was purged and charged with CO at 5 atm. The reaction
mixture was stirred at 80 °C for 90 minutes. After the reaction finished, the autoclave

was cooled to room temperature and the pressure was carefully released. Then the
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residue was purified directly by flash column chromatography on silica gel and eluted

with petroleum ether/ethyl acetate (20/1-5/1) to afford the desired products 2.
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4. Experimental characterization data for products
2-Benzyl-4-phenyl-1H-benzo[c]azepin-3(2H)-one (2a): The title compound was
pnh  prepared according to the general procedure and purified by column

B

o chromatography to give a white solid, 116.5 mg, 90% yield. *H NMR

2a e (400 MHz, CDCls) § 7.69-7.71 (m, 2H), 7.40-7.43 (m, 3H), 7.27-7.36

(m, 8H), 7.20-7.24 (m, 1H), 7.01 (d, J = 7.6 Hz, 1H), 4.74 (br, 2H), 4.22 (br, 2H); 13C
NMR (100 MHz, CDCls) ¢ 166.8, 139.4, 139.3, 137.4, 136.3, 135.8, 132.2, 129.6,
128.7, 128.6, 128.5, 128.4, 128.3, 128.3, 128.1, 127.6, 127.0, 50.3, 50.0; HRMS (ESI)

calcd. for C23H20NO [M+H]: 326.1539, found: 326.1534.

20

c23

22

c19

1

Figure S1. ORTEP drawing of product 2a

2-Benzyl-7-methyl-4-phenyl-1H-benzo[c]azepin-3(2H)-one  (2b):  The title

Bh compound was prepared according to the general procedure and

o purified by column chromatography to give a white solid, 125 mg,

2 92% yield. 'H NMR (400 MHz, CDCly) 5 7.67-7.70 (m, 2H),

7.22-7.42 (m, 10H), 7.02-7.04 (m, 1H), 6.91 (d, J = 8.0 Hz, 1H), 4.72 (br, 2H), 4.17 (br,
2H), 2.35 (s, 3H); 13C NMR (100 MHz, CDCl3) & 166.9, 139.5, 139.3, 138.0, 137.4,
135.8, 133.6, 132.3, 130.1, 129.3, 128.7, 128.5, 128.4, 128.2, 128.0, 127.6, 126.9, 50.0,
49.9, 21.2; HRMS (ESI) calcd. for C24H2:NONa [M+Na]: 362.1513, found: 362.1509.
2-Benzyl-8-methoxy-4-phenyl-1H-benzo[c]azepin-3(2H)-one  (2¢): The title

Bh compound was prepared according to the general procedure and

-

o purified by column chromatography to give a white solid, 127.5

MeO NBn .
2c mg, 90% yield. *H NMR (400 MHz, CDCl3z) § 7.69 (d, J = 7.6
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Hz, 2H), 7.27-7.42 (m, 10H), 6.87 (dd, J1 = 2.8 Hz, J» = 8.4 Hz, 1H), 6.47 (d, J = 2.4
Hz, 1H), 4.75 (br, 2H), 4.18 (br, 2H), 3.74 (s, 3H); 3C NMR (100 MHz, CDCls) &
167.0, 159.9, 139.7, 137.9, 137.5, 137.3, 132.3, 131.2, 128.7, 128.6, 128.6, 128.4,
128.3, 127.8, 127.6, 1138, 112.4, 555, 50.5, 50.1; HRMS (ESI) calcd. for
C2sH21NO2Na [M+Na]: 378.1465, found: 378.1457.

c4

Figure S2. ORTEP drawing of product 2¢

2-Benzyl-7-fluoro-4-phenyl-1H-benzo[c]azepin-3(2H)-one (2d): The title compound
ph  Was prepared according to the general procedure and purified by

F =

R o column chromatography to give a white solid, 136.1 mg, 99% vyield.

2d " 'H NMR (400 MHz, CDCls) 6 7.68 (d, J = 7.2 Hz, 2H), 7.22-7.42

(m, 9H), 7.09 (dd, J1 = 2.0 Hz, J2 = 9.2 Hz, 1H), 6.86-6.89 (m, 2H), 4.72 (br, 2H), 4.18

(br, 2H); 3C NMR (100 MHz, CDCls) 5 166.5, 163.6 (d, Jc.r = 247.8 Hz), 140.6,

138.9, 137.7 (d, Jo.r = 8.2 Hz), 137.3, 132.5 (d, Jc.r = 2.8 Hz), 130.8 (d, Jcr = 2.1 Hz),

128.7, 128.6, 128.5, 128.5, 128.4, 128.3, 128.2, 127.7, 116.0 (d, Jc.r = 21.9 Hz), 115.4

(d, Jo-F = 21.5 Hz), 49.9, 49.6; °F NMR (376 MHz, CDCls) & -113.7; HRMS (ESI)
calcd. for C23H19FNO [M+H]: 344.1445, found: 344.1450.

2-Benzyl-8-fluoro-4-phenyl-1H-benzo[c]azepin-3(2H)-one (2e): The title compound

was prepared according to the general procedure and purified by

Ph

o column chromatography to give a white solid, 125.5 mg, 91% vyield.

F NBn
2e 'H NMR (400 MHz, CDCl3) & 7.69 (d, J = 7.6 Hz, 2H), 7.26-7.43

=

(m, 10H), 7.00-7.04 (m, 1H), 6.64 (dd, Ji = 2.0 Hz, J; = 8.4 Hz, 1H), 4.75 (br, 2H),
4.18 (br, 2H); 3C NMR (100 MHz, CDCls) & 166.7, 163.7 (d, Jc.r = 249.3 Hz), 139.1
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(d, Jc.Fr = 8.5 Hz), 138.6 (d, Jcr = 7.3 Hz), 137.2, 132.0 (d, Jc-Fr = 3.3 Hz), 131.5 (d,
Jcr = 8.4 Hz), 131.1, 128.8, 128.5, 128.2, 128.2, 127.8, 115.4 (d, Jc-r = 21.5 H2z),
114.2 (d, Jc.r = 22.0 Hz), 50.1, 50.0; *F NMR (376 MHz, CDCls) & -112.0; HRMS
(ESI) calcd. for C23H1sFNONa [M+Na]: 366.1260, found: 366.1263.

F1

Figure S3. ORTEP drawing of product 2e

2-Benzyl-4-phenyl-8-(trifluoromethyl)-1H-benzo[c]azepin-3(2H)-one (2f): The title

oh compound was prepared according to the general procedure and

S

o purified by column chromatography to give a white solid, 146.9
e 2 e mg, 93% yield. 1H NMR (400 MHz, CDCl3) § 7.69-7.70 (m, 2H),
7.49-7.57 (m, 2H), 7.36-7.46 (m, 3H), 7.24-7.32 (m, 6H), 7.05 (s, 1H), 4.78 (s, 2H),
4.29 (br, 2H); 3C NMR (100 MHz, CDCl3) § 166.4, 141.5, 139.0, 138.8, 137.2, 137.1,
130.4, 130.3 (q, Jer = 32.5 Hz), 129.8, 128.8, 128.7, 128.6, 128.3, 128.1, 125.2 (q,
Jor = 270.6 Hz), 125.1 (g, Jer = 3.7 Hz), 123.9 (q, Jcr = 3.8 Hz), 50.3, 50.0; 1°F
NMR (376 MHz, CDCls) § -62.5; HRMS (ESI) calcd. for CaaHioFsNO [M+H]:
394.1413, found: 394.1412.
2-Benzyl-7-chloro-4-phenyl-1H-benzo[c]azepin-3(2H)-one (2g): The title compound
was prepared according to the general procedure and purified by column
pn  chromatography to give a white solid, 133.9 mg, 93% vyield. H

Cl =

=0 NMR (400 MHz, CDCI3) § 7.66-7.68 (m, 2H), 7.21-7.43 (m, 10H),
n
29 7.16 (dd, J; = 2.0 Hz, J; = 8.0 Hz, 1H), 6.87 (d, J = 8.0 Hz, 1H),

4.73 (br, 2H), 4.19 (br, 2H); 3C NMR (100 MHz, CDCls) & 166.5, 140.7, 138.9, 137.4,
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137.2, 134.8, 134.0, 130.6, 129.2, 128.8, 128.6, 128.5, 128.4, 128.4, 128.3, 128.2,

127.8, 50.0, 49.6; HRMS (ESI) calcd. for C23H1oCINO [M+H]: 360.1150, found:

360.1148.

2-Benzyl-8-chloro-4-phenyl-1H-benzo[c]azepin-3(2H)-one (2h): The title compound
pn  Was prepared according to the general procedure and purified by

=

o column chromatography to give a white solid, 130.2 mg, 91%
° 2h . yield. *H NMR (400 MHz, CDCls) 5 7.68 (d, J = 7.6 Hz, 2H),
7.39-7.43 (m, 2H), 7.24-7.37 (m, 9H), 6.89 (d, J = 1.6 Hz, 1H), 4.75 (br, 2H), 4.18 (br,
2H); 3C NMR (100 MHz, CDCls) § 166.6, 139.9, 139.0, 137.9, 137.1, 134.3, 134.2,
130.9, 130.8, 128.8, 128.6, 128.6, 128.4, 128.3, 128.2, 127.9, 127.1, 50.0, 49.8;
HRMS (ESI) calcd. for C23H1sCINONa [M+Na]: 382.0969, found: 382.0963.
7-Benzyl-5-phenyl-7,8-dihydro-6H-thieno[2,3-c]azepin-6-one  (2i): The title
pn  Compound was prepared according to the general procedure and

e

a o purified by column chromatography to give a white solid, 93.5 mg,
’ 2 - 75% vyield. 'H NMR (400 MHz, CDCl3) & 7.65-7.67 (m, 2H),
7.38-7.42 (m, 2H), 7.28-7.35 (m, 6H), 7.24 (s, 1H), 7.14 (d, J = 4.8 Hz, 1H), 7.07 (d, J
= 4.8 Hz, 1H), 4.75 (br, 2H), 4.31 (br, 2H); 3C NMR (100 MHz, CDCls) § 167.8,
139.6, 139.1, 138.0, 137.2, 136.6, 128.8, 128.5, 128.4, 128.2, 128.0, 127.8, 127.6,
126.9, 124.1, 50.7, 43.9; HRMS (ESI) calcd. for C21H1sNOS [M+H]: 332.1104, found:
332.1099.
4-Benzyl-2-phenyl-4,5-dihydro-3H-naphtho[2,1-c]azepin-3-one  (2j): The title
O o COmpound was prepared according to the general procedure and
O h o purified by column chromatography to give a white solid, 123.6 mg,
% e 82% vield. 'H NMR (400 MHz, CDCls) § 8.19 (d, J = 8.4 Hz, 1H),
7.99 (s, 1H), 7.83-7.85 (m, 3H), 7.72 (d, J = 8.0 Hz, 1H), 7.39-7.61 (m, 5H), 7.29 (s,
5H), 7.09 (d, J = 8.4 Hz, 1H), 5.03 (d, J = 14.0 Hz, 1H), 4.57 (dd, J; = 14.8 Hz, J, =
21.2 Hz, 2H), 4.13 (d, J = 13.6 Hz, 1H); **C NMR (100 MHz, CDCls) § 167.2, 140.3,
139.3, 137.4, 135.6, 133.1, 131.9, 131.6, 129.2, 128.8, 128.7, 128.6, 128.5, 128.4,

128.3, 127.7, 127.3, 126.3, 125.2, 123.9, 50.9, 49.9; HRMS (ESI) calcd. for
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Co7H2:NNaO [M+Na]: 398.1515, found: 398.1527.
1-Benzyl-3-phenyl-6,7-dihydro-1H-azepin-2(5H)-one (2k): The title compound was
ph  prepared according to the general procedure and purified by column

=

NBnO chromatography to give a white solid, 56.1 mg, 51% yield. *H NMR (400
2k MHz, CDCls) & 7.50 (d, J = 7.2 Hz, 2H), 7.24-7.40 (m, 8H), 6.47 (t, J =
7.2 Hz, 1H), 4.78 (s, 2H), 3.37 (t, J = 6.4 Hz, 2H), 2.26 (q, J = 7.2 Hz, 2H), 1.70-1.76
(m, 2H); 3C NMR (100 MHz, CDCl3) & 170.4, 139.7, 138.4, 137.3, 129.2, 128.8,
128.5, 128.4, 127.8, 127.7, 127.0, 49.7, 45.6, 28.6, 23.6; HRMS (ESI) calcd. for
C19H20NO [M+H]: 278.1539, found: 278.1548.
(2)-2-Benzyl-4-phenyl-1,2-dihydrobenzo[c]azocin-3(6H)-one  (2I):  The title
\_Ph compound was prepared according to the general procedure and
@CIO purified by column chromatography to give a white solid, 55.3 mg,

2 ™ 41% vyield. 'H NMR (400 MHz, CDCl3) & 7.55-7.57 (m, 2H),
7.25-7.39 (m, 9H), 7.17-7.20 (m, 2H), 6.24 (t, J = 8.4 Hz, 1H), 5.41 (d, J = 14.4 Hz,
1H), 5.06 (d, J = 16.4 Hz, 1H), 3.86-4.01 (m, 3H), 3.41 (g, J = 7.2 Hz, 1H); 3C NMR
(100 MHz, CDCl3) 6 170.9, 139.7, 137.1, 135.0, 134.7, 134.6, 131.2, 129.8, 128.9,
128.8, 128.7, 128.4, 127.8, 127.2, 126.2, 122.1, 51.6, 47.7, 35.1; HRMS (ESI) calcd.
for C24H22NO [M+H]: 340.1696, found: 340.1702.
2-Benzyl-4-(p-tolyl)-1H-benzo[c]azepin-3(2H)-one (2m): The title compound was
prepared according to the general procedure and purified by column

chromatography to give a white solid, 120 mg, 88% vyield. *H NMR
(400 MHz, CDCl3) 6 7.61 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 7.6 Hz,

2m 1H), 7.28-7.36 (m, 7H), 7.20-7.24 (m, 3H), 7.02 (d, J = 7.2 Hz, 1H),
4.73 (br, 2H), 4.21 (br, 2H), 2.39 (s, 3H); 3C NMR (100 MHz, CDCls) § 167.0, 139.4,
138.0, 137.5, 136.4, 136.3, 136.0, 131.4, 129.6, 129.2, 128.7, 128.5, 128.3, 128.1,
127.7, 127.0, 50.4, 49.9, 21.4; HRMS (ESI) calcd. for CasH22NO [M+H]: 340.1696,
found: 340.1696.
2-Benzyl-4-(m-tolyl)-1H-benzo[c]azepin-3(2H)-one (2n): The title compound was

prepared according to the general procedure and purified by column chromatography
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to give a white solid, 116.7 mg, 86% yield. *H NMR (400 MHz,
CDCls) & 7.50 (t, J = 8.0 Hz, 2H), 7.43 (d, J = 7.6 Hz, 1H),
7.28-7.36 (m, 8H), 7.16-7.25 (m, 2H), 7.01 (d, J = 7.6 Hz, 1H),

4.75 (br, 2H), 4.23 (br, 2H), 2.42 (s, 3H); 3C NMR (100 MHz,
CDCIs) 6 166.9, 139.7, 139.4, 138.1, 137.5, 136.4, 135.9, 132.1, 129.6, 129.0, 128.9,
128.7, 128.6, 128.5, 128.5, 128.3, 127.7, 127.1, 125.4, 50.4, 50.0, 21.7; HRMS (ESI)
calcd. for C2sH21NONa [M+Na]: 362.1515, found: 362.1520.

2-Benzyl-4-(4-(tert-butyl)phenyl)-1H-benzo[c]azepin-3(2H)-one (20): The title
compound was prepared according to the general procedure and
purified by column chromatography to give a white solid, 136.6
mg, 90% vield. *H NMR (400 MHz, CDCls) & 7.66 (d, J = 8.4
Hz, 2H), 7.41-7.46 (m, 3H), 7.28-7.36 (m, 7H), 7.21-7.24 (m,

1H), 7.03 (d, J = 7.2 Hz, 1H), 4.68-4.83 (m, 2H), 4.21 (br, 2H),

1.35 (s, 9H); 13C NMR (100 MHz, CDCl3) § 167.0, 151.2, 139.3, 137.5, 136.3, 136.1,

131.5, 129.6, 128.8, 128.5, 128.5, 128.3, 127.9, 127.7, 127.0, 125.5, 50.4, 49.9, 34.7,
31.4; HRMS (ESI) calcd. for C27H2sNO [M+H]: 382.2165, found: 382.2171.

2-Benzyl-4-(4-methoxyphenyl)-1H-benzo[c]azepin-3(2H)-one  (2p): The title

ome compound was prepared according to the general procedure and

purified by column chromatography to give a yellow solid, 118.6

mg, 84% yield. *H NMR (400 MHz, CDCls) & 7.67 (d, J = 8.8

Hz, 2H), 7.41 (d, J = 7.2 Hz, 1H), 7.27-7.35 (m, 7H), 7.19-7.24
(m, 1H), 7.01 (d, J = 7.6 Hz, 1H), 6.94-6.96 (m, 2H), 4.70 (br, 2H), 4.20 (br, 2H), 3.83
(s, 3H); *C NMR (100 MHz, CDCls3) 6 166.9, 159.6, 138.8, 137.4, 136.2, 136.0, 131.7,
130.7, 129.5, 129.4, 128.7, 128.4, 128.4, 128.3, 127.6, 127.0, 113.9, 55.5, 50.3, 49.9;
HRMS (ESI) calcd. for C24H2:NO2Na [M+Na]: 378.1465, found: 378.1468.

2-Benzyl-4-(4-chlorophenyl)-1H-benzo[c]lazepin-3(2H)-one  (2q):  The title
compound was prepared according to the general procedure and
purified by column chromatography to give a white solid, 121.9 mg,

85% yield. TH NMR (400 MHz, CDCls) & 7.66 (d, J = 8.8 Hz, 2H),
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7.34-7.43 (m, 4H), 7.32 (s, 1H), 7.28-7.31 (m, 5H), 7.23-7.27 (m, 1H), 7.02 (d, J = 7.2
Hz, 1H), 4.74 (br, 2H), 4.22 (br, 2H); 3C NMR (100 MHz, CDCls) & 166.5, 138.2,
137.8, 137.3, 136.4, 135.6, 134.1, 132.7, 129.8, 129.7, 128.9, 128.8, 128.7, 128.5,
128.4, 127.8, 127.1, 50.4, 50.1; HRMS (ESI) calcd. for C23H1sNOCI [M+H]: 360.1150,
found: 360.1143.

2-Benzyl-4-(4-fluorophenyl)-1H-benzo[c]azepin-3(2H)-one  (2r):  The title
compound was prepared according to the general procedure and
purified by column chromatography to give a white solid, 120.9 mg,

88% yield. 'H NMR (400 MHz, CDCls) & 7.69 (dd, Ji = 5.6 Hz, J»

= 8.8 Hz, 2H), 7.22-7.43 (m, 9H), 7.08-7.12 (m, 2H), 7.02 (d, J =
7.6 Hz, 1H), 4.75 (br, 2H), 4.23 (br, 2H); 3C NMR (100 MHz, CDCls) & 166.7, 164.0
(d, Jc-F = 245.9 Hz), 138.3, 137.3, 136.3, 135.7, 135.5 (d, Jc-r = 3.5 Hz), 132.4, 130.2
(d, Jc-r = 8.0 Hz), 129.7, 128.8, 128.5, 128.4, 127.7, 127.1, 115.5 (d, Jcr = 21.3 H2),
50.4, 50.1; °F NMR (376 MHz, CDCls) & -114.1; HRMS (ESI) calcd. for
C23H1sNOFNa [M+Na]: 366.1265, found: 366.1267.

2-Benzyl-4-(4-bromophenyl)-1H-benzo[c]azepin-3(2H)-one  (2s):  The title
Br compound was prepared according to the general procedure and
purified by column chromatography to give a white solid, 95.3 mg,

59% vyield. 'H NMR (400 MHz, CDCls) & 7.52-7.59 (m, 4H),

2 7.22-7.42 (m, 9H), 7.01 (d, J = 7.6 Hz, 1H), 4.73 (br, 2H), 4.21 (br,

2H); 3C NMR (100 MHz, CDCls) § 166.4, 138.3, 138.2, 137.3, 136.3, 135.6, 132.7,

131.6, 130.0, 129.7, 128.9, 128.8, 128.5, 128.4, 127.7, 127.1, 122.3, 50.4, 50.1;
HRMS (ESI) calcd. for C23H1sNOBrNa [M+Na]: 426.0464, found: 426.0461.

2-Benzyl-4-butyl-1H-benzo[c]azepin-3(2H)-one (2t): The title compound was

prepared according to the general procedure and purified by

=

o column chromatography to give the colorless oil, 58.6 mg, 48%

NB
2t " yield. 'H NMR (400 MHz, CDCls) & 7.22-7.32 (m, 7H),
7.15-7.20 (m, 1H), 6.92-6.96 (m, 2H), 4.69 (br, 2H), 4.08 (br, 2H), 2.70 (br, 2H),

1.56-1.64 (m, 2H), 1.39-1.48 (m, 2H), 0.97 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz,
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CDCIs) 6 167.4, 140.8, 137.6, 136.2, 136.1, 131.6, 128.9, 128.7, 128.3, 128.1, 128.0,
127.5, 126.9, 50.3, 50.2, 35.6, 31.8, 22.6, 14.1; HRMS (ESI) calcd. for Co1H2sNO
[M+H]: 306.1852, found: 306.1855.
2-Benzyl-4-(cyclohexylmethyl)-1H-benzo[c]azepin-3(2H)-one  (2u): The title
compound was prepared according to the general procedure and

S

o purified by column chromatography to give a white solid, 68.8
ZUNB” mg, 50% yield. 'H NMR (400 MHz, CDCls) § 7.26-7.32 (m, 5H),
7.22-7.24 (m, 2H), 7.16-7.20 (m, 1H), 6.98 (d, J = 7.2 Hz, 1H), 6.89 (s, 1H), 4.69 (br,
2H), 4.09 (br, 2H), 1.83 (d, J = 12.8 Hz, 2H), 1.56-1.75 (m, 5H), 1.14-1.32 (m, 4H),
1.01-1.04 (m, 2H); 3C NMR (100 MHz, CDCls) § 167.5, 139.4, 137.7, 136.3, 136.2,
132.7,129.0, 128.7, 128.3, 128.1, 128.1, 127.6, 126.9, 50.5, 50.2, 44.1, 37.7, 33.5, 26.7,
26.5; HRMS (ESI) calcd. for C24H27NONa [M+Na]: 368.1985, found: 368.1969.
2,4-Dibenzyl-1H-benzo[c]azepin-3(2H)-one (2v): The title compound was prepared
according to the general procedure and purified by column
O - o chromatography to give the yellow oil, 73.1 mg, 54% vyield. *H
ZVNBn NMR (400 MHz, CDCl3) § 7.18-7.37 (m, 11H), 6.94-7.01 (m,
4H), 4.65 (br, 2H), 3.99 (br, 4H); 3C NMR (100 MHz, CDCls) 5 166.9, 140.2, 140.0,
137.2, 136.3, 135.8, 132.2, 129.4, 129.1, 128.7, 128.6, 128.4, 128.2, 128.0, 127.4,
127.0, 126.5, 50.4, 50.2, 41.9; HRMS (ESI) calcd. for CosH.1NONa [M+Na]:
362.1515, found: 362.1514.
4-Phenyl-2-propyl-1H-benzo[c]azepin-3(2H)-one (2w): The title compound was
Ph prepared according to the general procedure and purified by
@fS:O column chromatography to give a yellow solid, 106.5 mg, 96%
2w NV\ yield. 1H NMR (400 MHz, CDCls) & 7.65-7.67 (m, 2H), 7.36-7.43
(m, 4H), 7.29-7.35 (m, 4H), 4.30 (br, 2H), 3.53 (br, 2H), 1.59-1.69 (m, 2H), 0.87 (t, J =
7.2 Hz, 3H); 13C NMR (100 MHz, CDCls) 6 166.5, 139.9, 139.5, 137.0, 136.0, 131.8,
129.7, 128.7, 128.4, 128.4, 128.3, 128.0, 126.9, 51.6, 49.3, 21.8, 11.4; HRMS (ESI)

calcd. for C19H20NO [M+H]: 278.1539, found: 278.1550.
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2-Cyclohexyl-4-phenyl-1H-benzo[c]azepin-3(2H)-one (2x): The title compound was
pn  prepared according to the general procedure and purified by column

=

o chromatography to give a white solid, 105.2 mg, 83% yield. *H NMR
2 " (400 MHz, CDCls) 6 7.66 (d, J = 7.2 Hz, 2H), 7.36-7.41 (m, 2H),
7.30-7.35 (m, 5H), 7.26 (d, J = 3.6 Hz, 1H), 4.51-4.59 (m, 1H), 4.26 (s, 2H), 1.67-1.84
(m, 4H), 1.42-1.55 (m, 3H), 1.24-1.33 (m, 2H), 1.12-1.22 (m, 1H); 3C NMR (100
MHz, CDCl3) 6 166.2, 140.0, 139.9, 138.1, 136.2, 131.9, 129.6, 128.6, 128.4, 128.4,
128.1, 127.9, 127.0, 53.9, 45.8, 25.9, 25.8; HRMS (ESI) calcd. for C22H2sNO [M+H]:
318.1852, found: 318.1851.
2-Benzyl-1-methyl-4-phenyl-1H-benzo[c]azepin-3(2H)-one (2y) and
(2)-2-benzyl-4-benzylidene-1-methyl-1,2-dihydroisoquinolin-3(4H)-one (2y’): The

o, title compounds were prepared according to the general

Ph
= o procedure and purified by column chromatography to
O+

NBn NB"  give the yellow oil, 130.9 mg, 97% yield (isomer ratio

1.4:1). 'H NMR (400 MHz, CDCls) & 7.77-7.79 (m,
0.76H), 7.61-7.63 (m, 1.13H), 7.12-7.44 (m, 12H), 7.08 (d, J = 8.0 Hz, 0.67H), 6.87 (d,

2y+2y'

J=7.2 Hz, 0.56H), 5.00 (d, J = 14.8 Hz, 0.54H), 4.87 (4, J = 7.2 Hz, 0.46H), 4.67-4.72
(m, 1.22H), 4.47 (g, J = 7.2 Hz, 0.57H), 1.68 (d, J = 7.2 Hz, 1.25H), 1.51 (d, J = 7.6
Hz, 1.75H); *C NMR (100 MHz, CDCls) 6 167.9, 166.3, 140.4, 140.3, 140.2, 139.9,
139.4, 139.1, 138.8, 137.6, 135.3, 133.6, 132.5, 131.1, 130.9, 129.6, 129.1, 128.6,
1285, 128.5, 128.4, 128.3, 128.1, 128.1, 128.0, 127.9, 127.6, 127.6, 127.4, 127.3,
126.8, 123.0, 59.2, 52.6, 52.5, 45.0, 27.0, 18.2, 15.1; HRMS (ESI) calcd. for
Ca4H21NNaO [M+Na]: 362.1515, found: 362.1518.

5. Gram-scale experiment and transformation of product

Ph

Pd(COD)CI, (1.0 mol%) Ph
P 2
= DPPB (1.1 mol%) =
+ CO > o
anisole, 80 °C, 24 h
NHBn 1.4 g, 88% vield NBn
1a 9 °Y 2a

A mixture of 1 (1.5 g, 5.0 mmol), Pd(COD)Cl> (14.3 mg, 0.05 mol), DPPB (23.5 mg,

0.055 mmol) and anisole (5 mL) was added to a 50 mL flask which was placed in an
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autoclave. Then the autoclave was purged and charged with CO at 5 atm. The reaction
mixture was stirred at 80 °C for 24 h. After the reaction finished, the autoclave was
cooled to room temperature and the pressure was carefully released. Then the residue
was purified directly by flash column chromatography on silica gel and eluted with
petroleum ether/ethyl acetate (20/1-5/1) to afford the desired products 2a as a white
solid (1.4 g, 88% yield).

Ph Ph
— Pd(OH),/C (10%)
o + H, » o
NBn DCM, rt, 12 h NBn
2a 3a, 85% yield

A mixture of 2a (100 mg, 0.3 mmol), Pd(OH)2/C (10 mg) and DCM (2 mL) was
added to a glass tube which was placed in an autoclave. Then the autoclave was purged
and charged with H> at 40 atm. The reaction mixture was stirred at room temperature
for 12 h. After the reaction finished, the pressure was carefully released. Then the
solvent was removed under reduced pressure and the residue was purified by flash
column chromatography on silica gel and eluted with petroleum ether/ethyl acetate
(10/1-5/1) to afford the desired products 3a as the colorless oil (83.5 mg, 85% yield).
2-Benzyl-4-phenyl-4,5-dihydro-1H-benzo[c]azepin-3(2H)-one  (3a): The title

o compound was prepared according to the general procedure and
o Purified by column chromatography to give the colorless oil, 83.5 mg,
3a NBn 8506 yield. *H NMR (400 MHz, CDCls) & 7.37 (d, J = 3.6 Hz, 4H),
7.18-7.28 (m, 7H), 7.14 (d, J = 7.2 Hz, 1H), 7.06 (t, J = 7.6 Hz, 1H), 6.89 (d, J = 7.6
Hz, 1H), 4.83-4.91 (m, 2H), 4.47-4.56 (m, 2H), 4.11 (d, J = 16.4 Hz, 1H), 3.56 (dd, J;
=12.0 Hz, J, = 16.8 Hz, 1H), 3.33 (dd, J1 = 4.0 Hz, J> = 16.8 Hz, 1H); 1*C NMR (100
MHz, CDCls) 8 173.5, 140.3, 137.5, 137.3, 134.5, 130.5, 128.7, 128.6, 128.5, 128.5,
128.4, 128.1, 127.5, 127.2, 126.2, 51.3, 51.2, 48.0, 37.1; HRMS (ESI) calcd. for
C23H21:NNaO [M+Na]: 350.1515, found: 350.1506.

Ph Ph

= o DIBAL-H (4.6 equiv) QCS
. >~
NBn THF, -20°C, 1 h NBn

2a 3b, 72% vyield
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The mixture of 2-benzyl-4-phenyl-1H-benzo[c]azepin-3(2H)-one (50 mg, 0.15
mmol) and THF (3 mL) was added to a 25 Schlenk tube under nitrogen atmosphere.
Then DIBAL-H (460 pL, 1.5 M in toluene) was added dropwise to the solution at -20
°C. The reaction mixture was continued to stir under this temperature for 1 hour. Then
the reaction mixture was warmed to 0 °C and quenched by EtOAc (5 mL), followed by
addition of 1M NaOH (5 mL). Solvent was removed under reduced pressure and the
residue was extracted by ethyl acetate (10 mL x 3). The organic layer was dried over
anhydrous Na>SOs. The solvent was removed under reduced pressure and the residue

was purified by flash column chromatography on silica gel and eluted with petroleum

ether/ethyl acetate (20/1-10/1) to afford
2-benzyl-4-phenyl-2,3-dihydro-1H-benzo[c]azepine 3b as colorless oil (33.5 g, 72%
yield).

2-Benzyl-4-phenyl-2,3-dihydro-1H-benzo[c]azepine (3b): The title compound was
ph  prepared according to the general procedure and purified by column

=

chromatography to give the colorless oil, 33.5 mg, 72% yield. ‘H

» " NMR (400 MHz, CDCls) & 7.31-7.33 (m, 2H), 7.15-7.28 (m, 10H),
7.07-7.11 (m, 1H), 6.97 (d, J = 7.6 Hz, 1H), 6.74 (s, 1H), 3.88 (s, 2H), 3.77 (s, 2H),
3.63 (s, 2H); 13C NMR (100 MHz, CDCls) & 143.0, 142.1, 139.3, 138.0, 137.1, 130.9,
129.8, 129.4, 129.2, 128.5, 128.4, 127.5, 127.3, 127.2, 127.1, 126.6, 58.6, 58.5, 58.1;

HRMS (ESI) calcd. for C23H22N [M+H]: 312.1747, found: 312.1733.
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7. Copies for 'TH NMR and *C NMR
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oo 0=-——

1860°
EZET’

121"
FOSS”
F39s”
Z2e09”

LLBE’
9ZEQ’

agLa”
LOBOT
atez”
STGE’
660F"
LISF’
OTLE’
068k’
FZ0S"
FEOS’
6TES’
SEES’
STFS'
LG9S’
L89S’
Fa8s”
LEDS”
£909°
95697
£9TL”
BLEZE
BOEE”
SEFE”
ek’
BIEE'
LTLT®
9ZET’

L e e e o e el ol il o e o o S

Ph

NBn

2

U

ppm

10

=
(=]
=

1

o
-]
-

5

X

6’0

|

—||en
e e
= | |

[=2]
(]
uw

|
o= e
o|=|m|ed
=N

|

S117



HY-X170523-1CNMR

ae"

6

58"
T’

ar

E6°
£Z°
EE’

L
e

8"
[N
L9
8L’
TZ”
13-
LE”
T
LS
Zr”
82"
8z’

6T’

2 TLET

"8zl

BF ——
ns——

LL——=
_hhk\ﬁ

£ZT
52T
92T

LZT
82T

821
8Z1
821
B8ZT
62T
et
et
£ET
SET
LET
BET
OFT

S

LT —

0 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

S118



HY-X170509-2HNMR
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HY-¥170330-1-CNMR
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HY-X170320-3-HNMR
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HY-X170320-3-CNMR

77.48
77.16
76,84
—— 55.4%6

20{] 190 180 170 160 150 140 130 120 110 1[10 90 80 70 60 50 40 30 20 10 0 ppm

S130



HY-X170228-2-HNMR
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HY-X170228-2-CNMR
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HY-X170308-1-HNMR
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HY-X170313-2-CNMR
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\\N\NW \/ Y R
- (0}
NBn
2t
e T e o
19|0 1éﬂ 1':'0 1I|50 15ID 14|Il.‘l 1:|!D 1£ﬂ 1‘;0 1(I]IJ QID BIU TID Elﬂ 5|D 30 20 {Il

S139



HY-¥170401-1-HNMR

IET0'T
TZr0-1
QEFT'T
0TST"1
98811
ERLTT
LTBT'T
06811
SpOZ°T
SO0TZ°1T
LZEE'T
OFSZ'T
Z192°1
£682°T
FOTE'T
FT2S'T
E0LS'T
FELS'T
2885°T
8651
660971
LST9"T
FSZ9°T
LPEST
GhFS°T
SES9T
ST99%°T
1Ze9'1
FEOLT
Z9TL'T
ZEELTT
BOFL"T
BERLT
LEGL'T
SSZ8’'T

SEGOF

6LESF

Il o e o N

Te——

8L88
LBSE
ZLLE
9£91
SPLT
FSET’
BEAT”
ko’
getz”
SFEL”
BREL”
BESTL
GHIZL
LELZ L
Z8LIZL
SSBTL
FEBZ L
SS6T°L
LEFOE L
96TE"L

NBn

2u

5140



HY-X170401-1-CHNMR
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HY-X170419-2-CNMR
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HY-170426-1-HNMR
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HY-170426-1-CNMR
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HY-170502-2-HNMR
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HY-170502-2-CNMR
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HY-X170620-1CNMR
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HY-X170620-2HNMR
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HY-¥X170620-2CNMR
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HY-X170622-1HNMR
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